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December 22, 2023


United States Department of the Interior
FISH AND WILDLIFE SERVICE


San Francisco Bay-Delta Fish And Wildlife
650 Capitol Mall


Suite 8-300
Sacramento, CA 95814


Phone: (916) 930-5603 Fax: (916) 930-5654


In Reply Refer To: 
Project Code: 2024-0029957 
Project Name: Delta Conveyance Project
 
Subject: List of threatened and endangered species that may occur in your proposed project 


location or may be affected by your proposed project


To Whom It May Concern:


The enclosed species list identifies threatened, endangered, proposed, and candidate species, as 
well as proposed and final designated critical habitat, that may occur within the boundary of your 
proposed project and/or may be affected by your proposed project. The species list fulfills the 
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the 
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 et seq.).


New information based on updated surveys, changes in the abundance and distribution of 
species, changed habitat conditions, or other factors could change this list. Please feel free to 
contact us if you need more current information or assistance regarding the potential impacts to 
federally proposed, listed, and candidate species and federally designated and proposed critical 
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the 
Act, the accuracy of this species list should be verified after 90 days. This verification can be 
completed formally or informally as desired. The Service recommends that verification be 
completed by visiting the IPaC website at regular intervals during project planning and 
implementation for updates to species lists and information. An updated list may be requested 
through IPaC by completing the same process used to receive the enclosed list.


The purpose of the Act is to provide a means whereby threatened and endangered species and the 
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the 
Act and its implementing regulations (50 CFR 402 et seq.), Federal agencies are required to 
utilize their authorities to carry out programs for the conservation of threatened and endangered 
species and to determine whether projects may affect threatened and endangered species and/or 
designated critical habitat.


A Biological Assessment is required for construction projects (or other undertakings having 
similar physical impacts) that are major Federal actions significantly affecting the quality of the 
human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2) 
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(c)). For projects other than major construction activities, the Service suggests that a biological 
evaluation similar to a Biological Assessment be prepared to determine whether the project may 
affect listed or proposed species and/or designated or proposed critical habitat. Recommended 
contents of a Biological Assessment are described at 50 CFR 402.12.


If a Federal agency determines, based on the Biological Assessment or biological evaluation, that 
listed species and/or designated critical habitat may be affected by the proposed project, the 
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service 
recommends that candidate species, proposed species and proposed critical habitat be addressed 
within the consultation. More information on the regulations and procedures for section 7 
consultation, including the role of permit or license applicants, can be found in the "Endangered 
Species Consultation Handbook" at: https://www.fws.gov/sites/default/files/documents/ 
endangered-species-consultation-handbook.pdf


Migratory Birds: In addition to responsibilities to protect threatened and endangered species 
under the Endangered Species Act (ESA), there are additional responsibilities under the 
Migratory Bird Treaty Act (MBTA) and the Bald and Golden Eagle Protection Act (BGEPA) to 
protect native birds from project-related impacts. Any activity, intentional or unintentional, 
resulting in take of migratory birds, including eagles, is prohibited unless otherwise permitted by 
the U.S. Fish and Wildlife Service (50 C.F.R. Sec. 10.12 and 16 U.S.C. Sec. 668(a)). For more 
information regarding these Acts, see Migratory Bird Permit | What We Do | U.S. Fish & Wildlife 
Service (fws.gov).


The MBTA has no provision for allowing take of migratory birds that may be unintentionally 
killed or injured by otherwise lawful activities. It is the responsibility of the project proponent to 
comply with these Acts by identifying potential impacts to migratory birds and eagles within 
applicable NEPA documents (when there is a federal nexus) or a Bird/Eagle Conservation Plan 
(when there is no federal nexus). Proponents should implement conservation measures to avoid 
or minimize the production of project-related stressors or minimize the exposure of birds and 
their resources to the project-related stressors. For more information on avian stressors and 
recommended conservation measures, see https://www.fws.gov/library/collections/threats-birds.


In addition to MBTA and BGEPA, Executive Order 13186: Responsibilities of Federal Agencies 
to Protect Migratory Birds, obligates all Federal agencies that engage in or authorize activities 
that might affect migratory birds, to minimize those effects and encourage conservation measures 
that will improve bird populations. Executive Order 13186 provides for the protection of both 
migratory birds and migratory bird habitat. For information regarding the implementation of 
Executive Order 13186, please visit https://www.fws.gov/partner/council-conservation- 
migratory-birds.


We appreciate your concern for threatened and endangered species. The Service encourages 
Federal agencies to include conservation of threatened and endangered species into their project 
planning to further the purposes of the Act. Please include the Consultation Code in the header of 
this letter with any request for consultation or correspondence about your project that you submit 
to our office.


Note: IPaC has provided all available attachments because this project is in multiple field office 
jurisdictions.



https://www.fws.gov/sites/default/files/documents/endangered-species-consultation-handbook.pdf

https://www.fws.gov/sites/default/files/documents/endangered-species-consultation-handbook.pdf

https://www.fws.gov/program/migratory-bird-permit/what-we-do

https://www.fws.gov/program/migratory-bird-permit/what-we-do

https://www.fws.gov/library/collections/threats-birds

https://www.fws.gov/partner/council-conservation-migratory-birds

https://www.fws.gov/partner/council-conservation-migratory-birds
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▪
▪
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Attachment(s):


Official Species List
USFWS National Wildlife Refuges and Fish Hatcheries
Bald & Golden Eagles
Migratory Birds
Wetlands


OFFICIAL SPECIES LIST
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the 
requirement for Federal agencies to "request of the Secretary of the Interior information whether 
any species which is listed or proposed to be listed may be present in the area of a proposed 
action".


This species list is provided by:


San Francisco Bay-Delta Fish And Wildlife
650 Capitol Mall
Suite 8-300
Sacramento, CA 95814
(916) 930-5603


This project's location is within the jurisdiction of multiple offices. However, only one species 
list document will be provided for all offices. The species and critical habitats in this document 
reflect the aggregation of those that fall in each of the affiliated office's jurisdiction. Other offices 
affiliated with the project:


Sacramento Fish And Wildlife Office
Federal Building
2800 Cottage Way, Room W-2605
Sacramento, CA 95825-1846
(916) 414-6600
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PROJECT SUMMARY
Project Code: 2024-0029957
Project Name: Delta Conveyance Project
Project Type: Water Supply Facility - New Constr
Project Description: DWR’s fundamental purpose in proposing to develop new diversion and 


conveyance facilities in the Sacramento–San Joaquin Delta (Delta) is to 
restore and protect the reliability of SWP water deliveries south of the 
Delta, consistent with the California Water Resilience Portfolio. The 
proposed action would involve the construction and operation of new 
SWP water conveyance facilities in the Delta that would be operated to 
meet the objectives stated above. The proposed action also includes 
maintenance of new diversion and conveyance facilities. The proposed 
action would include a new Bethany Reservoir Pumping Plant and Surge 
Basin to the south of Clifton Court Forebay, and the new Bethany 
Reservoir Aqueduct that would convey flows to a new Bethany Reservoir 
Discharge Structure on the shore of Bethany Reservoir.


Project Location:
The approximate location of the project can be viewed in Google Maps: https:// 
www.google.com/maps/@38.11418185,-121.3780255391896,14z


Counties: California



https://www.google.com/maps/@38.11418185,-121.3780255391896,14z

https://www.google.com/maps/@38.11418185,-121.3780255391896,14z
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1.


ENDANGERED SPECIES ACT SPECIES
There is a total of 22 threatened, endangered, or candidate species on this species list.


Species on this list should be considered in an effects analysis for your project and could include 
species that exist in another geographic area. For example, certain fish may appear on the species 
list because a project could affect downstream species.


IPaC does not display listed species or critical habitats under the sole jurisdiction of NOAA 
Fisheries , as USFWS does not have the authority to speak on behalf of NOAA and the 
Department of Commerce.


See the "Critical habitats" section below for those critical habitats that lie wholly or partially 
within your project area under this office's jurisdiction. Please contact the designated FWS office 
if you have questions.


NOAA Fisheries, also known as the National Marine Fisheries Service (NMFS), is an 
office of the National Oceanic and Atmospheric Administration within the Department of 
Commerce.


MAMMALS
NAME STATUS


Riparian Brush Rabbit Sylvilagus bachmani riparius
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/6189


Endangered


San Joaquin Kit Fox Vulpes macrotis mutica
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/2873


Endangered


BIRDS
NAME STATUS


California Condor Gymnogyps californianus
Population: U.S.A. only, except where listed as an experimental population
There is final critical habitat for this species. Your location does not overlap the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/8193


Endangered


Yellow-billed Cuckoo Coccyzus americanus
Population: Western U.S. DPS
There is final critical habitat for this species. Your location does not overlap the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/3911


Threatened


1



https://www.fisheries.noaa.gov/

https://ecos.fws.gov/ecp/species/6189

https://ecos.fws.gov/ecp/species/2873

https://ecos.fws.gov/ecp/species/8193

https://ecos.fws.gov/ecp/species/3911
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REPTILES
NAME STATUS


Alameda Whipsnake (=striped Racer) Masticophis lateralis euryxanthus
There is final critical habitat for this species. Your location does not overlap the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/5524


Threatened


Giant Garter Snake Thamnophis gigas
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/4482


Threatened


Northwestern Pond Turtle Actinemys marmorata
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/1111


Proposed 
Threatened


AMPHIBIANS
NAME STATUS


California Red-legged Frog Rana draytonii
There is final critical habitat for this species. Your location overlaps the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/2891


Threatened


California Tiger Salamander Ambystoma californiense
Population: U.S.A. (Central CA DPS)
There is final critical habitat for this species. Your location does not overlap the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/2076


Threatened


FISHES
NAME STATUS


Delta Smelt Hypomesus transpacificus
There is final critical habitat for this species. Your location overlaps the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/321


Threatened


Longfin Smelt Spirinchus thaleichthys
Population: San Francisco Bay-Delta DPS
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9011


Proposed 
Endangered


Longfin Smelt Spirinchus thaleichthys
Population: San Francisco Bay-Delta DPS
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9011


Proposed 
Endangered



https://ecos.fws.gov/ecp/species/5524

https://ecos.fws.gov/ecp/species/4482

https://ecos.fws.gov/ecp/species/1111

https://ecos.fws.gov/ecp/species/2891

https://ecos.fws.gov/ecp/species/2076

https://ecos.fws.gov/ecp/species/321

https://ecos.fws.gov/ecp/species/9011

https://ecos.fws.gov/ecp/species/9011
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INSECTS
NAME STATUS


Monarch Butterfly Danaus plexippus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9743


Candidate


Valley Elderberry Longhorn Beetle Desmocerus californicus dimorphus
There is final critical habitat for this species. Your location does not overlap the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/7850


Threatened


CRUSTACEANS
NAME STATUS


Conservancy Fairy Shrimp Branchinecta conservatio
There is final critical habitat for this species. Your location does not overlap the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/8246


Endangered


Longhorn Fairy Shrimp Branchinecta longiantenna
There is final critical habitat for this species. Your location does not overlap the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/4294


Endangered


Vernal Pool Fairy Shrimp Branchinecta lynchi
There is final critical habitat for this species. Your location overlaps the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/498


Threatened


Vernal Pool Tadpole Shrimp Lepidurus packardi
There is final critical habitat for this species. Your location does not overlap the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/2246


Endangered


FLOWERING PLANTS
NAME STATUS


Contra Costa Goldfields Lasthenia conjugens
There is final critical habitat for this species. Your location overlaps the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/7058


Endangered


Fleshy Owl's-clover Castilleja campestris ssp. succulenta
There is final critical habitat for this species. Your location does not overlap the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/8095


Threatened


Large-flowered Fiddleneck Amsinckia grandiflora
There is final critical habitat for this species. Your location does not overlap the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/5558


Endangered


Palmate-bracted Bird's Beak Cordylanthus palmatus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/1616


Endangered



https://ecos.fws.gov/ecp/species/9743

https://ecos.fws.gov/ecp/species/7850

https://ecos.fws.gov/ecp/species/8246

https://ecos.fws.gov/ecp/species/4294

https://ecos.fws.gov/ecp/species/498

https://ecos.fws.gov/ecp/species/2246

https://ecos.fws.gov/ecp/species/7058

https://ecos.fws.gov/ecp/species/8095

https://ecos.fws.gov/ecp/species/5558

https://ecos.fws.gov/ecp/species/1616
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1.
2.
3.


CRITICAL HABITATS
There are 4 critical habitats wholly or partially within your project area under this office's 
jurisdiction.


NAME STATUS


California Red-legged Frog Rana draytonii
https://ecos.fws.gov/ecp/species/2891#crithab


Final


Contra Costa Goldfields Lasthenia conjugens
https://ecos.fws.gov/ecp/species/7058#crithab


Final


Delta Smelt Hypomesus transpacificus
https://ecos.fws.gov/ecp/species/321#crithab


Final


Vernal Pool Fairy Shrimp Branchinecta lynchi
https://ecos.fws.gov/ecp/species/498#crithab


Final


USFWS NATIONAL WILDLIFE REFUGE LANDS 
AND FISH HATCHERIES
Any activity proposed on lands managed by the National Wildlife Refuge system must undergo a 
'Compatibility Determination' conducted by the Refuge. Please contact the individual Refuges to 
discuss any questions or concerns.


The following FWS National Wildlife Refuge Lands and Fish Hatcheries lie fully or partially 
within your project area:


FACILITY NAME ACRES


STONE LAKES NATIONAL WILDLIFE REFUGE
https://www.fws.gov/our-facilities? 
$keywords="%5C%22STONE+LAKES+NATIONAL+WILDLIFE+REFUGE%5C%22"


6,404.823


BALD & GOLDEN EAGLES
Bald and golden eagles are protected under the Bald and Golden Eagle Protection Act  and the 
Migratory Bird Treaty Act .


Any person or organization who plans or conducts activities that may result in impacts to bald or 
golden eagles, or their habitats , should follow appropriate regulations and consider 
implementing appropriate conservation measures, as described in the links below. Specifically, 
please review the "Supplemental Information on Migratory Birds and Eagles".


The Bald and Golden Eagle Protection Act of 1940.
The Migratory Birds Treaty Act of 1918.
50 C.F.R. Sec. 10.12 and 16 U.S.C. Sec. 668(a)


1
2


3



https://ecos.fws.gov/ecp/species/2891#crithab

https://ecos.fws.gov/ecp/species/7058#crithab

https://ecos.fws.gov/ecp/species/321#crithab

https://ecos.fws.gov/ecp/species/498#crithab

http://www.fws.gov/refuges/

https://www.fws.gov/our-facilities?$keywords="%5C%22STONE+LAKES+NATIONAL+WILDLIFE+REFUGE%5C%22"

https://www.fws.gov/our-facilities?$keywords="%5C%22STONE+LAKES+NATIONAL+WILDLIFE+REFUGE%5C%22"

https://www.fws.gov/media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur-project-action

https://www.fws.gov/law/bald-and-golden-eagle-protection-act

https://www.fws.gov/law/migratory-bird-treaty-act-1918
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 no data survey effort breeding season probability of presence


There are bald and/or golden eagles in your project area.


For guidance on when to schedule activities or implement avoidance and minimization measures 
to reduce impacts to migratory birds on your list, see the PROBABILITY OF PRESENCE 
SUMMARY below to see when these birds are most likely to be present and breeding in your 
project area.


NAME
BREEDING 
SEASON


Bald Eagle Haliaeetus leucocephalus
This is not a Bird of Conservation Concern (BCC) in this area, but warrants attention 
because of the Eagle Act or for potential susceptibilities in offshore areas from certain types 
of development or activities.
https://ecos.fws.gov/ecp/species/1626


Breeds Jan 1 to 
Aug 31


Golden Eagle Aquila chrysaetos
This is not a Bird of Conservation Concern (BCC) in this area, but warrants attention 
because of the Eagle Act or for potential susceptibilities in offshore areas from certain types 
of development or activities.
https://ecos.fws.gov/ecp/species/1680


Breeds Jan 1 to 
Aug 31


PROBABILITY OF PRESENCE SUMMARY
The graphs below provide our best understanding of when birds of concern are most likely to be 
present in your project area. This information can be used to tailor and schedule your project 
activities to avoid or minimize impacts to birds. Please make sure you read "Supplemental 
Information on Migratory Birds and Eagles", specifically the FAQ section titled "Proper 
Interpretation and Use of Your Migratory Bird Report" before using or attempting to interpret 
this report.


Probability of Presence ( )


Green bars; the bird's relative probability of presence in the 10km grid cell(s) your project 
overlaps during that week of the year.


Breeding Season ( )
Yellow bars; liberal estimate of the timeframe inside which the bird breeds across its entire 
range.


Survey Effort ( )
Vertical black lines; the number of surveys performed for that species in the 10km grid cell(s) 
your project area overlaps.


No Data ( )
A week is marked as having no data if there were no survey events for that week.



https://ecos.fws.gov/ecp/species/1626

https://ecos.fws.gov/ecp/species/1680

https://www.fws.gov/media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur-project-action

https://www.fws.gov/media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur-project-action
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▪
▪


▪


▪


1.
2.
3.


SPECIES JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Bald Eagle
Non-BCC 
Vulnerable


Golden Eagle
Non-BCC 
Vulnerable


Additional information can be found using the following links:


Eagle Management https://www.fws.gov/program/eagle-management
Measures for avoiding and minimizing impacts to birds https://www.fws.gov/library/ 
collections/avoiding-and-minimizing-incidental-take-migratory-birds
Nationwide conservation measures for birds https://www.fws.gov/sites/default/files/ 
documents/nationwide-standard-conservation-measures.pdf
Supplemental Information for Migratory Birds and Eagles in IPaC https://www.fws.gov/ 
media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur- 
project-action


MIGRATORY BIRDS
Certain birds are protected under the Migratory Bird Treaty Act  and the Bald and Golden Eagle 
Protection Act .


Any person or organization who plans or conducts activities that may result in impacts to 
migratory birds, eagles, and their habitats  should follow appropriate regulations and consider 
implementing appropriate conservation measures, as described in the links below. Specifically, 
please review the "Supplemental Information on Migratory Birds and Eagles".


The Migratory Birds Treaty Act of 1918.
The Bald and Golden Eagle Protection Act of 1940.
50 C.F.R. Sec. 10.12 and 16 U.S.C. Sec. 668(a)


For guidance on when to schedule activities or implement avoidance and minimization measures 
to reduce impacts to migratory birds on your list, see the PROBABILITY OF PRESENCE 
SUMMARY below to see when these birds are most likely to be present and breeding in your 
project area.


NAME
BREEDING 
SEASON


Allen's Hummingbird Selasphorus sasin
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/9637


Breeds Feb 1 to 
Jul 15


1
2


3



https://www.fws.gov/program/eagle-management

https://www.fws.gov/library/collections/avoiding-and-minimizing-incidental-take-migratory-birds

https://www.fws.gov/library/collections/avoiding-and-minimizing-incidental-take-migratory-birds

https://www.fws.gov/sites/default/files/documents/nationwide-standard-conservation-measures.pdf

https://www.fws.gov/sites/default/files/documents/nationwide-standard-conservation-measures.pdf

https://www.fws.gov/media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur-project-action

https://www.fws.gov/media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur-project-action

https://www.fws.gov/media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur-project-action

https://www.fws.gov/media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur-project-action

https://www.fws.gov/law/migratory-bird-treaty-act-1918

https://www.fws.gov/law/bald-and-golden-eagle-protection-act

https://ecos.fws.gov/ecp/species/9637
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NAME
BREEDING 
SEASON


Bald Eagle Haliaeetus leucocephalus
This is not a Bird of Conservation Concern (BCC) in this area, but warrants attention 
because of the Eagle Act or for potential susceptibilities in offshore areas from certain types 
of development or activities.
https://ecos.fws.gov/ecp/species/1626


Breeds Jan 1 to 
Aug 31


Belding's Savannah Sparrow Passerculus sandwichensis beldingi
This is a Bird of Conservation Concern (BCC) only in particular Bird Conservation Regions 
(BCRs) in the continental USA
https://ecos.fws.gov/ecp/species/8


Breeds Apr 1 to 
Aug 15


Black Swift Cypseloides niger
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/8878


Breeds Jun 15 
to Sep 10


Black Tern Chlidonias niger
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/3093


Breeds May 15 
to Aug 20


Bullock's Oriole Icterus bullockii
This is a Bird of Conservation Concern (BCC) only in particular Bird Conservation Regions 
(BCRs) in the continental USA
https://ecos.fws.gov/ecp/species/9458


Breeds Mar 21 
to Jul 25


California Gull Larus californicus
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/10955


Breeds Mar 1 to 
Jul 31


California Thrasher Toxostoma redivivum
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/9436


Breeds Jan 1 to 
Jul 31


Clark's Grebe Aechmophorus clarkii
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/10575


Breeds Jun 1 to 
Aug 31


Common Yellowthroat Geothlypis trichas sinuosa
This is a Bird of Conservation Concern (BCC) only in particular Bird Conservation Regions 
(BCRs) in the continental USA
https://ecos.fws.gov/ecp/species/2084


Breeds May 20 
to Jul 31


Golden Eagle Aquila chrysaetos
This is not a Bird of Conservation Concern (BCC) in this area, but warrants attention 
because of the Eagle Act or for potential susceptibilities in offshore areas from certain types 
of development or activities.
https://ecos.fws.gov/ecp/species/1680


Breeds Jan 1 to 
Aug 31



https://ecos.fws.gov/ecp/species/1626

https://ecos.fws.gov/ecp/species/8

https://ecos.fws.gov/ecp/species/8878

https://ecos.fws.gov/ecp/species/3093

https://ecos.fws.gov/ecp/species/9458

https://ecos.fws.gov/ecp/species/10955

https://ecos.fws.gov/ecp/species/9436

https://ecos.fws.gov/ecp/species/10575

https://ecos.fws.gov/ecp/species/2084

https://ecos.fws.gov/ecp/species/1680
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NAME
BREEDING 
SEASON


Lawrence's Goldfinch Carduelis lawrencei
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/9464


Breeds Mar 20 
to Sep 20


Long-eared Owl asio otus
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/3631


Breeds Mar 1 to 
Jul 15


Marbled Godwit Limosa fedoa
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/9481


Breeds 
elsewhere


Nuttall's Woodpecker Picoides nuttallii
This is a Bird of Conservation Concern (BCC) only in particular Bird Conservation Regions 
(BCRs) in the continental USA
https://ecos.fws.gov/ecp/species/9410


Breeds Apr 1 to 
Jul 20


Oak Titmouse Baeolophus inornatus
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/9656


Breeds Mar 15 
to Jul 15


Olive-sided Flycatcher Contopus cooperi
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/3914


Breeds May 20 
to Aug 31


Short-billed Dowitcher Limnodromus griseus
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/9480


Breeds 
elsewhere


Tricolored Blackbird Agelaius tricolor
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/3910


Breeds Mar 15 
to Aug 10


Western Grebe aechmophorus occidentalis
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/6743


Breeds Jun 1 to 
Aug 31


Willet Tringa semipalmata
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/10669


Breeds 
elsewhere



https://ecos.fws.gov/ecp/species/9464

https://ecos.fws.gov/ecp/species/3631

https://ecos.fws.gov/ecp/species/9481

https://ecos.fws.gov/ecp/species/9410

https://ecos.fws.gov/ecp/species/9656

https://ecos.fws.gov/ecp/species/3914

https://ecos.fws.gov/ecp/species/9480

https://ecos.fws.gov/ecp/species/3910

https://ecos.fws.gov/ecp/species/6743

https://ecos.fws.gov/ecp/species/10669
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 no data survey effort breeding season probability of presence


NAME
BREEDING 
SEASON


Wrentit Chamaea fasciata
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/10668


Breeds Mar 15 
to Aug 10


Yellow-billed Magpie Pica nuttalli
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/9726


Breeds Apr 1 to 
Jul 31


PROBABILITY OF PRESENCE SUMMARY
The graphs below provide our best understanding of when birds of concern are most likely to be 
present in your project area. This information can be used to tailor and schedule your project 
activities to avoid or minimize impacts to birds. Please make sure you read "Supplemental 
Information on Migratory Birds and Eagles", specifically the FAQ section titled "Proper 
Interpretation and Use of Your Migratory Bird Report" before using or attempting to interpret 
this report.


Probability of Presence ( )


Green bars; the bird's relative probability of presence in the 10km grid cell(s) your project 
overlaps during that week of the year.


Breeding Season ( )
Yellow bars; liberal estimate of the timeframe inside which the bird breeds across its entire 
range.


Survey Effort ( )
Vertical black lines; the number of surveys performed for that species in the 10km grid cell(s) 
your project area overlaps.


No Data ( )
A week is marked as having no data if there were no survey events for that week.


SPECIES JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Allen's 
Hummingbird
BCC Rangewide 
(CON)


Bald Eagle



https://ecos.fws.gov/ecp/species/10668

https://ecos.fws.gov/ecp/species/9726

https://www.fws.gov/media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur-project-action

https://www.fws.gov/media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur-project-action
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Non-BCC 
Vulnerable


Belding's Savannah 
Sparrow
BCC - BCR


Black Swift
BCC Rangewide 
(CON)


Black Tern
BCC Rangewide 
(CON)


Bullock's Oriole
BCC - BCR


California Gull
BCC Rangewide 
(CON)


California Thrasher
BCC Rangewide 
(CON)


Clark's Grebe
BCC Rangewide 
(CON)


Common 
Yellowthroat
BCC - BCR


Golden Eagle
Non-BCC 
Vulnerable


Lawrence's 
Goldfinch
BCC Rangewide 
(CON)


SPECIES JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Long-eared Owl
BCC Rangewide 
(CON)


Marbled Godwit
BCC Rangewide 
(CON)


Nuttall's 
Woodpecker
BCC - BCR


Oak Titmouse
BCC Rangewide 
(CON)


Olive-sided 
Flycatcher
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▪
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▪


BCC Rangewide 
(CON)


Short-billed 
Dowitcher
BCC Rangewide 
(CON)


Tricolored 
Blackbird
BCC Rangewide 
(CON)


Western Grebe
BCC Rangewide 
(CON)


Willet
BCC Rangewide 
(CON)


Wrentit
BCC Rangewide 
(CON)


Yellow-billed 
Magpie
BCC Rangewide 
(CON)


Additional information can be found using the following links:


Eagle Management https://www.fws.gov/program/eagle-management
Measures for avoiding and minimizing impacts to birds https://www.fws.gov/library/ 
collections/avoiding-and-minimizing-incidental-take-migratory-birds
Nationwide conservation measures for birds https://www.fws.gov/sites/default/files/ 
documents/nationwide-standard-conservation-measures.pdf
Supplemental Information for Migratory Birds and Eagles in IPaC https://www.fws.gov/ 
media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur- 
project-action


WETLANDS
Impacts to NWI wetlands and other aquatic habitats may be subject to regulation under Section 
404 of the Clean Water Act, or other State/Federal statutes.


For more information please contact the Regulatory Program of the local U.S. Army Corps of 
Engineers District.


Please note that the NWI data being shown may be out of date. We are currently working to 
update our NWI data set. We recommend you verify these results with a site visit to determine 
the actual extent of wetlands on site.



https://www.fws.gov/program/eagle-management

https://www.fws.gov/library/collections/avoiding-and-minimizing-incidental-take-migratory-birds

https://www.fws.gov/library/collections/avoiding-and-minimizing-incidental-take-migratory-birds

https://www.fws.gov/sites/default/files/ documents/nationwide-standard-conservation-measures.pdf

https://www.fws.gov/sites/default/files/ documents/nationwide-standard-conservation-measures.pdf

https://www.fws.gov/media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur-project-action

https://www.fws.gov/media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur-project-action

https://www.fws.gov/media/supplemental-information-migratory-birds-and-bald-and-golden-eagles-may-occur-project-action

http://www.fws.gov/wetlands/

http://www.usace.army.mil/Missions/CivilWorks/RegulatoryProgramandPermits.aspx

http://www.usace.army.mil/Missions/CivilWorks/RegulatoryProgramandPermits.aspx
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FRESHWATER FORESTED/SHRUB WETLAND
PFO1A
PSS1Ax
PSS/EM1R
PSSR
PSSC
PFO1C
PFOA
PSS1F
PSSA
PFO/EM1R
PSST
PSS1A
PSS1C
PSS1Cx
PSS1Ah
PFOS
PSS1Fh
PFO1Fh
PFOR
PFO1R
PSSCh
PSSCx
PSS1Ch
PFOC
PSS1R


FRESHWATER POND
PUBHh
PUBF
PUSCh
PABF
PUSKx
PUBHx
PABHx
PUBFx
PUBKx
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PABFx
PUBFh
PAB4Fh
PAB4F
PUBK
PABHh
PUBH
PUSC
PABV
PUSA


FRESHWATER EMERGENT WETLAND
PEM1Ai
PEM1Ax
PEM1Ah
PEM1T
PEM1Cx
PEM1F
PEM1C
PEM1Jh
PEM1Fx
PEM1/USA
PEM1Fh
PEM1Ch
PEM1R
PEM1Kx
PEM1K
PEM1A


OTHER
Pf


RIVERINE
R1UBV
R2UBHx
R4SBA
R1UBVx
R4SBC
R2ABHx
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IPAC USER CONTACT INFORMATION
Agency: Private Entity
Name: Amy Poopatanapong
Address: 980 9th Street, Suite 1200
City: Sacramento
State: CA
Zip: 95814
Email amy.poopatanapong@icf.com
Phone: 9162317678
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Lead Agency: California Department of Water Resources
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Appendix 3A 
General Avoidance and Minimization Measures 


3A.1 Introduction 
Avoidance and minimization measures (AMMs) are those actions that are incorporated into the 


engineering or design of the Delta Conveyance Project (proposed action) and are intended to avoid, 


reduce, or minimize adverse effects that apply to one or more species. The AMMs address 


construction and construction-related maintenance activities, thus they should be considered 


project-level actions. There are exceptions to this focus on construction, including AMM-23: Develop 


and Implement a Mercury Management and Monitoring Plan, which is associated with the 


Compensatory Mitigation Plan (CMP). The avoidance and minimization features are included in the 


Mitigation Monitoring and Reporting Plan to enhance implementation tracking, identify the 


responsible party, and clarify implementation timing. Best management practices (BMPs) are 


standard construction practices or design elements that are incorporated into the proposed action’s 


design to generally address the construction-related environmental concerns that typically occur for 


most construction actions. AMMs discussed in this appendix do not include the engineering or 


design features described in Chapter 3, Description of the Proposed Action, Section 3.2, Conveyance 


Facility Construction, that may indirectly address environmental effects.1  


3A.1.1 AMM-1: Conduct Environmental Resources Worker 
Awareness Training  


The California Department of Water Resources (DWR) will provide training to field management 


and construction personnel on the importance of protecting sensitive natural resources (e.g., 


special-status fish species, wildlife species, plant species, and designated critical and/or suitable 


habitats for these species) prior to any ground-disturbing activity. Preconstruction training will be 


conducted so that construction personnel are aware of their responsibilities and the importance of 


compliance. All trainees will be required to sign a sheet indicating their attendance and completion 


of environmental training. The signature pages will be provided to California Department of Fish 


and Wildlife (CDFW), U.S. Fish and Wildlife Service (USFWS), and National Marine Fisheries Service 


(NMFS), if requested. 


Construction personnel will be educated on the types of sensitive resources in the action area and 


the measures required to avoid and minimize impacts on these resources. Materials covered in the 


training program will include environmental rules and regulations for the specific site requirements 


for limiting activities to approved work areas, timing restrictions, and avoidance of sensitive 


resource areas. 


 
1 The conveyance features have been designed to reduce numerous impacts, as described in the Efforts to Minimize 
Delta Community Effects Technical Memorandum in Attachment H of Volume 1: Delta Conveyance Final Draft 
Engineering Project Report—Central and Eastern Options and in the Efforts to Minimize Delta Community Effects 
Supplement—Bethany Reservoir Alternative Technical Memorandum in Volume 1: Delta Conveyance Final Draft 
Engineering Project Report—Bethany Reservoir Alternative (Delta Conveyance Design and Construction Authority 
2022a, 2022b). 







California Department of Water Resources 


 Appendix 3A 
General Avoidance and Minimization Measures 


 


 


Delta Conveyance Project, Biological Assessment  
3A-2 


May 2024 
ICF 103653 


 


In general, trainings will include the following components. 


1. The need and legal requirements for resource avoidance and protection. 


2. Important timing windows for special-status species (i.e., timing of special-status fish migration, 


spawning, and rearing; wildlife mating, nesting, and fledging; amphibian breeding and dispersal; 


and plant flowering periods).  


3. Identification of listed fish, wildlife, and plant species potentially affected at the worksite, which 


will depend upon the work to be performed and location of the work. 


4. Relevant measures from environmental documents and regulatory permits to be implemented 


during construction for the protection of covered fish, wildlife, and plant species, depending 


upon work to be performed and location of the work (i.e., in-water, upland, wetland). 


5. Brief discussions of special-status species and natural communities of concern. 


6. Boundaries of the work area. 


7. Exclusion and construction fencing methods. 


8. Roles and responsibilities, including an explanation regarding the authority of biological 


monitors to stop work as required by permits and/or project approvals. 


9. What to do when special-status fish, wildlife, or plants are encountered (including dead, injured, 


stressed, or entrapped individuals) in work areas. 


10. Staking methods to protect resources. 


11. Avoidance and minimization commitments. 


12. Emergency procedures. 


13. Consequences of violations of the laws and regulations protecting resources.  


A fact sheet or other supporting materials containing this information will be prepared and 


distributed to construction supervisors and managers, along with a list of contacts (names, numbers, 


and affiliations) prior to initiating construction activities. DWR will appoint a representative to be 


the primary point of contact for any employee or contractor who might inadvertently take2 a 


special-status species, or a representative will be identified during the employee education program 


and the representative’s name and telephone number provided to the fish and wildlife agencies. 


If new construction personnel are added, the contractor will require that the personnel receive the 


mandatory training and sign a sheet indicating their attendance and completion of the 


environmental training before starting work. The training sheets for new construction personnel 


will be provided to CDFW, USFWS, and NMFS, if requested. 


 
2 Under Section 9 of the Endangered Species Act, the term take means to harass, harm, pursue, hunt, shoot, wound, 
kill, trap, capture, or collect or to attempt to engage in any such conduct. Take includes the modification of a listed 
species’ designated critical habitat. Additionally, “harm” per Section 9 of the Endangered Species Act may include 
significant habitat modification or degradation that actually kills or injures wildlife by significantly impairing 
essential behavioral patterns, including breeding, feeding, or sheltering (50 CFR § 17.3). Under the California 
Endangered Species Act, take refers to mortality or injury of any fish, wildlife, or plant species that has been listed 
as endangered or threatened or designated as a candidate for listing, but not the modification of habitat for a listed 
species. 
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3A.1.2 AMM-2: Develop and Implement Hazardous 
Materials Management Plans 


DWR will require that each project contractor responsible for construction of a project facility or 


project develop and implement a hazardous materials management plan (HMMP) before beginning 


construction. Multiple HMMPs will be prepared for the overall project construction activities, each 


considering site-specific conditions such as hazardous materials present on site and known historic 


site contamination. A database on known historic instances of contamination and results of any field 


inspections regarding the presence of hazardous chemicals will be maintained. The HMMPs will 


provide detailed information on the types of hazardous materials used or stored at all sites 


associated with the water conveyance facilities (e.g., intake pumping plants, maintenance facilities); 


phone numbers of applicable city, county, state, and federal emergency response agencies; primary, 


secondary, and final cleanup procedures; emergency-response procedures in case of a spill; and 


other applicable information. The HMMPs will include appropriate practices to reduce the likelihood 


of a spill of toxic chemicals and other hazardous materials during construction and facilities 


operation and maintenance. A specific protocol for the proper handling and disposal of hazardous 


materials will be established before construction activities begin, will be implemented during 


project construction, and will be enforced by DWR.  


The HMMP will include, but not be limited to, the following measures or practices. 


1. Fuel, oil, and other petroleum products will be stored only at designated sites. 


2. Hazardous materials containment containers will be clearly labeled with the identity of the 


hazardous materials contained therein, handling and safety instructions, and emergency contact 


information. 


3. Storage, use, or transfer of hazardous materials in or near wet or dry streams will be consistent 


with the Fish and Game Code (Section 5650) and/or with the permission of CDFW. 


4. Material Safety Data Sheets will be made readily available to the contractor’s employees and 


other personnel at the work site. 


5. The accumulation and temporary storage of hazardous wastes will not exceed 90 days. 


6. Soils contaminated by spills or cleaning wastes will be contained and removed to an approved 


disposal site by an appropriately-certified hazardous waste disposal contractor.  


7. Hazardous waste generated at work sites, such as contaminated soil, will be segregated from 


other construction spoils and properly handled, hauled, and disposed of at an approved disposal 


facility by a licensed hazardous waste hauler in accordance with applicable law and regulations. 


The contractor will obtain permits required for such disposal.  


8. Emergency spill containment and cleanup kits will be located at the work site. The contents of 


the kit will be appropriate to the type and quantities of chemical or goods stored at the work 


site. 


9. Handling and disposal of roadway materials will follow existing standards and specifications.  


10. When refueling vehicles at construction sites, refueling will only occur when employees are 


present; refueling will be conducted only with approved pumps, hoses, and nozzles; all 


disconnected hoses will be placed in containers to collect residual fuel from the hoses; and 
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vehicle engines will be shut down during refueling. In addition, when refueling is completed, the 


service truck will leave the project site. 


3A.1.3 AMM-3: Develop and Implement Spill Prevention, 
Control, and Countermeasure Plans  


DWR will require that each project contractor responsible for construction of a project facility or 


project develop and implement a spill prevention, control, and countermeasure plan (SPCCP) for 


each project site (typically required to meet state and federal water quality requirements). Multiple 


SPCCPs will be prepared for project construction activities, each taking into account site-specific 


conditions. The SPCCPs will be developed in accordance with the regulatory requirements of Title 


40 of the Code of Federal Regulations (CFR), Part 112, or the Spill Prevention, Control, and 


Countermeasure Rule under the Oil Pollution Act of 1990, which includes requirements for oil spill 


prevention, preparedness, and response to prevent oil discharges to navigable waters of the United 


States and adjoining shorelines. The rule requires the preparation, amendment and implementation 


of site-specific SPCCPs to prevent and respond to oil discharges that could affect navigable waters. 


The SPCCPs will be developed and implemented to minimize effects from spills of oil or oil-


containing products3 during project construction and operation. Each SPCC plan will address actions 


used to prevent spills in addition to specifying actions that will be taken should any spills occur, 


including emergency notification procedures.  


The SPCCPs will include the following measures and practices. 


1. Discharge prevention measures will include procedures for routine handling of products (e.g., 


loading, unloading, and facility transfers) (40 CFR § 112.7(a)(3)(i)). 


2. Discharge or drainage controls will be implemented such as secondary containment around 


containers and other structures, equipment, and procedures for the control of a discharge 


(40 CFR § 112.7(a)(3)(ii)). 


3. Countermeasures will be implemented for discharge discovery, response, and cleanup (both the 


facility’s capability and those that might be required of a contractor) (40 CFR § 112.7(a)(3)(iii)). 


4. Methods of disposal of recovered materials will comply with applicable legal requirements (40 


CFR §112.7(a)(3)(iv)). 


5. Personnel will be trained in emergency response and spill containment techniques, and will also 


be made aware of the pollution control laws, rules, and regulations applicable to their work. 


6. Petroleum products will be stored in non-leaking containers at impervious storage sites from 


which an accidental spill cannot escape. 


7. Absorbent pads, pillows, socks, booms, and other spill containment materials will be stored and 


maintained at the hazardous materials storage sites for use in the event of an accidental spill.  


8. Contaminated absorbent pads, pillows, socks, booms, and other spill containment materials will 


be placed in non-leaking sealed containers until transport to an appropriate disposal facility. 


 
3 “Oil” includes a variety of petroleum and non-petroleum based substances including gasoline, diesel fuel, motor 
oil, hydraulic fluid, aviation fuel, oil-based paint, oil-based paint thinner, roofing tar, and petroleum-based solvents. 
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9. When transferring oil or other hazardous materials from trucks to storage containers, absorbent 


pads, pillows, socks, booms or other spill containment material will be placed under the transfer 


area. 


10. Refueling of construction equipment will occur only in designated areas that will be a minimum 


of 150 feet from surface waters and other sensitive habitats, such as wetlands. 


11. Equipment used in direct contact with water will be inspected daily for oil, grease, and other 


petroleum products. All equipment must be cleaned of external petroleum products prior to 


beginning work where contact with water may occur to prevent the release of such products to 


surface waters.  


12. Oil-absorbent booms will be used when equipment is used in or immediately adjacent to waters. 


13. All reserve fuel supplies will be stored only within the confines of a designated staging area, to 


be located a minimum of 150 feet from surface waters and other sensitive habitats, such as 


wetlands. 


14. Fuel transfers will take place a minimum of 150 feet from surface waters and other sensitive 


habitats, such as wetlands, and absorbent pads will be placed under the fuel transfer operation. 


15. Staging areas will be designed to contain contaminants such as oil, grease, fuel, and other 


petroleum products so that should an accidental spill occur, they do not drain toward receiving 


waters or storm drain inlets. 


16. All stationary equipment will be staged in appropriate staging areas and positioned over drip 


pans.  


17. In the event of an accidental spill, personnel will identify and secure the source of the discharge 


and contain the discharge with sorbents, sandbags, or other material from spill kits and will 


contact appropriate regulatory authorities (e.g., National Response Center will be contacted if 


the spill threatens navigable waters of the United States or adjoining shorelines, as well as other 


appropriate response personnel). 


18. When refueling vehicles at construction sites, refueling will only occur when employees are 


present; refueling will be conducted only with approved pumps, hoses, and nozzles; all 


disconnected hoses will be placed in containers to collect residual fuel from the hoses; and 


vehicle engines will be shut down during refueling. In addition, when refueling is completed, the 


service truck will leave the project site. 


Methods of cleanup may include the following: 


19. Physical methods for the cleanup of dry chemicals include the use of brooms, shovels, sweepers, 


or plows. 


20. Mechanical methods include, but may not be limited to, the use of vacuum cleaning systems and 


pumps. 


21. Chemical methods include the use of appropriate chemical agents such as sorbents, gels, and 


foams. 
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3A.1.4 AMM-4a: Develop and Implement Erosion and 
Sediment Control Plans 


DWR will require all contractors prepare and implement erosion and sediment control plans4 to 


control short-term and long-term erosion and sedimentation effects and to restore soils and 


vegetation in areas damaged by construction activities. Multiple erosion and sediment control plans 


will be prepared for project-related construction activities, each taking into account site-specific 


conditions such as proximity to surface water, erosion potential, drainage, etc. The plans will include 


all the necessary CGP requirements regarding erosion control and will specify BMPs for erosion and 


sediment control that are to be implemented during construction activities. These BMPs will be 


incorporated into the SWPPPs (see AMM-4b: Develop and Implement Stormwater Pollution 


Prevention Plans). In addition, to reduce aesthetic impacts, the tops and bottoms of spoils disposal 


areas will be rounded, and slope faces will be contoured, to create more natural-looking landforms; 


these will be planted with diverse appropriate native and indigenous vegetation that will also help 


control erosion. 


Erosion control measures will include the following. 


1. Install physical erosion control stabilization features (hydroseeding with native seed mix, 


mulch, silt fencing, fiber rolls, sandbags, and erosion control blankets) to capture sediment and 


control both wind and water erosion. Erosion control may not use netting made with plastic 


monofilament or similar materials or netting with cross joints that are bound or stitched (such 


as straw wattles, fiber rolls, or erosion control blankets), which could trap wildlife including 


snakes or birds. All fiber rolls, straw wattles, and hay bales used within and adjacent to the 


project site shall be free of nonnative plant materials. Fiber rolls or erosion-control mesh shall 


be made of loose-weave mesh that is not fused at the intersections of the weave, such as jute or 


coconut (coir) fiber, or other products without welded weaves. 


2. Keep emergency erosion-control supplies on-site at all times during construction, and have the 


contractor(s) use these emergency stockpiles as needed. DWR and/or the contractors will 


require that supplies used from the emergency stockpiles are replaced within 48 hours. DWR 


will also require that materials used in construction of erosion control methods will be removed 


from the work site and properly disposed when no longer needed. 


3. Design grading to be compatible with adjacent areas and minimize potential for disturbance of 


adjacent terrain and natural land features and minimize erosion in disturbed areas to the extent 


practicable. 


4. Divert runoff away from steep, denuded slopes, or other critical areas with barriers, berms, 


ditches, or other facilities. 


5. To the extent possible, retain native trees and vegetation to help stabilize hillsides, retain 


moisture, and reduce erosion. 


6. Limit construction, clearing of native vegetation, and disturbance of soils to areas of proven 


stability. 


 
4 An erosion and sediment control plan is typically required for ground-disturbing projects as part of the National 
Pollutant Discharge Elimination System (NPDES)/SWPPP permitting process (U.S. Environmental Protection 
Agency 2007), depending on the size of the disturbed area. The Phase II EPA rules would cover project activities 
with 1 or more acres of ground disturbance. 
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7. To the extent possible, sequence clearing of native vegetation and disturbance of soils to 


minimize overall time of soil disturbance. 


8. Implement construction management and scheduling measures to avoid exposure and mitigate 


erosion from rainfall events, runoff, or flooding at construction sites, to the extent feasible. 


9. Conduct frequent site inspections (before, during, and after significant storm events) to confirm 


that control measures are intact and working properly and to correct problems as needed. 


10. Install runoff and drainage control features (e.g., berms and swales, slope drains) as necessary 


to avoid and minimize erosion.  


11. Install wind erosion control features (e.g., application of hydraulic mulch or bonded fiber 


matrix). 


12. Watertight forms and other containment structures will be used to prevent spills or discharge of 


raw concrete, wash water, and other contaminants from entering surface waters and other 


sensitive habitats during overwater activities (e.g., casting of barge decks) 


Sediment control measures will include: 


13. Use sediment ponds, silt traps, wattles, berms, barriers, physical treatment facilities, or similar 


measures to slow water velocity and retain sediment transported by on-site run on or runoff. 


14. Collect and direct surface run on and runoff at non-erosive velocities to on-site treatment 


facilities for storage and reuse as needed with controlled flows and velocities to drainage 


courses. 


15. When ground-disturbing activities are required adjacent surface water, wetlands, or aquatic 


habitat, use sediment and turbidity barriers, treatment facilities, soil stabilization, and 


revegetation of disturbed surfaces.  


16. Prevent mud from being tracked onto public roadways by installing gravel on primary 


construction ingress/egress points, rumble plates, and/or truck tire washing. 


17. Deposit or store excavated materials away from drainage courses and apply soil stabilization 


materials if left in place for more than 5 days or storm events are forecast within 48 hours. 


After construction is complete, site-specific restoration efforts will include grading, post 


construction BMPs for erosion control, and revegetation. Self-sustaining, local native plants that 


require little or no maintenance and do not create an extreme fire hazard will be used. All disturbed 


areas will be graded, recontoured to pre-project contours, as feasible, and seeded with a native seed 


mix. Consideration will also be given to additional replacement of or upgrades to drainage facilities 


to avoid and minimize erosion. Paved areas damaged by construction activities will be repaved to 


avoid erosion due to pavement damage. Once post construction BMPs are constructed and 


revegetation is appropriately established, a Notice of Termination will be filed with the State Water 


Board. DWR will apply for a long-term SWPPP permit with the Central Valley Water Board for 


operations of the intake, tunnel shaft, and Bethany Complex sites that will include long-term erosion 


control plans. 
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3A.1.5 AMM-4b: Develop and Implement Stormwater 
Pollution Prevention Plans 


Project activities that disturb 1 or more acres of land have the potential to alter stormwater runoff. 


This includes project activities that require excavation, grading, or stockpiling material at project 


sites, which could result in temporary and/or permanent changes to drainage patterns, paths, and 


facilities that would, in turn, cause changes in drainage flow rates, directions, and velocities of 


runoff, or constituents of runoff. Construction sites for the intakes, tunnel shafts, concrete batch 


plants, and Bethany Complex would include facilities to capture and divert all runoff, dewatering, 


and decant flows (from soil material storage areas) to on-site treatment facilities for direct on-site 


reuse or on-site storage. If these flows exceed the on-site reuse demand or storage capacities, the 


treated water would be discharged into adjacent water bodies. Construction sites for access roads 


and installation activities for electrical and SCADA connections would include methods described in 


this section to protect water quality of adjacent waterbodies.5 


DWR will require that the construction contractors implement measures, as described below, as 


part of the construction activities and in advance of any necessary permit(s). In accordance with this 


AMM, DWR will require the preparation and implementation of SWPPPs to control short-term and 


long-term effects associated with construction-generated stormwater runoff. The SWPPPs will 


include all the necessary state requirements regarding construction-generated stormwater 


collection, detention, treatment, and discharge that will be in place throughout the construction 


period.  


For the proposed action, a series of separate but related SWPPPs will be prepared by a Qualified 


SWPPP Developer (QSD) and will be implemented under the supervision of a Qualified SWPPP 


Practitioner (for each construction site and/or each construction contract). As part of the procedure 


to gain coverage under the CGP, the QSD will determine the “Risk Level” (Levels 1, 2, or 3, or Types 


1, 2, or 3 for linear underground/overhead projects) of the construction activities covered by a given 


SWPPP, which involves an evaluation of the site’s “Sediment Risk” and “Receiving Water Risk.” The 


risk level of the site will be determined based on the probability of a significant risk of causing or 


contributing to an exceedance of a water quality standard based on the construction activities to be 


performed, the existing water quality, and soil and sediment conditions, without additional 


requirements (pursuant to Order No. 2009-0009-DWQ as amended by Order Nos. 2010-0014-DWQ 


and 2012-2006-DWQ).  


The risk is calculated separately for sediment and receiving water, with two risk categories for 


receiving water (low and high) and three risk categories for sediment risk (low, medium, and high). 


The overall project risk levels (1, 2, or 3) are then determined through a matrix, where Risk Level 1 


applies to projects with low receiving water and sediment risks, Risk Level 3 for projects with high 


receiving water and sediment risks, and Risk Level 2 for all other combinations of sediment and 


receiving water risks. These project risk levels determine the level of protection (i.e., the BMPs to be 


used) and monitoring that is required for the proposed action. If the site is Risk Level 2 or 3, water 


sampling for pH and turbidity will be required and the SWPPP will specify sampling locations and 


 
5 These activities are regulated under the Construction General Permit for Construction and Land Disturbance 
Activities (Construction General Permit [CGP]) (Order 2010-0014-DWQ or any more recent version) issued from 
the State Water Resources Control Board (State Water Board). The CGP requires the development and 
implementation of a stormwater pollution prevention plan for NPDES permit coverage for stormwater discharges. 
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schedule, sample collection and analysis procedures, and recordkeeping and reporting protocols. 


Other typical requirements for such situations are provided below under Risk Levels 2 and 3. 


Table 3A-1 shows how varying sediment risk and receiving water risk combine to result in a given 


Risk Level for a given construction site. 


Table 3A-1. Combined Risk Level Matrix 


 


Sediment Risk 


Low Medium High 


Receiving Water Risk 
Low Level 1 Level 2 


High Level 2 Level 3 


 


Changes in runoff characteristics associated with construction activities have the potential to be 


detrimental to special-status fish and wildlife species as well as aquatic habitat and natural 


communities associated with receiving waters, through changes in ambient water temperature, 


sediment, and pollutants resulting from stormwater runoff. The objectives of the SWPPPs will be to 


(1) identify pollutant sources associated with construction activities and operations that may affect 


the quality of stormwater and (2) identify, construct, and implement stormwater pollution 


prevention measures to reduce pollutants in stormwater discharges during and after construction. 


The SWPPP will be kept on-site during construction activity and operations and will be made 


available upon request.  


The SWPPP will describe site topographic, soil, and hydrologic characteristics; construction 


activities and schedule; construction materials to be used, including sources of imported fill 


material, and other potential sources of pollutants at the construction site; potential non-


stormwater discharges (e.g., trench dewatering); erosion and sediment control measures; 


“housekeeping” BMPs to be implemented; a BMP implementation schedule; a site and BMP 


inspection schedule; and ongoing personnel training requirements. The SWPPP will also include a 


hazardous materials management plan. These provisions are intended to prevent water quality 


degradation related to pollutant discharge to receiving waters and to prevent or constrain changes 


to the pH of receiving waters. Performance standards are expected to be specified in the CGP and 


will be met by implementing stormwater pollution prevention BMPs that are tailored to specific site 


conditions, including the Risk Level of individual construction sites. These measures mirror the 


requirements to gain and maintain coverage under the anticipated CGP. DWR will consult with the 


appropriate Regional Water Quality Control Board (RWQCB) or State Water Board to determine the 


appropriate aggregation of specific construction activities, or groups of activities, to be authorized 


under the CGP. 


Multiple SWPPPs will be prepared for project-related construction activities, with a given SWPPP 


prepared to cover a particular water conveyance component, groups of components (e.g., intakes), 


and site-specific conditions (e.g., proximity to surface water, drainage). The risk level will be 


identified for each action covered by a specific SWPPP. 


These SWPPPs will generally follow the U.S. Environmental Protection Agency (EPA) (2007) 


guidelines for such plans and would typically identify the following list of BMPs. These BMPs are 


requirements common to all Risk Level sites; however, some detail is provided in “Inspection and 


Monitoring” on various Risk Level requirements.  
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1. Erosion Control Measures. 


a. Implement effective wind erosion BMPs, such as watering, application of soil 


binders/tackifiers, and covering stockpiles. 


b. Provide effective soil cover for inactive areas and all finished slopes and utility backfill 


areas, such as seeding with a native seed mix, application of hydraulic mulch and bonded 


fiber matrices, and installation of erosion control blankets and rock slope protection. 


2. Sediment Control Measures. 


a. Prevent transport of sediment at the construction site perimeter, toe of erodible slopes, soil 


stockpiles, and into storm drains. 


b. Capture sediment via sedimentation and stormwater detention facilities. 


c. Reduce runoff velocity on exposed slopes. 


d. Reduce off-site sediment tracking. 


3. Management Measures for Construction Materials. 


a. Cover and berm inactive stockpiled construction materials. 


b. Store chemicals in watertight containers. 


c. Minimize exposure of construction materials to stormwater. 


d. Designate refueling and equipment inspection/maintenance locations. 


e. Control of drift and runoff from areas treated with herbicides, pesticides, and other 


chemicals that may be harmful to aquatic habitats. 


4. Waste Management Measures. 


a. Prevent off-site disposal or runoff of any rinse or wash waters. 


b. Implement concrete and truck washout facilities and appropriately sized storage, treatment, 


and disposal practices. 


c. Require the containment of sanitation facilities (e.g., portable toilets). 


d. Clean or replace sanitation facilities (as necessary) and inspect regularly for leaks/spills. 


e. Cover waste disposal containers during rain events and at end of every day. 


f. Protect stockpiled waste material from wind and rain. 


5. Construction Site Dewatering and Pipeline Testing Measures. 


a. Reclaim site dewatering discharges to the extent practicable, or use for other construction 


purposes (e.g., land application for dust control). 


b. Implement appropriate treatment and disposal of construction site dewatering from 


excavations to prevent discharges to surface waters, unless permitted by regulatory 


agencies to discharge to surface waters.  


6. Accidental Spill Prevention and Response Measures. 


a. Maintain equipment and materials necessary for cleanup of accidental spills on-site. 


b. Clean up accidental spills and leaks immediately and dispose of properly. 
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c. Require that there are trained spill response personnel available. 


7. Non-stormwater Management Measures. 


a. Control all non-stormwater discharges during construction. 


b. Wash vehicles in such a manner as to prevent non-stormwater discharges to surface waters. 


c. Clean streets in such a manner as to prevent non-stormwater discharges from reaching 


surface water. 


d. Discontinue the application of any erodible landscape material during rain, or within 2 days 


before a forecasted rain event. 


8. Inspection and Monitoring Common to All Risk Levels. 


a. Require that all inspection, maintenance, repair, and sampling activities at the construction 


site will be performed or supervised by a QSP representing the discharger. 


b. Develop and implement a written site-specific Construction Site Monitoring Program 


(CSMP). 


9. Inspection, Monitoring, and Maintenance Activities Based on the Risk Level of the Construction 


Site (as defined in the State Water Board CGP). 


a. Risk Level 1 Sites: 


1) Perform weekly inspections of BMPs, and at least once each 24-hour period during 


extended storm events. 


2) At least 2 business days (48 hours) prior to each anticipated qualifying rain event (a rain 


event producing 0.5 inch or more of precipitation), visually inspect: (a) stormwater 


drainage areas to identify any spills, leaks, or uncontrolled pollutant sources; (b) all 


BMPs to identify whether they have been properly implemented in accordance with the 


SWPPP; and (c) stormwater storage and containment areas to detect leaks and require 


maintenance of adequate freeboard. 


3) Visually observe stormwater discharges at all discharge locations within two business 


days (48 hours) after each qualifying rain event and identify additional BMPs as 


necessary, and revise the SWPPP accordingly. 


4) Conduct minimum quarterly visual inspections of each drainage area for the presence of 


(or indications of prior) unauthorized and authorized non-stormwater discharges and 


their sources. 


5) Collect one or more samples of construction site effluent during any breach, 


malfunction, leakage, or spill observed within the construction site during a visual 


inspection that could result in the discharge of pollutants to surface waters whether 


visually detectable or not. 


b. Risk Level 2 Sites: 


1) Perform all of the same visual inspection, monitoring, and maintenance measure 


specified for Risk Level 1 sites. 
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2) Perform sampling and analysis of stormwater discharges to characterize discharges 


associated with construction activity from the entire disturbed area at all discharge 


points where stormwater is discharged offsite. 


3) At a minimum, collect and analyze a minimum of three samples per day for pH and 


turbidity during qualifying rain events. The CGP also requires the discharger to revise 


the SWPPP and to immediately modify existing BMPs and/or implement new BMPs such 


that subsequent discharges are below the relevant Numeric Action Levels (NALs) 


specified by the CGP. It may be a violation of the CGP if the discharger fails to take 


corrective action to reduce the discharge below these NALs specified by the CGP. 


4) When an active treatment system is deployed on the site or a portion of the site, collect 


active treatment system effluent samples and measurements from the discharge pipe or 


another location representative of the nature of the discharge. 


5) In the event that any effluent sample exceeds an applicable NAL, Risk Level 2 


dischargers will submit all storm event sampling results to the State Water Board no 


later than 10 days after the conclusion of the storm event. The Regional Boards have the 


authority to require the submittal of an NAL Exceedance Report, which includes a 


description of the current BMPs associated with the effluent sample that exceeded the 


NAL and the proposed corrective actions taken. 


c. Risk Level 3 Sites: 


1) Perform all of the same visual inspection, monitoring, and maintenance measure 


specified for Risk Level 1 and Risk Level 2 sites. 


2) In the event that a numeric effluent limitation (NEL) of the CGP (i.e., pH and turbidity) is 


exceeded and has a direct discharge into receiving waters, the discharger will 


subsequently sample receiving waters for all parameter(s) monitored in the discharge. 


An exceedance of an NEL is considered a violation of the CGP, and the discharger must 


electronically submit all storm event sampling results to the State and Regional Water 


Boards via Stormwater Multiple Application and Report Tracking System (SMARTS) no 


later than 5 days after the conclusion of the storm event.6 


3) If disturbing 30 acres or more of the landscape and discharging directly into receiving 


waters, conduct a benthic macroinvertebrate bioassessment of receiving waters prior to 


and after commencement of construction activities to determine if significant 


degradation to the receiving water’s biota has occurred. However, if commencement of 


construction is outside of an index period (i.e., the period of time during which 


bioassessment samples must be collected to produce results suitable for assessing the 


biological integrity of streams and rivers) for the site location, the discharger will 


participate in the State of California’s Surface Water Ambient Monitoring Program. 


The SWPPP will also specify the forms and records that must be uploaded to the State Water Board 


online SMARTS, such as quarterly non-stormwater inspection and annual compliance reports.  


 
6 The State Water Board has suspended the applicability of NELs for pH and turbidity at Risk Level 3/LUP Type 3 
construction sites. In addition, because receiving water monitoring is required only if the NELs are triggered, all 
receiving water monitoring requirements are also suspended. The Level 3/Type 3 NEL requirements are presented 
here assuming that such NELs will be reinstated when project construction commences. 
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If the QSP determines the site is Risk Level 2 or 3, water sampling for pH and turbidity will be 


required and the SWPPP will specify sampling locations and schedule, sample collection and 


analysis procedures, and recordkeeping and reporting protocols. In accordance with the CGP 


numeric action level requirements, the contractor’s QSD will revise the SWPPP and modify existing 


BMPs or implement new BMPs when effluent monitoring indicates that daily average runoff pH is 


outside the range of 6.5 to 8.5 and that the daily average turbidity is greater than 250 nephelometric 


turbidity units (NTUs). Such BMPs may include construction of sediment traps and sediment basins, 


use of Baker or other type tanks, installation of rock slope protection, covering of active stockpiles in 


event of rain, constructing desilting basins, and use of ATS. The ability of other areas to withstand 


excessive erosion and sedimentation may be increased by applying additional mulching, bonded 


fiber matrices, and erosion control blankets; reseeding with a native seed mix; and installation of 


additional fiber rolls, silt fences, and gravel bag berms. The QSD may also specify changes in the 


manner and frequency of BMP inspection and maintenance activities. The determination of which 


BMP should be applied in a given situation is very site-specific. QSDs typically refer to the California 


Stormwater Quality Association’s Stormwater Best Management Practice Handbook Portal: 


Construction or the similar Caltrans manual for selecting BMPs for particular site conditions. 


Additionally, if a given construction component is Risk Level 3, for that component DWR will report 


to the State Water Board when effluent monitoring indicates that daily average runoff pH is outside 


the range of 6.0 to 9.0 or the daily average turbidity is greater than 500 NTUs. In the event that the 


turbidity NEL is exceeded, DWR may also be required to sample and report to the State Water Board 


pH, turbidity, and suspended sediment concentration of receiving waters for the duration of 


construction.  


The contractor will also conduct sampling of runoff effluent when a leak, spill, or other discharge of 


non-visible pollutants is detected.  


The CGP has specific monitoring and action level requirements for the Risk Levels, which are 


summarized in Table 3A-2. 


Table 3A-2. SWPPP Monitoring and Action Requirements 


SWPPP Requirements 


Risk Level/Type 


1 2 3 


Minimum Stormwater and Non-Stormwater BMPs ✓ ✓ ✓ 


Numeric Action Levels (NALs), NAL for pH: 6.5–8.5 pH units, NAL for turbidity: 
250 NTU 


 ✓ ✓ 


Numeric Effluent Limitations (NELs), NEL for pH: 6–9 pH units, NEL for 
turbidity: 500 NTU 


  ✓ 


Visual Monitoring (weekly; before, during, after rain events; non-stormwater) ✓ ✓ ✓ 


Runoff Monitoring  ✓ ✓ 


Receiving Water Monitoring   ✓ 


Note: The State Water Board has suspended the applicability of NELs for pH and turbidity at Risk Level 3/LUP 
Type 3 construction sites. In addition, because receiving water monitoring is required only if the NELs are 
triggered, all receiving water monitoring requirements are also suspended. The Level 3/Type 3 NEL 
requirements are presented here assuming that such NELs will be reinstated when project construction 
commences. 


BMP = best management practice; pH = potential hydrogen; NAL = Numeric Action Level; NEL = numeric 
effluent limitation; NTU = nephelometric turbidity unit. 
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The QSD preparing a SWPPP may include BMPs such as preservation of existing vegetation, 


perimeter control, seeding, mulching, fiber roll and silt fence barriers, erosion control blankets, 


protection of stockpiles, watering to control dust entrainment, rock slope protection, tracking 


control, equipment refueling and maintenance, concrete and solid waste management, and other 


measures to comply with the pH and turbidity level requirements defined by the CGP. Partly 


because the potential adverse effect on receiving waters depends on location of a work area relative 


to a waterway, the BMPs will be site-specific. For example, BMPs applied to level island-interior sites 


will be different than BMPs applied to water-side levee conditions. The QSP will be responsible for 


day-to-day implementation of the SWPPP, including BMP inspections, maintenance, water quality 


sampling, and reporting to the State Water Board. If the water quality sampling results indicate an 


exceedance of NALs and NELs for pH and turbidity, as described above, the QSD will modify the type 


and/or location of the BMPs by amending the SWPPP in order to reduce pH, turbidity, and other 


contaminants to acceptable levels, consistent with CGP NALs and NELs and with the water quality 


objectives and beneficial uses set forth in the Water Quality Control Plan (Basin Plan) for the 


Sacramento River Basin and the San Joaquin River Basin (Central Valley Regional Water Quality 


Control Board 2018). 


DWR will apply for a long-term SWPPP permit with the Central Valley Water Board for operations of 


the intake, tunnel shaft, and Bethany Complex sites that will include long-term BMPs. 


3A.1.6 AMM-5: Develop and Implement a Fire Prevention 
and Control Plan 


DWR will develop and implement a fire prevention and control plan in consultation with the 


appropriate fire suppression agencies to verify that the necessary fire prevention and response 


methods are included in the plan. The plan will include fire prevention and suppression measures as 


appropriate for different activities and will consider the policies and standards in the affected 


jurisdictions. 


At a minimum, the following components, as applicable, will be included in the plan. If a component 


is not applicable to a specific activity, DWR or its contractor will explain in the plan why that 


component or a portion thereof is not included in the plan. 


1. If a fire should start, the appropriate fire protection agencies will be contacted immediately. 


2. Procedures and policies for controlling any fires that are on the work site, and other related fire 


prevention and control procedures developed in consultation with and fire protection agencies. 


3. Procedures for regular maintenance of safeguards installed on heat-producing equipment to 


prevent the accidental ignition of combustible materials. 


4. A list of all major potential fire hazards, proper handling and storage procedures for hazardous 


materials, potential ignition sources and their control, and the type of fire protection equipment 


necessary to control each potential major hazard. 


5. Smoking will be allowed only in areas designated for smoking, and these areas will be cleared of 


vegetation, or in enclosed vehicles. Cigarette butts are to be disposed of in car ashtrays or other 


approved disposal containers and dumped daily in a proper receptacle off the work site. 


6. The contractor will be responsible for maintaining appropriate fire suppression equipment at 


the work site including a water truck or fire truck with a water tank with a capacity of at least 
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3,000 gallons. Fire extinguishers, shovels, and other firefighting equipment will be available at 


work sites and on appropriate construction equipment. The contractor will be required to 


require that each construction vehicle on the work site will be equipped with a minimum 20-


pound (or two 10-pound) fire extinguisher(s). 


7. At the work site, a sealed fire toolbox will be located at a point accessible in the event of fire. 


This fire toolbox will contain: one back-pack pump-type extinguisher filled with water, two axes, 


two McLeod fire tools, and shovels so that employees at the work site can be equipped to fight 


fire. 


8. Gasoline-powered construction equipment with catalytic converters will be equipped with 


shielding or other acceptable fire prevention features. Internal combustion engines will be 


equipped with spark arrestors. 


9. Welding sites will include fire prevention provisions. 


10. The contractor will maintain contact with local firefighting agencies throughout the fire season 


for updates on fire conditions, and such fire conditions will be communicated daily to the on-site 


employees of the contractor and subcontractors daily. 


In addition to the plan, fire protection will conform to the State Fire Marshal requirements and will 


be in full compliance with Cal/OSHA standards for fire safety and prevention. Public road 


modifications will be designed per the county or state standards, which includes adequate widths 


for first responders. The construction-only access roads would be designed with widths for large 


construction trucks, which would also be adequate for first responders and fire suppression 


equipment. Any fire hydrants will be located as deemed acceptable by the State Fire Marshal and 


will meet state government standards. Fire protection using water will be provided by a potable 


water system either from the nearest municipal clean water conveyance system or from a self-


contained filtration and treatment system that takes water from an adjacent waterway or a site well 


or tank.  


3A.1.7 AMM-6: Conduct Cultural Resources Awareness 
Training 


Prior to the start of ground disturbance, a qualified archaeologist will conduct a mandatory cultural 


resources awareness training for all personnel involved in ground-disturbing work about cultural 


resources sensitivity in the construction footprint and cultural resources that could be encountered 


during work. Cultural resources awareness training will also be conducted for all operations and 


maintenance staff. Participants will be required to sign a form stating that they have received and 


understand the training. DWR will maintain the record of training and make it available to 


interested parties, including but not limited to State Historic Preservation Officer, the Advisory 


Council on Historic Preservation, local historical societies, and other interested parties such as local 


preservation and community organizations with a demonstrated interest in the resource, upon 


request. The foreman will require that the new personnel brought onto the construction staff 


receive the mandatory training before starting work. 


In general, trainings will include the following components: 


1. The need and legal requirements for resource avoidance and protection. 


2. Types of materials that could indicate the presence of an archaeological resource. 
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3. Brief discussion of the cultural context for the area. 


4. Roles and responsibilities, including an explanation regarding the authority of archaeological 


monitors to stop work if needed. 


5. What to do when archaeological resources or human remains are encountered in work areas. 


6. Avoidance and minimization commitments. 


7. Consequences of violations of the laws and regulations protecting resources. 


3A.1.8 AMM-7: Off-Road Heavy-Duty Engines  


3A.1.8.1 Zero-Emission Equipment 


DWR will reinforce state priorities for zero-emission equipment (including generators) during 


construction and operation of the project. Zero-emission equipment (e.g., electric, hydrogen fuel 


cell) does not produce any emissions during operation from the tailpipe. Requirements for use of 


these technologies will follow the phased approach that focuses on implementation feasibility that is 


described here.  


1. At the start of each construction contract, prohibit use of fossil fuel–powered axial fans, gantry 


cranes, light plants, and forklifts. All construction contractors must use zero-emission versions 


of these equipment types. 


2. By 2030, require 10% zero-emission off-road equipment in all construction contracts, where 


feasible (i.e., equipment is commercially available, is cost-effective, and has earned a track 


record of reliability in real-world construction conditions). 


3. By 2035, require 100% zero-emission off-road equipment in all construction contracts, where 


feasible (i.e., equipment is commercially available, is cost-effective, and has earned a track 


record of reliability in real-world construction conditions).  


4. At the start of and during project operation, require 100% zero-emission off-road equipment, 


where feasible (i.e., equipment is commercially available, is cost-effective, and has earned a 


track-record of reliability in real-world construction conditions). 


DWR will support attainment of the performance standards by prioritizing contractors that operate 


zero-emission and electric off-road equipment and by offering contract incentives for compliance. 


3A.1.8.2 Diesel Equipment 


DWR will require all off-road diesel engines greater than or equal to 25 horsepower to use EPA-


certified Tier 4 Final engines. This mandate does not preclude use of engines that meet certification 


standards more stringent than Tier 4 Final, if commercially available at the time of construction. A 


copy of each unit’s certified tier specification, emissions rating, and any required California Air 


Resources Board (CARB) permit or air pollution control district operating permit will be made 


available to DWR at the time of mobilization of each piece of equipment. Each project contractor 


responsible for construction of a project facility will keep a written record (supported by 


equipment-hour meters where available) of equipment usage during project construction and 


maintenance for each piece of equipment. Each contractor will also provide DWR with monthly and 


annual reports of equipment operating hours documenting compliance. 
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All off-road diesel equipment with engines less than 25 horsepower (i.e., non–Tier 4) will be 


required to use renewable diesel fuel that meets the most recent ASTM D975 specification for ultra-


low sulfur diesel and has a carbon intensity no greater than 50% of diesel with the lowest carbon 


intensity among petroleum fuels sold in California. Each project contractor responsible for 


construction of a project facility will provide DWR with monthly and annual reports of renewable 


diesel purchase records and equipment and vehicle fuel consumption. Pursuant to the In-Use Off-


Road Diesel-Fueled Fleets Regulation (In-Use Regulation), contractors will also be required to 


submit to CARB an affirmation that the fleet complied with the renewable diesel mandate in each 


year that annual reporting is required under the In-Use Regulation. 


All off-road diesel equipment will be required to minimize idling time either by shutting off when 


not in use or reducing idling time to 5 minutes (13 Cal. Code Regs. § 2449(d)(2)). Each project 


contractor responsible for construction of a project facility must provide clear signage that posts 


this requirement for workers at the entrances to the site. 


3A.1.9 AMM-8: On-Road Haul Trucks  


3A.1.9.1 Zero-Emission Vehicles  


DWR will reinforce state priorities for zero-emission vehicles (ZEVs) during construction and 


operation of the project. A ZEV (e.g., electric, hydrogen fuel cell) does not produce any emissions 


during operation from the tailpipe. Requirements for use of these technologies will follow the 


phased approach that focuses on implementation feasibility that is described here.  


1. At the start of each construction contract, require 100% light-duty ZEVs for on-site contractor 


travel, where feasible (i.e., vehicle is commercially available, is cost-effective, and has earned a 


track-record of reliability in real-world construction conditions). On-site light-duty vehicles are 


defined to include automobiles and pickup trucks that will exclusively operate within the 


construction right-of-way for at least 6 months. 


2. By 2030, require 50% medium- and heavy-duty on-site ZEVs in all construction contracts, where 


feasible (i.e., vehicle is commercially available, is cost-effective, and has earned a track-record of 


reliability in real-world construction conditions). On-site vehicles are defined to include utility 


trucks, service trucks, water trucks, and dump trucks that will exclusively operate within the 


construction right-of-way for at least 6 months. 


3. By 2035, require 75% medium- and heavy-duty on-site ZEVs in all construction contracts. On-


site vehicles are defined to include utility trucks, service trucks, water trucks, and dump trucks 


that will exclusively operate within the construction right-of-way for at least 6 months. 


4. By 2035, require 50% ZEVs for all off-site short-haul and drayage (i.e., within 10 miles of a 


project site), where feasible (i.e., vehicle is commercially available, is cost-effective, and has 


earned a track-record of reliability in real-world construction conditions).  


5. At the start of and during project operation, require 100% ZEVs for all vehicle types, where 


feasible.  


DWR will support attainment of the performance standards by prioritizing contractors that operate 


ZEVs and electric on-road vehicles and by offering contract incentives for compliance.  
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3A.1.9.2 Diesel Vehicles  


DWR will require all contractors to use diesel trucks that have model year engines manufactured or 


retrofitted ideally within the past 5 years from when the vehicles are brought to the individual 


construction or maintenance sites, but no more than 8 years from overall project groundbreaking. 


Each contractor will provide DWR with monthly and annual reports documenting compliance. All 


on-road diesel vehicles will be required to comply with California idling regulations (13 Cal. Code 


Regs. §§ 2485 and 2480). 


3A.1.10 AMM-9: On-Site Locomotives 


DWR will require all locomotives operating within Twin Cities Complex, and/or Lower Roberts 


Island to utilize EPA certified Tier 4 or more advanced engines. A copy of each unit’s certified tier 


specification and any required CARB or air pollution control district operating permit will be made 


available to DWR at the time of mobilization of each locomotive. Each contractor will keep a written 


record (supported by engine-hour meters where available) of locomotive usage during project 


construction. Each contractor will provide DWR with monthly and annual reports of locomotive 


operating hours documenting compliance.  


3A.1.11 AMM-10: Marine Vessels 


DWR will require all marine vessels to operate engines no older than model year 2010 


(manufactured or retrofitted) during geotechnical investigations. All marine vessels working on 


intake construction will be required to operate engines no older than model year 2020 


(manufactured or retrofitted). A copy of each vessel’s engine specifications will be made available to 


DWR at the time of mobilization of each vessel. Each contractor will keep a written record 


(supported by engine-hour meters where available) of engine usage during project construction. 


Each contractor will provide DWR with monthly and annual reports of engine operating hours 


documenting compliance.  


3A.1.12 AMM-11: Fugitive Dust Control 


DWR will require that all contractors employ the following measures to minimize and control 


fugitive dust emissions. 


1. Water exposed soil during active construction with adequate frequency for continued moist soil 


and to prevent visible dust from leaving work areas. Frequency of watering will be increased 


during especially dry or windy periods or in areas with high construction activity. Active work 


areas include (but are not limited to), graded areas, excavation areas, and demolition sites.  


2. Gravel and cover all on-site vehicle travel routes with chip-seal, or apply dust suppressants (e.g., 


Soil-Sement, PennzSuppress) on all ungraveled travel routes. On-site vehicle travel routes 


include (but are not limited to), staging areas, access roads, and haul areas.  


3. Apply and maintain an organic biopolymer tackifier on all stockpiles during active use.  


4. Cover or maintain at least 2 feet of freeboard space on haul trucks and rail cars transporting soil, 


sand, or other loose material on the site. Haul trucks and rail cars transporting soil, sand, or 


other loose material that will be traveling along freeways, major roadways, or railways will be 


covered. 
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5. If practicable, install wind breaks (e.g., plant trees, solid fencing) on the average dominant 


windward side(s) of construction areas. For purposes of implementation, chain-link fencing 


with added landscape mesh fabric adequately qualifies as solid fencing.  


6. Enclose all mechanical dryers and conveyors.  


7. Plant vegetative ground cover (native grass/plant seed) in disturbed areas (including 


stockpiles) as soon as reasonable after construction is completed. Water appropriately until 


vegetation is established. 


8. Promptly finish and/or protect and maintain all disturbed areas in a manner to control fugitive 


dust. Mulch, dust palliative, soil binders, or other reasonable measures will be used in all 


inactive areas. 


9. Establish and enforce a 15-miles-per-hour speed limit for vehicles driving on unpaved portions 


of project construction sites. 


10. Use wet power vacuum street sweepers to remove any visible trackout mud or dirt onto 


adjacent public roads at least once a day. Use of dry power sweeping is prohibited. 


11. Install rattle plates, stabilized construction entrances/exits at construction exits, where feasible. 


Install tire wheel wash facilities at construction sites with entrances and exits, where feasible. 


12. Post a publicly visible sign with the telephone number and person to contact at the lead agency 


regarding dust complaints. This person will respond and take corrective action within 48 hours. 


The phone number of the air quality management district will also be visible to confirm 


compliance. 


3A.1.13 AMM-12: On-Site Concrete Batching Plants 


DWR will require that the following measures be implemented to control fugitive dust emissions 


during concrete batching activities. 


1. Apply best available control technology (BACT) (e.g., water and/or chemical suppressants) to 


reduce fugitive dust emissions from active storage piles and during aggregate and sand delivery, 


storage, and transfer. 


2. Apply BACT (e.g., water sprays, enclosures, hoods, curtains, shrouds, movable and telescoping 


chutes, central dust collection systems) to reduce fugitive dust emissions during cement 


delivery and hopper and central mix loading. 


Prior to beginning operations, batch plant managers must provide to DWR documentation that each 


batch plant meets this standard during operation. 


3A.1.14 AMM-13: DWR Best Management Practices to 
Reduce GHG Emissions 


DWR will require all construction contractors to implement the following applicable greenhouse gas 


(GHG) BMPs, which are outlined in DWR’s Climate Action Plan Phase I: Greenhouse Gas Emissions 


Reduction Plan Update 2020 (California Department of Water Resources 2020). 
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3A.1.14.1 Preconstruction and Final Design BMPs  


Preconstruction and final design BMPs are designed to ensure that individual projects are evaluated 


and their unique characteristics taken into consideration when determining if specific equipment, 


procedures, or material requirements are feasible and efficacious for reducing GHG emissions from 


the proposed action. 


1. BMP 1. Evaluate project characteristics, including location, project work flow, site conditions, 


and equipment performance requirements, to determine whether the specifications for the use 


of equipment with repowered engines, electric drive trains, or other high-efficiency technologies 


are appropriate and feasible for the proposed action or specific elements of the proposed action. 


2. BMP 2. Evaluate the feasibility and efficacy of performing on-site material hauling with trucks 


equipped with on-road engines. 


3. BMP 3. Confirm that all feasible avenues have been explored for providing an electrical service 


drop to the construction site for temporary construction power. When generators must be used, 


use alternative fuels, such as propane, or solar power, to power generators to the maximum 


extent feasible. 


4. BMP 4. Evaluate the performance requirements for concrete used on the proposed action and 


specify concrete mix designs that minimize GHG emissions from cement production and curing 


while preserving all required performance characteristics. 


5. BMP 5. Limit deliveries of materials and equipment to the site to off peak traffic congestion 


hours. 


3A.1.14.2 Construction BMPs  


Construction BMPs apply to all construction and maintenance projects that DWR completes or for 


which DWR issues contracts. All projects are expected to implement all Construction BMPs unless a 


variance is granted by the Division of Engineering Chief, Division of Operation and Maintenance 


Chief, or Division of Flood Management Chief, as applicable, and the variance is approved by the 


DWR CEQA Climate Change Committee. Variances will be granted when specific project conditions 


or characteristics make the BMP infeasible and where omitting the BMP will not be detrimental to 


the proposed action’s consistency with the Climate Action Plan Phase I: Greenhouse Gas Emissions 


Reduction Plan Update 2020 (California Department of Water Resources 2020). 


6. BMP 7. Minimize idling time by requiring that equipment be shut down after five minutes when 


not in use (as required by the State airborne toxics control measure [13 Cal. Code of Regs. § 


2485]). Provide clear signage that posts this requirement for workers at the entrances to the site 


and provide a plan for the enforcement of this requirement. 


7. BMP 8. Maintain all construction equipment in proper working condition and perform all 


preventative maintenance. Required maintenance includes compliance with all manufacturer’s 


recommendations, proper upkeep and replacement of filters and mufflers, and maintenance of 


all engine and emissions systems in proper operating condition. Maintenance schedules will be 


detailed in an Air Quality Control Plan prior to commencement of construction. 


8. BMP 9. Implement tire inflation program on jobsite to confirm that equipment tires are 


correctly inflated. Check tire inflation when equipment arrives on site and every two weeks for 


equipment that remains on site. Check vehicles used for hauling materials off site weekly for 
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correct tire inflation. Procedures for the tire inflation program will be documented in an Air 


Quality Management Plan prior to commencement of construction. 


9. BMP 10. Develop a project specific ride share program to encourage carpools, shuttle vans, 


transit passes and/or secure bicycle parking for construction worker commutes. 


10. BMP 11. Reduce electricity use in temporary construction offices by using high efficiency 


lighting and requiring that heating and cooling units be Energy Star compliant. Require that all 


contractors develop and implement procedures for turning off computers, lights, air 


conditioners, heaters, and other equipment each day at close of business. 


11. BMP 12. For deliveries to project sites where the haul distance exceeds 100 miles and a heavy-


duty class 7 or class 8 semi-truck or 53-foot or longer box type trailer is used for hauling, a 


SmartWay7 certified truck will be used. 


12. BMP 13. Minimize the amount of cement in concrete by specifying higher levels of cementitious 


material alternatives, larger aggregate, longer final set times, or lower maximum strength where 


appropriate. 


13. BMP 14. Develop a project specific construction debris recycling and diversion program to 


achieve a documented 50% diversion of construction waste. 


14. BMP 15. Evaluate the feasibility of restricting all material hauling on public roadways to off-


peak traffic congestion hours. During construction scheduling and execution minimize, to the 


extent possible, uses of public roadways that are not designated as construction haul routes 


during peak commuting hours. 


3A.1.15 AMM-14: Construction Best Management Practices 
for Biological Resources 


DWR will require all construction and restoration activities in and adjacent to suitable habitat for 


special-status species and sensitive natural communities implement BMPs and have construction 


monitored by qualified biologists (experience with the resources and environmental compliance 


training and monitoring). Depending on the resource of concern and construction timing, 


construction activities and areas will be monitored for compliance with water quality regulations 


(SWPPP monitor, see AMM-4b: Develop and Implement Stormwater Pollution Prevention Plans). 


Before initiating construction, DWR or its contractor, with DWR approval, will prepare a site or 


activity-specific environmental compliance monitoring plan to monitor, enforce and document 


measures to protect special-status fish, wildlife, plant species, and their habitats, designated critical 


habitat, and sensitive natural communities. The plan will include the following elements. 


1. Reference to or inclusion of the SWPPP prepared under the CGP, where one is needed. (See 


AMM-4b: Develop and Implement Stormwater Pollution and Prevention Plans.) 


 
7 The EPA has developed the SmartWay truck and trailer certification program to set voluntary standards for 
trucks and trailers that exhibit the highest fuel efficiency and emissions reductions. These tractors and trailers are 
outfitted at point of sale or retrofitted with equipment that significantly reduces fuel use and emissions including 
idle reduction technologies, improved aerodynamics, automatic tire inflation systems, advanced lubricants, 
advanced powertrain technologies, and low rolling resistance tires. EPA Smartway 
(https://www.epa.gov/smartway). 
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2. Summaries or copies of planning and preconstruction surveys (if applicable) for natural 


communities and special-status species. 


3. Description of mitigation measures to be implemented, including a description of site or 


activity-specific BMPs or additional measures not otherwise included in the proposed action. 


4. Descriptions of monitoring parameters (e.g., turbidity), including the specific activities to be 


monitored (e.g., dredging, grading activities) and monitoring frequency and duration as well as 


parameters and reporting criteria (e.g., turbidity is not to exceed 10 NTUs above background. 


Exceedances will be reported and the contractor must identify and correct the cause.). 


5. Description of roles and responsibilities of the monitors and protocols for notifying CDFW, 


NMFS, and USFWS, if needed. 


6. A daily monitoring log prepared by the monitor, which documents the day’s construction 


activities, notes any problems identified and solutions implemented to rectify those problems, 


and document notifications of the construction superintendent and/or the fish and wildlife 


agencies regarding any exceedances of specific parameters (i.e., turbidity) or observations of 


special-status species. The monitoring log will also document construction start/end times, 


weather and general site conditions, and any other relevant information. 


The following measures will be implemented prior to and during construction activities and field 


investigations for the protection of special-status fish, wildlife and plant species and their habitats, 


designated critical habitats, and sensitive natural communities. Additional measures may be 


developed for site-specific conditions or specific biological resources during the review and 


preconstruction planning of individual work areas. 


7. All in-water construction All in-water construction activities where special-status species are 


known or have a potential to occur will be conducted during the allowable in-water work 


windows established by the USFWS, NMFS, and CDFW for the protection of special-status fish or 


wildlife species. With regard to impact pile driving, work windows for the north Delta intakes 


may be lengthened subject to NMFS, CDFW, and USFWS approval based on success of bubble 


curtain or other noise attenuation methods and real-time monitoring for fish presence. In-water 


activities associated with mobilization and demobilization (e.g., initial movement of materials to 


construction sites) are not subject to the work windows. In-water impact pile installation may 


occur outside of the work windows if performed within a cofferdam, or behind the sheet pile 


training walls, and with in-channel acoustic monitoring to verify that generated sound 


thresholds do not exceed the 150-dB behavioral criterion as described in Delta Conveyance 


Project Final Environmental Impact Report (Final EIR) Chapter 12, Fish and Aquatic Resources, 


Impact AQUA-1: Effects of Construction of Water Conveyance Facilities on Fish and Aquatic Species 


at 10 meters from the cofferdam or sheet pile training walls. Apart from impact pile driving, any 


other in-water work may occur within a cofferdam, or behind the sheet pile training walls, 


regardless of the timing of in-water work windows. Any extension/reduction of in-water work 


windows would focus on half-month increments. 


a. Geotechnical exploration: August 1 to October 31.  


b. North Delta intakes: June 1 to October 31, except that in-water impact pile driving is 


unlimited during the period June 15 to September 15, and in-water impact pile driving is 


subject to the conditions noted above for the periods from June 1 to June 15 and September 


15 to October 31.  
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c. Modified bridges: June 1 to October 31, except that in-water impact pile driving is unlimited 


during the period June 15 to September 15. 


d. California Aqueduct (between Skinner Fish Facility, Banks Pumping Plant, and Bethany 


Reservoir) and Delta-Mendota Canal (between Tracy Fish Collection Facility and Jones 


Pumping Plant): January 1 through December 31. 


e. Work in the Delta except for the north Delta intakes, modified bridges, and California 


Aqueduct and Delta-Mendota Canal: August 1 to October 31.  


8. Qualified biologists will monitor construction activities in areas identified during the planning 


stages and species/habitat surveys as having special-status fish, wildlife, and plant species or 


their habitats, designated critical habitat, and sensitive natural communities. The intent of the 


biological monitoring is to confirm that specific measures that have been integrated into the 


proposed action’s design and permit requirements are being implemented correctly during 


construction and are working appropriately and as intended for the protection of special-status 


species, natural communities, and the environment in general. 


9. Biological monitors will be professional biologists selected for their knowledge of the special-


status species and natural communities that may be affected by construction activities. The 


qualifications of the biologist(s) will be presented to the fish and wildlife agencies for review 


and written approval, consistent with permits and authorizations. If a special-status species is 


observed in an active work area, the biological monitors will immediately provide the 


construction manager and contractor with its location and recommendations to address the 


species’ presence and steps necessary to ensure the protection of the species consistent with 


permits and authorizations. 


10. During construction, the non-disturbance buffers described under the special-status species’ 


mitigation measures in Chapter 3, Section 3.6.2, Species-Specific Avoidance and Minimization 


Measures, will be established and maintained as necessary. A qualified biologist will monitor the 


site consistent with the requirements described for special-status species to enforce buffers and 


non-disturbance of sensitive resources.  


11. Active construction and staging areas will be delineated with high-visibility temporary fencing 


at least 4 feet in height, flagging, or other barrier to prevent encroachment of construction 


personnel and equipment outside the defined project footprint. The location of fencing will be 


included in construction plans and/or EC sheets. Such fencing will be inspected and maintained 


daily by the construction foreman until completion of the proposed action. Status of the fencing 


will also be verified and documented by the biological monitor. The fencing or flagging will be 


removed from areas after all construction activities have ceased and equipment is removed. No 


project-related construction activities will occur outside the delineated project construction 


areas. 


12. Project-related vehicles will observe a maximum speed limit of 15 miles per hour on unpaved 


non-public construction access roads and in construction sites where it is safe to do so. Paved, 


non-public construction access roads will observe a maximum speed limit of 30 miles per hour. 


Speeds limits will be posted in both directions and will be enforced. Signage would be provided 


for extra caution to be used on cool days when giant garter snake may be basking on roads and 


on rainy nights when California tiger salamander and California red-legged frog are most likely 


to be moving between breeding and upland habitats. Vehicles will observe a nighttime speed 
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limit of 10 miles per hour in construction sites within the Bethany Complex to avoid potential 


vehicle strikes of California red-legged frog, California tiger salamander, and San Joaquin kit fox. 


13. All ingress/egress at the proposed action construction site will be restricted to those routes 


identified in the proposed action plans and description. Cross-country access routes will be 


clearly marked in the field with appropriate flagging and signs. 


14. All vehicle parking will be restricted to established areas, existing roads, or other suitable areas.  


15. To avoid attracting predators, all food-related trash items such as wrappers, cans, bottles, and 


food scraps will be disposed of in enclosed containers and trash will be removed and disposed of 


at an appropriate facility at least once a week from the construction or project site. All contracts 


with contractors will include language reminding them of the obligations to abide by all laws 


related to litter. These obligations will be applicable both within work areas and while traveling 


along public roads within the action area. Vehicles carrying trash will be required to have loads 


covered and secured to prevent trash and debris from falling onto roads and adjacent 


properties. 


16. To avoid injury or death to wildlife, no firearms will be allowed on the proposed action site 


except for those carried by authorized security personnel or local, state, or federal law 


enforcement officials. 


17. To prevent harassment, injury, or mortality of sensitive wildlife by dogs or cats, no pets will be 


permitted in the active construction area. 


18. To prevent inadvertent entrapment of special-status wildlife during construction in areas that 


may be occupied by wildlife at risk for entrapment, all excavated, steep-walled holes or trenches 


more than 6 inches deep, with the exception of shaft excavation, will be covered at the close of 


each working day with plywood or similar material, or will be provided with one or more escape 


ramps constructed of earthfill or wooden planks at no more than a 30° angle. Shaft excavation 


sites are exempt from this measure because it would not be feasible to place a ramp into a 


vertical shaft. Rather than a vertical ramp inside the shaft, suitable barriers, approved by a 


qualified biologist prior to construction at the shaft site (e.g. chain link fence for large wildlife 


such as foxes and appropriate exclusion barriers for amphibians and reptiles), will be placed 


around the shaft opening to prohibit entry of wildlife into the shaft. Before such holes or 


trenches are filled, they will be thoroughly inspected for trapped animals. 


19. If a special-status species is encountered during construction work, including dewatering, 


generally construction activities should be diverted away from the animal or, depending upon 


the conditions and specification in the relevant environmental documents and permits, work 


will cease until it moves out of the work area on its own or is relocated by a qualified biologist, 


following the species-specific mitigation measures appearing in the environmental documents 


and relevant permits. The monitor’s authority to stop work will depend on the species 


encountered and the specific requirement of the relevant environmental documents and 


permits.  


20. Capture and relocation of trapped or injured special-status wildlife can only be performed by 


personnel with appropriate USFWS and CDFW handling approvals. Any sightings and any 


incidental take will be reported to CDFW and USFWS via email within 1 working day of the 


discovery. A follow-up report will be sent to these agencies, including dates, locations, habitat 


description, and any corrective measures taken to protect special-status species encountered. 


For each special-status species encountered, the biologist will submit a completed CNDDB field 
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survey form (or equivalent) to CDFW no more than 90 days after completing the last field visit 


to the proposed action site. 


21. Plastic monofilament netting or similar material will not be used for erosion control, because 


smaller wildlife may become entangled or trapped in it. Acceptable substitutes include coconut 


coir matting, burlap-wrapped straw wattles, or tackified hydroseeding compounds. This 


limitation will be communicated to the contractor through specifications or special provisions 


included in the construction bid solicitation package. 


22. Wildlife, including special-status wildlife and their predators, can be attracted to den-like 


structures such as debris piles or pipes and may enter stored pipes and become trapped or 


injured. All pipes and culverts stored in the open will have their ends capped. Debris piles 


should be kept to a minimum and removed regularly. All construction, construction equipment, 


or construction debris left overnight in areas that may be occupied by wildlife that could occupy 


such structures will be inspected by the biological monitor prior to being used for construction. 


Such inspections will occur at the beginning of each day’s activities, for those materials to be 


used or moved that day.  


23. CDFW, NMFS and/or USFWS will be notified within 1 working day of the discovery of, injury to, 


or mortality of a special-status species that results from project-related construction activities 


or is observed at the proposed action site. Notification will include the date, time, and location of 


the incident or of the discovery of an individual special-status species that is dead or injured. For 


a special-status species that is injured or killed, general information on the type or extent of 


injury or likely cause of death will be included. The location of the incident will be recorded 


using a GPS and the coordinates will be made available upon requests by CDFW, NMFS and/or 


USFWS. The biologist is encouraged to include any other pertinent information in the 


notification. All observations of special-status species will be reported to the California Natural 


Diversity Database.  


24. Rodenticides and herbicides will be used in accordance with the manufacturer-recommended 


uses and applications and in such a manner as to prevent primary or secondary poisoning of 


special-status fish, wildlife, and plant species and depletion of prey populations upon which they 


depend. Broadcast baiting will be avoided on all project-related and mitigation lands. 


Rodenticides will not be used on compensatory mitigation lands. All uses of such compounds 


will observe label and other restrictions mandated by EPA, the California Department of 


Pesticide Regulation, and other appropriate state and federal regulations, as well as additional 


project-related restrictions imposed by USFWS, NMFS and/or CDFW. If rodent control must be 


conducted in San Joaquin kit fox habitat, zinc phosphide should be used because of its proven 


lower risk to kit fox. Use of pesticides may be limited in other species-specific instances as well. 


In addition, the method of rodent control will comply with those discussed in the 4(d) rule 


published in the final listing rule for California tiger salamander (69 Federal Register [FR] 


47211–47248). 


25. The most recent available standard methods for species capture and handling, as well as species 


specific authorizations, will be used to capture and handle special-status fish or wildlife species. 


A professional biologist, with appropriate USFWS and CDFW handling approvals, will be 


responsible for and direct any efforts to capture and handle special-status species. Any person 


who captures and handles special-status species will ensure their hands are free of soaps, oils, 


creams, lotions, insect repellents, solvents or other potentially harmful chemicals and if not 


single use, nitrile or other hypo-allergenic gloves (non-latex) will be used for handling special-
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status fish or wildlife. To avoid transferring diseases or pathogens between aquatic habitats 


during the course of surveys or the capture and handling of special-status fish or wildlife 


species, all species captured and handled will be released in a safe, aquatic environment as close 


to the point of capture as possible. When capturing and handing special-status amphibians, the 


biologists will follow the Declining Amphibian Population Task Force’s Fieldwork Code of 


Practice (U.S. Fish and Wildlife Service 2019) or the most current applicable guidance. While in 


captivity, individual amphibians will be kept in a cool, moist, aerated environment such as a 


dark (e.g., green or brown) bucket containing a damp sponge. Containers used for holding or 


transporting these species will be sanitized and will not contain any standing water, unless 


transporting larvae or fish species. 


26. The qualified biologist(s) will maintain monitoring records that include (1) the beginning and 


ending time of each day’s monitoring effort; (2) a statement identifying the species encountered, 


including the time and location of the observation; (3) the time the specimen was identified and 


by whom and its condition; (4) the capture and release locations of each individual; (5) 


photographs and measurements of each individual; and (6) a description of any actions taken. 


The biologist(s) will maintain complete records in their possession while conducting monitoring 


activities and will immediately provide records to USFWS, CDFW, and NMFS upon request. If 


requested, all monitoring records will be provided to agencies according to the reporting 


requirements of the relevant permits. 


27. Permanent and temporary construction disturbances and other types of ongoing project-related 


disturbance activities in suitable habitat for special-status species will be minimized by adhering 


to the following activities. Project designs will limit or cluster permanent project features to the 


smallest area possible while still permitting achievement of project goals. To minimize 


temporary disturbances, all project-related vehicle traffic and material storage will be restricted 


to established and/or designated ingress/egress points, construction areas, and other 


designated staging/storage areas. These areas will also be included in preconstruction and 


clearance surveys and, to the extent possible, will be established in locations disturbed by 


previous activities to prevent further effects. 


28. Geotechnical investigations taking place on land over tunnel sections where there will be no 


surface disturbance during construction will avoid citing test trenches, CPTs, and borings in 


aquatic features, to the extent possible. This measure would not apply to the West Tracy Fault 


studies because these investigations need to take place along the fault alignment to gather the 


necessary information to support future designs. 


29. Temporarily affected areas will be restored within 1 year to their pre-project conditions, 


including grade and hydrology. Areas to be restored to grassland will be reseeded with non-


invasive native mix of grasses and flowering forbs. Revegetation will take place during the 


appropriate time of year for the species being planted. A vegetation restoration plan will be 


prepared to facilitate revegetation of the temporary disturbance footprints on-site for each of 


the covered species habitats; in addition, this plan shall ensure that the vegetation restoration 


plan is successfully implemented to restore covered species habitat. Where there are temporary 


impacts to potentially suitable, but unoccupied Mason’s lilaeopsis (Lilaeopsis masonii) habitat, 


the vegetation restoration plan will require post-disturbance grading to elevations and 


hydrology suitable for Mason’s lilaeopsis. 
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30. All equipment used for construction and habitat creation, enhancement, and management will 


be cleaned and inspected by a qualified biologist for terrestrial invasive plant or animal species 


prior to entering work areas and before moving between work areas. 


31. Equipment to be used in aquatic habitats will be thoroughly cleaned and inspected for aquatic 


invasive plant propagules and animal species before entering aquatic habitats. 


DWR will also develop an invasive plant species management and control plan prior to construction. 


The plan will ensure that invasive plant species and populations are kept below preconstruction 


abundance and distribution levels and will be developed in consultation with CDFW and local 


experts (e.g., California Invasive Plant Council). The invasive plant species management plan will 


include the following elements. 


32. Documentation of preconstruction conditions.  


33. Annual monitoring to document percent cover of native and nonnative invasive plant species. 


34. Preparation of an annual report that includes the type, location, and quantity of the invasive 


plant species; the percent cover of invasive plant species for (i) the year prior to 


preconstruction, (ii) the current monitoring year, and (iii) any prior monitoring years; and a 


description of any management problems and remedial actions taken. Annual reports will be 


provided to CDFW on request. 


35. Guidance provided by the California Invasive Plant Council (2012) for weed mapping field 


protocols and treatment plans, with particular attention given to species rated as high-level 


invasives with a negative ecological impact in California (California Invasive Plant Council 


2006).  


Invasive plant species management and control techniques employed where necessary. For 


terrestrial species, these techniques include hand or mechanical removal, chemical treatment, 


and targeted livestock grazing for terrestrial species management; for aquatic species, these 


techniques include hand or mechanical removal and chemical treatment. Only chemicals 


approved for use for such purposes in California may be employed in any control action. 


3A.1.16 AMM-15: Sediment Monitoring, Modeling, and 
Reintroduction Adaptive Management 


It is estimated that the proposed action would entrain 4%–6% of the sediment load entering the 


Delta from the Sacramento River, which could have limited negative effects on turbidity and 


therefore on delta smelt habitat. A multi-step process to assess and minimize potential negative 


effects will be implemented where necessary. The process will include multi-year monitoring and 


estimation of sediment entrainment during initial operations following north Delta diversion 


construction; monitoring and modeling of potential effects relative to performance criteria based on 


the sediment entrainment estimates; and development and implementation of a sediment 


reintroduction plan should performance criteria have been exceeded. The process will be 


implemented by DWR and the permitting fish agencies (NMFS, USFWS, and CDFW) will have 


approval authority for products developed during the process (e.g., monitoring plans and annual 


reports).  


The monitoring program will be the first step in the adaptive management process and will involve 


monitoring and estimating sediment entrainment during the first several years of operations 
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following north Delta diversion construction. Monitoring duration will be subject to input from 


agency review and independent peer review but is anticipated to be at least 5 years to account for 


hydrological variability. Methods for estimating sediment entrainment will be determined during 


the planning phase and may include measurement of suspended sediment concentration and flow in 


the Sacramento River upstream and downstream of the north Delta diversion, as well as in the water 


diverted by each intake. Annual monitoring plans and results reporting will receive initial and 


periodic independent peer reviews facilitated by the Delta Science Program, and will be subject to 


approval by NMFS, USFWS, and CDFW. 


The second step of the process will involve monitoring and modeling of potential effects relative to 


performance criteria. The specifics of the performance criteria will be developed with the input of 


the permitting fish agencies and independent peer review. The performance criteria are expected to 


include assessments of habitat indicators such as the percentage of time that turbidity at monitoring 


stations exceeds an established threshold (e.g., 12 nephelometric turbidity units; Sommer and Mejia 


2013). To account for the likely variability in sediment delivery caused by operations (i.e., sediment 


entrainment) and other factors (e.g., contribution of sediment from other tributaries), sediment 


modeling (e.g., using methods from Bever et al. 2018) will be used to approximate the incremental 


effects of operations given the estimates of sediment entrainment made during the first step of the 


process. Assessments of achievement of performance criteria will receive independent scientific 


peer review and will be subject to approval by NMFS, USFWS, and CDFW. 


If the monitoring and modeling estimates of the second step indicate exceedance of performance 


criteria attributable to operations, the third step of the proposed process will be initiated. This step 


will involve development and implementation of a sediment reintroduction plan within 5 years of 


the end of step two. This plan will aim to reintroduce sediment to allow performance criteria to be 


met. Sources of sediment to be reintroduced may include proposed facilities (e.g., the north Delta 


diversion sediment lagoons), existing facilities (e.g., Clifton Court Forebay), or locations unrelated to 


the proposed action, and will account for factors such as sediment composition to meet performance 


criteria (e.g., fine particles for turbidity) and reintroduction location. Subject to approval by NMFS, 


USFWS, and CDFW, alternative means of achieving performance criteria may also be considered 


(e.g., restoration of turbid tidal habitat in the vicinity of areas that do not appear to be achieving 


performance standards). Modeling (e.g., using methods such as those of Bever and MacWilliams 


2018, Bever et al. 2018) may be used to optimize sediment reintroduction locations relative to 


performance criteria to be achieved. The sediment reintroduction plan will be prepared to meet 


required permitting standards from the Central Valley RWQCB and USACE. The sediment 


reintroduction approach will be consistent with objectives for turbidity in the Central Valley Water 


Board’s Water Quality Control Plan for the Sacramento River and San Joaquin River Basins, and, if 


necessary, will obtain coverage under an individual National Pollutant Discharge Elimination System 


(NPDES) permit. The permitting fish agencies and independent peer review facilitated by the Delta 


Science Program will review and provide input on the proposed sediment reintroduction plan and 


annual reports of its implementation and monitoring to assess achievement of performance 


standards. The sediment reintroduction plan and reports of its implementation and effectiveness 


will be subject to approval by NMFS, USFWS, and CDFW. 







California Department of Water Resources 


 Appendix 3A 
General Avoidance and Minimization Measures 


 


 


Delta Conveyance Project, Biological Assessment  
3A-29 


May 2024 
ICF 103653 


 


3A.1.17 AMM-16: Provide Notification of Construction and 
Maintenance Activities in Waterways 


DWR will notify agencies, including the U.S. Army Corps of Engineers, the Department of Boating 


and Waterways, and the U.S. Coast Guard, before in-water construction or maintenance activities 


begin and will notify appropriate fish and wildlife agency representatives and others when these 


activities could affect water quality or aquatic species. The notification procedures will follow 


stipulations included in applicable permit documents for the construction. In general, the 


notification information will include site location(s), schedules, and work activities. Information on 


detours would include site-specific details regarding any temporary partial channel closures, 


including contacting other agencies and organizations, such as the U.S. Coast Guard, boating 


organizations, marina operators, city or county parks departments, and the California Department of 


Pesticide Regulation, where applicable. Before maintenance activities begin in waterways, DWR will 


require the posting of information regarding the maintenance of any in-water project facilities (e.g., 


intakes for the water conveyance facility) at nearby affected Delta marinas and public launch ramps. 


This information will include maintenance site location(s), maintenance schedules, speed limits, and 


identification of no-wake zone and/or detours, where applicable. Information on detours would 


include site-specific details regarding any temporary partial channel closures, including contacting 


the U.S. Coast Guard, boating organizations, marina operators, city or county parks departments, and 


California Department of Parks and Recreation, where applicable.  


3A.1.18 AMM-17: Avoid and Minimize Impacts on Terrestrial 
Biological Resources from Maintenance Activities 


DWR will implement the following process and measures to avoid and minimize potential impacts 


on terrestrial biological resources when surface maintenance activities occur at DWR project 


facilities. Consistent with current DWR environmental clearance review procedures, qualified 


biologists will implement the following measures to avoid and minimize impacts on sensitive 


species, sensitive natural communities, and sensitive vegetation alliances during project 


maintenance activities. Additional measures may be developed for site-specific conditions or 


specific biological resources and implemented, as necessary. If additional permits and approvals are 


determined to be necessary through a subsequent consultation process, then the conditions of those 


permits and approvals will supersede the measures listed below.  


1. Prior to the start of maintenance activities, a qualified team of biologists will conduct an 


environmental review of the potential for maintenance to affect sensitive resources. Using 


occurrence databases, aerial imagery, and prior knowledge of maintenance areas, a qualified 


team of biologists will evaluate the potential for suitable habitat for special-status species, 


sensitive natural communities, and/or cultural resources to occur in the maintenance footprint. 


A site visit may be conducted to verify whether sensitive resources have the potential to be 


present within the maintenance area. Based on the results of the desktop review and/or site 


visit, the following avoidance measures may be required, as appropriate for the timing, location, 


and nature of the maintenance activity.  


2. Depending on the timing (see Chapter 4, Action Area and Environmental Baseline, for species-


specific timing and suitable habitat definitions), location, and nature of the maintenance activity, 


a preconstruction survey may be required as determined by a qualified team of biologists to 


determine potential presence of suitable habitat for sensitive species prior to the start of 
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maintenance activities. Surveys will be conducted by a qualified biologist with experience 


identifying the resources in question using standard survey protocols and during appropriate 


timeframes specific to each sensitive resource. Surveys and monitoring will be conducted from 


locations where access allows. 


3. Appropriate non-disturbance buffers will be applied around sensitive biological resources and 


habitat as determined by a qualified team of biologists during the environmental clearance 


review or preconstruction surveys. Non-disturbance buffers will be established by a qualified 


biologist and will take into consideration the nature of the maintenance activity, the sensitivity 


of the species, site-specific conditions, and applicable state and federal recommendations. See 


Chapter 3 for appropriate species-specific buffers. Maintenance activities will avoid impacts on 


rodent burrows, wetlands, or other areas that may provide potential habitat to avoid impacts on 


sensitive biological resources except when work in these habitats is required to ensure safety 


and integrity of facilities. Areas to be avoided will be flagged. Debris or cut vegetation will not be 


left where it may enter aquatic habitat. Non-disturbance buffers may be removed after a 


qualified biologist determines the sensitive resource is no longer present or at risk of impacts 


due to maintenance activities. 


4. Appropriate work windows and weather restrictions will be applied to avoid impacts on 


sensitive biological resources identified during the environmental clearance review or 


preconstruction survey. 


5. A Worker Awareness Training will be required if sensitive natural resources are present. DWR 


will provide training to maintenance personnel on the importance of protecting sensitive 


natural resources (e.g., special-status fish species, wildlife species, plant species, and designated 


critical and/or suitable habitats for these species). Pre-construction training will be conducted 


so that maintenance personnel are aware of their responsibilities and the importance of 


compliance. Construction personnel will be educated on the types of sensitive resources in the 


action area and the measures required to avoid and minimize impacts on these resources. 


Materials covered in the training program will include environmental rules and regulations for 


the specific site requirements for limiting activities to approved work areas, timing restrictions, 


and avoidance of sensitive resource areas (i.e., timing of special-status fish migration, spawning, 


and rearing; wildlife mating, nesting, and fledging; amphibian breeding and dispersal; and plant 


flowering periods). A record of personnel that completed the environmental training will be 


kept. Operations and maintenance personnel may also be required to complete the existing 


DWR environmental trainings at regular intervals such as the Employee Environmental 


Responsibility training. 


6. Qualified biologists will monitor maintenance activities in areas identified during the 


environmental clearance review and preconstruction surveys as having special-status fish, 


wildlife, and plant species and their habitats, designated critical habitat, and sensitive natural 


communities.  


7. Any wildlife that is encountered within the maintenance area will be avoided and allowed to 


move out of harm’s way of its own accord.  


8. Vegetation removal will be kept to the minimum necessary to accomplish maintenance need.  


9. Spill prevention measures described under AMM-3: Develop and Implement Spill Prevention, 


Control, and Countermeasure Plans will be implemented to prevent and respond to petroleum 


product discharges into wetlands or waters of the United States and state. 
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10. Maintenance vehicles will observe a maximum speed limit of 15 miles per hour on un-paved 


non-public access roads where it is safe to do so, and 30 miles per hour on paved non-public 


access roads. 


11. All ingress/egress at the proposed action site will be restricted to those routes identified in the 


proposed action plans and description. Cross-country access routes will be clearly marked in the 


field with appropriate flagging and signs. 


12. All vehicle parking will be restricted to established areas, existing roads, or other suitable areas.  


13. To prevent harassment, injury, or mortality of sensitive wildlife, no pets will be permitted in the 


maintenance area. 


14. Plastic monofilament netting or similar material will not be used for erosion control, because 


smaller wildlife may become entangled or trapped in it. Acceptable substitutes include burlap-


wrapped straw wattles, coconut coir matting or tackified hydroseeding compounds. 


15. Rodenticides, pesticides, and herbicides will be used in accordance with the manufacturer 


recommended uses and applications and in such a manner as to prevent primary or secondary 


poisoning of special-status fish, wildlife, and plant species and depletion of prey populations 


upon which they depend. Broadcast baiting will be avoided on all project-related and mitigation 


lands. Rodenticides will not be used on compensatory mitigation lands. All uses of such 


compounds will observe label and other restrictions mandated by EPA, the California 


Department of Pesticide Regulation, and other appropriate state and federal regulations, as well 


as additional project-related restrictions imposed by USFWS, NMFS, and/or CDFW. If rodent 


control must be conducted in San Joaquin kit fox habitat, zinc phosphide should be used because 


of its proven lower risk to kit fox. Use of pesticides may be limited in other resource-specific 


instances as well. In addition, the method of rodent control will comply with those discussed in 


the 4(d) rule published in the final listing rule for California tiger salamander (69 FR 47211–


47248). 


3A.1.19 AMM-18: Avoid and Minimize Operational Traffic 
Impacts on Wildlife 


DWR will implement the following measures to avoid and minimize wildlife-vehicle collisions on 


DWR facility access roads. 


1. Vehicles will observe a maximum speed limit of 15 miles per hours on unpaved non-public DWR 


access roads where it is safe to do so. Vehicles will observe a maximum speed limit of 30 miles 


per hour on paved, non-public DWR access roads.  


Speed limits will be posted directions.  


2. To the extent practicable, traffic control structures, such as speed bumps, will be utilized to 


reduce speeds. 


3. Wildlife crossing signs will be posted in both directions on new or widened access roads that 


overlap with California red-legged frog and California tiger salamander aquatic and upland 


habitat, to the extent practicable. 
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3A.1.20 AMM-19: Minimize Fugitive Light from Portable 
Sources Used for Construction 


1. DWR will minimize fugitive light, or light trespass, from portable lighting sources used during 


construction by adhering to the following practices, at a minimum. 


a. Portable lights will be operated at the lowest feasible wattage and height. 


b. All lights will be screened and directed down toward work activities and away from the 


night sky and nearby residents to the maximum extent safely possible. 


c. The number of nighttime lights used will be minimized to the greatest extent feasible. 


Implementation of this measure will reduce—to the extent as governed by site-specific safety and 


fisheries protection requirements—the overall amount of new daytime and nighttime light and glare 


introduced to the proposed action vicinity during construction. 


3A.1.21 AMM-20: Install Visual Barriers along Access Routes, 
Where Necessary, to Prevent Light Spill from Truck 
Headlights toward Residences 


1. DWR will evaluate construction routes and identify portions of access routes where the use of 


visual barriers would minimize the introduction of new light and glare from construction truck 


headlights and the impact on nearby residents. Access routes could include SR 160, Hood-


Franklin Road, West Walnut Grove Road, Mountain House Road, Byron Highway, and various 


levee roads. 


a. DWR will install a visual barrier along portions of access routes where screening would 


prevent excessive light spill toward residents from truck headlights being used during 


nighttime construction activities. DWR will also coordinate with local recreational 


interested parties to protect sensitive nighttime recreational resources, such as nighttime 


fishing spots, from construction truck headlight light spill. These visual barriers will meet 


the following performance criteria. 


1) The visual barrier will be a minimum of 5 feet high and will provide a continuous 


surface impenetrable by light. This height may be obtained by installing a temporary 


structure, such as fencing (e.g., chain link with privacy slats) or a semi-permanent 


structure, such as a concrete barrier (e.g., a roadway median barrier or architectural 


concrete wall system) retrofitted with an approved visual screen, if necessary, to meet 


the required height. 


2) The visual barriers will be of a material or have a color treatment appropriate for the 


location and traffic safety requirements. The use of glossy materials will be avoided. 


 


3A.1.22 AMM-21: Develop and Implement a Noise Control 
Plan 


DWR and project contractors will develop and implement a noise control plan consisting of pre-


construction actions, sound-level monitoring, best noise control practices, and noise barriers 







California Department of Water Resources 


 Appendix 3A 
General Avoidance and Minimization Measures 


 


 


Delta Conveyance Project, Biological Assessment  
3A-33 


May 2024 
ICF 103653 


 


constructed in locations where sound levels from construction are anticipated to exceed daytime or 


nighttime noise level criteria. The frequency and duration of construction noise are also considered 


as factors in the implementation of these measures.  


Pre-construction Actions 


Future investigations test pile sound-level monitoring. Prior to construction, as a part of field 


investigations, pile testing would be done in the vicinity of one of the future intake locations where 


ground conditions are similar to intake areas (see Chapter 24, Noise and Vibration, of the Final EIR, 


Impact NOI-1: Generate a Substantial Temporary or Permanent Increase in Ambient Noise Levels in 


the Vicinity of the Project in Excess of Standards Established in the Local General Plan or Noise 


Ordinance, or Applicable Standards of Other Agencies[California Department of Water Resources 


2023]). During pile testing, sound-level monitoring would be conducted to measure source sound 


levels from in-water pile driving. Noise modeling will be updated based on result of test pile sound-


level monitoring.8 Updated sound-level modeling will be used to determine where impacts would 


occur to receptors due to pile driving, to update the construction noise analysis for all facilities, 


based on daytime and nighttime noise level criteria described in Chapter 24 of the Final EIR 


(California Department of Water Resources 2023). 


Sound Insulation Program  


DWR will coordinate a program to offer sound insulation to property owners of residences and 


businesses where sound levels during construction of project facilities are predicted to exceed 


daytime or nighttime noise level criteria for a specified duration, notwithstanding other noise 


mitigation measures described below. The program would consist of, but would not be limited to, 


installation of dual pane windows, new or improved exterior doors, and new HVAC systems for 


qualifying homes.9 Updated modeling will identify locations of sensitive receptors that would qualify 


for sound insulation.10 The following two categories of residences would be eligible.  


1. Residences where construction would exceed the daytime criterion of 60 dBA 1-hour Leq for 


more than 12 months. 


2. Residences where night work would exceed the nighttime criterion of 50 dBA 1-hour Leq for 


more than 21 days. 


Replacement or acoustical treatment of windows and doors can result in a noise reduction of 5 dB or 


more in interior rooms, depending on condition of existing construction. New HVAC systems would 


provide regulated internal temperatures of residential buildings, allowing for inhabitants to close 


their windows. To reduce the level of impact due to construction noise, this measure would require 


voluntary participation of all property owners and occupants of residences affected by project-


related construction noise. The sound insulation program would continue to be available for 


property owners to opt in after facility construction begins. 


 
8 Sound level modeling in the Final EIR (California Department of Water Resources 2023) is developed for 
environmental review, to determine whether noise impacts would occur. Modeled source levels used in the Final 
EIR noise analysis are conservative. Source levels measured during test-pile installation would be representative of 
construction, and inclusion of measured data would improve the accuracy of the model. 
9 Furnace/heat pump systems are included so that residents can close their windows, reducing interior noise. 
Homes already with newer systems (installed within the last 8 years) would not qualify for replacement. 
10 The program would be done in coordination with Mitigation Measure AQ-6: Avoid Residential Exposure to 
Localized Diesel Particulate Matter presented in the Final EIR (California Department of Water Resources 2023). 
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Sound-Level Monitoring 


To address additional noise concerns during construction, SLMs will be installed at locations outside 


construction work areas to collect sound-level data continuously during long-term buildout of 


facilities (Intakes A, B and C, Twin Cities, and Bethany). SLMs will be located as near as possible to a 


location equidistant from the construction boundary to the nearest sensitive receptor, at a location 


where property access for this purpose is allowed. Sound-level data collected at each site will be 


used to verify compliance with daytime and nighttime noise limits. All SLMs will be programmed to 


run continuously and have the capability to access data remotely, so that data reviews and 


compliance reporting can be done on a weekly basis. 


A daytime exceedance would occur if on-site equipment or truck noise during daytime hours (7:00 


a.m. to 10:00 p.m.) is measured to exceed a daily average of 60 dBA 1-hour Leq for a period of more 


than 3 days in any 14-day period, or a daily average of 70 dBA 1-hour Leq for a period of more than 1 


day in any 14-day period. A nighttime exceedance would occur if on-site equipment or truck noise 


during nighttime hours (10:00 p.m. to 7:00 a.m.) is measured to exceed a daily average of 50 dBA 1-


hour Leq for a period of more than 3 days in any 14-day period.  


In the event of an exceedance, DWR will contact affected residents to offer short-term relocation (or 


long-term, if preferred) assistance and/or measures stated above for the duration of the time 


construction is expected to exceed the specified levels. 


To reduce the significance of Impact NOI-1 (California Department of Water Resources 2023) due to 


construction noise, this measure would require voluntary participation of all property owners of 


residences affected by project-related construction noise. 


Best Noise Control Practices 


1. Construction hours. Construction activities will be restricted to certain hours of the day.  


a. Pile driving will be limited to the hours between 7:00 a.m. and 7:00 p.m. 


b. Construction will not occur during nighttime hours (10:00 p.m. to 7:00 a.m.), except for 


concrete pours, which, when they occur, will be done on a 24-hour basis as required at each 


new facility.11 


c. Off-site haul truck trips on local roads will be limited to the hours between 7:00 a.m. and 


7:00 p.m., except for 24-hour concrete deliveries during continuous pours.  


d. Where workplace safety standards allow, dedicated backup monitors will be used instead of 


backup beepers on heavy equipment between 10:00 p.m. and 7:00 a.m. 


2. Noise shrouds for pile drivers. Shrouds will be used to reduce noise from pile driving. A shroud 


or noise blanket of sufficient mass installed on pile-driver scaffolding is effective as a noise-


reduction method for noise from impact hammers or vibratory pile drivers. A noise blanket has 


been shown to reduce pile hammer noise by 8 to 23 dBA (Teachout and Cushman 2005:8; 


Washington State Department of Transportation 2018:7–13). 


3. Implementation of Quiet Zones around work areas. Construction work areas will include signage 


indicating areas that will be operated as “Quiet Zones.” These signs will be located within areas 


 
11 The total durations of continuous pours would range from 1 week to 4 months and are specified for each facility. 
Pours at a given facility would not be consecutive over the total duration specified for nighttime pours. 
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where residences are more likely to be affected by noise from heavy equipment or trucks. Quiet 


Zones will limit truck idling time and require shut down of equipment (no idling). The zone will 


end at a distance approximately 700 feet from the nearest residence.12  


4. Installation of enclosures around noise-generating equipment. If there are one or more 


dominant sources of noise in fixed locations where enclosures make a noticeable difference in 


overall ambient levels, then the use of this measure will be appropriate. This measure will 


substantially reduce levels from a single piece of equipment in a fixed location, such as a 


generator or ventilation fan. The achievable amount of noise reduction relative to a receptor will 


vary depending on the enclosure type and the location of equipment. For a given piece of 


equipment, sound reductions from an enclosure or silencer will typically be in the range of 8 to 


25 dBA. 


Installation of Temporary Sound Barriers at Work Areas 


In the event of an exceedance during sound-level monitoring as defined above, a temporary sound 


barrier will be used to reduce noise from work areas where it is determined that use of barriers 


would be effective to reduce noise levels at sensitive receptor locations. A barrier of sufficient 


dimensions can effectively reduce noise from heavy equipment activity occurring at a construction 


site to levels below daytime and nighttime noise level criteria at sensitive receptors. 


3A.1.23 AMM-22: Electrical Power Line Support Placement 
1. DWR will contract with electric utilities to provide primary power to designated locations for 


project construction and operation. DWR will coordinate with electric utilities to design and 


construct power transmission and distribution lines and the locations of necessary 


appurtenances such as supports and substations to avoid sensitive terrestrial habitat by 150 


feet and aquatic habitats by 250 feet and to minimize take and encumbrance of agricultural 


lands. Non-disturbance buffers will be determined by a qualified biologist in coordination with 


the electric utility provider and the size of the buffer will depend on the rarity and sensitivity of 


the resource as identified by the qualified biologist. In cases where sensitive habitat cannot be 


feasibly avoided, disturbance will be minimized to the greatest degree feasible, and disturbed 


areas will be returned as near as reasonably and practically feasible to preconstruction 


conditions by reestablishing surface conditions through carefully grading, reconstructing 


features such as irrigation and drainage facilities, and replanting vegetation and crops and/or 


compensating farmers for crops losses. This will be accomplished through an agreement with 


the utility providers. Implementation of this measure relies, in part, on coordination and 


cooperation with all appropriate utility providers and local agencies to integrate with other 


construction projects and minimize disturbances. 


2. DWR will coordinate with electric utilities to design tower and pole placement and location of 


substations to avoid existing structures (such as ag irrigation infrastructure) by 50 feet. In cases 


where existing structures and improvements cannot be feasibly avoided, and clearances less 


than 50 feet are allowable (under Cal/OSHA Title 8 regulations and/or any requirements of the 


utility provider), DWR will relocate structures and improvements or compensate the owner for 


the loss, and will return temporarily disturbed areas to preconstruction conditions (as 


 
12 This is the distance where heavy equipment noise is expected to be 60 dBA 1-hour Leq or lower, according to 
modeling. 
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described in Mitigation Measure AG-1: Preserve Agricultural Land and Mitigation Measure AG-3: 


Replacement or Relocation of Affected Infrastructure Supporting Agricultural Properties, 


presented in Chapter 15, Agricultural Resources, of the Final EIR [California Department of 


Water Resources 2023]). Where poles or towers are to be constructed in agricultural areas, 


DWR will require incorporation of the following BMPs where feasible. 


a. Select means and methods of construction to minimize crop damage.  


b. Use single-pole structures instead of H-frame or other multiple-pole structures to reduce the 


potential for interference with farm machinery, reduce land impacts, and minimize weed 


encroachment issues.  


c. Locate lines adjacent to roads and existing property lines to reduce property take and 


encumbrance.  


d. Use transmission structures with longer spans to clear longer sections of fields or sensitive 


areas where feasible. Longer spans may not be feasible in areas where aerial spraying and 


seeding is common. In areas where aerial spraying and seeding are common, install highly 


visible markers on the shield wires above the conductors. 


e. Minimize the use of guy wires, and keep guy wires out of crop and hay lands. Place highly 


visible shield guards on guy wires in farm vehicle and equipment traffic areas.  


f. Locate new transmission lines along existing transmission line corridors.  


g. Locate new powerlines on existing poles on same vertical plane as the existing wires. 


3. As part of and prior to approval of construction, DWR will work with electric utilities to ensure 


incorporation of bird and raptor-safe design in accordance with the applicable 


recommendations presented by the Avian Power Line Interaction Committee (APLIC) in 


Suggested Practices for Avian Protection on Power Lines: The State of the Art in 2006 (Avian 


Power Line Interaction Committee 2006) and Reducing Avian Collisions with Power Lines: State 


of the Art in 2012 (Avian Power Line Interaction Committee 2012), or with more current 


guidance if it becomes available. Applicable APLIC recommendations include, but are not limited 


to: 


a. Ensuring sufficient spacing of phase conductors to prevent bird electrocution. 


b. Minimizing the use of guywires. Where the use of guywires is unavoidable, demarcating 


guywires using the best available methods to minimize avian collisions (e.g., line markers). 


c. Reusing or co-locating new transmission facilities and other ancillary facilities with existing 


facilities and disturbed areas to minimize habitat impacts and avoid potential collisions.  


d. Configuring lines to reduce vertical spread of lines and/or decreasing the span length if such 


options are feasible.  


e. Marking lines to increase the visibility of lines and reduce the potential for collision. 


4. DWR will work with electric utilities to mark all aboveground project lines and towers with bird 


flight diverters that are visible under all conditions (e.g., glow-in-the-dark markers, near-UV line 


markers). Bird flight diverters will be installed with the following conditions:  


a. If a new project line will be placed on poles or towers with existing lines that have bird 


diverters installed, bird diverters will not be required on the new project lines if the new 


project lines can be placed within the same vertical prism as the existing lines.  
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b. If a new project line will be placed on poles or towers with existing lines but cannot be 


placed within the same vertical prism as the existing lines (e.g., a new project SCADA line 


that will be placed on a transmission tower with existing transmission lines), bird diverters 


will be required on both the new and existing lines.  


5. DWR will work with electric utilities to: 


a. Select the most effective and appropriate bird flight diverter for minimizing collisions based 


on APLIC recommendations (Avian Power Line Interaction Committee 2006, 2012), or more 


current guidance if available. 


b. Install bird flight diverters in a configuration, frequency, and spacing consistent with APLIC 


recommendations (Avian Power Line Interaction Committee 2006, 2012), or more current 


guidance if available. 


c. Periodically inspect and replace bird flight diverters as needed until or unless the project or 


existing line is removed. 


3A.1.24 AMM-23: Develop and Implement a Mercury 
Management and Monitoring Plan  


DWR will minimize methylmercury generation and mobilization into the food chain resulting from 


resulting from the CMP (Appendix 3B, Compensatory Mitigation Plan for Special-Status Species and 


Aquatic Resources) by developing a Mercury Management and Monitoring Plan (MMMP) to guide 


tidal habitat siting, design, monitoring, and adaptive management. The MMMP will require 


evaluation of site-specific conditions to assess whether the creation and existence of new tidal 


habitats would make the current Delta mercury impairment discernibly worse and include siting, 


design, monitoring, and adaptive management elements to minimize conditions within new tidal 


habitats that may be conducive to the creation or increased availability of methylmercury while still 


achieving most or all of the desired CMP benefits. 


The MMMP objective will be to control levels of bioavailable methylmercury within the CMP tidal 


habitats such that aquatic organisms in waters within the CMP tidal habitats and immediately 


adjacent waterways that directly exchange water with the tidal habitats will not have measurably 


higher body burdens compared to those in comparable reference locations in the Delta, and thus 


CMP implementation will not make the current Delta mercury impairment discernably worse. The 


MMMP will serve as the framework for site-specific mercury management plans to be prepared for 


each proposed new tidal habitat site that address the MMMP elements (defined below) based on 


site-specific conditions. 


DWR will retain a qualified water quality specialist, wildlife biologist, or fisheries biologist with 


expertise in methylmercury management to develop the MMMP.  


Mercury Management and Monitoring Plan Elements 


The MMMP will address the following elements to minimize and control measured mercury 


methylation and methylmercury bioavailability within CMP tidal habitats. 


1. Predesign field studies—The MMMP will define the predesign field studies to be conducted at 


potential tidal habitat sites to characterize mercury sources and concentrations of mercury, 
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methylmercury, organic carbon, iron, and sulfate in surface water and sediment to inform tidal 


habitat design and post-restoration monitoring. 


2. Siting, design, source control, and management measures—The MMMP will define tidal 


habitat siting, design, source control, and management measures to minimize mercury 


bioaccumulation into the foodweb so that mean tissue mercury concentrations in fish collected 


within and immediately adjacent to the CMP tidal habitats are not significantly greater than 


mercury tissue concentrations for the same species in similar habitats tidal habitat elsewhere in 


the Delta. Siting, design, source control, and management measures that will be considered and 


evaluated in the MMMP will include, but not be limited to, the following.  


a. Avoid siting tidal habitats in areas that currently have high soil or sediment mercury levels 


and minimize exposure of mercury-containing soils. 


b. Design for favorable water and sediment exchange with adjacent Delta waters to manage 


elemental mercury input and export of methylmercury over time (Davis et al. 2012:20). 


c. Minimize microbial methylation of mercury associated with anoxic or near-anoxic 


conditions by managing the amount of organic material at a restoration site and dissolved 


oxygen levels. This can be affected by managing vegetation to reduce this organic carbon 


source, which fuels mercury methylation by bacteria (California Department of Water 


Resources et al. 2020:7-1; Alpers et al. 2014:285).  


d. Manage vegetation to reduce organic carbon, which fuels mercury methylation by bacteria, 


by mechanical removal (California Department of Water Resources et al. 2020:7-1; Alpers et 


al. 2014:285; Windham-Myers et al. 2009:10).  


e. Minimize seasonal wetting/drying cycles that encourage mercury methylation (California 


Department of Public Health 2013:12). 


f. Minimize drainage through soils where mercury methylation is greatest (Bergamaschi et al. 


2011:1369) 


g. Enhance photo-demethylation that converts methylmercury into a biologically unavailable, 


inorganic form of mercury (California Department of Public Health 2013:2). 


h. Control sediment mobilization into the tidal habitat and Delta waterways if particulates or 


sediment is determined to be a key source of mercury (California Department of Water 


Resources et al. 2020:7-1). 


i. Remediate tidal habitat soils with iron to reduce methylation in sulfide rich soils (McCord 


and Heim 2015:732). 


j. Current and ongoing research programs are providing information regarding mercury 


cycling in tidal wetlands. These include data from the Yolo Wildlife Area Tidal Wetland in 


the Yolo Bypass, Blacklock Tidal Wetland in Suisun Marsh, North Lindsey Slough Tidal 


Wetland in the Cache Slough Complex, and the Westervelt Cosumnes River Tidal Wetland 


east of the confluence of the Cosumnes and Mokelumne Rivers (California Department of 


Water Resources 2020:7). Several other tidal wetland restoration projects are being 


planned that will contribute to the available data informing management actions to 


minimize methylmercury generation and bioaccumulation in tidal wetlands. The CMP 


ecosystem restoration objectives will be considered throughout the development of the 


MMMP.  
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3. Monitoring—The MMMP will describe strategies to monitor and collect data to determine how 


well the design, source control, and management measures are affecting methylmercury 


concentrations in fish tissue at the new tidal habitats relative to comparable reference locations.  


4. Adaptive management—The MMMP will describe actions to be taken to further reduce 


methylmercury concentrations in sediment, the water column, and fish tissues should they be 


shown to exceed performance standards. Adaptive management strategies will be fully 


developed as part of the MMMP and will inform future tidal habitat siting and initial and future 


management actions.  


Site‐Specific Mercury Management Plans 


5. The MMMP will be implemented by DWR through development and implementation of site-


specific mercury management plans for each CMP tidal habitat site. The potential effectiveness 


and need for design elements described in the MMMP will be considered when developing the 


site-specific mercury management plans. Appropriate design elements will be integrated into 


project‐specific designs or an explanation of why a particular element is not applicable to the 


site will be provided. Where site-specific siting, design, source control, and management 


measures could limit the ecosystem benefits of CMP tidal habitat, such as by limiting the amount 


of carbon supplied to the Delta as a whole or by requiring flows inconsistent with the habitat 


type, discussions among involved resource agencies will be held to resolve such technical issues. 


The site‐specific mercury management plans will also include the following components. 


a. A review of predicted changes in hydrology at the new tidal habitat site, expected changes in 


conditions affecting mercury methylation, expected changes in bioavailable methylmercury 


concentrations, and possible changes in bioaccumulation by fish. 


b. A determination of whether preconstruction sampling for baseline characterization of 


mercury and methylmercury concentrations in water, sediment, and/or biota is warranted. 


If this work was recently completed for a comparable reference location, then repeating the 


preconstruction sampling may not be needed. Decisions will be made on a site-specific basis.  


c. A description of characterization sampling and post-restoration monitoring at each tidal 


habitat project site that includes a Quality Assurance/Project Plan specifying sampling 


procedures, analytical methods, data review requirements, data analysis approaches (e.g., 


statistical tools), and data management and reporting procedures. 


Site-Specific Monitoring and Adaptive Management 


6. DWR will conduct monitoring at the new tidal habitat sites in accordance with the site-specific 


mercury management plans. Adaptive management will be implemented if monitoring results 


indicate that tissues of fish collected from within and immediately adjacent waterways that 


directly exchange water with the tidal habitat have statistically significant and higher average 


mercury concentrations than tissues of the same species of fish collected from appropriate 


reference habitats elsewhere in the Delta. Conversely, if the mean mercury concentrations in 


fish tissues collected within the CMP tidal habitat and immediately adjacent waterways that 


directly exchange water with the tidal habitat are not significantly greater than mercury 


concentrations in tissues of the same species collected from appropriate reference habitats in 


the Delta, then the new tidal habitat will be determined to not be making the current mercury 


impairment discernably worse. This statistical analysis serves as a performance standard for 


this mitigation measure and identifies when adaptive management actions will need to be 







California Department of Water Resources 


 Appendix 3A 
General Avoidance and Minimization Measures 


 


 


Delta Conveyance Project, Biological Assessment  
3A-40 


May 2024 
ICF 103653 


 


implemented. This performance standard will be defined as an action level for adaptive 


management in the site-specific mercury management plans.  


7. Adaptive management actions will be developed in coordination with the State Water Board and 


Central Valley RWQCB and based on monitoring findings. Adaptive management actions for 


newly created tidal habitats could include modifications to the type and frequency of monitoring 


being conducted and modifications to various ongoing management actions that affect 


vegetation, water and sediment exchange, dissolved oxygen levels, water depths, and sediment 


chemistry. Adaptive management actions for future CMP tidal habitats will be based on 


information gained from newly created tidal habitats and could include modifying criteria for 


siting future tidal habitats or modifying design criteria that affect tidal and sediment exchange, 


depth, dissolved oxygen levels, vegetation management, and sediment chemistry. 


Oversight and Coordination 


8. DWR will identify a qualified specialist in methylmercury cycling and biological effects who will 


oversee all aspects of implementing this mitigation measure. The methylmercury specialist will 


review and approve all mercury and methylmercury-related conclusions and recommendations 


generated from the tidal habitat component of the CMP, including site-specific mercury 


management plans. The methylmercury specialist will develop a Quality Assurance/Project Plan 


to describe all sampling, analyses, and reporting as part of any site-specific mercury 


management plan. The specialist will also be responsible for integrating new, relevant 


information generated by research over the course of this program. 


9. The Implementation Section of the Central Valley RWQCB WQCP states, in part, “In subareas 


needing reductions in methylmercury, proponents of new wetland and wetland restoration 


projects scheduled for construction after 20 October, 2011 shall (a) participate in 


methylmercury Control Studies, or shall implement site-specific study plans, that evaluate 


practices to minimize methylmercury discharges, and (b) implement methylmercury controls as 


feasible. New wetland projects may include pilot projects and associated monitoring to evaluate 


management practices that minimize methylmercury discharges” (Central Valley Regional 


Water Quality Control Board 2018:4-93). DWR has participated in these studies. 


10. Methylmercury management approaches will be developed and implemented consistent with 


the Delta Methylmercury TMDL (Central Valley Regional Water Quality Control Board 2010a) 


and Amendments to the Water Quality Control Plan for the Sacramento River and San Joaquin 


River Basins for the Control of Methylmercury and Total Mercury in the Sacramento-San Joaquin 


Delta Estuary (Central Valley Regional Water Quality Control Board 2010a, 2010b). These 


implementation provisions of the Central Valley RWQCB WQCP require developing measures to 


control methylmercury generation and loading into the Delta in accordance with TMDL goals. 


Phase I Methylmercury TMDL studies emphasize investigation and pilot projects to develop and 


evaluate management practices to control methylmercury. Phase II involves implementation of 


mercury control measures. Additional considerations on managing methylmercury discharges 


can be found in Attachment 3B.1, Compensatory Mitigation Design Parameters. 


Timing and Phasing 


11. DWR will develop the MMMP prior to siting any CMP tidal habitat. Site-specific mercury 


management plans will be developed by DWR as part of the design and implementation of 


individual CMP tidal habitat projects. 
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3A.1.25 AMM-24: Minimize Access Road Impacts on Listed 
Amphibian Connectivity 


To minimize impacts on California red-legged frog and California tiger salamander connectivity 


resulting from the construction of access roads in service to the Bethany Complex facilities, DWR 


will design and construct new and improved access roads that overlap with modeled California red-


legged frog or California tiger salamander habitat. 


1. The following three water crossings (i.e., culverts or bridges)—a new section of Mountain House 


Road crossing over Mountain House Creek near the new Grant Line Road interchange, a 


widened section of Byron Highway crossing over an unnamed channel just south of the new 


Lindemann Road interchange, and a widened section of Mountain House Road crossing over 


unnamed channels between sections of the Delta Mendota Canal—would be designed and 


constructed to meet the following requirements. 


a. Completely span suitable California red-legged frog aquatic habitat. 


b. Maintain natural channel substrates, or similar materials. 


c. Size bridges to include upland habitat on at least one side of each channel that is above the 


bank full width to allow for terrestrial movement and refugia from bank full flows. 


d. Size culverts to a minimum 1.5 feet wide and 3 feet of clearance (Clevenger and Huijser 


2011). 


2. The following four new or improved road segments will be designed and constructed with the 


below-listed features: widened Mountain House Road; widened Byron Highway and the new 


Lindemann Road interchange; new Mountain House Road section at the Grant Line Road 


interchange; and the new section of road between Mountain House Road and the Bethany 


discharge structure.  


a. New and widened access road segments will avoid installing curbs, to the extent practicable. 


If curbs must be installed, curbs will be designed with sloping sides less than 30 degrees 


(Clevenger and Huijser 2011) to allow amphibian movement across the road. 


b. New and widened access road segments will avoid installing median barriers (i.e., k-rails), to 


the extent practicable. If median barriers cannot be avoided due to public safety concerns, 


barriers will be outfitted with small openings at ground level to allow amphibian passage.  


3A.1.26 AMM-25: Develop and Implement a Fish Rescue and 
Salvage Plan 


Fish rescue operations will occur at any in-water construction site where dewatering and resulting 


isolation of fish may occur. Fish rescue and salvage plans will be developed by DWR or its 


contractors and will include detailed procedures for fish rescue and salvage to minimize the number 


of individuals of listed fish species subject to stranding during placement and removal of cofferdams. 


The plans will identify the appropriate procedures for removing fish from construction zones and 


preventing fish from reentering construction zones prior to dewatering and other construction 


activities. A draft plan will be submitted to the fish and wildlife agencies for review and approval. An 


authorization letter from NMFS, USFWS, and CDFW will be required before in-water construction 


activities with the potential for stranding fish can proceed. 
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All fish rescue and salvage operations will be conducted under the guidance of a qualified fish 


biologist and in accordance with required permits. Each fish rescue plan will identify the 


appropriate procedures for excluding fish from the construction zones, and procedures for 


removing fish, should they become trapped. The primary procedure will be to herd fish out of the 


partially enclosed work area with seines (nets) and/or dip nets, followed by collection and removal 


of any remaining fish once the work area is fully enclosed; electrofishing techniques may also be 


authorized. The primary procedure will be to block off the construction area and use seines (nets) 


and/or dip nets to collect and remove fish, although electrofishing techniques may also be 


authorized under certain conditions. It is critical that fish rescue and salvage operations begin as 


soon as possible and be completed within 48 hours after isolation of a construction area to minimize 


potential predation and adverse water quality impacts (e.g., high water temperature, low dissolved 


oxygen) associated with confinement. In the case of cofferdam construction, the cofferdam will be 


installed to block off the construction area before fish removal activities occur, except for a small 


area left open to allow fish to be herded out of the area to be enclosed. For other in-water 


construction activities, block nets or other temporary exclusion methods (e.g., silt curtains) could be 


used to exclude fish or isolate the construction area prior to the fish removal process. The 


appropriate fish exclusion or collection method will be determined by a qualified fish biologist, in 


consultation with a designated fish and wildlife agency biologist, based on site-specific conditions 


and construction methods. Capture, release, and relocation measures will be consistent with the 


general guidelines and procedures set forth in Part IX of the most recent edition of the California 


Salmonid Stream Habitat Restoration Manual (California Department of Fish and Game 2010) to 


minimize impacts on listed species of fish and their habitat. 


All fish rescue and salvage operations will be conducted under the guidance of a fish biologist 


meeting the qualification requirements described under Qualifications of Fish Rescue Personnel. 


The following description includes detailed fish collection, holding, handling, and release procedures 


of the plan. The following description includes detailed fish collection, holding, handling, and release 


procedures of the plan. Unless otherwise required by project permits, the construction contractor 


will provide the following. 


1. A minimum 7-day notice to the appropriate fish and wildlife agencies, prior to an anticipated 


activity that could result in isolating fish, such as installation of a cofferdam. 


2. Unrestricted access for the appropriate fish and wildlife agency personnel to the construction 


site for the duration of the fish rescue plan. 


3. A work site that is accessible and safe for fish rescue workers. 


4. Safety training for fish rescue workers before accessing the work site. 


5. Cessation of construction activities in the vicinity (as agreed upon by the contractor, DWR, and 


the fisheries monitor) of the fish rescue from the time the fish rescue begins until completion. 


3A.1.26.1 Qualifications of Fish Rescue Personnel  


Personnel active in fish rescue efforts will include at least one person with a 4-year college degree in 


fisheries or biology, or a related degree. This person also must have at least 2 years of professional 


experience in fisheries field surveys and fish capture and handling procedures. The person will have 


completed an electrofishing training course such as Principles and Techniques of Electrofishing 


(USFWS, National Conservation Training Center), or similar course, if electrofishing is used. To avoid 


and minimize the risk of injury to fish, attempts to seine and/or net fish will always precede the use 
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of electrofishing equipment. Fish rescue personnel will also have experience identifying Delta fish 


species.  


3A.1.26.2 Seining and Dipnetting 


Fish rescue and salvage operations will begin prior to or immediately after completing the 


cofferdam. For example, it may be necessary to herd fish from the construction area before installing 


the last sections of the cofferdam. Fish exclusion and/or rescue activities may need to be conducted 


incrementally in coordination with cofferdam placement to minimize the number of fish subjected 


to prolonged confinement and stressful conditions associated with crowding, capture, and handling. 


If the enclosed area is wadable (less than ~3 feet deep), fish can be herded out of the cofferdam 


enclosure by dragging a seine (net) through the enclosure, starting from the enclosed end and 


continuing to the cofferdam opening. It may also be possible to herd fish in deeper water with nets 


using divers or rafts as necessary. Depending on conditions, this process may need to be conducted 


several times. After completing this fish herding process, the net or an exclusion screen will be 


positioned at the cofferdam opening to prevent fish from reentering the enclosure while the final 


section of the cofferdam is installed. The net or screen mesh will be no greater than 0.125 inch, with 


the bottom edge of the net (lead line) securely weighted down to prevent fish from entering the area 


by moving under the net. Screens will be checked periodically and cleaned of debris to permit free 


flow of water. 


After installing the last sections of the cofferdam or training wall, remaining fish in the enclosed area 


will be removed using seines, dip nets, electrofishing techniques, or a combination of these 


depending on site conditions.  


Following each sweep of a seine through the enclosure, the fish rescue team will do the following. 


6. Carefully bring the ends of the net together and pull in the wings, ensuring the lead line is kept 


as close to the substrate as possible. 


7. Slowly turn the seine bag inside out to reveal captured fish, ensuring fish remain in the water as 


long as possible before transfer to an aerated container. 


8. Follow the procedures outlined in Section 3A.1.26.3, Electrofishing, and relocate fish to a 


predetermined release site. 


Dipnetting is best suited for very small, shallow pools in which fish are concentrated and easily 


collected. Dip nets will be made of soft (nonabrasive) nylon material and small mesh size (0.125 


inch) to collect small fish. 


3A.1.26.3 Electrofishing 


After conducting the herding and netting operations described above, electrofishing may be 


necessary to remove as many fish as possible from the enclosure. Electrofishing will be conducted in 


accordance with NMFS electrofishing guidelines (National Marine Fisheries Service 2000) and other 


appropriate fish and wildlife agency guidelines. Electrofishing will be conducted by one or two 3- to 


4-person teams, with each team having an electrofishing unit operator and two or three netters. At 


least three passes will be made through the enclosed cofferdam areas to remove as many fish as 


possible. Fish initially will be placed in 5-gallon buckets filled with river water. Following 


completion of each pass, the electrofishing team will do the following. 


9. Transfer fish into 5-gallon buckets filled with clean river water at ambient temperature. 
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10. Hold fish in 5-gallon buckets equipped with a lid and an aerator, and add fresh river water or 


small amounts of ice to the fish buckets if the water temperature in the buckets becomes more 


than 2°F warmer than ambient river waters. 


11. Maintain a healthy environment for captured fish, including low densities in holding containers 


to avoid effects of overcrowding. 


12. Use water-to-water transfers whenever possible. 


13. Release fish at predetermined locations as specified in the fish rescue and salvage plans 


approved by NMFS, USFWS, and CDFW. 


14. Segregate larger fish from smaller fish to minimize the risk of predation and physical damage to 


smaller fish from larger fish. 


15. Limit holding time to about 10 minutes, if possible. 


16. Avoid handling fish during processing unless absolutely necessary; use wet hands or dip nets if 


handling is needed. 


17. Handle fish with hands that are free of potentially harmful products, including but not limited to 


sunscreen, lotion, and insect repellent. 


18. Avoid anesthetizing or measuring fish. 


19. Note the date, time, and location of collection; species; number of fish; approximate age (e.g., 


young-of-the-year, yearling, adult); fish condition (dead, visibly injured, healthy); and water 


temperature. 


20. If positive identification of fish cannot be made without handling the fish, note this and release 


fish without handling. 


21. In notes, indicate the level of accuracy of visual estimates to allow appropriate reporting to the 


appropriate fish and wildlife agencies (e.g., “Approx. 10–20 young-of-the-year steelhead”). 


22. Release fish in appropriate habitat either upstream or downstream of the enclosure, noting 


release date, time, and location. 


23. Stop efforts and immediately contact the appropriate fish and wildlife agencies if mortality or 


injury occurs during relocation of listed species. 


24. Place dead fish of listed species in sealed plastic bags with labels indicating species, location, 


date, and time of collection, and store them on ice. 


25. Freeze collected dead fish of listed species as soon as possible and provide the frozen specimens 


to the appropriate fish and wildlife agencies, as specified in the permits. 


26. Release rescued fish at sites either upstream or downstream of the construction area that are 


similar in temperature to the area from which fish were rescued, contain ample habitat, and 


have a low likelihood of fish reentering the construction area or being impinged on exclusion 


nets/screens. 
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3A.1.27 AMM-26: Develop and Implement an Underwater 
Sound Control and Abatement Plan 


DWR will implement an underwater sound control and abatement plan outlining specific measures 


such as changing the time of activities, best practices, and equipment that will be used to avoid and 


minimize the effects of underwater construction noise on fish, particularly the underwater noise 


effects associated with impact pile driving activities.  


The underwater sound control and abatement plan will be provided to the appropriate fish and 


wildlife agencies for their review and approval prior to any in-water impact pile driving activities. 


The plan will evaluate the potential effects of underwater noise on fish using applicable and interim 


underwater noise thresholds established for disturbance and injury of fish (California Department 


of Transportation 2020:4-24–4-31). The thresholds include the following. 


1. Injury threshold for fish of all sizes includes a peak sound pressure level (SPL) of 206 decibels 


(dB) relative to 1 micropascal. 


2. Injury threshold for fish less than 2 grams is 183 dB relative to 1 micropascal cumulative sound 


exposure level (SELsumulative), and 187 dB relative to 1 micropascal SELsumulative for fish greater 


than or equal to 2 grams. 


3. Disturbance threshold for fish of all sizes is 150 dB root mean square relative to 1 micropascal. 


The specific number of pilings that will be driven per day with an impact pile driver, and thus the 


number of pile strikes per day, will be defined as part of the design of project elements that require 


pilings. 


The sound control and abatement plan will restrict in-water work (including during the pile 


installation pilot studies described in Chapter 3) to the in-water work windows specified in AMM-


14: Construction Best Management Practices for Biological Resources (Section 3A.1.15) and approved 


by NMFS/USFWS/CDFW. There would be rest periods without pile driving at night. 


The underwater noise generated by impact pile driving will be abated using the best available and 


practicable methods. Examples of such methods include the use of vibratory rather than impact pile 


driving equipment; use of an impact pile driver to proof piles initially placed with a vibratory pile 


driver; noise attenuation with pile caps (e.g., wood or micarta), bubble curtains, air-filled fabric 


barriers, or isolation piles; or installation of piling-specific cofferdams. Specific techniques to be 


used will be selected based on site-specific conditions. 


In addition to primarily using vibratory pile driving methods and establishing protocols for 


attenuating underwater noise levels produced during in-water construction activities, DWR will 


develop and implement operational protocols for when impact pile driving is necessary. These 


operational protocols will be used to minimize the effects of impact pile driving on fish and may 


include the following.  


4. Monitoring the in-water work area for fish that may be showing signs of distress or injury as a 


result of pile driving activities and stopping work when distressed or injured fish are observed, 


for example, if injured fish are seen floating near the surface. 


5. Initiating impact pile driving with a “soft-start,” such that pile strikes are initiated at reduced 


impact and increase to full impact over several strikes to provide fish an opportunity to move 


out of the area.  
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6. Restricting impact pile driving activities to specific times of the day and for a specific duration to 


be determined through coordination with the fish and wildlife agencies.  


7. If more than one pile driving rig is employed, ensuring pile driving activities are initiated in a 


way that provides an escape route and avoid “trapping” fish between pile drivers in waters 


exposed to underwater noise levels that could potentially cause injury.  


Where impact pile driving is required, prior to starting pile driving and during the pile driving, DWR 


will monitor underwater sound levels and require compliance with underwater noise thresholds at 


a distance appropriate (per guidance of the monitor) for protection of the species (e.g., 183 dB 


SELcumulative for fish less than 2 grams, 187 dB SELcumulative for fish greater than 2 grams), based on the 


results from calculations to be provided in the underwater sound control and abatement plan. If 


such monitoring shows that noise could exceed applicable thresholds, physical or operational 


attenuation methods will be implemented to ensure compliance with these thresholds. 


3A.1.28 AMM-27: Develop and Implement a Barge 
Operations Plan 


DWR will require that any construction contractor proposing to use barges (to perform construction 


or to transport materials or equipment) develop a barge operations plan, to be approved by NMFS, 


USFWS, and CDFW. Each plan will be developed and submitted by the construction contractors per 


standard DWR contract specifications. Each barge operations plan will be part of a comprehensive 


traffic control plan coordinated with the U.S. Coast Guard for large channels. The comprehensive 


traffic control plan will address traffic routes and machines used to deliver materials to and from the 


barges. The barge operations plan will address the following topics. 


1. Bottom scour from propeller wash. 


2. Bank erosion or loss of submerged or emergent vegetation from propeller wash and/or 


excessive wake. 


3. Accidental material spillage. 


4. Sediment and benthic community disturbance from accidental or intentional barge grounding or 


deployment of barge spuds (extendable shafts for temporarily maintaining barge position) or 


anchors, including a timeline for addressing grounding to minimize risk from potential channel 


blockage. 


5. Hazardous materials spills (e.g., fuel, oil, hydraulic fluids). 


The barge operations plan will serve as a guide to barge operations and to a biological monitor who 


will evaluate barge operations daily during construction with respect to the stated performance 


measures outlined in this mitigation measure (see Section 3A.1.28.4, Performance Measures). This 


plan, when approved by the DWR and other resource agencies, will be read by barge operators and 


kept aboard all vessels operating at the construction sites. 


3A.1.28.1 Sensitive Resources 


The barge operations plan is intended to protect fish and aquatic resources in the vicinity of barge 


operations. The plan will be developed to avoid barge-related effects on listed species of fish; if 


avoidance is not possible, the plan will include provisions to minimize effects on fish and aquatic 


resources as described under Sections 3A.1.28.3, Avoidance Measures, 3A.1.28.3.1, Environmental 
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Training, and 3A.1.28.3.2, Approach and Departure Protocol. The sensitive resources potentially 


affected by barge maneuvering and anchoring in affected areas are listed below. 


6. Sediments that could cause turbidity or changes in bathymetry if disturbed. 


7. Bottom-dwelling (benthic) invertebrates that provide a prey base for fish. 


8. Riparian vegetation that provides shade, cover, habitat structure, and organic nutrients to the 


aquatic environment. 


9. Submerged aquatic vegetation that provides habitat structure and primary (plant) production. 


3A.1.28.2 Responsibilities 


Construction contractors operating barges in the process of constructing the water conveyance 


facilities will be responsible for the following. 


10. Operate vessels safely to prevent significant impacts on aquatic resources of the Delta. 


11. Read, understand, and follow the barge operations plan. 


12. Report to the project biological monitor any vessel grounding or other deviations from the barge 


operations plan that could have resulted in the disturbance of bottom sediments, damage to 


riverbanks, or loss of submerged, emergent, or riparian vegetation. 


13. Immediately report material fuel or oil spills to the CDFW Office of Spill Prevention and 


Response, the project biological monitor, and DWR. 


14. Follow all other relevant plans, including the hazardous materials management plan, 


stormwater pollution prevention plan (SWPPP), and SPCCP. 


15. Observe state laws regarding monitoring and control of invasive species when introducing new 


watercraft to the Delta. 


The biological monitor will be responsible for the following. 


16. Observe barge operation activities including loading and unloading. 


17. Provide same-day reports to DWR on any observed problems with barge operations. 


18. Provide annual reports to DWR, summarizing monitoring observations during each construction 


year, including an evaluation of the plan performance measures. The annual report will also 


include descriptions and representative photographs and/or videos of conditions of riverbanks 


and vegetation. 


19. Visit each site requiring barges to determine the extent of emergent and riparian vegetation, 


bank conditions, and general site conditions during the growing season prior to initiation of 


construction, during construction, and then annually for up to 5 years after construction.  


20. Monitor construction including observation of barge arrival, loading, and unloading; departure 


of barges at each active site and the condition of both riverbanks at each site; pile driving; and 


other in-water construction activity as directed by DWR.  


3A.1.28.3 Avoidance Measures 


The following avoidance measures will be implemented to ensure that the goal of avoiding impacts 


on aquatic resources from tugboat and barge operations will be achieved: training of tug boat 
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operators; limiting vessel speed to minimize the effects of wake impinging on unarmored or 


vegetated banks and the potential for vessel wake to strand small fish; limiting the direction and/or 


velocity of propeller wash to prevent bottom scour and loss of aquatic vegetation; and prevention of 


spillage of materials and fluids from vessels. 


If deviations from the identified environmental training, approach and departure protocol, and 


performance measures are required to maintain the safety of vessels and crew, at the earliest 


practicable convenience, the biological monitor will be informed of the circumstances and any 


apparent impacts on water quality, habitats, fish, or wildlife. Any such impacts will be brought to the 


attention of the applicable fish and wildlife agency to ascertain and implement appropriate remedial 


measures. 


3A.1.28.3.1 Environmental Training 


All pilots operating at placement of riprap at intakes construction and geotechnical exploration sites 


will be required to read and follow the barge operations plan and to keep a copy aboard and 


accessible. All pilots responsible for operating a vessel at the intake sites will read the barge 


operations plan and sign an affidavit as provided in the plan. 


3A.1.28.3.2 Approach and Departure Protocol 


DWR will require that construction contractors develop and implement a protocol for site approach 


and departure to ensure the following. 


21. Vessel operators will obey all federal and state navigation regulations that apply to the Delta. 


22. All vessels will approach and depart from sites at dead slow in order to reduce vessel wake and 


propeller wash. 


23. To minimize bottom disturbance, anchors and barge spuds will be used to secure vessels only 


when it is not possible to tie up. 


24. Barge anchoring will be preplanned. Anchors will be lowered into place and not be allowed to 


drag across the channel bed. 


25. Vessel operators will limit vessel speed as necessary to maintain wake heights of less than 2 feet 


at shore. 


26. Vessel operators will avoid pushing stationary vessels up against fixed structures for extended 


periods, because this could result in excessive directed propeller wash impinging on a single 


location. Barges will be tied up whenever possible to avoid the necessity of maintaining 


stationary position by tugboat or by the use of barge spuds. 


27. Barges will not be anchored where they will ground during low tides. 


28. All vessels will obey U.S. Coast Guard regulations related to the prevention, notification, and 


cleanup of hazardous materials spills. 


29. All vessels will keep an oil spill containment kit and spill prevention and response plan onboard. 


30. In the event of a fuel spill, CDFW Office of Spills Prevention and Response will be contacted 


immediately at 800-852-7550 or 800-OILS-911 (800-645-7911) to report the spill. 


31. When transporting loose materials (e.g., sand, aggregate), barges will use deck walls or other 


features to prevent loose materials from blowing or washing off the deck. 
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3A.1.28.4 Performance Measures 


Performance will be assessed based on the results of the biological monitoring reports. The 


assessment will evaluate observations for the following indicators of impacts. 


32. Emergent vegetation loss. The extent and dominant species of emergent vegetation will be 


determined and mapped by a global positioning system (GPS) unit at and cross-channel from 


each of the intake sites during the growing seasons prior to, during, and after construction. 


Extent will be mapped as linear coverage along the site and opposite banks. In the event that the 


linear extent of emergent vegetation is found to have decreased by 20% or more following 


construction (or as otherwise conditioned by applicable CDFW streambed alteration 


agreements), the position and nature of the change will be evaluated for the probability that the 


loss was due to barge grounding, propeller wash, or other effects related to barge operations. 


Adequate performance will be achieved if the linear extent of riparian and emergent vegetation 


following construction is at least 80% of the preconstruction extent (or as otherwise 


conditioned by applicable CDFW streambed alteration agreements), not including areas that will 


be lost to construction activities (e.g., footprint impacts) and that will be mitigated with 


measures described below (Appendix 3B, Attachment 3B.1, specifically CMP-23: Tidal Perennial 


Habitat Restoration for Construction Impacts on Habitat for Fish and Aquatic Resources and CMP-


24: Channel Margin Habitat Restoration for Construction Impacts on Habitat for Fish and Aquatic 


Resources [Table 3B.1-1]). Compensatory mitigation to replace lost emergent vegetation at a 


ratio approved through coordination with the appropriate agencies will be undertaken should 


the performance standards be exceeded. 


33. Bank erosion and riparian vegetation loss. The linear extent of bank erosion will be mapped 


by GPS at each of the intake sites prior to, during, and after construction. Photos and written 


descriptions will be recorded for each area of eroded bank to describe the extent of the erosion. 


In the event that the linear extent of eroded bank is found to have increased by 20% or more 


following construction as a result of barge operations (and not other construction impacts; see 


above in Emergent Vegetation Loss), the position and nature of the change will be evaluated by 


guidance from the fisheries monitor for the probability (low, moderate, or high) that the erosion 


was due to barge grounding, propeller wash, or other effects related to barge operations, and 


preconstruction and postconstruction photographs will be compared to determine if riparian 


vegetation was also lost as a result of the erosion. 


34. Cargo containment. The biological monitor will note the use of deck walls or other appropriate 


containment during loading and unloading of materials from a barge at each site. Adequate 


performance will be achieved if appropriate measures are in use during each observed loading 


and unloading. In the unlikely event that an accidental spill occurs despite appropriate 


containment measures, the barge crew will describe the type, amount, and location of the spill to 


the biological monitor as soon as practicable and safe. The biological monitor will make 


observations at the site of the material spill and evaluate the potential impacts of the spill on 


biological resources. This will help the biological monitor evaluate whether mitigation is 


required and will be included in the annual monitoring report. Any such impacts will be brought 


to the attention of the applicable fish and wildlife agency to ascertain and implement 


appropriate remedial measures within 24 hours. 


35. Fuels spill prevention. Vessels operating in accordance with the SPCCP and all applicable 


federal, state, and local safety and environmental laws and policies governing commercial vessel 
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and barge operations will be considered to be performing adequately with regard to fuel spill 


prevention. 


36. Barge grounding. Barges are not to be grounded or anchored where falling tides are reasonably 


expected to cause grounding during a low tide. Barge grounding has the potential to disturb 


bottom sediments and benthic organisms, as well as creating a temporary obstacle to fish 


passage. Performance will be considered adequate if no cases of vessel grounding occur. 


3A.1.28.5 Contingency Measures 


In the event that the performance measures are not met, DWR will coordinate with NMFS, USFWS, 


CDFW, and Central Valley Regional Water Quality Control Board to determine appropriate 


rectification or compensation for impacts on aquatic resources. 
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Appendix 3B 
Compensatory Mitigation Plan for Special-Status 


Species and Aquatic Resources 


3B.S.1 Compensatory Mitigation Plan Permitting 
Supplement 


The Compensatory Mitigation Plan for Special-Status Species and Aquatic Resources (CMP) 


describes the actions that would be implemented to offset the impacts associated with construction, 


operation, and maintenance of the Delta Conveyance Project (project). The siting, construction, 


operations, maintenance, and monitoring actions associated with the Initial Mitigation Sites, 


described in Section 3B.4.1, are evaluated at the project level for each relevant terrestrial species in 


Chapter 6, Effects Analysis. The tidal restoration and channel margin enhancement mitigation actions 


are described in Section 3B.4.3, Tidal Habitat Mitigation Framework, and are evaluated 


programmatically in Chapter 6 due to a lack of detail about the specific location where the action 


would occur. When the siting and construction detail becomes available for these programmatic 


mitigation actions, DWR would share those details with the Services along with an application to 


amend the biological opinion and authorize incidental take for the affected species. Actions 


associated with the creation of mitigation credits or site protection instruments are not expected to 


affect listed species. However, if there is a need for consultation, that will occur at the time of 


development. Non-bank sites, like tidal restoration and channel margin enhancement, are evaluated 


programmatically in Chapter 6.  


The CMP is a technical appendix that is attached to multiple environmental compliance documents. 


The CMP was originally developed to support the Delta Conveyance Project Draft Environmental 


Impact Report (EIR) (California Department of Water Resources 2022) as Appendix 3F of that 


document, but has since been adapted to also support the Biological Assessment (BA), as Appendix 


3B, (which is submitted as an application for incidental take under Section 7 of the Endangered 


Species Act). Although cross-references in this document have been updated to reference the BA 


chapters and sections where appropriate, because the CMP was originally drafted in support of the 


EIR this introductory or supplemental section was created to summarize key information for wildlife 


agency staff. California Department of Water Resources (DWR) published and certified the Final EIR 


in December 2023 (California Department of Water Resources 2023a). 


3B.S.2 Impacts and Compensatory Mitigation Needs of 
the Proposed Action  


Implementation of the project would affect special-status species regulated by the California 


Department of Fish and Wildlife (CDFW), U.S. Fish and Wildlife Service (USFWS), and National 


Marine Fisheries Service (NMFS). The CMP details the types of mitigation projects that would be 


used to offset the impacts to species. To supplement the CMP in support of the BA, Table 3B.S-1 


summarizes the total acreage of permanent habitat loss that would occur as a result of project 
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construction, operation, and maintenance and implementation of the proposed action (which is the 


preferred alternative, Alternative 5, in the Final EIR); the applied mitigation ratios; the total 


compensatory mitigation proposed for each species; and the acres of habitat that would be created 


with construction of the initial mitigation sites.  


Compensatory mitigation, either protection, creation, or enhancement (described in Section 3B.4, 


Mitigation Work Plan), will stay ahead of the cumulative, permanent suitable habitat loss by 10%. 


Documentation demonstrating that this stay-ahead provision has been met for the previous year 


will be provided in the Annual Status Report. If the 10% stay-ahead requirement cannot be met and 


habitat is protected or restored after the impact occurs, the mitigation amount would be increased 


by 5% for every year protection is delayed to offset the temporal loss of habitat. For example, if 


protection, creation, or enhancement occurs 2 years after the impact occurs, mitigation would be 


10% greater than required if protection, creation, or enhancement occurs prior to or concurrent 


with the impact. 
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Table 3B.S-1. Estimated Permanent Habitat Loss with the Proposed Action and Corresponding Mitigation Commitments for Special-Status 
Species 


Species – Project Related Effect Status a 


Permanen
t Modeled 
Habitat 
Loss 
(acres 
unless 
noted) b 


Mitigation 
Ratio c 


Compensatory Mitigation 
Type 


Compensat
ory 
Mitigation 
Acreage 
Commitme
nt 


Acres of Habitat 
Estimated to Be 
Created or 
Enhanced at 
Initial 
Mitigation Sites 


d 


AQUATIC – CONSTRUCTION  


Permanent 


Delta smelt & longfin smelt FT, CE 
(delta 
smelt), FPE, 
CT (longfin 
smelt)  


5.57 3:1 Creation and enhancement 16.71 0.0 e 


Green sturgeon, Southern DPS FT 5.57 3:1 Creation and enhancement 16.71 0.0 e 


Juvenile salmonids - 5.57 3:1 Creation and enhancement 16.71 0.0 e 


Sacramento River winter-run Chinook 
salmon 


FE, CE 5.57 3:1 Creation and enhancement 16.71 0.0 e 


Central Valley spring-run Chinook salmon FT, CT 5.57 3:1 Creation and enhancement 16.71 0.0 e 


Central Valley steelhead FT 5.57 3:1 Creation and enhancement 16.71 0.0 e 


Temporary 


Delta smelt & longfin smelt FT, CE 
(delta 
smelt), FPE, 
CT (longfin 
smelt) 


1.55 1:1 Creation and enhancement 1.55 f 0.0 e 


Green sturgeon, Southern DPS FT 1.55 1:1 Creation and enhancement 1.55 f 0.0 e 


Juvenile salmonids - 1.55 1:1 Creation and enhancement 1.55 f 0.0 e 


Sacramento River winter-run Chinook 
salmon  


FE, CE 1.55 1:1 Creation and enhancement 1.55 f 0.0 e 


Central Valley spring-run Chinook salmon FT, CT 1.55 1:1 Creation and enhancement 1.55 f 0.0 e 
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Species – Project Related Effect Status a 


Permanen
t Modeled 
Habitat 
Loss 
(acres 
unless 
noted) b 


Mitigation 
Ratio c 


Compensatory Mitigation 
Type 


Compensat
ory 
Mitigation 
Acreage 
Commitme
nt 


Acres of Habitat 
Estimated to Be 
Created or 
Enhanced at 
Initial 
Mitigation Sites 


d 


Central Valley steelhead FT 1.55 1:1 Creation and enhancement 1.55 f 0.0 e 


Juvenile salmonids  - 3,124  
(linear 
feet) 


1:1 Creation and enhancement 3,124  
(linear feet) 


0.0 e 


Sacramento River winter-run Chinook 
salmon 


FE, CE 3,124  
(linear 
feet) 


1:1 Creation and enhancement 3,124  
(linear feet) 


0.0 e 


Central Valley spring-run Chinook salmon FT, CT 3,124  
(linear 
feet) 


1:1 Creation and enhancement 3,124  
(linear feet) 


0.0 e 


Central Valley steelhead FT 3,124  
(linear 
feet) 


1:1 Creation and enhancement 3,124  
(linear feet) 


0.0 e 


AQUATIC – OPERATIONS  


Delta smelt FT, CE N/A f N/A g Creation and enhancement 1,352 g 


 


0.0 e 


Longfin smelt FPE, CT N/A f N/A g Creation and enhancement 135 g 0.0 e 


Juvenile salmonids: Tidal perennial 
aquatic 


- N/A  N/A  Creation and enhancement Up to 3,500 


(acres) h, i 


0.0 e 


Sacramento River winter-run Chinook 
salmon  


FE, CE N/A  N/A  Creation and enhancement Up to 3,500 


(acres) h, i 
0.0 e 


Central Valley spring-run Chinook salmon FT, CT N/A  N/A  Creation and enhancement Up to 3,500 


(acres) h, i 
0.0 e 


Central Valley steelhead FT N/A  N/A  Creation and enhancement Up to 3,500 


(acres) h, i 
0.0 e 


Juvenile salmonids: Channel margin 
habitat  


- 2,540  
(linear 
feet) 


1:1 Creation and enhancement 2,540  
(linear feet) 


0.0 e 
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Species – Project Related Effect Status a 


Permanen
t Modeled 
Habitat 
Loss 
(acres 
unless 
noted) b 


Mitigation 
Ratio c 


Compensatory Mitigation 
Type 


Compensat
ory 
Mitigation 
Acreage 
Commitme
nt 


Acres of Habitat 
Estimated to Be 
Created or 
Enhanced at 
Initial 
Mitigation Sites 


d 


Sacramento River winter-run Chinook 
salmon 


FE, CE 2,540  
(linear 
feet) 


1:1 Creation and enhancement 2,540  
(linear feet) 


0.0 e 


Central Valley spring-run Chinook salmon FT, CT 2,540  
(linear 
feet) 


1:1 Creation and enhancement 2,540  
(linear feet) 


0.0 e 


Central Valley steelhead FT 2,540  
(linear 
feet) 


1:1 Creation and enhancement 2,540  
(linear feet) 


0.0 e 


TERRESTRIAL – CONSTRUCTION 


San Joaquin kit fox FE, CT 38.98 1:1 Mitigation credits or site 
protection instrument 


38.98j 0.0 e 


California red-legged frog, aquatic FT 0.21 3:1 Mitigation credits or site 
protection instrument 


0.63 0.0 e 


California red-legged frog, upland FT 7.06 1:1 Mitigation credits or site 
protection instrument 


7.06 0.0 e 


California tiger salamander, aquatic FT, CT 0.20 3:1 Mitigation credits or site 
protection instrument 


0.60 0.0 e 


California tiger salamander, upland FT, CT 60.20 3:1 Mitigation credits or site 
protection instrument 


180.60 0.0 e 


Giant garter snake, aquatic FT, CT 9.65 2:1 Creation and enhancement 19.3 150.54 k 


Giant garter snake, upland FT, CT 71.24 2:1 Creation and enhancement 142.48 189.81 k 


Least Bell’s vireo FE, CE 9.68 2:1 Creation and enhancement 19.36 204.79 


Northwestern pond turtle, aquatic FPT 33.68 1:1 Creation and enhancement 33.68 233.94 


Northwestern pond turtle, upland FPT 116.09 1:1 Creation and enhancement 116.09 456.10 


Valley elderberry longhorn beetle FT 19.47 3:1 or 1:1 l Creation and enhancement 58.41 or 
19.47 


204.79 
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Species – Project Related Effect Status a 


Permanen
t Modeled 
Habitat 
Loss 
(acres 
unless 
noted) b 


Mitigation 
Ratio c 


Compensatory Mitigation 
Type 


Compensat
ory 
Mitigation 
Acreage 
Commitme
nt 


Acres of Habitat 
Estimated to Be 
Created or 
Enhanced at 
Initial 
Mitigation Sites 


d 


Vernal pool fairy shrimp and vernal pool 
tadpole shrimp, direct effects 


VPFS – FT 


VPTS – FE 


0.42 1:1 or 2:1 Conservation bank credits or 
non-bank site 


0.42 or 0.84 0.0 e 


Vernal pool fairy shrimp and vernal pool 
tadpole shrimp, indirect effects 


VPFS – FT 


VPTS – FE 


14.64 2:1 or 3:1 Conservation bank credits or 
non-bank site 


29.28 or 
43.92 


Western yellow-billed cuckoo FT, CE 9.68 2:1 Creation and enhancement 19.36 204.79 


Western spadefoot, aquatic FPT 0.20 3:1 Conservation bank credits or 
non-bank site 


0.60 0.0 e 


Western spadefoot, upland FPT 32.90 1:1 Conservation bank credits or 
non-bank site 


32.90 0.0 e 


Notes: CMP = Compensatory Mitigation Plan; VPFS = vernal pool fairy shrimp; VPTS = vernal pool tadpole shrimp. 
a Protected Status: FE = Federal Endangered, FT = Federal Threatened, FPT = Federal Proposed Threatened, FPE = Federal Proposed Endangered, CE = California 
Endangered, CT = California Threatened, C Rare = California Rare, CC = California Candidate Endangered.  
b Permanent modeled habitat loss includes loss from project construction, operation, and maintenance for all species. For all species with habitat that overlaps with the 
initial mitigation sites, habitat loss is assumed to be temporary and offset by the long-term benefit of habitat creation and enhancement (at the initial mitigation sites). 
c Mitigation ratio for protected, created, and restored habitat to offset permanent habitat loss. Unless noted otherwise, mitigation ratios in the column are consistent with 
the BA (Chapter 5, Effects Analysis for Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale, and Chapter 6, Effects Analysis for Delta Smelt, Longfin 
Smelt, and Terrestrial Species). 
d Habitat acres are habitat acres created or enhanced at initial mitigation sites on Bouldin Island (Mitigation Sites B1 and B2) and at the DWR I-5 ponds (Pond 6 and 
Ponds 7 and 8), from Table 3B-4 in Appendix 3B of the BA.  
e Creation and enhancement on Bouldin Island and at the DWR I-5 ponds, as they are currently described in the CMP (Appendix 3B of the BA), would not create habitat 
for this species.  
f Compensatory mitigation is proposed to offset temporary habitat loss as the affected habitat cannot be restored to pre-project conditions within one year.  


g Tidal habitat restoration extent to mitigate for potential flow-related impacts on longfin and Delta smelt calculated using the method of Kratville (2010), consistent 
with other project efforts. Therefore, mitigation ratios are not applicable for this mitigation approach. 
h The hydrodynamic mitigation acreage upper bound described here is based on preliminary modeling efforts to identify the appropriate extent and location of tidal 
restoration to fully offset potential hydrodynamic effects (e.g., reverse flows at Georgiana Slough) to juvenile migrating salmonids (winter-run and spring-run).  
i The extent to which tidal habitat restoration can mitigate for operational changes identified for both delta and longfin smelt can contribute to the appropriate type and 
degree of hydrodynamic mitigation necessary to address the modeled, project-driven, flow changes (e.g., changes in frequency of Sacramento River reverse flows below 
Georgiana Slough) will be considered here. 
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j The 180.60 acres of grassland, vernal pool complex, and alkali seasonal wetland protection and enhancement for California tiger salamander (as described in 
Attachment 3B.1, Table 3B.1-3, CMP-13: California Tiger Salamander Habitat) would overlap with the Livermore recovery unit and is expected to meet the compensatory 
mitigation commitment for San Joaquin kit fox. 
k Giant garter snake mitigation acres would be created and enhanced at the DWR I-5 ponds. Acres created and enhanced at Bouldin Island would not count as mitigation 
for giant garter snake habitat. The total acres of creation and enhancement for giant garter snake presented in this table are the total acres of giant garter snake aquatic 
habitat (nontidal freshwater emergent wetland, nontidal perennial aquatic, agricultural ditch) and upland habitat (grassland, agricultural, valley/foothill riparian) 
presented in Tables 3B-13 and 3B-14. 
l The maximum compensation commitment assumes impacted habitat is all riparian and therefore a 3:1 mitigation ratio is applied. However, it is likely that impacted 
habitat will be a mix of riparian and non-riparian habitat. In those instances, a 1:1 mitigation ratio will be applied to lost non-riparian habitat consistent with the Valley 
Elderberry Longhorn Beetle Framework (U.S. Fish and Wildlife Service 2017). 
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3B.S.3 Compensatory Mitigation Plan Guide 
As discussed in the previous sections, the CMP was written and organized to support the EIR. 


However, to facilitate agency review of the CMP, all cross-references in this document have been 


updated to the BA chapters and sections. Where relevant, cross-references to the Final EIR are also 


provided.  


The compensatory mitigation design commitments and guidelines are described in Attachment 3B.1, 


Compensatory Mitigation Design Parameters. To help agency staff navigate the CMP in support of 


their review of the BA, Tables 3B.S-2 identifies the location of key information agency staff will need 


to make their determinations.1  


 


 
1 This appendix contains details on CMP-10 through CMP-16, CMP-19, and CMP-21 through CMP-30; however, all 
CMPs (CMP-0 through CMP-30) are described in Attachment 3B.1, Compensatory Mitigation Design Parameters. 
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Table 3B.S-2. CMP Section References Necessary to Support the BA 


Species 


Relevant, Species-
Specific 
Compensatory 
Mitigation Design 
Commitments and 
Guidelines in 
Appendix 3B, 
Attachment 3B.1, 
Table 3B.1-2 Description of Mitigation Action(s) in Appendix 3B of the BA 


AQUATIC 


Delta smelt CMP-23 


CMP-27 


Section 3B.4.3.2.2, Tidal Perennial Aquatic  


Section 3B.4.3.2.3, Tidal Emergent Wetlands 


Longfin smelt CMP-23 


CMP-28 


Section 3B.4.3.2.2, Tidal Perennial Aquatic  


Section 3B.4.3.2.3, Tidal Emergent Wetlands 


Juvenile 
salmonids  


CMP-24 


CMP-25 


CMP-26 


Section 3B.4.3.3, Channel Margin Habitat Mitigation Approach 


Section 3B.4.3.2.2, Tidal Perennial Aquatic 


Section 3B.4.3.2.3, Tidal Emergent Wetlands 


Green sturgeon CMP-24 Section 3B.4.3.3, Channel Margin Habitat Mitigation Approach 


TERRESTRIAL 


California red-
legged frog 


CMP-14 Section 3B.4.2.1, Mitigation Credits from Approved Banks  


California tiger 
salamander 


CMP-13 Section 3B.4.2.1, Mitigation Credits from Approved Banks 


Giant garter 
snake 


CMP-15 Section 3B.4.1.4, DWR I-5 Ponds  


Least Bell’s 
vireo 


CMP-21 Section 3B.4.1.3, Bouldin Island Mitigation Sites 


Northwestern 
pond turtle 


CMP-30 Section 3B.4.1.3, Bouldin Island Mitigation Sites 


Section 3B.4.1.4, DWR I-5 Ponds 


Valley 
elderberry 
longhorn beetle 


CMP-12 Section 3B.4.1.3, Bouldin Island Mitigation Sites 


Vernal pool 
branchiopods 


CMP-11 Section 3B.4.2.1, Mitigation Credits from Approved Banks  
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Species 


Relevant, Species-
Specific 
Compensatory 
Mitigation Design 
Commitments and 
Guidelines in 
Appendix 3B, 
Attachment 3B.1, 
Table 3B.1-2 Description of Mitigation Action(s) in Appendix 3B of the BA 


Western yellow-
billed cuckoo 


CMP-16 Section 3B.4.1.3, Bouldin Island Mitigation Sites 


Western 
spadefoot 


CMP-31 Section 3B.4.2.1, Mitigation Credits from Approved Banks  


BA = Biological Assessment; CMP = Compensatory Mitigation Plan; DWR = California Department of Water Resources; I- = Interstate.
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3B.S.4 Species-Specific Monitoring and Performance 
Standards on Compensatory Lands 


The CMP includes a description of the long-term maintenance and management plans, site 


protection instruments, and adaptive management programs that would be implemented on all non-


mitigation bank compensatory lands in Sections 3B.6.3, Long-Term Maintenance and Management, 


and 3B.6.4, Adaptive Management, respectively, in the BA. In support of these programs, lands 


created, restored, or protected as part of the CMP would be monitored and that monitoring data 


would be evaluated against performance standards as described in Sections 3B.6.4 and 3B.7, 


Performance Standards and Monitoring, respectively. These site-specific maintenance, monitoring, 


and adaptive management plans would be developed and submitted to the relevant wildlife agency 


for review after acquisition of compensatory lands but before creation, enhancement, or 


management activities are begun. 


Species-specific design commitments and guidelines for compensatory mitigation lands are 


described in Table 3B.1-2 in Attachment 3B.1 in this appendix. In support of this BA, Table 3B.S-3 


below provides some additional design commitments and guidelines as well as specific monitoring 


actions and performance standards that supplement Section 3B.7. These supplemental details 


regarding performance standards and monitoring are meant to further detail the quality of 


compensation lands and to inform an assessment of take as a result of habitat creation and 


enhancement. As described in Section 3B.7.2, Monitoring, protected and created compensatory 


mitigation sites would be monitored every year for 5 years after initial acquisition/creation and 


then, for most species, every 5 years thereafter.  


The performance standards and monitoring actions are subject to change in the final Long-Term 


Maintenance and Management and Adaptative Management plans that would be submitted to the 


wildlife agencies for each compensatory mitigation site prior to construction. Once the plans have 


been accepted and the site has been constructed, monitoring would take place and annual results 


would be compared against the performance standards. Where monitoring results do not meet the 


performance standards, the Adaptive Management Plan described above would be implemented. 
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Table 3B.S-3. Proposed Effectiveness Monitoring Actions, Additional Design Commitments and Guidelines, and Performance Standards 


Species Monitoring Action 


Design Commitments and Guidelines in Addition to 


those Presented in Table 3B.1-3. Performance Standard 


Least Bell’s Vireo 


recolonization 


habitat 


Habitat assessment Willow riparian forest with a mix of tree size classes 


with the following characteristics: 


⚫ Dense, shrubby understory of mulefat (Baccharis 
salicifolius) and other mesic species with protected 
ground cover 


⚫ Large, intact patches of early successional habitat 
inhabiting low, dense riparian growth along water or 
along dry parts of intermittent streams  


Meets design commitments and guidelines 


described in this table and in Table 3B.1-3. 


Western yellow-


billed cuckoo 


migration habitat 


Habitat assessment ⚫ All valley/foothill riparian forest types within 5 miles 
of riverine habitat 


 


Meets design commitments and guidelines 


described in this table and in Table 3B.1-3. 


California red-legged 


frog aquatic habitat 


Habitat assessment 


Presence/ absence 


surveys 


⚫ Deep, coldwater ponds and stream pools with 
emergent and submergent vegetation, that remain 
inundated for a sufficient length of the season to allow 
metamorphosis (approximately 7 months) 


Successful breeding 


Or 


If ponds unoccupied, meets design commitments 


and guidelines described in this table and in 


Table 3B.1-3. 


California red-legged 


frog upland habitat 


Habitat assessment ⚫ Rodent holes in grassland or oak woodland 
communities 


⚫ Blackberry thickets, leaf litter, logjams and root 
tangles in riparian areas 


⚫ Within 300 feet of suitable aquatic habitat  


Meets design commitments and guidelines 


described in this table and in Table 3B.1-3. 


California tiger 


salamander, aquatic 


habitat 


Habitat assessment 


Presence/ absence 


surveys 


⚫ Vernal and seasonal pools, seasonal and permanent 
stock ponds with sufficient depth and duration of 
inundation to allow successful breeding 


Successful breeding 


Or 


If ponds unoccupied, meets design commitments 


and guidelines described in this table and in 


Table 3B.1-3. 


California tiger 


salamander, upland 


habitat 


Habitat assessment ⚫ Grassland and woodlands with rodent burrows within 
1.24 miles of suitable aquatic habitat 


Meets design commitments and guidelines 


described in this table and in Table 3B.1-3. 
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Species Monitoring Action 


Design Commitments and Guidelines in Addition to 


those Presented in Table 3B.1-3. Performance Standard 


Giant garter snake, 


aquatic habitat 


Habitat assessment No additional design commitments and guidelines 
proposed. 


Meets design commitments and guidelines 


described in this table and in Table 3B.1-3. 


Giant garter snake, 


upland habitat 


Habitat assessment No additional design commitments and guidelines 
proposed. 


Meets design commitments and guidelines 


described in Table 3B.1-3. 


Vernal pool 


branchiopods 


Habitat assessment Vernal pools and alkali seasonal wetland within the 


species’ range. 


Meets design commitments and guidelines 


described in this table and in Table 3B.1-3. 


Delta green ground 


beetle 


Habitat assessment Vernal pool complex and grassland within the species’ 
range. 


Meets design commitments and guidelines 


described in this table and in Table 3B.1-3. 


Valley elderberry 


longhorn beetle  


Habitat assessment No additional design commitments and guidelines 
proposed. 


Meets design commitments and guidelines 


described in Table 3B.1-3. 


Vernal pool grasses Habitat assessment Vernal pools with sufficient water depth and duration of 
inundation to allow germination and maturation. 


Meets design commitments and guidelines 


described in this table and in Table 3B.1-2 for 


vernal pool complex. 


Northwestern pond 


turtle 


Habitat assessment 


Presence/ absence 


surveys 


No additional design commitments and guidelines 
proposed. 


Meets design commitments and guidelines 


described in this table and in Table 3B.1-3. 


Western spadefoot Habitat assessment No additional design commitments and guidelines 
proposed. 


Meets design commitments and guidelines 


described in Table 3B.1-3. 
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3B.1 Introduction 
This Compensatory Mitigation Plan for Special-Status Species and Aquatic Resources (CMP) 


identifies compensatory mitigation options to address impacts on habitat for special-status plant 


and wildlife species (including fish) as well as natural communities (including wetlands and 


other waters or “aquatic resources”) that may result from the construction and operation of the 


Delta Conveyance Project (project).2 This CMP has been developed using best scientific information 


to identify the ecological requirements of wetland communities (Final EIR Chapter 13, Terrestrial 


Biological Resources), natural history and habitat requirements of special-status species (Chapter 4, 


Action Area and Environmental Baseline), and ecological restoration practices is germane to the 


Sacramento–San Joaquin Delta (Delta) ecosystem and inclusive of relevant information from 


multiple disciplines (California Department of Water Resources 2023a). 


Specifically, in order to propose feasible mitigation to offset adverse effects to aquatic resources and 


species habitat, the document first identifies several sites that could support habitat creation and 


enhancement actions. From among those sites where habitat creation and enhancement are deemed 


feasible, specific mitigation actions would be implemented to minimize adverse effects to aquatic 


resources and species habitat. This document further explains the methodology used to identify 


those sites and discusses other approaches that may be used to secure appropriate compensatory 


mitigation for the project.  


The compensatory mitigation approach described herein is based on anticipated mitigation needs 


for the proposed action (which is the preferred alternative, Alternative 5, in the EIR) as described in 


Chapter 3, Description of the Proposed Action. The final compensatory habitat mitigation needs for 


the project will be determined once all regulatory permits and approvals are secured. The 


conceptual approaches described herein would contribute to the mitigation of significant impacts of 


project construction, operation, and maintenance on affected resources, including special-status 


species and aquatic resources, as described in BA. Although the mitigation approaches described in 


this appendix (including the mitigation work plan described in Section 3B.4 and Attachment 3B.1) 


are of sufficient detail to meet the requirements of CEQA, National Environmental Protection Act 


(NEPA), and other laws, it is anticipated that additional design and management planning, including 


additional details on performance standards, monitoring methods, and adaptive management 


actions, may be added between the project approval under CEQA and NEPA and project initiation. 


Other mitigation actions, including mitigation/conservation bank credit purchases and habitat 


protection, may also occur during that time. 


The initial sites described herein are proposed to address the compensatory mitigation needs for 


many terrestrial and aquatic resources (Figure 3B-1). However, not all compensatory mitigation 


needs would likely be met through these sites; for those additional needs, mitigation credits from 


approved banks (with service areas that overlap with the location of impact unless otherwise 


approved by the USFWS or NMFS) as well as other approaches are expected to be used, including a 


proposed “Tidal Habitat Mitigation Framework.” The effects of mitigation implementation on 


species are evaluated, to the level of detail available. At this time, siting and design detail is available 


 
2 Although there are many potential compensatory mitigation needs for resources as described in the EIR, this 
document focuses on the needs for special status terrestrial species and aquatic species and for natural 
communities including aquatic resources (including wetlands and other waters of the United States and waters of 
the State). 







CA Department of Water Resources 


 Compensatory Mitigation Plan for Special-Status  
Species and Aquatic Resources 


 


 


Delta Conveyance Project, Biological Assessment  
3B-15 


May 2024 
ICF 103653 


 


for the initial mitigation sites. As siting and design detail becomes available for additional mitigation 


sites, DWR will confer with the applicable regulatory agencies regarding the efficacy of these initial 


site-specific mitigation options as well as the other potential approaches to compensatory 


mitigation described herein.  


Table 3B-1 summarizes the compensatory mitigation approaches that are addressed in this 


document by resource type. In some cases, multiple approaches may be considered for mitigation, 


such as the use of mitigation banks in combination with a tidal wetland restoration approach. 
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Figure 3B-1. Mitigation Site Locations 
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Table 3B-1. Compensatory Mitigation Approaches 


Aquatic Resources and 
Species Habitats Habitat Description 


Initial Mitigation Sites Mitigation  
Credits & Site 


Protection 
Instruments 


Tidal 
Habitat 


Mitigation 
Framework 


Bouldin 
Island 


I-5  
Pond 6 


I-5 
Ponds 
7 & 8 


Aquatic Resources 


Wetlands – – – – – – 


Alkaline wetland – X – – X – 


Forested and scrub shrub 
wetland  


– X – – – – 


Emergent wetland – X – – X X 


Seasonal wetland – X – – – – 


Vernal pool  – – – – – – 


Other Waters  – – – – – 


Agricultural ditch – X – – – – 


Conveyance channel – X – – – – 


Depression (lake/pond) – X – – – – 


Natural channel – X – – – – 


Tidal channel – – – – X X 


Species Habitats 


Special-status plant 
species  


Vernal pool, alkaline 
seasonal wetland, 
emergent wetland, 
perennial aquatic  


X X X X X 


California red-legged frog  Aquatic and upland – – – X – 


California tiger 
salamander  


Aquatic and upland – – – X – 


Fisheries a  Tidal wetland – – – – X 


Fisheries a Channel margin X – – – X 


Giant garter snake  Aquatic (freshwater 
marsh) 


– X X – – 


Giant garter snake Upland (grassland) – X X – – 


Least Bell’s vireo  Recolonization 
(riparian) 


X – – – – 


Valley elderberry longhorn 
beetle 


Riparian X – – – – 


Vernal pool fairy shrimp, 
vernal pool tadpole shrimp  


Vernal pool complex – – – X – 


Western yellow-billed 
cuckoo 


Migration (riparian) X – – – – 


Northwestern pond turtle Aquatic (freshwater 
emergent wetland, 
open water) 


X X X – – 
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Aquatic Resources and 
Species Habitats Habitat Description 


Initial Mitigation Sites Mitigation  
Credits & Site 


Protection 
Instruments 


Tidal 
Habitat 


Mitigation 
Framework 


Bouldin 
Island 


I-5  
Pond 6 


I-5 
Ponds 
7 & 8 


Northwestern pond turtle Upland nesting 
(grassland, riparian, 
agricultural herbaceous 
near aquatic habitat) 


X X X – – 


Western spadefoot Aquatic (Vernal pool 
complex, nontidal 
perennial aquatic) 


   X  


Western spadefoot Upland (grassland, 
alkaline seasonal 
wetland, vernal pool 
complex) 


   X  


I- = Interstate. 
a With reference to the covered fish species, “Fisheries” includes tidal wetland for winter-run and spring-run Chinook 
salmon, delta smelt, and longfin smelt; and channel margin for winter-run and spring-run Chinook salmon.  


 


3B.1.1 Plan Purpose 


The purpose of this CMP is to describe the approaches used to provide compensatory aquatic 


resource and special-status species habitat mitigation for the project, including the associated 


habitat creation and enhancement actions that would be taken. This CMP does not address other, 


non-habitat compensatory mitigation needs, such as replacing the loss of agricultural lands. In 


addition to providing for the compensatory mitigation needs necessary under CEQA, the CMP may 


be used to support several environmental and regulatory compliance efforts for the project, include 


the following. 


1. Fulfilling the joint requirements of the U.S. Army Corps of Engineers (USACE) and U.S. 


Environmental Protection Agency (EPA) under Code of Federal Regulations (CFR) Title 33, Parts 


325 and 332 (Compensatory Mitigation for Losses of Aquatic Resources, or Mitigation Rule).  


2. Fulfilling the requirements of the State Water Resources Control Board’s (State Water Board’s 


2019 State Wetland Definition and Procedures for Discharges of Dredged or Fill Material to 


Waters of the State (State Wetland Procedures, particularly Appendix A, Subpart J 


(Compensatory Mitigation for Losses of Aquatic Resources). 


3. Supporting applications for incidental take under Section 2081 of the California Endangered 


Species Act and consultations under Section 7 of the federal Endangered Species Act (ESA), 


particularly as those consultations relate to the compensatory mitigation needs associated with 


the loss of habitat for listed species as it relates to the potential for incidental take as defined 


under the ESA.  


4. Supporting the process to develop an agreement with the CDFW under Section 1602 of the 


California Fish and Game Code, if needed, particularly as it relates to reasonable measures 


necessary to protect the resource associated with impacts on fish and wildlife resources 


regulated under that section of code.  
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3B.1.2 Parties Responsible for Implementation 


As the CMP is a component of the project, the primary party responsible for implementing it is DWR. 


Other parties that may be involved in implementation of the CMP as the landowner include, but are 


not limited to, the Metropolitan Water District of Southern California (Metropolitan) for the Bouldin 


Island mitigation sites.  


3B.1.3 Document Overview and Organization 


This CMP has been prepared to guide planning for the compensatory mitigation needs of the project. 


It consists of the following sections. 


• Section 3B.1, Introduction, provides an overview of the document purpose and parties 


responsible for implementation. 


• Section 3B.2, Project Impacts, summarizes the aquatic resources and listed species habitat 


potentially impacted by the construction and operation of the project. 


• Section 3B.3, Mitigation Approach, outlines the approach taken for providing compensatory 


mitigation for aquatic resources and special-status species. 


• Section 3B.4, Mitigation Work Plan, describes the initial compensatory mitigation sites and 


other potential compensatory mitigation sites that are under consideration. This section also 


summarizes approaches for providing compensatory mitigation for tidal wetland and channel 


margin habitats, as well as the potential use of mitigation/conservation banks and site 


protection instruments. 


• Section 3B.5, Assurances, describes DWR’s financial commitments associated with 


construction, operation and maintenance of the mitigation sites as well as a summary of the site 


protection instrument. 


• Section 3B.6, Maintenance and Management, discusses short- and long-term management 


actions for the mitigation sites, and adaptive management.  


• Section 3B.7, Performance Standards and Monitoring, discusses performance standards, 


metrics, monitoring and reporting.  


• Section 3B.8, References Cited, provides the full references for the literature and other 


resources cited in this document.  


• Section 3B.9, Description of Figures, provides a text description of the figures shown in this 


document. 


3B.2 Project Impacts 


3B.2.1 Project Overview 


The proposed action consists of the construction, operation, and maintenance of new State Water 


Project (SWP) water diversion and conveyance facilities in the Delta in coordination with the 


existing SWP facilities. The new water conveyance facility would create a new conveyance 


mechanism that would divert water from the north Delta and convey it through a single tunnel 
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directly to a new pumping plant along Byron Highway for conveyance to the Bethany Reservoir on 


an eastern. Operating the new conveyance facilities in conjunction with SWP’s existing south Delta 


export facilities at Clifton Court Forebay would create a dual conveyance system. Please see Chapter 


3, for more details on the project.  


3B.2.1.1 Project Location 


The project is located in the Delta and adjacent regions, an expansive inland river delta and estuary 


in Northern California. Portions of six counties—Alameda, Contra Costa, Sacramento, San Joaquin, 


Solano, and Yolo—make up the Delta (Figure 3B-2). The Delta is formed at the western edge of the 


Central Valley by the confluence of the Sacramento and San Joaquin Rivers and lies just east of 


where the rivers enter Suisun Bay. The watersheds of the Sacramento and San Joaquin Rivers are at 


the core of California’s water system, which conveys water to millions of Californians throughout the 


San Francisco Bay Area (Bay Area), Central Valley, Central Coast, and Southern California.  


The study area, defined as the area in which impacts may occur, primarily comprises the statutory 


Delta, as delineated under the Delta Protection Act (California Water Code [Wat. Code] § 12220) as 


well as a few areas east of this boundary, to capture project infrastructure and areas to the 


southwest of the statutory Delta to include the area around Bethany Reservoir for the proposed 


action (Chapter 3). 
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Figure 3B-2. Watershed Boundaries 


A text description of this figure is provided in 


Section 3B.9, Description of Figures 
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3B.2.1.2 Affected Watersheds 


Figure 3B-2 displays the hydrologic unit codes (HUC) 8 and HUC 10 watersheds that the project 


occurs within. This includes watersheds associated with the Sacramento and San Joaquin Rivers. As 


indicated in the figure, the proposed mitigation sites are located within the same watersheds as 


where impacts would occur under multiple project alternatives. 


Basin Plan Considerations 


As stated in the Delta Conveyance Project Final EIR, beneficial uses of surface waters are designated 


by California’s nine Regional Water Quality Control Boards (RWQCBs) for waters in their 


jurisdictions within their respective water quality control plans (WQCPs). In addition, the State 


Water Board has designated beneficial uses for the statutory Delta in its WQCP for the San Francisco 


Bay/Sacramento–San Joaquin Delta Estuary (Bay-Delta WQCP). The Delta also falls within the 


jurisdictions of the Central Valley and San Francisco Bay RWQCBs, which have designated uses for 


the Delta within their respective WQCPs. More information regarding Basin Plan considerations, 


including beneficial uses, can be found in Appendix 6B, Water Quality.  


3B.2.1.3 Mitigation Measures 


Chapter 3, Section 3.6, Conservation Measures, describes measures to avoid, minimize, or mitigate 


impacts on sensitive resources, including aquatic resources and special-status species habitat. This 


includes siting facilities under each alternative to avoid sensitive resources such as wetlands and 


suitable habitat to the greatest extent feasible. All the mitigation measures in Chapter 3 and related 


appendices would apply during construction of mitigation sites.  


3B.2.2 Impacts on Waters of the United States and State 


The term waters of the United States is an encompassing term for areas that are subject to federal 


regulation under the Clean Water Act (CWA), including Section 404 (Chapter 3, Section 3.1.11.1, U.S. 


Army Corps of Engineers Permits). For purposes of Section 404, waters of the United States are 


categorized as wetlands (i.e., wetlands that meet the definition of waters of the United States) or 


other waters. Wetlands are areas that are inundated or saturated by surface or ground water at a 


frequency and duration sufficient to support, and that under normal circumstances do support, a 


prevalence of vegetation typically adapted for life in saturated soil conditions.  


Other waters of the United States are waterbodies but do not typically display all three of the 


wetland indicators identified above. Linear features and open water habitats that may qualify as 


other waters of the United States were categorized based on tidal influence as nontidal or tidal. 


Nontidal waters include natural channels, depressions, and agricultural ditches. Tidal classifications 


include tidal channel, including major waterways, which was used for conveyance features 


associated with the SWP and CVP. As described in Chapter 13, Section 13.1.4, Wetlands and Other 


Waters of the United States, of the Final EIR, an aquatic resources delineation was conducted via 


aerial imagery interpretation for the study area. All aquatic resources are depicted on Figure 3B-5, 


Figure 3B-8, and Figure 3B-9, which show the existing conditions for each mitigation site (Section 


3B.4).  


In accordance with the Porter-Cologne Water Quality Control Act and the associated State Wetland 


Procedures (State Water Resources Control Board 2019), the State Water Board and the RWQCBs 


also regulate discharges of waste, which includes discharges of dredged and fill material, that may 







CA Department of Water Resources 


 Compensatory Mitigation Plan for Special-Status  
Species and Aquatic Resources 


 


 


Delta Conveyance Project, Biological Assessment  
3B-23 


May 2024 
ICF 103653 


 


affect the quality of waters of the State. Waters of the State include features that are defined as 


wetlands, as well as other waters that meet the definition of waters, including the oceans, lakes, and 


rivers. The wetland definition used by the state encompasses the full range of wetland types 


commonly recognized in California, including some features not considered in the federal definition 


of wetlands.  


To determine effects to these aquatic resources that may result from project construction, a 


geographic information system (GIS) layer of potentially jurisdictional wetlands and other waters 


was intersected with the layer of project footprint surface features for each proposed alternative. 


The resulting polygons identify the areas of potential impacts on potentially jurisdictional waters. 


Acreages of each type of affected wetland or other water were calculated for each alternative and 


are presented in the wetlands and waters impact discussions in Chapter 13 of the Final EIR. Based 


on this assessment, the following aquatic resources would be potentially impacted by the project 


and are therefore addressed within this CMP. 


• Agricultural ditch 


• Alkaline wetland 


• Conveyance channel 


• Depression (lake/pond) 


• Forested and scrub shrub wetland 


• Emergent wetland 


• Natural channel 


• Seasonal wetland 


• Tidal channel 


• Vernal pool 


Because the delineation includes all aquatic resources in the study area, DWR intended that the 


delineation also represents what would be considered waters of the State. Therefore, the analyses 


and conclusions for effects on waters of the United States in Chapter 13 of the Final EIR also apply to 


waters of the State. 


3B.2.3 Impacts on Special-Status Species 


For the purposes of the BA (Chapter 1, Table 1-6.1), special-status species are species that are 


legally protected or otherwise considered sensitive by federal, state, or local resource agencies. 


Detailed information on the species habitat requirements, distribution, and occurrences within the 


study area is presented in Chapter 4, Action Area and Environmental Baseline. Permanent and 


temporary (i.e., generally limited to one construction season) impacts on terrestrial species from 


construction were quantified in GIS by overlaying the project alternative facility footprints on 


conservatively modeled habitat for the species and species occurrences (Appendix 6A, Terrestrial 


Take Analysis Methods). Impacts on aquatic species from construction were analyzed by examining 


location and type of in-water construction activities (Chapter 5, Effects Analysis for Chinook Salmon, 


Central Valley Steelhead, Green Sturgeon, and Killer Whale, and Chapter 6, Effects Analysis for Delta 


Smelt, Longfin Smelt, and Terrestrial Species), while impacts from operations (such as entrainment of 


fish) and maintenance were analyzed by with various qualitative and quantitative analyses (Chapter 
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5 and 6, specifically species-specific sections under Operations and Maintenance Effects). It is 


anticipated that preconstruction field surveys will verify habitat suitability for special-status 


species. Therefore, these preliminary impact estimates may be revised once surveys are completed. 


Because the modeling is conservative, field surveys likely will result in reduced acreages of impacts. 


Agency coordination between permitting and final implementation could also lead to changes to the 


restoration design, location, and construction timing. 


The CMP is designed to define compensatory habitat mitigation for impacts on special-status species 


where compensatory mitigation is proposed as discussed in the BA (Chapters 3 through 6). This 


includes the species and habitats presented in Table 3B-2. 


Table 3B-2. Special-Status Fish and Wildlife Species and Habitats 


Species 
Life Stage/ 
Habitat Function Habitats 


California red-legged frog Aquatic Nontidal perennial aquatic (depression/pond), 
tidal perennial aquatic, tidal and nontidal 
freshwater emergent wetland 


California red-legged frog Upland Grassland, alkaline seasonal wetland, 
valley/foothill riparian 


California tiger salamander Aquatic and upland Vernal pool complex, alkaline seasonal 
wetland, grassland 


Fisheries a Migration/rearing Tidal perennial aquatic, tidal freshwater 
emergent wetland 


Fisheries a Migration/rearing Channel margin/riparian (linear feet) 


Giant garter snake Aquatic Nontidal freshwater and tidal emergent 
wetland (freshwater marsh) nontidal 
perennial aquatic (depression), tidal perennial 
aquatic, agricultural (ditch/drain, rice) 


Giant garter snake Upland Grassland, agricultural (upland herbaceous, 
mixed pasture), valley/foothill riparian 


Least Bell’s vireo Recolonization Valley/foothill riparian  


Valley elderberry longhorn 
beetle 


All Valley/foothill riparian  


Vernal pool fairy shrimp, 
vernal pool tadpole shrimp 


All Vernal pool complex 


Western yellow-billed 
cuckoo 


Migration Valley/foothill riparian (forested) 


Northwestern pond turtle Aquatic Tidal perennial aquatic, nontidal perennial 
aquatic, agricultural ditch, tidal freshwater 
emergent wetland, nontidal freshwater 
perennial emergent wetland, freshwater 
emergent wetland, brackish emergent wetland 


Northwestern pond turtle Upland Grassland, valley foothill riparian, alkaline 
seasonal wetland complex, vernal pool 
complex, agricultural (upland herbaceous) 


Western spadefoot Aquatic Vernal pool complex, nontidal perennial 
aquatic  
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Species 
Life Stage/ 
Habitat Function Habitats 


Western spadefoot Upland Grassland (all types), alkaline seasonal 
wetland complex, vernal pool complex 


a With reference to the covered fish species, “Fisheries” includes tidal wetland for winter-run and spring-run Chinook 
salmon, delta smelt, and longfin smelt; and channel margin for winter-run and spring-run Chinook salmon.  


 


3B.2.4 Mitigation Design Parameters  


Design commitments and guidelines for compensatory mitigation are provided in Attachment 3B.1. 


These design parameters address critical life functions for certain species. These provisions also 


describe a framework to ensure that any habitat conversions associated with site development are 


accounted for so adverse effects related to these conversions are avoided or minimized.  


In addition to these parameters, DWR will request input from California Native American Tribes that 


are traditionally and culturally affiliated with the action area and chose to consult with DWR about 


the project on siting, design, construction, management, and stewardship of compensatory 


mitigation sites. The “good neighbor” policies in the Agriculture and Land Stewardship Framework 


and Strategies (California Department of Water Resources 2018:8, 31–39) would also be 


implemented, which includes the creation of buffer zones between habitat preserves and farmland, 


which would help to reduce or eliminate exposure to pests and diseases on neighboring lands, 


prevent overspray of chemicals onto habitat lands, and assist with a successful transition between 


different land uses.  


3B.3 Mitigation Approach 
This CMP outlines three primary approaches in providing compensatory mitigation to mitigate 


impacts associated with the construction and operation of the project alternatives. The first 


approach is to develop and implement several initial mitigation actions at specific sites that would 


provide compensatory mitigation for many of the affected special-status species habitats and 


aquatic resources. The second approach is to use existing or proposed mitigation banks to secure 


credits for certain types of habitats and natural communities, including vernal pools and alkaline 


seasonal wetlands, as well as species habitat such as California tiger salamander (Ambystoma 


californiense) and California red-legged frog (Rana draytonii). This second approach also includes 


the potential use of site protection instruments, such as conservation easements, to protect or 


enhance existing land uses such as agriculture. Agricultural land features such as levees, canals, and 


ditches, when protected and managed in perpetuity, can provide basking and foraging habitat 


function for species such as giant garter snake or northwestern pond turtle. The third approach, a 


combination of these, is to propose a mitigation framework under which future compensatory 


mitigation actions may be delivered for tidal freshwater perennial aquatic (tidal channel), tidal 


freshwater emergent wetland, and channel margin communities. Each of these approaches is 


described in greater detail in Section 3B.4.  
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3B.3.1 Applicable Policies and Guidance Documents 


The selection of potential mitigation sites described in this document was informed by the 


mitigation policies and guidance documents from several resource agencies, including the following.  


• USACE and EPA’s joint requirements under 33 CFR Parts 325 and 332 (Compensatory Mitigation 


for Losses of Aquatic Resources, or Mitigation Rule)  


• The State Water Board’s State Wetland Procedures, particularly Appendix A, Subpart J 


(Compensatory Mitigation for Losses of Aquatic Resources) (State Water Resources Control 


Board 2019:25–42) 


• U.S. Fish and Wildlife Service (USFWS) Mitigation Policy and Endangered Species Act 


Compensatory Mitigation Policy (2023a, 2023b)  


In addition to these general guidance documents and policies, several additional resources such as 


the Delta Plan (Delta Stewardship Council 2013) were reviewed to guide site selection and design 


criteria for special-status species presented in Attachment 3B-1. 


3B.3.2 Approach to Aquatic Resources Mitigation 


3B.3.2.1 Hierarchal Approach  


For aquatic resources, including mitigation for impacts on waters of the United States and State, the 


approach to compensatory mitigation considered the requirements of 33 CFR Section 332.3(b), 


including the hierarchal order when considering compensatory mitigation options, as follows: (1) 


Mitigation bank credits; (2) In-lieu fee program credits; (3) Permittee-responsible mitigation under 


a watershed approach; (4) Permittee-responsible mitigation through on-site and in-kind mitigation; 


and (5) Permittee-responsible mitigation through off-site and/or out-of-kind mitigation. Note, 


however, that the last option, off-site and/or out-of-kind mitigation, is not part of the compensatory 


mitigation plan for the proposed action. 


When considering these options, credit or site availability was often a controlling factor. For 


example, where the compensatory mitigation need for an aquatic resource type (e.g., vernal pools) 


was expected to be relatively small and mitigation banks with agency-approved service areas 


(typically based on watersheds and eco-regions for aquatic resources) covering the impact footprint 


that are known to have available credits for the aquatic resource type to be affected, option 1 was 


selected. However, in many circumstances, the compensatory mitigation needs of the project are 


such that mitigation banks or in-lieu fee programs are not an option due to lack of credit availability 


based on the number of credits that are potentially needed. In these cases, and as noted in 33 CFR 


Section 332.3(b)(4), compensatory mitigation may then be provided through option 3, permittee-


responsible mitigation under a watershed approach. Therefore, compensatory mitigation for aquatic 


resources would be provided in accordance with the procedures set forth in 33 CFR Section 


332.3(b) and would be provided for through either mitigation bank credits or permittee-responsible 


mitigation under a watershed approach. 


3B.3.2.2 Watershed Approach 


A watershed approach was used to avoid a net loss in the overall abundance, diversity, and 


condition of aquatic resources within the watershed profile. Because compensatory mitigation for 
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aquatic resources would be typically located within the same watersheds as where project impacts 


would occur, no net loss is anticipated on a watershed basis. Per the State Wetland Procedures, “[i]f 


the compensatory mitigation and project impacts are located in multiple watersheds, no net loss will be 


determined considering all affected watersheds collectively” (State Water Resources Control Board 


2019:8). Figure 3B-1 shows the location of proposed mitigation sites for several aquatic resources. 


Figure 3B-2 shows the location of these sites in relation to local watersheds and project alternatives.  


3B.3.2.3 Emergent Wetland, Seasonal Wetlands, Valley/Foothill Riparian, 
and Other Nontidal Waters  


Compensatory mitigation for these aquatic resources would be located on Bouldin Island at 


Mitigation Site B1 (detailed in Section 3B.4.1.3, Bouldin Island Mitigation Sites) (Figure 3B-1). This 


site includes areas that already exhibit wetland characteristics due to a high groundwater table, 


seepage, site elevation, and drainage patterns, as explained further in Section 3B.4.1.3. In addition, 


peat soils are prevalent at the site, providing a suitable combination of surface and subsurface 


hydrology as well as hydric soils. Lastly, the majority of project impacts on these aquatic resource 


types occur in similar ecological conditions to those found at Bouldin Island; namely, remnant 


wetlands and man-made channels found adjacent to existing agricultural fields. 


The design approach to Mitigation Site B1 was to develop an analog of a remnant oxbow of the 


Mokelumne River near the junction of the San Joaquin River, including open water, valley riparian 


habitat (including scrub-shrub and forested), freshwater emergent wetland, and seasonal wetlands. 


This mix of wetland habitats once dominated the Delta (Whipple et al. 2012:xx–xxiii), and the re-


creation of these aquatic resources at the mitigation site would result in compensatory mitigation 


that has a higher number of functions and services than the affected resources.  


3B.3.2.4 Vernal Pools and Alkaline Wetlands  


Compensatory mitigation for impacts on vernal pools and alkali seasonal wetlands would be 


provided through purchasing wetland creation credits at an approved mitigation bank. Several 


existing and proposed mitigation banks have available or soon-to-be-available credits with service 


areas that encompass the project. In the instance that bank credits are not available, a non-bank site 


approved by the relevant regulatory agencies supporting the necessary habitat would be used as 


mitigation. 


3B.3.2.5 Tidal Wetlands and Waters 


Compensatory mitigation for tidal emergent wetlands and tidal channel would be provided by the 


proposed Tidal Habitat Mitigation Framework (Section 3B.4.3, Tidal Habitat Mitigation Framework). 


A secondary option that may be used is to purchase wetland creation credits at an approved 


mitigation bank. Several existing and proposed mitigation banks have available or soon-to-be-


available credits with service areas that encompass the project’s impacts on this habitat type.  


3B.3.3 Approach to Special-Status Species Mitigation 


The general approach to identifying suitable mitigation sites and developing conceptual restoration 


plans for special-status species included reviewing life history information for affected species, with 


a specific emphasis on federally listed and state-listed species. Design parameters were also 


considered in the siting and design of compensatory mitigation (Attachment 3B.1). In addition, 
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recovery plans, mitigation plans, and conservation guidance documents were reviewed, include the 


following.  


• Recovery Plan for the Giant Garter Snake (Thamnophis gigas) (U.S. Fish and Wildlife Service 


2017a:II-1–II-11) 


• Framework for Assessing Impacts to the Valley Elderberry Longhorn Beetle (Desmocerus 


californicus dimorphus) (U.S. Fish and Wildlife Service 2017b) 


• Recovery Plan for the California Red-legged Frog (Rana aurora draytonii) (U.S. Fish and Wildlife 


Service 2002:12–16) 


• Recovery Plan for Vernal Pool Ecosystems of California and Southern Oregon (U.S. Fish and 


Wildlife Service 2005) 


• Recovery Plan for the Central California Distinct Population Segment of the California Tiger 


Salamander (Ambystoma californiense) (U.S. Fish and Wildlife Service 2017c:II-3–II-6) 


• Recovery Plan for the Evolutionarily Significant Units of Sacramento River Winter-run Chinook 


Salmon and Central Valley Spring-run Chinook Salmon and the DPS of California Central Valley 


Steelhead (National Marine Fisheries Service 2014:128–142) 


• Final Recovery Plan for the Southern Distinct Population Segment of North American Green 


Sturgeon (Acipenser medirostris) (National Marine Fisheries Service 2018:12–13, 18) 


• Sacramento–San Joaquin Delta Native Fishes Recovery Plan (U.S. Fish and Wildlife Service 


1995:27–29, 48–49)  


• Species status assessment report for the northwestern pond turtle (Actinemys marmorata) and 


southwestern pond turtle (Actinemys pallida), Version 1.1, April 2023 (U.S. Fish and Wildlife 


Service 2023). 


• Western Pond Turtle Range-wide Management Strategy (Western Pond Turtle Range-wide 


Conservation Coalition 2020:15–20) 


The mitigation needs for special-status species may be addressed through the creation or 


enhancement of natural communities so they may provide suitable conditions for various life 


functions of the species. Often, these communities can provide benefits for more than one species. 


For example, freshwater marsh habitat hydrologically connected or adjacent to open water can 


provide suitable aquatic habitat for giant garter snake (Thamnophis gigas) while also providing 


suitable foraging and basking habitat for northwestern pond turtle (Actinemys marmorata). This 


correlation makes it possible to provide compensatory habitat for more than one species at a 


particular mitigation site.  


The final designs for targeted habitats will be informed by species-specific parameters. This includes 


design parameters that target key life cycle needs for the targeted species, such as water (including 


water quality), cover, and foraging habitat. It also includes parameters that enhance the long-term 


resiliency of the created habitat, such as buffer distances, consideration of predators, and 


hydrological factors. Lastly, other design parameters consider landscape and movement/migration 


dynamics to ensure species can both access the created habitat as well as disperse to adjacent 


suitable habitat. Measures that specifically address design goals for species are highlighted in 


Attachment 3B.1. 
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Mitigation sites will be designed, managed, and maintained to support multiple special-status 


species and will incorporate species-specific habitat requirements such as structural complexity and 


patch size. See Appendix 13B, Species Accounts, of the Final EIR for detailed habitat requirements 


special-status species. For example, the enhancement and management of grasslands will focus on 


maintaining a mosaic of grassland alliances and vegetation heights to increase biological and 


structural diversity for targeted species (Fuhlendorf and Engle 2001). Structural heterogeneity of 


riparian vegetation will be maintained and enhanced and structural complexity—including 


understory (low shrubs), midstory (large shrubs and small trees), and overstory (upper canopy 


formed from large trees)—will be maintained to provide habitat requirements for a diversity of 


targeted wildlife species. 


3B.3.3.1 Freshwater Marsh and Riparian Terrestrial Species 


The Interstate (I-) 5 pond mitigation sites were selected as the primary location for developing 


compensatory mitigation for species dependent on freshwater marsh and associated uplands, 


including giant garter snake. The sites are located within the White Slough Management Unit of the 


Delta Basin Recovery Unit for giant garter snake (U.S. Fish and Wildlife Service 2017a:II-10–II-11) 


and would extend connectivity between occupied sites at Stone Lakes National Wildlife Refuge and 


the CDFW Woodbridge Ecological Reserve further south with the creation of protected suitable 


habitat (Pond 6 is located approximately 0.7 mile southeast and Ponds 7 and 8 are located 


approximately 2 miles south of Woodbridge). The location also has suitable elevations, water 


supply, and access. These mitigation sites would also provide suitable aquatic foraging and basking 


habitat for northwestern pond turtle. Upland adjacent to these sites could also provide breeding 


habitat for northwestern pond turtle. 


Significant impacts on riparian-dependent species, including valley elderberry longhorn beetle 


(Desmocerus californicus dimorphus), least Bell’s vireo (Vireo bellii pusillus), and western yellow-


billed cuckoo (Coccyzus americanus occidentalis), would be mitigated by the creation of habitat at 


Bouldin Island Mitigation Sites B1 and B2.  


3B.3.3.2 Grassland Species and Agricultural Lands  


Bouldin Island Mitigation Site B3 would provide suitable mitigation for grassland species. Grassland 


adjacent to suitable aquatic habitat could also provide suitable upland habitat for northwestern 


pond turtle and giant garter snake. 


Additional acres of grassland mitigation could also occur at sites disturbed by the project and no 


longer needed following construction completion, including at the proposed intake sites, Twin Cities 


Complex, Lower Roberts Island, and the Bethany Complex.  


In addition, as described in more detail below, site protection instruments may also be used to 


protect and enhance agricultural and other lands that provide suitable habitat for other nonfederal 


listed species. 


3B.3.3.3 Vernal Pool Species, California Tiger Salamander, and California 
Red-legged Frog 


For species associated with the vernal pool complexes and alkali wetland habitats, as well as 


perennial pond features and grasslands in the south Delta, compensatory mitigation would be 


provided in the form of species conservation credits at a USFWS- and CDFW-approved 
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mitigation/conservation bank. This includes mitigation credits for vernal pool invertebrates, 


California tiger salamander, and California red-legged frog. Several existing and proposed mitigation 


banks have available or soon-to-be-available credits with service areas that encompass the project. 


Credits for California tiger salamander will be prioritized in the Concord/Livermore Recovery Unit, 


if possible. Mitigation bank credits purchased for these species would also provide suitable aquatic 


and upland habitat for western spadefoot. Creation and enhancement of vernal pool complexes and 


alkali wetland habitats would likely provide seasonal aquatic habitat for northwestern pond turtle 


and western spadefoot. 


3B.3.3.4 Fisheries  


Compensatory mitigation for fisheries, including salmonids, delta smelt (Hypomesus transpacificus), 


longfin smelt (Spirinchus thaleichthys), and green sturgeon (Acipenser medirostris), would be 


provided through the Tidal Habitat Mitigation Framework (Section 3B.4.3), which includes the 


development of tidal wetland mitigation sites and channel margin habitat. These sites would be 


constructed ahead of project impacts on these habitat types.  


3B.4 Mitigation Work Plan 
Three general types of mitigation proposed under this CMP: initial mitigation sites, mitigation 


credits and site protection instruments, and tidal habitat. Each of these types are described in the 


following sections of the same names.  


3B.4.1 Initial Mitigation Sites 


3B.4.1.1 Purpose 


The purpose of the initial compensatory mitigation actions are to partially offset impacts on federal 


and state wetlands and a subset of terrestrial species. The initial mitigation projects will create and 


enhance freshwater emergent wetland, riparian, and seasonal wetland natural community types, 


among others. These mitigation sites will also create and enhance compensatory habitat for several 


special-status species including giant garter snake, valley elderberry longhorn beetle, least Bell’s 


vireo, and northwestern pond turtle. For the giant garter snake, northwestern pond turtle, and 


valley elderberry longhorn beetle, initial mitigation sites will meet mitigation needs for the species. 


For a full list of mitigation acreage requirements see Table 3B-S.1. 


The initial mitigation sites are focused on lands owned by DWR (I-5 Ponds 6, 7 and 8) or partners 


(Bouldin Island). This approach allows compensatory mitigation for many resources to be quickly 


advanced following final designs and receipt of permits and approvals, thereby in many cases 


allowing for the establishment of created and enhanced habitats ahead of impacts.  


The net gain in habitat, once changes from existing land cover are accounted for, are summarized for 


wetlands and other waters in Table 3B-3. As noted previously, mitigation sites on Bouldin Island 


(specifically Mitigation Sites B-1 and B-2) would be designed to provide compensatory mitigation 


for aquatic resources impacts. The mitigation acres provided below (Table 3B-3) include habitat 


creation for species (Table 3B-4), hence the additional acreage shown for some habitat types that far 


exceed the anticipated compensatory mitigation needs for federal and state wetlands 


(e.g., freshwater emergent wetland). Compensatory mitigation for special-status species, which 
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would be constructed at all the proposed mitigation sites, is summarized in Table 3B-4. Site 


protection instruments, including conservation easements, may also be implemented at or near the 


sites. 


The detailed restoration design work and management planning, which will include fully detailing 


performance standards, monitoring methods, and adaptive management actions, will occur between 


the project permitting phase and project completion. Other mitigation actions, including bank credit 


purchases and habitat protection, will also occur between permitting and project construction 


completion. To inform the mitigation planning process between permit issuance and mitigation land 


construction or preservation, DWR will prepare Draft and Final Habitat Mitigation Plans for affected 


species and wetlands. Compensatory mitigation would be secured in phases in accordance with the 


progress of construction. 


Table 3B-3. Summary of Compensatory Mitigation for Wetlands and Other Waters Created at 
Bouldin Island Mitigation Sites B1 and B2 (acres) 


Aquatic Resources Created (Loss) (Acres) a 


Wetlands 


Alkaline seasonal wetland 0 


Nontidal freshwater emergent wetland 49.87 


Valley/foothill riparian (forested and scrub-shrub) b 193.94 


Seasonal wetland 92.22 


Tidal freshwater emergent wetland 0 


Vernal pool 0 


Total wetlands  336.03 


Other Waters 


Agricultural ditch (13.32) 


Conveyance channel 0 


Depression (lake/pond) 10.29 


Natural channel 0 


Tidal channel 0 


Total other waters (3.03) 


Total all aquatic resources (net gain)     333.00 
a Land cover types with a negative value reflect conversion to another type of wetland and other waters (not to 
uplands). Acreage subject to rounding. 
b Valley/foothill riparian, as a natural community, could include a subset of jurisdictional waters, namely forested 
and scrub-shrub wetland.  
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Table 3B-4. Summary of Special-Status Species Habitat That Will Be Created or Enhanced with Full Implementation of the Initial Mitigation 
Sites (acres) a 


Species  
(Life 
requirement) Land Cover Types 


Created at 
Initial 
Sites? 


Total Habitat Created or Enhanced (acres) b 


B1 B2 B3 
I-5 Pond 


6 


I-5 
Ponds 


7/8 


Total by 
Land 
Cover 


Total by 
Species 
Habitat 


Type 


California red-
legged frog 
(aquatic) 


Nontidal perennial aquatic (depression), tidal 
perennial aquatic, nontidal freshwater 
emergent wetland, tidal freshwater emergent 
wetland 


N/A – – – – – 0 0 


California red-
legged frog 
(upland) 


Grassland, valley/foothill riparian, Alkaline 
seasonal wetland 


N/A – – – – – 0 0 


California tiger 
salamander 
(aquatic) 


Vernal pool complex N/A – – – – – 0 0 


California tiger 
salamander 
(upland) 


Grassland, vernal pool complex, Alkaline 
seasonal wetland 


N/A – – – – – 0 0 


Fisheries  Tidal emergent wetland  N/A – – – – – 0 0 


Fisheries  Channel margin/riparian (linear feet) c N/A Up to 4,900 
linear feet d 


– – – 0 0 


Giant garter snake 
(aquatic) e  


Nontidal freshwater emergent wetland I-5 Ponds – – – 40.68 59 99.68 150.54 


Nontidal perennial aquatic (depression) – – – 14.23 30.55 44.78 


Tidal freshwater emergent wetland – – – 0 0 0 


Tidal perennial aquatic – – – 0.8 0 0.80 


Agricultural ditch/ drain – – – 3.32 1.96 5.28 


Giant garter snake 
(upland) d 


Agricultural  I-5 Ponds – – – 0.55 0 0.55 189.81 


Grassland  – – – 114.14 67.78 181. 92 


Valley/foothill riparian – – – 5.38 1.96 7.34 


Least Bell’s vireo b   Valley/foothill riparian Bouldin, I-5 
Ponds 


103.1
5 


94.3 0 5.38 1.96 204.79 204.79 


Northwestern 
pond turtle 


Nontidal freshwater emergent wetland Bouldin, 


I-5 Ponds 


72.39 0 0 40.68 59 172.07 233.94 


Nontidal perennial aquatic (depression) 10.29 0 – 14.23 30.55 55.07 







CA Department of Water Resources 


 


Compensatory Mitigation Plan for Special-Status Species and Aquatic Resources 
 


 


Delta Conveyance Project, Biological Assessment  
3B-33 


May 2024 
ICF 103653 


 


Species  
(Life 
requirement) Land Cover Types 


Created at 
Initial 
Sites? 


Total Habitat Created or Enhanced (acres) b 


B1 B2 B3 
I-5 Pond 


6 


I-5 
Ponds 


7/8 


Total by 
Land 
Cover 


Total by 
Species 
Habitat 


Type 


(aquatic) Tidal freshwater emergent wetland 0 0 – 0 0 0 


Tidal perennial aquatic 0 0 – 0.8 0 0.80 


Agricultural ditch/ drain 0.72 0 – 3.32 1.96 6.00 


Northwestern 
pond turtle 
(upland) 


Agricultural  Bouldin, I-5 
Ponds 


0 0 – 0.55 0 0.55 456.10 


Grassland  68.84 0 – 114.14 67.78 250.76 


Valley/foothill riparian 103.1
5 


94.3 - 5.38 1.96 204.79 


 Vernal pool complex, alkaline seasonal 
wetland, other seasonal wetland 


N/A – – – – – 0  


Valley elderberry 
longhorn beetle 


Valley/foothill riparian Bouldin, I-5 
Ponds 


103.1
5 


94.3 0 5.38 1.96 204.79 204.79 


Vernal pool fairy 
shrimp/ tadpole 
shrimp (Direct 
effect) 


Vernal pool complex N/A – – – – – 0 0 


Vernal pool fairy 
shrimp/ tadpole 
shrimp (Direct & 
indirect effect) 


Vernal pool complex N/A – – – – – 0 0 


Western yellow-
billed cuckoo 
(migration) 


Valley/foothill riparian Bouldin, I-5 
Ponds 


103.1
5 


94.3 0 5.38 1.96 204.79 204.79 


Western spadefoot 
(aquatic) 


Vernal pool complex, nontidal perennial 
aquatic (depression) 


N/A – – – – – 0 0 


Western spadefoot 
(upland) 


Grassland, alkaline seasonal wetland, vernal 
pool complex 


N/A – – – – – 0 0 


N/A = Suitable habitat not created at site. 
a This table shows the net gain in special-status species habitat with full implementation of the initial mitigation sites. This table does not include habitat that will be 
created, enhanced, or protected under mitigation credits or site protection instruments, as described under Section 3B.4.2, Mitigation Credits and Site Protection 
Instruments, or created as part of the tidal habitat mitigation framework described in Section 3B.4.3, Tidal Habitat Mitigation Framework. For a full list of required 
compensation for all species-status species, see Table 3B-S.1.  
b Acreage subject to rounding. 
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c Rearing and refuge needs for out migrating juvenile salmonids could also be met by tidal wetland and floodplain habitats in addition to channel margin habitat. While 
the creation of channel margin habitat at Bouldin is not currently proposed as an initial mitigation project, it is listed here as a potential future phase (Section 3B.4.3). 
d Bouldin Island is not being designed specifically for the giant garter snake, although Bouldin Island could potentially be used by the species. 
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3B.4.1.2 Natural Communities Targeted at Initial Mitigation Sites 


The initial mitigation sites are designed to compensate for several types of aquatic and upland 


habitats that may be affected by the project. This section provides a general description of the major 


habitat types that were targeted for creation and enhancement at the initial sites. The descriptions 


below are based on the Final EIR (Chapter 13, Section 13.1.2.2, Natural Community Descriptions, and 


Section 13.1.4). Types used in the wetland delineation are shown in parentheses, where applicable. 


Aquatic Resources 


Valley/Foothill Riparian (Forested and Scrub-Shrub) 


Riparian habitats are plant communities that support woody vegetation. Scrub-shrub wetlands 


within the study area are dominated by woody vegetation less than 20 feet tall, often forming dense 


thickets. Shrubs include sandbar willow (Salix exigua), Himalayan blackberry (Rubus armeniacus), 


red twig dogwood (Cornus sericea [syn. C. alba]) buttonwillow (Cephalanthus occidentalis), and 


California wild rose (Rosa californica). Fremont’s cottonwood (Populus fremontii [syn. P. deltoides]) 


seedlings or saplings may also be present. Herbaceous species are generally lacking or are a minor 


component of the vegetation assemblage, as the canopy cover in scrub-shrub wetlands is high and 


low-growing herbaceous species do not receive sufficient light for survival. 


Forested wetlands are defined by woody vegetation that is 20 feet tall or taller with a tree canopy 


cover equal to or greater than 25%. Riparian trees common in the study area include Goodding’s 


black willow (Salix gooddingii), red willow (S. laevigata), box elder (Acer negundo), Oregon ash 


(Fraxinus latifolia), Fremont’s cottonwood, white alder (Alnus rhombifolia), black walnut (Juglans 


hindsii), and valley oak (Quercus lobata). Forested wetlands generally have a shrub component, 


typically in canopy openings and along the forested edge. The presence of an herbaceous layer is 


variable.  


The valley/foothill riparian natural community usually occurs as long, linear patches separating 


other terrestrial biological communities and agricultural or urban land, or in low-lying, flood-prone 


patches near river bends, canals, or breached levees. Patches of riparian vegetation are also found 


on the interior of leveed Delta islands, along drainage channels and pond margins, and in abandoned 


low-lying fields. 


Riparian habitat provides important food, nesting habitat, cover, and movement corridors. Over 135 


species of California birds such as the willow flycatcher (Empidonax traillii), western yellow-billed 


cuckoo, and red-shouldered hawk (Buteo lineatus) completely depend upon riparian habitats or may 


use them preferentially at a particular stage of their life history. Riparian habitat also provides 


riverbank protection, erosion control, and improved water quality. 


Nontidal Freshwater Emergent Wetland 


Nontidal freshwater emergent wetlands, including freshwater marshes, are perennial wetlands 


frequently or continually inundated with water, and dominated by herbaceous emergent plants such 


as California tule (Schoenoplectus californicus), hard-stem tule (S. acutus), narrow-leaf cattail (Typha 


angustifolia), broad-leaf cattail (T. latifolia), and floating water primrose (Ludwigia peploides). 


Shallow emergent wetlands (water less than 3 feet deep) are dominated by thick, tall, highly 


productive stands of tules and cattails. The higher elevation edges of freshwater marsh gradients 


may be characterized by abrupt transitions to terrestrial vegetation, or they may transition into 
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vegetation of alkali seasonal wetlands, riparian woodland, or riparian scrub. These perennial 


wetlands are among the most productive habitats for wildlife. Covered wildlife species that depend 


on nontidal freshwater marsh include giant garter snake and northwestern pond turtle (Actinemys 


marmorata). 


Proposed freshwater marshes would maximize localized topography and hydrology to limit the 


amount of grading. Freshwater marsh habitat would be interwoven with seasonal wetlands, 


riparian, and grassland habitats as conditions allow. 


Seasonal Wetland  


Seasonal wetlands are areas that may only be saturated or hold water from late fall to late spring. In 


the Central Valley and Delta, seasonal inundation events are typically associated with winter storms 


or Sierra snowmelt. The hydrology of these features is driven by winter storm events or when 


increased flows raise the water table to an elevation sufficient to wet the area. By midsummer, most 


seasonal wetlands are dry or moist. Numerous seasonal wetlands were mapped in active 


agricultural fields in the Delta. Although groundwater levels are controlled on many Delta islands, 


including Bouldin, using a system of pumps and drainage ditches to maintain water levels on the 


subsided islands, a high water table persists in some areas. 


At the landscape level, most seasonal wetlands are less than an acre (or even a half-acre) in size. 


Vegetation tends to be dominated by hydrophytic grasses, sedges (Carex spp.), or rushes (Juncus spp.). 


Seasonal wetlands provide an important food source for migratory birds, waterfowl, breeding and 


feeding areas for amphibians and reptiles, and critical winter food supplies for birds and mammals 


that may be present.  


Depression (Lake/Pond) 


Depressions are nontidal open-water features that are permanently or seasonally inundated, with 


little to no rooted vegetation on an unconsolidated or mud bottom. At the mitigation sites, these 


features may be artificially created as a result of borrow material excavations, agricultural activities, 


or for stormwater detention, or may result from a high water table. Depressions are generally less 


than 20 acres in size and have a water depth of less than 6 feet. These waterbodies are often created 


by excavation and are diked or otherwise artificially impounded. 


Depressions may be colonized by floating plant species such as common duckweed (Lemna minor), 


mosquito fern (Azolla spp.), or water hyacinth (Eichhornia crassipes), but generally lack rooted 


vegetation except on depression margins. Waterfowl in particular use this habitat type for foraging 


and rest. 


Upland Communities 


Grasslands 


The grassland natural community is dominated by introduced or native annual and perennial 


grasses and herbaceous forbs. Native perennial grasses are generally found only in areas that have 


not been converted to agricultural uses. Native grasslands support over 300 species of native 


grasses and about 40% of California’s total native plant species. Grasslands provide important 


breeding and foraging habitat for many species of wildlife, including covered wildlife species such as 


giant garter snake. Grasslands adjacent to suitable aquatic habitat can also support breeding and 


overwintering sites for northwestern pond turtle. 
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3B.4.1.3 Bouldin Island Mitigation Sites 


Site Objectives 


The proposed compensatory mitigation actions to be undertaken on Bouldin Island would create or 


enhance habitat in areas where it could be sustained with little maintenance. The Bouldin Island 


mitigation sites would support multiple habitat types, including freshwater marsh, seasonal 


wetland, riparian, ponds (depressions), and grasslands.  


Three separate mitigation sites are proposed on Bouldin Island: B1, B2, and B3. Sites B1 and B2 


would support the creation and enhancement of extensive wetland habitat and other aquatic 


resources and would provide compensatory mitigation for losses to waters of the U.S. and State. 


They would be designed and managed specifically to fulfill federal and state wetland mitigation 


requirements, while also providing suitable habitat for several special-status species. Mitigation Site 


B3 would support the creation of native perennial grassland habitat.  


Site Selection Criteria and Baseline Conditions 


Site Selection Criteria 


Bouldin Island was selected because it is located within the same watersheds where impacts would 


occur and because existing soils and hydrology provide ideal conditions for the establishment of 


wetland habitats. Bouldin Island is owned by Metropolitan, who was coordinated with in selecting 


the sites and developing the habitat restoration concepts. Therefore, construction activities to 


enhance and create aquatic resources could begin shortly after project approval once an agreement 


between Metropolitan and DWR for the mitigation sites is finalized. The existing land cover, 


hydrology (high water table), and soils (hydric soils) would facilitate creation and enhancement of 


wetland habitats. Habitat creation and enhancement would result in the establishment of 


sustainable aquatic resources, while also benefitting species such as western yellow-billed cuckoo, 


least Bell’s vireo, northwestern pond turtle, and valley elderberry longhorn beetle. It was also noted 


that areas that have become too wet to farm over the years have reverted in many cases to wetland 


habitat (primarily riparian and seasonal wetland), as observed in several areas within Mitigation 


Sites B1 and B2 (see Figure 3B-3 and Figure 3B-4).  


Property Location and Description 


Bouldin Island is an approximately 5,900-acre island that is bounded to the north by the South 


Mokelumne River, to the east by Little Potato Slough, to the south by Potato Slough, and to the west 


by the Mokelumne and San Joaquin Rivers (Figure 3B-5) (portions of APNs 069-030-360-000, 069-


030-370-000, 069-030-390-000, 069-100-020-000). State Route (SR) 12 crosses the northern part 


of Bouldin Island. A swing bridge over the Mokelumne River on SR 12 connects the northwestern 


part of the island to Andrus Island. Near the northeastern tip of Bouldin Island, a high-level bridge 


on SR 12 spans Little Potato Slough, connecting the island to the small community of Terminous. 


Currently the island consists of roughly 98% farmland with the remaining 2% being wetlands, 


riparian, or open water habitat. Site elevations on Bouldin Island range from -24 feet North 


American Vertical Datum of 1988 (NAVD 88) to 19 feet NAVD 88, with an average elevation 


of -13 feet NAVD 88. Current land use is predominately agricultural, including corn, alfalfa, and row 


crops. The land is leased to farmers for this production, with primary farming activities taking place 


between March and November of each year. Fields are typically flooded in the winter months for soil 


management, weed control, stubble decomposition, and duck hunting. 
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Figure 3B-3. Emergent and Forested Wetland Habitat on Bouldin Island 


 


Figure 3B-4. Emergent, Scrub-Shrub, and Seasonal Wetland Habitat on Bouldin Island 


There are three mitigation sites being proposed for Bouldin Island: B1, B2, and B3 (Figure 3B-5). 


Mitigation Site B1 is located near the northwest corner of the island, just south of SR 12. The site is 


currently dominated by agricultural fields (primarily row crops) as well as seasonal wetlands within 


the farmed fields. Ditches and maintenance roads are also present. It is bounded by the perimeter 


levee to the west, SR 12 to the north, and irrigation ditches to the south and east. Mitigation Site B2 


and Mitigation Site B3 are near the center of the island. Mitigation Site B2 contains a mixture of 


agricultural fields, patches of valley/foothill riparian habitat, and open water (remnants of a borrow 


pit). Mitigation Site B3 includes agricultural fields and roads. 


A text description of this figure is provided in 


Section 3B.9, Description of Figures 


A text description of this figure is provided in 


Section 3B.9, Description of Figures 
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Figure 3B-5. Bouldin Island Existing Conditions 


A text description of this figure is provided in 


Section 3B.9, Description of Figures 
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Soils 


Soils on the sites primarily consist of muck, including Rindge muck, Valdez silt loam, Ryde clay loam, 


and Valdez silt loam (Natural Resources Conservation Service 2021:11). The soils on Bouldin Island 


consist of organic and highly organic mineral soils. All of the soils are hydric. 


Existing Land Cover 


The proposed mitigation sites include agricultural fields, roads, irrigation ditches and canals, borrow 


pits, and several wetland features. Existing aquatic features mapped for the project consist of 


farmed seasonal wetlands, forested and scrub-shrub riparian, perennial depressions (ponds), and 


ditches. Table 3B-5 summarizes the approximate acreages of existing land cover types at Bouldin 


Island, which are also shown in Figure 3B-5.  


Table 3B-5. Bouldin Island Baseline Land Cover (acres) 


Land Cover  


Mitigation Site Remainder 
on Bouldin 


Total for 
Bouldin a  B1 B2 B3 


Agricultural  337.52 42.77 291.13 3,697.28 4,368.70 


Agricultural ditch  8.60 3.51 1.93 95.03 109.06 


Developed b 8.77 12.21 11.86 337.96 370.79 


Grassland 0 7.13 0 446.45 453.58 


Nontidal freshwater emergent 
wetland 


0 22.49 0.03 25.85 48.37 


Seasonal wetland 196.71 3.52 4.37 293.54 498.14 


Tidal channel 0 0 0 18.89 18.89 


Tidal freshwater emergent 
wetland 


0 0 0 2.54 2.54 


Valley/foothill riparian c  0.61 2.67 0.46 93.60 97.34 


Total 552.21 94.30 309.78 5,043.69 5,999.97 
a Acreages to the nearest 0.01, may be subject to rounding. 
b Baseline developed land cover includes project infrastructure. 
c Valley/foothill riparian vegetation community includes potentially jurisdictional wetlands (forested and scrub-
shrub) and other riparian vegetation.  


Potential Waters of the United States and State 


A delineation of potentially jurisdictional wetlands and other waters mapped from aerial imagery 


for Bouldin Island (California Department of Water Resources and GEI Consultants 2020; California 


Department of Water Resources 2020, 2021) is summarized in Table 3B-6. For additional 


information about the methods used to delineate aquatic resources, see the Aquatic Resources 


Delineation Data portion of Chapter 13, Section 13.1.2.1, Land Cover Mapping Methods, of the Final 


EIR. 
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Table 3B-6. Bouldin Island Baseline Potentially Jurisdictional Wetlands and Other Waters (acres) 


Aquatic Resource 


Mitigation Site a  Remainder 
on Bouldin 


Total for 
Bouldin B1 B2 B3 


Wetlands 


Nontidal freshwater emergent wetland  0 22.49 0.03 25.85 48.37 


Forested and scrub/ shrub wetland 0.61 2.48 0.42 24.34 27.85 


Seasonal wetland  196.71 3.52 4.37 293.54 498.14 


Tidal freshwater emergent wetland 0 0 0 2.54 2.54 


Other Waters 


Agricultural ditch 8.60 3.51 1.93 95.02 109.06 


Depression (lake/pond) 0 <0.01 0 32.55 32.55 


Tidal channel  0 0 0 18.52 18.52 


Total 205.92 32.00 6.75 492.36 737.03 


Sources: California Department of Water Resources and GEI Consultants 2020; California Department of Water 
Resources 2020, 2021. 
a Acreages to the nearest 0.01, may be subject to rounding 


Site Design and Development 


Conceptual plans for Mitigation Sites B1, B2, and B3 are shown in Figure 3B-6. Mitigation Site B1 


would include a mosaic of open water, nontidal freshwater emergent wetland, scrub-shrub wetland, 


forested wetland, and seasonal wetland habitats. This habitat complex would be designed to provide 


habitat diversity and complexity to support multiple target species, including western yellow-billed 


cuckoo, least Bell’s vireo, and northwestern pond turtle. Aquatic features would be designed to 


sustain wetland hydrology through considering existing elevations and drainage infrastructure.  


In general, target habitats would be created through grading (at Mitigation Site B1), planting, 


adjusting water management and active maintenance in the establishment period. Habitat creation 


and enhancement at Mitigation Sites B2 and B3 would require minimal, if any, grading. Mitigation 


Site B1 would require more extensive earthwork to create the targeted habitats. The proposed land 


cover (created and enhanced) and the changes to existing conditions that would occur at all of the 


proposed mitigation sites are summarized in Table 3B-7. 
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Figure 3B-6. Bouldin Island Conceptual Design 


A text description of this figure is provided in 


Section 3B.9, Description of Figures 
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Figure 3B-7. Bouldin Island Conceptual Section 


A text description of this figure is provided in 


Section 3B.9, Description of Figures 
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Table 3B-7. Comparison of Bouldin Island Sites B1, B2 and B3 Existing with Total Created or Enhanced Habitat with Full Implementation 
(acres) 


Existing Land Cover Class  Acres a  
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Total 
Post-
Project 
Habitat 


SITE B1 


Agricultural 337.52 0 0 0 68.53 70.20 7.78 119.82 0 0 71.19 -337.52 0 0 


Agricultural Ditch  8.60 0 0.72 0 0 1.15 0.5 4.25 0 0 1.98 -7.88 0 0.72 


Developed 8.77 0 0 0 0.29 0.59 0.06 5.25 0 0 2.58 -8.77 0 0 


Grassland 0 0 0 0 0 0 0 0 0 0 0 0 68.84 68.84 


Nontidal Freshwater 
Emergent Wetland 


0 0 0 0 0 0 0 0 0 0 0 0 72.39 72.39 


Nontidal Perennial Aquatic 
(depression, lake/pond, 
natural channel)  


0 0 0 0 0 0 0 0 0 0 0 0 10.29 10.29 


Other Seasonal Wetlands 196.71 0 0 0 0.02 0.45 1.95 166.89 0 0 27.40 -29.82 129.93 296.82 


Valley/ Foothill Riparian b 0.61 0 0 0 0 0 0 0 0 0 0 -0.61 103.15 103.15 


Site B1 Total 552.21 0 0.72 0 68.84 72.39 10.29  0 0 103.15   552.21 


SITE B2  


Agricultural 42.77 0 0 0 0 0 0 0 0 0 42.77 -42.77 0 0 


Agricultural Ditch  3.51 0 0 0 0 0 0 0 0 0 3.51 -3.51 0 0 


Developed 12.21 0 0 0 0 0 0 0 0 0 12.21 -12.21 0 0 


Grassland 7.13 0 0 0 0 0 0 0 0 0 7.13 -7.13 0 0 


Nontidal Freshwater 
Emergent Wetland 


22.49 0 0 0 0 0 0 0 0 0 22.49 -22.49 0 0 


Nontidal Perennial Aquatic 
(depression, lake/pond, 
natural channel)  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 


Other Seasonal Wetlands 3.52 0 0 0 0 0 0 0 0 0 3.52 -3.52 0 0 
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Existing Land Cover Class  Acres a  


Habitat Created or Enhanced (acres) 
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Post-
Project 
Habitat 


Valley/ Foothill Riparian 2.67 0 0 0 0 0 0 0 0 0 2.67 0 91.63 94.30 


Site B2 Total 94.30 0 0 0 0 0 0 0 0 0 94.30   94.30 


SITE B3 


Agricultural 291.13 0 0 0 291.13 0 0 0 0 0 0 -291.13 0.00 0.00 


Agricultural Ditch  1.93 0 0 0 1.93 0 0 0 0 0 0 -1.93 0.00 0.00 


Developed 11.86 0 0 0 11.86 0 0 0 0 0 0 -11.86 0.00 0.00 


Grassland 0.00 0 0 0  0 0 0 0 0 0 0.00 309.78 309.78 


Nontidal Freshwater 
Emergent Wetland 


0.03 0 0 0 0.03 0 0 0 0 0 0 -0.03 0.00 0.00 


Nontidal Perennial Aquatic 
(depression, lake/pond, 
natural channel)  


0.00 0 0 0 0 0 0 0 0 0 0 0.00 0.00 0.00 


Other Seasonal Wetlands 4.37 0 0 0 4.37 0 0 0 0 0 0 -4.37 0.00 0.00 


Valley/ Foothill Riparian 0.46 0 0 0 0.46 0 0 0 0 0 0 -0.46 0.00 0.00 


Site B3 Total 309.78 0 0 0 309.78 0 0 0 0 0 0   309.78 


a Acreages to the nearest 0.01, may be subject to rounding. 
b Valley/foothill riparian vegetation community includes potentially jurisdictional wetlands (forested and scrub-shrub) and other riparian vegetation.  
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Mitigation Site B1 Design and Development 


The following outlines the general sequence of anticipated construction activities for Mitigation Site 


B1. 


• Weed Control: Herbicide application and/or mowing would begin several seasons before site 


grading commences to remove several crops of nonnative annual grass weed seed from the 


soil’s seed bank. 


• Wildlife Protection: Before commencement of ground-disturbing activities, suitable wildlife 


avoidance and minimization measures (e.g., pond dewatering, exclusion fencing) would be 


implemented to protect wildlife. See Attachment 3B.1 for additional measures to protect wildlife 


during construction. 


• Site Preparation: An on-site staging area would be established that would include construction 


trailer, staging of any delivered materials and equipment refueling area. On-site utilities would 


be protected and/or relocated as needed.  


• Earthmoving: Existing vegetation would be removed (grubbed) prior to grading. Large 


equipment would excavate material and move material to create desired elevations. Soils may 


be temporarily stored on-site in stockpiles. Ditches will be rerouted where necessary to protect 


adjacent farming operations. 


• Planting and Seeding: All disturbed areas would be revegetated with native plants. Plants and 


seeds would be sourced locally to the greatest extent possible. Temporary irrigation equipment 


would be installed for select plantings for the first 3 to 5 years of plant establishment. 


• Access Improvements: Improvements would be needed for access during construction, as well 


as for future site access.  


• Optional Water Control Structures: Improvements such as temporary pumps and piping may 


be installed to connect the habitat creation areas with existing drainage ditches or siphons to 


support target habitats and provide flexibility in future water management. 


Portions of this site would be graded to support target habitats. The natural variability in the land 


surface, existing hydrology, and existing habitat features would be considered in the design to 


limit the amount of earthwork needed. The most significant earthmoving would be associated 


with excavations to create freshwater emergent wetland and depressions (lake/pond). Excess fill 


material would be placed on-site to create suitable elevations to support forested wetland and 


grassland habitat, resulting in a balanced earthwork site. Existing drainages and canals would be 


incorporated into the design to support wetland hydrology and site drainage. A large area of the 


existing farmed seasonal wetlands would not be graded, but rather would be enhanced via plantings 


and long-term management such as weed control. 


Planting palettes would be developed based upon the habitat goals, localized topography, and 


hydrology. Freshwater wetlands would be planted with native sedges, grasses, and emergent plants, 


with the most hydrophytic species placed in the most frequently inundated locations. Forested 


wetland areas would include a mix of overstory and understory species, dominated by Fremont 


cottonwood and willow, to create structural diversity to support yellow-billed cuckoo and least 


Bell’s vireo. Seasonal wetlands (newly created and/or enhanced existing) would be planted with 


grasses, sedges, or rushes. 
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Vegetation, soil and hydrologic components of created aquatic resources would be supported by 


existing soil and groundwater conditions (i.e., peat soils with a high-water table). During the interim 


establishment period, the site may experience additional irrigation in the summer months using 


existing siphons and pumps to pull water from adjacent waterways under existing water rights. This 


water would be provided by Metropolitan through an agreement with DWR. It is anticipated that the 


volume of water needed for the establishment period would not exceed that used for existing 


agricultural practices. Existing intakes would be screened where needed to prevent entrainment of 


protected fish species from Delta waterways. Additional modifications may be made to the drainage 


system adjacent to the site to further support habitat creation goals during the establishment 


period. It is anticipated that agricultural land uses would continue surrounding the site, and that the 


pumping of water on and off the island at large would continue as it has for decades, including 


pumping water onto the island in fall for weed control and off in late winter for planting.  


Based on the existing on-site conditions and site hydrology, including existing elevations, drainage 


patterns, and groundwater conditions, it is anticipated that Mitigation Site B1 will be self-sustaining 


after the establishment period and not reliant on the adjacent irrigation system or other artificial 


hydrology outside of the existing pumping system used for the entire island. As noted in both federal 


and state wetland regulations for creating compensatory mitigation sites, long-term sustainability is 


critical for mitigation site success. In particular, assurances are needed to demonstrate that wetland 


hydrology will be achieved in the long term, especially when that hydrology is supported by pumping 


actions. In this case, Mitigation Site B1 would be constructed in a location that would largely revert to 


wetland habitats absent farming practices based on existing soils, elevation, and hydrology. 


Nevertheless, when considering long-term sustainability for Mitigation Site B1, site maintenance needs 


for the existing drainage systems and siphons will be considered as needed to ensure habitats are 


maintained in perpetuity.  


Once constructed, the mitigation site will be monitored on an annual basis during the establishment 


period (generally 3–5 years) to ensure performance criteria, including wetland hydrology and water 


quality, are being met. Water supply and drainage management practices may be altered at this time 


if monitoring indicates improvements are needed. Most of the water would be retained on-site, 


although during high-flood conditions in winter, some water may be discharged from the wetlands 


to adjacent Delta waterways through existing drains or outfalls. Based on existing groundwater 


conditions, water management is not anticipated. Following the establishment period, long-term 


monitoring would continue to occur on a more infrequent basis (typically once every 5 years).  


Creation of freshwater emergent perennial wetlands, seasonal wetlands, and tidal habitats has the 


potential to impact water quality within the Delta relative to existing conditions (Appendix 6B, 


Water Quality). Mercury methylation occurs under anoxic conditions in sediments, flooded shoreline 


soils, and, to a lesser degree, in the water column. Increased methylmercury is also associated with 


wetting and drying cycles. These new sources of methylmercury could result in higher 


methylmercury concentrations in adjacent Delta waters and uptake into the tissues of fish residing 


within and immediately adjacent to these wetland habitats where elevated levels of methylmercury 


could be created. 


Several factors would minimize the potential impact of the initial Bouldin Island compensatory 


mitigation sites on methylmercury within the Delta. First, the freshwater emergent perennial 


wetlands and seasonal wetlands located on Bouldin Island would not be directly connected 


hydrodynamically with adjacent Delta waters; instead, discharge from the site would be circulated 


through the island’s large ditch drainage system. Second, the source water for these wetlands would 
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be predominantly groundwater, which is expected to have a lower mercury concentration than 


Delta surface water. Third, as part of adaptive management, monitoring of the discharge from the 


wetlands to the existing island drainage system would be conducted and the discharges modified if 


necessary (e.g., to a detention basin), should monitoring results show the wetland discharges to be a 


net exporter of methylmercury to Delta waters. Implementation of AMM-23: Develop and Implement 


a Mercury Management and Monitoring Plan (Appendix 3A, General Avoidance and Minimization 


Measures) would minimize generation of methylmercury in new habitats. Thus, the wetlands to be 


created on Bouldin Island would not contribute to measurable increases in methylmercury 


concentrations in waters and biota of the Delta or make the existing mercury-related CWA Section 


303(d) impairment within the Delta measurably worse. 


Mitigation Sites B2 and B3 Design and Development 


Two additional mitigation sites near the center of Bouldin Island would be restored without 


excavation or grading (Figure 3B-6). Mitigation Site B2 would expand and enhance existing riparian 


vegetation around an existing depression to create a larger patch of forested wetland through 


plantings. Mitigation Site B3 near the center of Bouldin Island would create grasslands through 


vegetation clearing and grubbing, soil preparation/disking, and planting with native grasses (Figure 


3B-8).  


Construction Methods and Equipment 


Wetland grading at Mitigation Site B1 would entail up to approximately 500,000 cubic yards of 


excavation and fill, assuming 10% losses between cut and fill. The material would be placed to 


construct a riparian planting island, seasonal wetlands, and grasslands. Large land-based 


earthmoving equipment like bulldozers, excavators, loaders, dump trucks, water trucks, scrapers 


and compactors would move earth around the sites to meet finish grades. Earthwork volumes are 


approximate and may change as necessary to meet site design requirements in later design phases. 


Nontidal Freshwater Emergent and Seasonal Wetlands 


Earthmoving and targeted active revegetation are the primary activities needed for habitat creation. 


The most significant construction activity would be earthmoving, including excavating existing ground 


to create open water channels and freshwater emergent wetland. Open water channels would be 


excavated to an average depth of 6 feet and freshwater marsh would be excavated to an average depth 


of approximately 3 feet. It is anticipated approximately 400,000 cubic yards of excavation will be 


required for freshwater emergent wetland while no excavation or fill will be required for seasonal 


wetland. 


Valley/Foothill Riparian (Forested and Scrub-Shrub) 


At Mitigation Site B1, forested and scrub shrub wetlands would be created adjacent to newly created 


open water and freshwater emergent wetland habitat. These riparian areas would be raised an 


average of 1 to 2 feet to create suitable elevations to support plantings. Grading would be achieved 


by placing approximately 240,000 cubic yards of fill generated from excavating open water and 


emergent wetlands. At Mitigation Site B2, no excavation or fill would be required for riparian 


wetland enhancements and creation. 


Riparian planting areas at Mitigation Sites B1 and B2 would be disked and planted with native 


materials. Vegetative materials (e.g., cuttings, seed, plugs, container plants) would be transported on 
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the site using trailers pulled by pickup trucks and all-terrain vehicles. A temporary irrigation system 


would be installed to support plant establishment. The riparian areas would be managed during a 3- 


to 5-year establishment period, during which small farm tractors and all-terrain vehicles would be 


used to mow and apply herbicides. 


Depression (Lake/Pond) 


An open water feature (depression) would be created in the southwest portion of Mitigation Site B1 


to provide aquatic habitat and support wetland and riparian habitats. This open water feature 


would be excavated to an average of 6 feet below grade, requiring approximately 100,000 cubic 


yards of excavation. It is assumed that excavated material would be used to support adjacent 


riparian and grassland habitats. Large land-based earthmoving equipment like bulldozers, 


excavators, loaders, dump trucks, water trucks, scrapers and compactors would move earth around 


the sites to meet finish grades. Trucks and other vehicles would transport construction workers and 


equipment to the site. Other lakes and ponds that currently exist on the island and the mature 


riparian habitats surrounding them would be avoided. 


Native Grasslands 


Native grassland habitats would be created along the western and northern edge of the site grading 


limits at Mitigation Site B1. It is assumed that approximately 260,000 cubic yards of material 


generated from on-site excavation will be placed to raise native grassland areas 1 to 3 feet to 


suitable elevations. Native grasslands could also be restored at Mitigation Site B3 existing ground 


and/or spoil from excavation of wetlands and open water features at Site B1. Native grassland areas 


would be disked using a large farm tractor to prepare the soil for seeding. Native grassland habitats 


would be drill seeded with a blend of native grasses and forbs that mimic interior and or coastal 


grasslands. The seed drill would be pulled using a medium-sized farm tractor. 


Construction Equipment 


Table 3B-8 provides the estimated total days that various construction equipment would be 


operated to complete the work. The estimated number of “equipment days” assumes that excavation 


of open water and freshwater wetlands and fill placement for riparian and grassland habitats is 


performed as one coordinated operation. It is anticipated that most construction, including 


excavation and grading, would occur during the summer months (May–September). Construction 


activities would be coordinated with ongoing agricultural activities.  


Table 3B-8. Estimated Construction Equipment Use—Bouldin Island 


Equipment Total Working Days a Average Days/Year (over 2 years) 


Excavators 98 49 


Off-road trucks 98 49 


Scrapers large 287 144 


Rubber tired loaders 98 49 


Track-mounted bulldozer 483 242 


Tractors/backhoes 37 19 
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Equipment Total Working Days a Average Days/Year (over 2 years) 


Sheepsfoot compactor 287 144 


Water truck 770 385 
a Total working days is independent of the number of equipment in each category. To calculate the number of 
working days for a single equipment unit, divide the total working days by the number of equipment units (i.e., 10 
excavator working days can represent 10 excavators working 1 day each or 1 excavator working 10 days). 
Construction equipment quantities shall be determined by the construction contractor. 


 


Construction Schedule 


The mitigation sites would be built over a period of several years, with construction beginning once 


relevant permits and approvals have been acquired for the project. Construction would likely occur 


over a period of 2 to 4 years given the scale of the three mitigation sites on Bouldin Island. Each site 


would be protected in perpetuity under a conservation easement.  


Water Quality 


Freshwater emergent wetland and depressions on Bouldin Island (Mitigation Site B1) have potential 


to create conditions favorable for methylmercury formation. However, these emergent wetlands 


would not be hydrodynamically connected to Delta channels except during winter when high flood 


conditions could result in discharge, which would be monitored for mercury and discharged to a 


detention basin, if necessary. CHABs form in the summer months and thus do not have potential to 


be discharged into Delta waters. However, there is potential for CHABs to form within the newly 


created emergent wetlands where terrestrial species such as giant garter snake, least Bell’s vireo, 


and yellow-billed cuckoo occur. While CHAB formation is not expected, monitoring would be 


performed, and any identified concerns would be adaptively managed. Valley/foothill riparian 


habitats are not associated with these water quality stressors. As such, these other types of new 


habitats would not affect methylmercury, selenium, or CHAB formation within Delta waterways, 


relative to existing conditions. For nontidal sites, methylmercury and CHABs would be monitored 


and adaptively managed to meet specific performance criteria as part of the site-specific 


maintenance and management plans described in Section 3B.6, Maintenance and Management, and 


Section 3B.7, Performance Standards and Monitoring. 


3B.4.1.4 DWR I-5 Ponds 


Site Objectives 


DWR owns three rectangular former borrow pits near West Woodbridge Road and SR 12, known as 


I-5 Ponds 6, 7, and 8 (Figure 3B-1). They are located within the White Slough Wildlife Area and 


within 2 miles of Woodbridge Ecological Reserve. The three ponds, totaling approximately 


345 acres, were excavated between 1974 and 1978 to provide fill for freeway construction. 


Currently, all three ponds are managed under an interagency agreement with CDFW as Class C 


wildlife areas that are open to the public for hunting and fishing. The borrow pits are fed by 


groundwater and via periodic overland flow from precipitation, irrigation runoff, and high canal 


flows, creating three perennial ponds characterized by deep open water, steep vegetated banks, and 


relatively flat adjacent uplands. 


The proposed design at these sites would reconfigure the three ponds to develop compensatory 


habitat to mitigate project impacts on giant garter snake and other species. The creation of 
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additional perennial wetland habitat in this area is consistent with the recovery goals identified in 


the Revised Draft Recovery Plan for the Giant Garter Snake (U.S. Fish and Wildlife Service 2017a:I-2–


I-4). The proposed mitigation design would incorporate all habitat requirements for giant garter 


snake, including: 


• Adequate water during the giant garter snake active season (approximately May 1 to October 1) 
to provide habitat for prey. 


• Emergent, herbaceous wetland vegetation for escape, cover, and foraging habitat during the 
active season. 


• Sloped grassy banks, habitat rock and openings in waterside vegetation for basking sites and 
hibernation burrows. 


• Higher-elevation uplands for cover and refuge from flood waters during the giant garter snake 
dormant season (winter). 


• Critical north-south habitat linkages for known giant garter snake populations in San Joaquin 
County. 


Site Selection Criteria and Baseline Conditions 


Site Selection Criteria 


Site selection is consistent with siting and design criteria from the Final EIR (Attachment 3B.1). The 


creation of additional perennial wetland habitat in this area is consistent with recovery goals (U.S. 


Fish and Wildlife Service 2017a:II-1). The I-5 Ponds are well suited for providing giant garter snake 


habitat, due to their location within the White Slough Management Unit of the Delta Basin Recovery 


Unit (U.S. Fish and Wildlife Service 2017a:II-10–II-11), which is known to support the Caldoni 


Marsh/White Slough giant garter snake population. Between the mid-1970s and mid-1990s, giant 


garter snakes were observed in the White Slough region with observations near Pond 7 and 


between Ponds 6 and 7. In 2009 and 2010, the area was surveyed again and giant garter snake were 


found to be isolated to an area west of Pond 9, also known as Caldoni Marsh (Hansen 2011). In 2019, 


two female giant garter snakes were captured in the Shin Kee wetland adjacent to Pond 9 (Fouts et 


al. 2020). The presence of known populations just south of the sites and its proximity to 


Woodbridge Ecological Reserve less than 2 miles to the north, as well as the direct hydrologic 


connection each site has to these areas through White Slough and Hog Slough, respectively, suggests 


that recolonization of the ponds could occur without intervention. Creating and enhancing wetland 


habitat in this area would promote population viability and genetic connectivity between 


populations associated with Hog Slough and White Slough in the Delta (Wood et al. 2015), which is 


consistent with USFWS recovery strategy goals (U.S. Fish and Wildlife Service 2017a:III-1). 


Property Location and Description 


Pond 6 


Pond 6 lies north of West Woodbridge Road, approximately 1.65 miles west of I-5 (APN 011-070-


070-000). The north edge of the site includes Hog Slough and its earthen levee, with an on-site water 


delivery ditch extending from a tide gate in the slough around the north and eastern edges of the 


property. To the east is the CDFW Woodbridge Ecological Reserve. To the west are agricultural fields 


in grape vines and row crops. Pond 6’s current site uses are as a Class C wildlife area open to the 


public for hunting and fishing, managed by CDFW. The main access point is from the southeastern 


corner off of West Woodbridge Road.  
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Pond 6 is long and relatively narrow, approximately 5,000 feet long, 50 feet wide, and 20 feet deep. 


It is located along the western edge of the site. The site generally slopes from the perimeter toward 


the pond. Past soil excavation activities have created many depressions, artificial drains, grade 


breaks and impediments to overland flow. Perimeter ditches and existing water conveyance systems 


surround the site on all sides, leaving the site isolated from surface flows except during 


exceptionally high-water events. The site has a relatively high groundwater table depth. 


Ponds 7 and 8 


Ponds 7 and 8 lie directly south of West Cotta Road approximately 1 mile west of I-5, bounded by a 


high-line irrigation delivery canal on the west and row crops to the east (APN 025-100-140-000; 


eastern portion not assigned an APN). The access point for both ponds is off West Cotta Road in the 


north via a gravel parking area. Pond 7 sits in the northern half of the site, while Pond 8 occupies the 


narrow southern portion of the site. Pond 7 is approximately 3,000 feet long by 300 feet wide and 


roughly 20 feet deep. Pond 8 is approximately 3,500 feet long, 400 feet wide, and 18 feet deep. 


Currently, the site is maintained by CDFW as a Class C wildlife area open to the public for hunting and 


fishing. 


Pond 7 runs from northwest to south with a bend of approximately 30 degrees in the middle of the 


pond along the old canal alignment. Slopes on the site generally fall away from a perimeter berm 


around the edge of the pond. This berm is relatively steeply sloped on the water side, with a level or 


gently sloping grade away from the top of the berm on the west side of the pond. Site topography is 


relatively flat east of the pond’s perimeter berm. Perimeter ditches, levees, and existing water 


conveyance systems surround the site on all sides, leaving the site isolated from surface flows except 


during exceptionally high-water events. Depressions along the toe of the levee on the western side 


of the site indicate possible borrow areas that may be up to 2 feet lower than surrounding grade. 


Several old water delivery and drainage structures also exist on the site. One feature contains parts 


of an old concrete-lined highline, while another deep drainage ditch bisects the parcel north to south 


and divides Pond 7 in the north from Pond 8 in the south. This ditch drains irrigation water from 


adjacent agricultural fields. 


Pond 8 has a rim of high ground around the pond that generally slopes away from the pond toward 


the edge of the site on the west. Unlike Pond 7, Pond 8 has a gentle slope from the top of the berm to 


the water’s edge. There are depressional areas adjacent to the levee on the west side, and a high, flat 


bench on the east side near the neighboring agricultural fields. 


Soils 


Pond 6 


Pond 6 soils are dominated by Guard clay loam and Dello soil series (Natural Resources 


Conservation Service 2018). Guard clay loam is an alluvial soil with some clay content characteristic 


to basin rims and floors. The series may exhibit inclusions of coarser soil series or textures like 


sands and silts but usually has slow permeability and is poorly drained (Natural Resources 


Conservation Service 2018). Dello soils typically consist of sands or sandy loams sometimes 


overlaying clay lenses. Upper horizons tend toward high permeability and would not support 


wetland hydrology unless underlying clay lenses were present and intact. Soils on-site would have 


historically supported seasonal and semi-permanent marsh. 
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Ponds 7 and 8 


Ponds 7 and 8 soils are dominated by Guard clay loam soil series, which is described for Pond 6. 


Soils on the site would have historically supported seasonal and semi-permanent marsh. Ponds 7 


and 8 have a relatively high groundwater table depth. 


Existing Land Cover 


Pond 6 


The Pond 6 site includes a historic irrigated pasture, an intermediate bench around the pond that 


contains riparian vegetation and depressional wetlands, and a long and narrow pond surrounded by 


a high berm with nearly vertical banks. In some places, the high berm has “blown out” and seasonal 


high groundwater from the pond inundates shallow depressions fringing the pond. Existing land 


cover at Pond 6 is displayed in Figure 3B-8, and approximate acreages of existing land cover are 


summarized in Table 3B-9. 


Vegetation at the Pond 6 site includes common nonnative annual grasses and forbs in uplands to 


hydrophytes in marsh areas. Mature willows and Fremont cottonwood have established naturally in 


low-elevation depressions near the pond. Tule patches occur in some lower areas around the pond. 


Higher terrace vegetation includes upland herbaceous plants (e.g., filaree [Erodium spp.], hemlock 


[Conium maculatum], and thistle [Cirsium spp.]), as well as some species that are more indicative of 


wetland soil conditions (e.g., salt grass [Distichlis spp.] and rushes). Woody plants in the higher 


terrace include Himalayan blackberry and quail bush (Atriplex lentiformis).  


Table 3B-9. Pond 6 Baseline Land Cover 


Land Cover  Acres 


Agricultural 0.55 


Agricultural ditch 3.41 


Developed 2.47 


Grassland 130.73 


Nontidal freshwater emergent wetland  3.11 


Nontidal freshwater aquatic (depression, lake/pond, natural channel) 4.02 


Tidal freshwater emergent wetland 0.02 


Tidal perennial aquatic (tidal channel) 0.80 


Valley/foothill riparian (forested and scrub-shrub) a 36.36 


Total 181.47 
a Valley/foothill riparian vegetation community includes potentially jurisdictional wetlands (forested and scrub-
shrub) and other riparian vegetation  
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Figure 3B-8. DWR I-5 Ponds, Pond 6 Existing Land Cover 


  


A text description of this figure is provided in 


Section 3B.9, Description of Figures 
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Ponds 7 and 8 


Ponds 7 and 8 are both rimmed with tules. The Pond 7 area includes an existing wetland/riparian 


marsh complex in the northeast along West Cotta Road. An upland area spans the west side of both 


ponds. Additional upland is located immediately north and south of Pond 7. Existing land cover at 


Ponds 7 and 8 is displayed in Figure 3B-9, and approximate acreages of habitat types are 


summarized in Table 3B-10. 


Table 3B-10. Ponds 7 and 8 Baseline Land Cover 


Land Cover  Acres 


Agricultural ditch 2.25 


Grassland 90.00 


Nontidal freshwater emergent wetland 0.41 


Nontidal perennial aquatic (depression, lake/pond, natural channel) 60.57 


Seasonal wetland 0.24 


Valley/foothill riparian (forested and scrub-shrub) a 7.78 


Total 161.25 
a Valley/foothill riparian vegetation community includes potentially jurisdictional wetlands (forested and scrub-
shrub) and other riparian vegetation  


 


Vegetation at the Pond 7 site ranges from annual grasses and forbs in the uplands to hydrophytes in 


marsh areas. Mature valley oaks, willows, and cottonwoods have naturally recruited along relict 


agricultural features in the uplands, in the riparian forest at the northwest corner of the site area, 


and along the toe of the levee on the west side of the pond. A narrow thicket of tule circles the entire 


perimeter of the pond with only small breaks in cover where fishermen have trampled vegetation to 


access the water. Higher terrace vegetation includes upland herbaceous plants like filaree, hemlock, 


and thistle, as well as salt grass and rushes. Woody plants in the higher terrace generally consist of 


coyote brush (Baccharis spp.), sandbar willow, and quail bush. 


Vegetation at the Pond 8 site ranges from annual grasses and forbs in the uplands to hydrophytes in 


wetland areas. A narrow band of tule circles the perimeter of the pond with occasional small breaks 


in cover along the pond’s edge. Mature oaks, willows, and cottonwoods have naturally recruited in 


low-elevation depressions along the toe of the levee to the west of the pond. Higher terrace 


vegetation includes upland herbaceous plants like filaree, hemlock, and thistle, as well as salt grass 


and rushes. Woody plants in the higher terrace consist of coyote brush, sandbar willow, and quail 


bush. 
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Figure 3B-9. DWR I-5 Ponds, Ponds 7 and 8 Existing Land Cover  


  


A text description of this figure is provided in 


Section 3B.9, Description of Figures 


A text description of this figure is provided in 


Section 3B.9, Description of Figures 
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Potential Waters of the United States and State 


Aquatic resources delineation was conducted via aerial imagery interpretation for the study area, 


which encompassed the I-5 ponds (Final EIR Chapter 13, Section 13.1.4). Potentially jurisdictional 


wetlands and other waters are summarized in Table 3B-11 for Pond 6 and in Table 3B-12 for Ponds 


7 and 8.  


Table 3B-11. Pond 6, Baseline Potentially Jurisdictional Wetlands and Other Waters 


Aquatic Resource Acres 


Wetlands 


Nontidal freshwater emergent wetland  3.10 


Forested and scrub/ shrub wetland  31.49 


Other Waters 


Agricultural ditch 3.41 


Depression (lake/pond) 4.00 


Tidal channel  0.80 


Total 42.80 


Sources: California Department of Water Resources and GEI Consultants 2020; California Department of Water 
Resources 2020, 2021. 


Table 3B-12. Ponds 7 and 8, Baseline Potentially Jurisdictional Wetlands and Other Waters 


Land Cover Type Acres 


Wetlands 


Nontidal freshwater emergent wetland  0.41 


Forested and scrub-shrub wetland 0.40 


Seasonal wetland 0.24 


Other Waters 


Agricultural ditch 2.25 


Depression (lake/pond) 59.83 


Total 63.13 


Sources: California Department of Water Resources and GEI Consultants 2020; California Department of Water 
Resources 2020, 2021. 


Site Design and Development 


The sites would be graded to create a gradient of complex freshwater marsh habitats at varying 


elevations across the site, including: 


• Maximizing “hemi-marsh,” consisting of a mix of open water/submerged vegetation and 


emergent vegetation. 


• Creating basking shelves that are near open water, and preferably south and east facing. 


• Creating a mix of open water (6–8 feet maximum depth) interspersed with emergent vegetation 


benches (approximately 3-foot depth), of varying width (average of 60–80 feet wide). 
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Conceptual restoration plans for Pond 6 and Ponds 7 and 8 are shown on Figure 3B-10 and Figure 


3B-11, respectively. A schematic cross-section of the Pond 7 conceptual plan is shown in Figure 


3B-12. Site-specific grading by pond is described further below. 


The goal is to create a mosaic of high-quality, low-maintenance freshwater emergent wetland, open 


water, and associated natural habitats for giant garter snake. In addition, existing riparian habitat 


would be preserved to the extent feasible. If any existing riparian habitat is affected by construction, 


it would be replaced with newly created riparian habitat.  


Pond 6 Design 


Select upland areas would be excavated at Pond 6 to lower elevations to access the groundwater 


table and be recolonized by native wetland vegetation (e.g., tule and rushes) similar to that which 


currently exists near the pond’s edge. Existing wetlands and riparian vegetation along the existing 


pond edge would be preserved to the extent possible. 


Large open water areas would also be excavated (to approximately 6.0 feet elevation below existing 


grade or lower) to provide aquatic habitat for giant garter snake prey. Hemi-marsh and smaller open 


water channels would be excavated to create foraging and refugia habitat for giant garter snake. In 


addition, the remnant pasture on the west of the pond would be lowered to match the elevation of 


existing wetlands around the pond. Some excavated material would be placed on-site to grade 


uplands in a manner that improves habitat conditions for giant garter snake. Excess excavated 


material would be transported and placed on Ponds 7 and 8, as described in the next section.  


Pond 6 proposed land cover (created and enhanced) and the change from existing conditions are 


summarized in Table 3B-13. Restoration would result in a net gain of freshwater marsh and open 


water (pond or depression), and a loss of riparian and grassland. Habitat loss would be mitigated by 


restoration at Bouldin Island of riparian wetland (Mitigation Sites B1 and B2) and grassland 


(Mitigation Site B3) (Table 3B-7).  
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Table 3B-13. Comparison of I-5 Pond 6 Existing Land Cover with Total Habitat Created and Enhanced with Full Implementation (acres) 


Existing Land Cover 
Class  Acres  


Habitat Created or Enhanced (acres) 
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Total Post-
Project 
Habitat 


Agricultural 0.55 0.55 0 0 0 0 0 0 0 0 0 0 0 0.55 


Agricultural Ditch  3.42 0 3.32 0 0.08 0.02 0 0 0 0 0 -0.10 0 3.32 


Developed 2.48 0 0 2.39 0.09 0 0 0 0 0 0 -0.09 0 2.39 


Grassland 130.75 0 0 0 107.46 14.76 8.34 0 0 0 0.19 -23.29 6.68 114.14 


Nontidal Freshwater 
Emergent Wetland 


3.11 0 0 0 2.73 0.19 0.19 0 0 0 0 -2.92 40.49 40.68 


Nontidal Perennial 
Aquatic (depression, 
lake/pond, natural 
channel)  


4.02 0 0 0 0 0.01 4.01 0 0 0 0 -0.01 10.22 14.23 


Other Seasonal 
Wetlands 


0.00 0 0 0 0 0 0 0 0 0 0 0 0 0 


Tidal Freshwater 
Emergent Wetland 


0.00 0 0 0 0 0 0 0 0 0 0 0 0 0 


Tidal Perennial Aquatic 
(tidal channel) 


0.80 0 0 0 0 0 0 0 0 0.80 0 0 0 0.80 


Valley/ Foothill 
Riparian 


36.36 0 0 0 3.78 25.70 1.69 0 0 0 5.19 -31.17 0.19 5.38 


Total 181.49 0.55 3.32 2.39 114.14 40.68 14.23 0.00 0.00 0.80 5.38   181.49 
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Figure 3B-10. DWR I-5 Ponds, Pond 6 Conceptual Design 


A text description of this figure is provided in 


Section 3B.9, Description of Figures 
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Figure 3B-11. DWR I-5 Ponds, Ponds 7 and 8 Conceptual Design 


A text description of this figure is provided in 


Section 3B.9, Description of Figures 
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Figure 3B-12. DWR I-5 Ponds, Pond 7 Conceptual Section 


A text description of this figure is provided 


in Section 3B.9, Description of Figures 
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Ponds 7 and 8 Design 


Pond 7 would be graded to create a large side channel to the west of the pond that would be fed by 


groundwater. Large open water areas would also be excavated (to approximately 6.0 feet elevation 


below existing grade or lower) to improve giant garter snake dispersal and foraging on the site. 


Hemi-marsh and smaller open water channels would also be excavated to create habitat for young 


snakes and aquatic prey species and provide refugia for giant garter snakes. An expanded tule bench 


with occasional berms and open water fingers would be created around the edge of the pond to 


increase habitat complexity and increase multi-species benefits. Portions of the uplands would be 


excavated several feet to provide fill material for raising the bottom elevation of the existing ponds 


to a depth better suited for giant garter snake. Other portions of the site’s uplands would be graded 


into mounds to provide high-elevation refugia from seasonal flooding. 


Given that Pond 8 takes up most of its site, portions of the pond would be filled or raised to create a 


marsh complex that better supports a range of giant garter snake habitats. Open water expanses 


would be maintained to enhance water quality via wind mixing and to increase tule edge habitat. 


Hemi-marsh areas and upland islands would also be included to create a full set of giant garter 


snake habitats.  


Ponds 7 and 8 proposed land cover (created and enhanced) and the change from existing conditions 


are summarized in Table 3B-14. Restoration would result in a net gain of freshwater marsh and 


grassland, and a loss of open water (depression) and riparian. Habitat creation at Bouldin Island 


would fully mitigate losses of riparian wetland (Mitigation Sites B1 and B2) and open water 


(Mitigation Site B1) (Table 3B-7). 
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Table 3B-14. Comparison of I-5 Ponds 7 and 8 Existing Land Cover with Total Habitat Created and Enhanced with Full Implementation (acres) 


Existing Land Cover 
Class  Acres  


Habitat Created or Enhanced (acres) 
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Total 
Post-


Project 
Habitat 


Agricultural 0.00 0 0 0 0 0 0 0 0 0 0 0 0 0 


Agricultural Ditch  2.25 0 1.96 0 0.29 0 0 0 0 0 0 -0.29 0 1.96 


Developed 0.00 0 0 0 0 0 0 0 0 0 0 0 0 0 


Grassland 90.00 0 0 0 59.94 25.51 4.13 0 0 0 0.42 -30.06 7.84 67.78 


Nontidal Freshwater 
Emergent Wetland 


0.41 0 0 0 0 0.29 0 0 0 0 0.12 -0.12 58.71 59.00 


Nontidal Perennial 
Aquatic (depression, 
lake/pond, natural 
channel) 


60.57 0 0 0 3.46 31.26 25.84 0 0 0 0.01 -34.73 4.71 30.55 


Other Seasonal 
Wetlands 


0.24 0 0 0 0.24 0 0 0 0 0 0 -0.24 0 0 


Tidal Freshwater 
Emergent Wetland 


0.00 0 0 0 0 0 0 0 0 0 0 0 0 0 


Tidal Perennial 
Aquatic (tidal 
channel) 


0.00 0 0 0 0 0 0 0 0 0 0 0 0 0 


Valley/ Foothill 
Riparian 


7.78 0 0 0 3.85 1.94 0.58 0 0 0 1.41 -6.37 0.55 1.96 


Total 161.25 0.00 1.96 0.00 67.78 59.00 30.55 0.00 0.00 0.00 1.96   161.25 
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Construction Methods and Equipment 


The following outlines the general sequence of anticipated construction activities for the three pond 


sites. 


• Weed Control—Herbicide application and/or mowing would begin several seasons before site 


grading commences to remove several crops of nonnative annual grass weed seed from the 


soil’s seed bank. 


• Wildlife Protection—Before commencement of ground-disturbing activities, suitable wildlife 


avoidance and minimization measures (e.g., pond dewatering, exclusion fencing) would be 


implemented to protect any giant garter snake or other protected wildlife. See Appendix 3A for 


additional measures to protect wildlife during construction. 


• Site Preparation—An on-site staging area would be established which would include 


construction trailer, staging of any delivered materials and equipment refueling area. On-site 


utilities would be protected and/or relocated as needed.  


• Earthmoving—Existing vegetation would be removed (grubbed) prior to grading. Large 


equipment would move material from uplands into the existing ponds to create higher-quality 


giant garter snake aquatic habitat in the footprint of existing ponds and uplands. Soils may be 


temporarily stored on-site in stockpiles. In addition, some fill would be placed to repair the 


existing perimeter berm that protects neighboring farms. 


• Planting and Seeding—All disturbed areas would be revegetated with native plants. Plant and 


seeds would be sourced locally to the greatest extent possible. Temporary irrigation equipment 


would be installed for select plantings for the first 3 to 5 years of plant establishment. 


• Access Improvements—Improvements would be needed for access during construction, as 


well as for future site access. A new gravel-surfaced access road would be created on the west 


boundary of the Ponds 7 and 8 site and would include a vehicular crossing at the agricultural 


drainage ditch separating Ponds 7 and 8. A boat ramp may be installed for future water access 


for maintenance. Finally, cattle exclusion fencing would be installed as needed if future land uses 


of the site include grazing. Site access could also be improved for limited public access for 


recreation (such as fishing) within designated areas outside of suitable habitat if resource 


agency approves of such uses. 


• Optional Water Control Structures—Improvements such as temporary pumps and/or piping 


may be installed to connect the expanded ponds with existing drainage ditches and/or Hog 


Slough to support target habitats and provide flexibility in future water management for 


maintenance.  


• Culvert Improvement—The existing culvert under SR 12 would be replaced with a larger 


bridge and/or arch culvert so that giant garter snakes have a mud-substrate-bottomed link to 


provide connectivity between Pond 8 and adjacent giant garter snake habitat south of SR 12.  


Earthmoving and targeted active revegetation are the primary construction activities. The most 


significant construction activity would be earthmoving, including excavating uplands to create new 


wetlands and expanded open water, and fill placement to improve upland habitat conditions for 


giant garter snake and partially fill Ponds 7 and 8. Assuming approximately 10% losses between cut 


and fill, grading would entail up to approximately 1.2 million cubic yards of on-site cut and on-site 
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fill. Approximately 0.4 million cubic yards of excess material generated on the Pond 6 site would be 


transported and used as fill at Ponds 7 and 8. 


Large land-based earthmoving equipment like bulldozers, excavators, loaders, dump trucks, water 


trucks, scrapers and compactors would move earth around and between the sites to meet finish 


grades. Excess Pond 6 material would be transported to Ponds 7 and 8 using highway-rated haul 


trucks. Large delivery trucks and dump trucks would bring construction materials to the sites. 


Trucks and other vehicles would transport construction workers and equipment to the sites. 


The estimated total days that various construction equipment would be operated to complete the 


work is summarized in Table 3B-15. The average number of days per year is based on an assumed 3-


year construction period. 


Table 3B-15. Estimated Construction Equipment Use—DWR Ponds 6, 7 and 8 


Equipment Total Working Days a 
Average Days/Year  


(over 3 years) 


Excavators 1,190 397 


Off-road trucks 1,763 588 


Rubber tired loaders 1,224 408 


Highway-rated trucks 1,854 618 


Track-mounted bulldozer 2,414 805 


Water truck 1,224 408 


Tractors/backhoes 10 3 
a Total Working Days is independent of the number of equipment in each category. To calculate the number of 
working days for a single equipment unit, divide the total working days by the number of equipment units (i.e., 10 
excavator working days can represent 10 excavators working 1 day each or 1 excavator working 10 days). 
Construction equipment quantities shall be determined by the construction contractor. 


Construction Schedule 


The mitigation sites would be built out over a period of several years, with construction beginning 


once relevant permits and approvals have been acquired for the project. Each parcel would require 


approximately one construction season for initial establishment; however, the timing could overlap 


so various parcels would undergo restoration simultaneously.  


Construction would likely occur over a period of 2 to 4 years. Pond 6 would most likely be built first 


due to the abundance of upland habitat that could be created. Construction would likely occur on the 


Pond 7 site before the Pond 8 site given the site access constraints for Pond 8. Note that initial 


ground-disturbance activities would be conducted during the giant garter snake active season 


(May 1 to October 1) to minimize potential impacts on giant garter snake. Like the Bouldin Island 


sites, the I-5 Pond sites would be protected in perpetuity under a conservation easement. 


Water Quality 


Risk of elevated methylmercury at the I-5 ponds is low because the ponds were not historically 


connected to Delta waters and are currently not tidally connected; therefore, it is unlikely that any 


mercury was deposited in soils. Risk of CHABs at the I-5 ponds is also low because the ponds are not 


tidally connected; water for the wetlands would come from ambient sources that would not contain 
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Microcystis. Because these water quality concerns are not present at the I-5 ponds, monitoring is not 


needed at these locations. 


3B.4.2 Mitigation Credits and Site Protection Instruments 


The second approach for this CMP is to obtain credits from approved mitigation/conservation banks 


or to develop site protection instruments to meet mitigation needs for certain natural community 


types, including some types of wetlands and other waters, and for species. There are a number of 


approved and pending mitigation/conservation banks with service areas that overlap the proposed 


alternatives footprints. For example, the Elsie Gridley Mitigation Bank with existing and pending 


alkaline wetland and vernal pool credits, along with vernal pool fairy shrimp (Branchinecta lynchi) 


and vernal pool tadpole shrimp (Lepidurus packardi) credits (Lee pers. comm. ). Additionally, the 


pending Doolan Canyon Conservation Bank is in the process of getting California tiger salamander, 


as well as California red-legged frog, credits approved (Moss pers. comm. ). 


Although no mitigation/conservation banks are currently approved or in development for 


northwestern pond turtle or western spadefoot, it is possible that by the time of project 


implementation one may be available.  


3B.4.2.1 Mitigation Credits from Approved Banks 


The final amount of mitigation credits to be secured for aquatic resources and species habitats will 


be determined during the construction phase of the project, as preconstruction surveys have the 


potential to reduce mitigation needs. On-the-ground land cover surveys and presence/absence 


surveys will inform more precise impact calculations and likely reduce the final mitigation burden. 


In some instances, reduced impact calculations may not result in changes to restoration design and 


implementation. However, as described in Section 3B.S.2, mitigation implementation will stay ahead 


of the cumulative, permanent suitable habitat loss by 10%. 


Wetlands and Other Waters  


Impacts on the following wetlands/waters may be mitigated through use of an approved mitigation 


bank. 


• Alkaline wetland 


• Vernal pool 


• Tidal emergent wetland 


• Tidal channel 


Alkaline wetlands occur on alkaline soils with ponded or saturated soil conditions for prolonged 


periods during the growing season. The vegetation of alkaline wetlands is composed of plant species 


adapted to wetland conditions and high alkalinity levels. These wetlands are rare in the study area 


(the statutory Delta and a few areas southwest around Bethany Reservoir), occurring primarily 


around Clifton Court Forebay and southern Solano County. Vernal pools are seasonal wetlands that 


form in shallow depressions underlain by hardpan or a dense clay subsurface layer. These 


depressions fill with rainwater and surface runoff; the subsurface layers restrict infiltration into the 


subsoil and the depressions remain inundated throughout the winter and sometimes as late as early 


summer. Vernal pools are found in areas of level or gently undulating topography in the lowlands of 
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California, especially in the grasslands of the Central Valley. Both of these wetland types require site-


specific soil and hydrology factors to create. For these reasons, purchase of wetland creation credits 


at an approved mitigation bank whose service area includes the project may be the preferred option 


for compensating impacts on these resources.  


Impacts on tidal habitats and fisheries may also be compensated through wetland creation credits or 


species conservation credits at approved banks. Another option is to compensate for these impacts 


through the Tidal Habitat Mitigation Framework, as described in Section 3B.4.3. 


Targeted Species  


Agency-approved mitigation banks may be used to meet compensatory mitigation requirements for 


the following species that have habitat needs in excess of the habitat created at the identified 


mitigation sites or require habitat types that would not occur at those mitigation sites. 


• California tiger salamander—aquatic and upland habitat 


• California red-legged frog—aquatic and upland habitat 


• Vernal pool fairy shrimp and vernal pool tadpole shrimp—vernal pool habitat 


• Western spadefoot—aquatic and upland habitat 


3B.4.2.2 Site Protection Instruments 


Another approach to provide on- or off-site mitigation is to use real estate protection instruments 


and other site protection instruments to ensure the long-term protection of a mitigation site (Wood 


and Martin 2016:4–10). Examples include conservation easements, deed restrictions, transfer of 


title, or other documents such as Conservation Land Use Agreements. The site protection instrument 


would describe site ownership, management (e.g., vegetation or pest control, crop type 


requirements, water provisions for wildlife), and enforcement of any use restrictions (e.g., pesticide 


restrictions). Once the site protection instrument is drafted, DWR will share it with the Wildlife 


Agencies. This approach would be useful to protect habitat functions provided by certain lands for 


targeted species, such as the following. 


• Northwestern pond turtle—aquatic foraging, basking habitat, and upland nesting, 


overwintering/aestivation habitat 


• Western spadefoot—aquatic breeding sites and adjacent upland habitat 


During identification of properties in support of site protection instruments, DWR will coordinate 


with the implementing entities for the adopted habitat conservation plans, natural community 


conservation plans, and other regional conservation plans that overlap with the targeted sites, 


before decisions are made on acquiring site protection instruments within their respective plan 


areas. The goal of this coordination is to ensure that DWR’s acquisitions to meet mitigation needs do 


not result in conflicts with these plans and their ability to achieve their biological goals and 


objectives. 
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3B.4.3 Tidal Habitat Mitigation Framework  


3B.4.3.1 Programmatic Approach  


The construction and operations of water conveyance facilities would potentially affect tidal 


perennial aquatic habitat (e.g., permanent and temporary loss of habitat due to construction) and 


alter hydrodynamics (e.g., reduce Sacramento River flows downstream of the north Delta intakes) 


(Chapter 5, Effects Analysis for Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer 


Whale, and Chapter 6, Effects Analysis for Delta Smelt, Longfin Smelt, and Terrestrial Species).  


In summary, approximately 18.3 acres of tidal perennial habitat 3,619 linear feet of channel margin 


habitat would be required as compensatory mitigation for construction impacts. 2,540 linear feet of 


channel margin habitat for salmonids, up to approximately 3,500 acres of tidal habitat for 


salmonids, approximately 1,352 acres of tidal habitat for delta smelt, and approximately 135.2 of 


tidal habitat for longfin smelt would be required as compensatory mitigation for operations impacts. 


Coordination is ongoing with the regulatory agencies to refine and finalize the tidal habitat 


mitigation requirements. 


This section describes the general approach to identify and construct mitigation sites for channel 


margin and tidal wetland habitats. It includes a description of the factors considered for site 


selection as well as the design concepts that may be applied once a site is selected and acquired. 


Once developed, it is anticipated these mitigation sites will provide suitable habitat for affected fish 


and aquatic species, including salmonids, delta smelt, and longfin smelt. Creation of tidal wetlands in 


the North Delta could influence hydrodynamics in ways that may beneficially affect routing and 


survival conditions for outmigrating anadromous salmonids by decreasing the fraction of 


Sacramento River flow (and fish) that enters Georgiana Slough (Perry et al. 2018; California 


Department of Water Resources 2023b). 


Opportunities for habitat restoration in the Delta are constrained by the elevation of land, which 


determines the potential to reestablish land-water connections that sustain wetland and floodplain 


habitat (Delta Stewardship Council 2020a:4–12). Much of the Delta has subsided too deeply to 


restore its original ecological functions. Farming practices on subsided islands that expose peat soils 


to oxidation contribute to ongoing subsidence. However, some practices can also reverse 


subsidence, by creating or promoting accumulation of new soil layers. Examples include managed 


wetlands, placement of fill, and levee breaching to reestablish hydrological connections (Delta 


Stewardship Council 2020b:Q2-3). Managed wetlands that are designed to promote subsidence 


reversal and carbon sequestration would be appropriate for lands at these elevations (Delta 


Stewardship Council 2020b:Q2-5). For example, restoration of freshwater wetlands on Bouldin 


Island would contribute to halting or reversing subsidence on the island and is therefore an 


important element proposed in this CMP.  


For tidal habitats, wetland restoration is not appropriate at elevations that are too far below the 


intertidal range (i.e., below mean lower low water). The Tidal Habitat Mitigation Framework 


therefore focuses first on the suitable restoration areas identified in the Delta Plan, such as the 


tidally influenced regions of Cache Slough and lower Yolo Bypass. However, it is uncertain that all 


tidal wetland habitat needs can be feasibly met in this region. In addition, while the proposed 


approach considers existing elevations, it also considers other benefits beyond wetland habitat 


structure, such as hydrodynamic effects of tidal mitigation (subtidal, intertidal, and transition 


habitats) on fish migration and survival through the Delta. Therefore, other locations and project 
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types have been considered based on the best available science, as well as feasibility criteria. This 


includes the beneficial reuse of tunnel material to raise elevations if available nearby (with 


consideration of other impacts from moving material).  


Similarly, enhancing and creating channel margin habitat along the lower Sacramento River 


mainstem from Freeport to Rio Vista may be challenging due to elevations or levee status (i.e., 


federal project levees), which could constrain opportunities for levee setbacks and waterside 


modifications. Other options will be considered to provide the functions of the impacted channel 


margin habitat, such as enhancing channel margin habitat on distributary sloughs (e.g., Sutter 


Slough, Steamboat Slough) and enhancing and creating additional foraging and refugia habitat in 


tidal wetlands and seasonally inundated floodplains (Takata et al. 2017). 


3B.4.3.2 Targeted Habitats 


Channel Margin  


The construction of flood protection levees throughout the Delta has led to a reduction in the range 


of shoreline habitats by eliminating the shallow, slow-velocity river margins, overhanging riparian 


vegetation, and future woody debris sources (Final EIR Chapter 13). Channel margin habitat 


occupies the transition zone between open water and upland terrestrial vegetation (e.g., grasslands, 


woodlands) along the shorelines of rivers and sloughs. This includes tidal freshwater marsh, 


riparian habitats, and associated shallow water. These habitats are needed for foraging and as 


refugia for juvenile fish and salmonids to escape fast currents, deep water, and predators (Bureau of 


Reclamation 2008:5-17; National Marine Fisheries Service 2009:78).  


Tidal Perennial Aquatic 


The tidal perennial aquatic natural community is defined as deep-water aquatic (more than 10 feet 


deep from mean lower low tide) and shallow aquatic (less than or equal to 10 feet deep from mean 


lower low tide) zones of estuarine bays, river channels, and sloughs (Final EIR Chapter 13). Under 


existing conditions, tidal perennial aquatic in the Delta is mainly freshwater habitat, with brackish 


and saline conditions occurring in the western Delta at times of high tides and low flows into the 


western Delta. The Yolo Bypass is fresh water.  


Tidal channels may have floating aquatic vegetation and submerged aquatic vegetation. Floating 


aquatic vegetation extends over the open water surface, either as free-floating plants or as colonies 


extending from plants rooted in banks. Most floating aquatic vegetation in the Delta consists of 


highly invasive nonnative plants such as water hyacinth, which commonly occurs in dense floating 


mats that can create anoxic conditions or smother marsh vegetation with decomposing masses of 


debris. 


Submerged aquatic plants are fully submerged and often have root systems reduced to minimal 


anchorage structures. Many native species, including pondweeds and stoneworts, are valuable food 


plants for waterfowl and nursery habitat for aquatic invertebrates and fish. In the Delta, nonnative 


invasive submerged aquatic species such as Brazilian waterweed (Egeria densa) and alligatorweed 


(Alternanthera philoxeroides) dominate and replace native species in naturally open water slough 


beds. These plants create suitable cover and shelter for predatory nonnative fish in tidal slough 


beds. 
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Wildlife species associated with tidal aquatic habitats vary with water depth and other habitat 


features. Deeper open water areas without vegetation provide foraging habitat for wildlife such as 


terns, gulls, osprey, diving ducks (e.g., ring-necked duck [Aythya collaris] and canvasback [Aythya 


valisineria]), and river otters (Lontra canadensis), which feed primarily on fish, crayfish, and other 


aquatic organisms. Shallower water with submerged or floating aquatic vegetation provides 


foraging habitat for reptiles, such as northwestern pond turtle, and dabbling ducks, such as 


American widgeon (Mareca americana) and northern pintail (Anas acuta), which feed on a variety of 


invertebrates and plant material. Special-status wildlife species include giant garter snake and 


northwestern pond turtle.  


Tidal channels serve as migration corridors for Chinook salmon (Oncorhynchus tshawytscha) and 


steelhead (Oncorhynchus mykiss), as well as migration, spawning, and rearing habitat for delta smelt 


and longfin smelt. Restored tidal habitat areas would have positive effects on delta smelt (Sommer 


and Mejia 2013) and longfin smelt (Lewis et al. 2020) through greater habitat extent (e.g., as shown 


for Liberty Island in the north Delta; Sommer and Mejia 2013) and greater food availability on-site 


or in nearby areas (Hammock et al. 2019).  


Tidal Emergent Wetlands  


The tidal freshwater emergent wetland natural community is typically a transitional community 


between tidal perennial aquatic and valley/foothill riparian or terrestrial upland communities 


across a range of hydrologic and soil conditions (Final EIR Chapter 13). In the study area, the tidal 


freshwater emergent wetland community often occurs at the shallow, slow-moving or stagnant 


edges of freshwater waterways or ponds in the intertidal zone and is subject to frequent long-


duration flooding. Tidal freshwater emergent wetland vegetation naturally occurs along a 


hydrologic gradient in the transition zone between open water and riparian vegetation or upland 


terrestrial vegetation such as grasslands or woodlands. In the study area, there are often abrupt 


transitions to agricultural cover, managed wetlands, and boundaries formed by levees and other 


artificial landforms. 


Wildlife species composition in sparsely vegetated areas in low-elevation tidal freshwater emergent 


wetland is similar to the composition described above under tidal perennial aquatic natural 


community. Other wildlife species that could utilize these low-elevation tidal freshwater emergent 


wetlands include northwestern pond turtle, wading birds (egrets and herons), waterfowl (ducks, 


geese, and swans), shorebirds (e.g., rails, plovers, sandpipers), and perching birds. Common nesting 


birds include red-winged blackbird (Agelaius phoeniceus), marsh wren (Cistothorus palustris), 


common yellowthroat (Geothlypis trichas), and black-crowned night heron (Nycticorax nycticorax). 


American beaver (Castor canadensis) and muskrat (Ondatra zibethicus) forage on marsh plants and 


use them for cover and den material. Several special-status plant and wildlife species occur in the 


tidal freshwater emergent wetland natural community, including side-flowering skullcap 


(Scutellaria lateriflora) and giant garter snake. 


Restored tidal habitat areas would have the potential for positive effects on juvenile salmonids, for 


example by providing foraging habitat along marsh edges (Brown 2003) or a greater extent of 


inundated vegetated habitat for occupancy (Hellmair et al. 2018). 
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3B.4.3.3 Channel Margin Habitat Mitigation Approach 


Purpose  


Channel margin enhancements would seek to improve rearing and outmigration habitat for juvenile 


salmonids along migration corridors that has been degraded by construction of flood protection 


levees. Channel margin restoration would be expected to increase rearing habitat; improve 


conditions along migration corridors by providing increased habitat complexity, overhead and in-


water cover, and prey resources for covered fish species; and improve connectivity between patches 


of existing, higher-value channel margin habitat. Creation of this habitat would also have the 


potential to increase resting habitat for migrating adult covered fish species, as well as increase 


spawning habitat for covered fish that spawn in area, including delta smelt and longfin smelt. There 


could be some rearing benefit for green sturgeon and white sturgeon (Acipenser transmontanus) 


from channel margin enhancement as well. 


The focus would be to provide enhanced channel margin habitat along important juvenile salmonid 


migration routes; consequently, the measure would improve connectivity between patches of 


higher-value enhanced channel margins and primary channels. This is particularly necessary for 


reaches that currently have low habitat value for covered fishes and are heavily used by migrating 


and rearing fish—for example, the Sacramento River between Freeport and Georgiana Slough. 


Enhanced channel margin in the vicinity of the proposed north Delta intakes (upstream, between 


the intakes, and downstream) would provide resting spots and refuge for fish moving through this 


reach. 


It is anticipated that channel margin habitat would be restored to mitigate construction impacts, 


depending on alternative. Channel margin restoration would be accomplished by improving channel 


geometry and restoring riparian, marsh, and mudflat habitats on the water side of levees along 


channels that provide rearing and outmigration habitat for juvenile salmonids in particular, similar 


to what is current practice by USACE and other flood management agencies when implementing 


levee improvements. Channel margin restoration associated with federal project levees would not 


be implemented on the levee, but rather on benches to the waterward side of such levees, and flood 


conveyance will be maintained as designed. Channel margin enhancements associated with federal 


project levees may require permission from USACE in accordance with USACE’s authority under the 


Rivers and Harbors Act (33 United States Code § 408) and levee vegetation policy. Any restoration 


will be designed, constructed, and maintained to ensure no reduction in performance of the federal 


flood project. 


Channel margin restoration would be achieved by site-specific projects. The following habitat 


suitability factors would be considered when evaluating sites for potential location and design of 


restored channel margins. 


• Existing poor habitat quality and biological performance for listed species of fish combined with 


extensive occurrence of listed species of fish. 


• Locations where migrating salmon and steelhead are likely to require rest during high flows. 


• The length of channel margin that can be practicably restored and the distance between 


restored areas (there may be a tradeoff between restoring multiple shorter reaches that have 


less distance between them and enhancing relatively few longer reaches with greater distances 


between them). 
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• The potential for native riparian plantings to augment habitat for non-aquatic listed species 


using riparian habitat, such as least Bell’s vireo and western yellow-billed cuckoo, in proximity 


to known occurrences. 


• The potential cross-sectional profile of enhanced channels (elevation of habitat, topographic 


diversity, width, variability in edge and bench surfaces, depth, and slope). 


• The potential amount and distribution of installed woody debris along restored channel 


margins. 


• The extent of shaded riverine aquatic overstory and understory vegetative cover needed to 


provide future input of large woody debris. 


As with tidal wetland restoration, siting, design, and performance criteria for channel margin 


restoration will be developed. As necessary and reflecting permitting requirements, a collaborative 


technical team that includes DWR and fishery agency representatives will be formed to select the 


most biologically appropriate and cost‐effective restoration sites, as well as review designs, 


performance criteria, and management plans for the sites. 


Site Selection Criteria  


Approaches to creating channel margin habitat can vary and are dependent on location. Channel 


margin enhancements would likely occur along migration corridors that also provide a certain level 


of flood protection for adjacent properties. To maintain the current extent of in-water habitat and 


level of flood protection, the existing levee would need to be reconstructed to be further set back 


from the shoreline. Waterside and landside improvements would be implemented to create 


enhanced channel margin habitat and provide continued flood protection. 


The following criteria would be used to screen potential sites for channel margin habitat 


enhancement. 


• Benefits to species—Consider the geography and functions of targeted habitat features for 


affected species, population segment, and life stages where appropriate. Projects that benefit 


multiple species will be prioritized, to be cost-effective and efficient with restoration efforts. 


• Ownership—Focus first on lands owned by DWR, other publicly owned lands, or land owned by 


project partners. 


• Existing opportunities—Look for opportunities to incorporate habitat restoration or creation 


into project construction, such as channel margin habitat creation as part of levee 


improvements. 


• Engineering feasibility—Consider geotechnical or other issues that might limit options, be 


cost-prohibitive, or delay implementation.  


• Enhance habitat function—Channel margin habitat projects should be focused in the 


migration corridor for listed anadromous fishes in the Sacramento River (winter-run Chinook 


salmon, spring-run Chinook salmon, Central Valley steelhead, and southern distinct population 


segment of green sturgeon). For the purposes of this program, sites would be targeted within 


the same general geography of the project, including the north Delta along the Sacramento River 


mainstem, north Delta along Sacramento River tributaries (e.g., Steamboat, Sutter, and Elk 


Sloughs), lower Yolo Bypass, and the Cache Slough Complex.  
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• Velocity—Sites that have a lower-velocity environment or where a lower-velocity environment 


can be created are well suited to channel margin enhancement. However, sedimentation in this 


depositional environment can bury instream woody material and plantings, so the potential for 


deposition of sediment must be taken into consideration. Another consideration is locations 


where migrating salmon and steelhead are likely to require rest during high flows.  


• Depth—Sites where shallow-water habitats can be created. Avoid sites with steep banks, as it 


would likely be cost prohibitive because of the amount of necessary material and feasibility of 


placement.  


• Proximity—Prioritize sites near each other or existing suitable habitat to create more 


continuous habitat. Another consideration is the length of channel margin that can be 


practicably restored and the distance between restored areas (there may be a tradeoff between 


restoring multiple shorter reaches that have less distance between them and enhancing 


relatively few longer reaches with greater distances between them). 


• Elevation—Existing land surface/relationship connectivity to adjacent hydrologic stage range. 


Channel margin defined as zone within the waterline -5 feet to +10 feet.  


• Linear miles of channel margin—Projects should seek to maximize the length of channel 


margin at a single site. Maximize cost effectiveness and ecological function by selecting few sites 


with longer channel margin. Linear miles of enhancement will be measured along one side of a 


given channel segment (e.g., if both sides of a channel were enhanced for a length of 1 mile, this 


would account for a total of 2 miles of channel margin enhancement). 


• Human disturbance—Avoid areas with heavy recreational uses. 


• Multispecies benefit—The potential for native riparian plantings to augment habitat for non-


aquatic listed species using riparian habitat, such as least Bell’s vireo and western yellow-billed 


cuckoo, in proximity to known occurrences. 


Design Criteria and Concepts 


The following criteria were considered in the development of concept designs for channel margin 


habitat. 


• Bank slope—Gentle bank slopes of 10:1 provide shallow-water habitat that creates areas of 


refuge from predators and high velocity flows and feeding and rearing opportunities. 


Additionally, it is more difficult to maintain soil on steep slopes.  


• Benches—Rock benches are relatively flat areas within the levee slope that create a buffer 


against toe scour and shear stress, provide a space for planting riparian vegetation, and create a 


platform for aquatic habitat features. They also create shallow-water habitat for juvenile fish 


rearing and refugia. 


• Instream woody material—Provides habitat complexity and high-quality cover and velocity 


refugia for juvenile Chinook salmon.  


• Bank substrate and emergent vegetation—Vegetation can provide bank stabilization as well 


as habitat complexity, refugia for fish, and shade. Riparian vegetation is planted on rock benches 


that are seasonally inundated.  


• Shade—Riparian vegetation also contributes to instream woody material and overhanging 


shade.  







CA Department of Water Resources 


 Compensatory Mitigation Plan for Special-Status 
Species and Aquatic Resources 


 


 


Delta Conveyance Project, Biological Assessment  
3B-81 


May 2024 
ICF 103653 


 


Design criteria should also take into account geotechnical issues and feasibility, since many areas in 


the Delta could have challenges with new loading on existing levees or construction of new setback 


levees.  


Enhancement would generally entail replacing armored or otherwise altered channel banks with 


more natural shoreline habitats that provide shallow, slow-velocity river margins, overhanging 


riparian vegetation, and future woody debris sources. Approaches to creating channel margin 


habitat enhancement can vary and are location-dependent. Channel margin enhancements would 


likely occur along migration corridors that also provide a certain level of flood protection for 


adjacent properties. To maintain the current extent of in-water habitat and level of flood protection, 


the existing levee would need to be reconstructed to be set back from the shoreline. Waterside and 


landside improvements would be implemented to create enhanced channel margin habitat and 


provide continued flood protection.  


Waterside improvements would entail degrading the existing levee to create gently sloping banks 


that gradually transition from tule marsh to riparian vegetation on the face of the new setback levee. 


While enhanced habitat would primarily be provided by native vegetation, ballasted large wood may 


be incorporated into the channel bank in some locations for enhanced complexity and refugia. While 


the heavily vegetated bank would provide some wave attenuation value, erosion protection may still 


be required along the waterside of the setback levee. Bio-technical bank treatments, which combine 


cobble and other erosion resistant materials with willows and other plantings, would be employed 


as much as possible. Following all grading, the site would be revegetated, likely through a 


combination of active and passive methods. Riparian and upland areas would be actively seeded, 


planted, and temporarily irrigated during the initial establishment period. Intertidal wetland areas 


would be revegetated through a combination of active planting and passive natural recruitment. 


Landside improvements would include the construction of a new setback levee behind and 


connected to the existing levee. The actual extent of earthmoving required for levee construction 


would vary significantly by site depending on the degree of land subsidence and the level of flood 


protection needed. It is generally anticipated that imported fill would be needed to construct some 


or all of the new setback levee. Material generated by degrading the existing levee would be reused 


in the new levee construction as much as feasible based on timing, soil suitability, and other factors. 


Figure 3B-13 provides a conceptual design for channel margin habitat creation with no setback 


levee while Figure 3B-14 depicts a design for sites needing a setback levee.  


Channel margin enhancement construction is expected to be performed in the following manner. 


• Use of large, mechanized equipment (typically, a trackhoe) to remove riprap from channel 


margins. 


• Use of grading equipment such as trackhoes and bulldozers to modify the channel margin side of 


levees or setback levees to create low floodplain benches with variable surface elevations that 


create hydrodynamic complexity and support emergent vegetation. 


• Use of construction equipment such as trackhoes, bulldozers, and cranes to install large woody 


material (e.g., tree trunks, stumps) into constructed low benches or into existing riprapped 


levees to provide physical complexity. 
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Figure 3B-13. Channel Margin No Setback Levee  


A text description of this figure is provided in 


Section 3B.9, Description of Figures 
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Figure 3B-14. Channel Margin Setback Levee 


A text description of this figure is provided in 


Section 3B.9, Description of Figures 
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3B.4.3.4 Tidal Wetland Habitat Mitigation Approach 


Purpose 


The construction and operations of water conveyance facilities would potentially affect tidal 


perennial aquatic habitat (e.g., permanent and temporary loss of habitat due to construction) and 


alter hydrodynamics (e.g., reduced Sacramento River flows downstream of the north Delta intakes). 


Restoration of tidal wetlands is one approach to mitigate for these impacts. Tidal perennial aquatic 


and tidal freshwater emergent wetland habitats in the Delta play a critical role for native fish, 


including providing improved foraging opportunities and refuge from predators. The restoration of 


tidal wetlands containing dendritic channels and shallow subtidal areas is intended to mitigate 


impacts by providing habitat to support survival and growth (including food production) of one or 


more life stages of delta smelt, longfin smelt, and Chinook salmon (Sherman et al. 2017:29–30, 276–


277, 316–321). Depending on the location and size, tidal wetland creation in the north Delta may 


also have a beneficial effect on flow reversals in Georgiana Slough (Perry et al. 2018), which would 


benefit migrating Chinook salmon juveniles. 


Site Selection Criteria and Tools 


Tidal wetland habitat mitigation would generally be achieved at suitable locations by reconnecting 


former wetland areas to adjacent tidal sloughs and rivers. Factors to be considered when evaluating 


sites for potential location and design of tidal perennial habitat restoration include provision of 


suitable habitat features such as those suggested by the San Francisco Estuary Institute (2020:7–12) 


and Sommer and Mejia (2013).  


• Benefits to species—Consider the geography and functions of targeted habitat features for 


affected species, population segment, and life stages where appropriate. Projects that benefit 


multiple species will be prioritized, to be cost-effective and efficient with restoration efforts. 


• Ownership—Focus first on lands owned by DWR, other publicly owned lands, or land owned by 


project partners. 


• Mineral Rights—Preferably, the mineral rights would be intact with the land title. In the 


instance where the mineral rights are severed, a remoteness opinion would be provided 


documenting the minimal risk of future surface disturbance for mineral purposes.  


• Geography—Prioritize sites within the North Delta Habitat Arc, especially those areas within 


the lower Yolo Bypass and Cache Slough Complex. These areas would provide greater benefits 


for target fish species.  


• Elevation—Prioritize existing land surfaces that have high hydrologic connectivity to adjacent 


lands within the tidal stage range, consistent with Delta Plan policy ER P2 Restore Habitats at 


Appropriate Elevations (23 California Code of Regulations § 5006). 


• Lateral extent/surface area—The potential lateral extent of land surface connectivity to the 


tidal range is important to maximize the surface area of created wetland habitat. 


• Sea level rise accommodation—Similar to lateral extent, sites that offer sufficient interior land 


area that could accommodate landward retreat in face of sea level rise should be prioritized. 


• Water quality—Siting would consider factors such as local hydraulics, source water, drainages, 


and location of nearby drinking water supply intakes. Harmful algal blooms of cyanobacteria 
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(CHABs) have not been problematic in the Cache Slough region because water quality conditions 


in the North Delta Habitat Arc (Cache Slough to Suisun Marsh) are generally not conducive to 


Microcystis growth and aggregation (Environmental Science Associates 2022). The risk for 


increased selenium bioaccumulation would be minimized by locating new tidal habitat in the 


north Delta, away from selenium sources from the San Joaquin Valley. The risk of dissolved 


organic carbon in drainage water from oxidizing peat soils (Fleck et al. 2007) would be 


minimized because sites with suitable intertidal elevations would have more mineral-based 


soils due to geography (Cache Slough and lower Yolo Bypass areas) or design (e.g., build up 


elevations with RTM or dredge spoil).  


• Feasibility—Consider factors such as type of levee (federal project or non-federal, existing 


condition and easements), other regulatory permitting, land ownership, geotechnical feasibility, 


implementation readiness, easements, and infrastructure.  


Design Criteria and Considerations 


The following criteria were considered in the development of concept designs for tidal wetland 


habitat. 


• Tidal marsh landmasses—Tidal marsh elevations should allow exchange between adjacent 


tidal marsh areas and channel habitats during high tides. Marsh plains should generally slope 


toward the channel for effective draining.  


• Intertidal channels—Channel network with dendritic channels ranging in size. Channels 


should be sinuous and branching, similar to natural channel networks. Channels should be 


largest (deepest and widest) where they enter the marsh and smallest at their terminus inside 


the marsh. 


• Large patch size—Where feasible, designs should favor the creation of larger patches that can 


be more sustainable. Large marsh patches (around 250 acres) can support well-developed 


channel systems and a range of physical and ecological features.  


• Minimize distance to nearest marsh “neighbor”—This allows greater habitat connectivity 


and cumulative benefits. 


• Increase core habitat—Core areas provide productivity to edge habitats, are less accessible to 


many predators, buffered from human disturbance.  


• Water quality—Designs should consider hydrologic regime (sites that experience frequent 


wetting/drying may foster greater methylation of mercury) and channel morphology 


(backwater areas with low velocities and high residence time can create conditions that foster 


harmful algal blooms and bioaccumulation of selenium) to minimize potential effects related to 


methylmercury generation, selenium bioaccumulation and CHABs.  


Siting, design, and performance criteria for tidal perennial habitat restoration would be developed 


based on assessments of topography, local hydrodynamic conditions and sediment transport. As 


necessary and reflecting permitting requirements, a collaborative technical team including DWR and 


fishery agency representatives would be formed to select the most biologically appropriate and 


cost-effective restoration sites, design the restoration plan, set performance criteria, and develop 


the restoration unit management plan for the sites.  
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Tidal wetland habitat mitigation would be achieved at suitable locations by reconnecting former 


wetland areas to adjacent tidal sloughs and rivers. Restoration would primarily occur through 


breaching or setback of levees to restore tidal fluctuation to land parcels currently isolated behind 


those levees. Where practicable and appropriate, some areas would be raised to elevations that 


would support tidal marsh vegetation following levee breaching. Figure 3B-15 provides a conceptual 


design for tidal wetland creation at unsubsided sites while Figure 3B-16 depicts a design for subsided 


sites. 


Typical actions required to create suitable tidal marsh habitat at these sites include grading, 


planting, and infrastructure modifications. Earthwork often includes breaching an existing levee or 


berm to reintroduce tidal action to the site. Other grading may be performed prior to breaching to 


create wetland features that enhance habitat function, including tidal channels, tidal pannes and 


tidal ponds. In addition, for certain sites, more significant earthmoving may be required to raise 


subsided areas to intertidal elevations or to reinforce surrounding levees. Depending on the project 


location, it also may be necessary to construct an entirely new flood control levee along portions of 


the project perimeter to protect adjacent properties. Where feasible, transitional riparian and other 


habitat may be graded between the marsh plain and high elevation areas. The actual extent of 


earthmoving required can vary significantly depending on the existing topography of the site.  


Following earthwork and grading, the site would be revegetated, likely through a combination of 


active and passive methods. Any riparian or upland areas would be actively seeded, planted, and 


temporarily irrigated during the initial establishment period. Depending on site-specific conditions 


and monitoring results, patches of native emergent vegetation may be planted to accelerate the 


establishment of native marsh vegetation on restored marsh plain surfaces. Following reintroduction 


of tidal exchange, tidal marsh vegetation is expected to establish and maintain itself naturally at 


suitable elevations relative to the tidal range.  


Various infrastructure modifications, such as protection, removal, or relocation of existing utilities, 


pumping systems, and other water management structures, would occur as needed. Typically work 


would be sequenced so that grading and infrastructure improvements occur first, followed by 


planting and finally breaching of the existing levee to reintroduce tidal action.  


Levee breaching would require removing levee materials from within and adjacent to tidal and 


other aquatic habitats. Levee breaching would entail in-water work using construction equipment 


such as bulldozers, backhoes, and barges; any in-water work would be performed during an in-


water work window to be approved by CDFW, the National Marine Fisheries Service (NMFS), and 


USFWS. Removed levee materials would be placed on the remaining levee sections, placed within 


the restoration area, or hauled to a disposal area previously approved by CDFW, NMFS, and USFWS. 
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Figure 3B-15. Tidal Wetland Unsubsided Conceptual Section 


A text description of this figure is provided 


in Section 3B.9, Description of Figures 
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Figure 3B-16. Tidal Wetland Subsided Conceptual Section 


A text description of this figure is provided in 


Section 3B.9, Description of Figures 
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Water Quality Management 


Compensatory mitigation could affect water quality in the Delta, namely levels bioaccumulation of 


methylmercury and, selenium, levels of dissolved organic carbon, and harmful algal blooms of 


cyanobacteria (CHABs) such as Microcystis (Appendix 6B, Water Quality). The creation of tidal 


wetland habitats, which would be hydrodynamically connected to Delta channels, could create 


conditions conducive to methylation of mercury, promote uptake and bioaccumulation of 


methylmercury and selenium in fish and aquatic-dependent birds within and adjacent to new tidal 


habitats, and create areas where water residence time and water temperatures could be sufficiently 


high to support CHABs where such blooms do not currently exist. Tidal wetland habitats would be 


sited in the Cache Slough region, where water quality conditions are generally not conducive for 


Microcystis. 


To mitigate for these potential effects, tidal habitat siting, design, and maintenance would be guided 


by the design criteria stated above. DWR will implement site-specific monitoring and management 


plans (Section 3B.7 and AMM-23: Develop and Implement a Mercury Management and Monitoring 


Plan) to minimize generation of methylmercury resulting from CMP activities that could potentially 


promote mobilization of methylmercury into the food chain within new tidal habitats. DWR will 


develop a Mercury Management and Monitoring Plan (MMMP) to guide tidal habitat siting, design, 


monitoring, and adaptive management. The MMMP will require evaluation of site-specific conditions 


and include implementation design elements that minimize conditions that would be conducive to 


the creation or increased availability of methylmercury in tidal habitats while still achieving most or 


all of the restoration benefits desired. The MMMP will also require preparation of site-specific 


mercury management plans that will address MMMP elements for sites selected for new tidal habit, 


as appropriate, based on site-specific conditions.  


3B.5 Assurances 


3B.5.1 Financial Assurances 


DWR commits to providing the funding for the initial establishment and long-term management of 


the mitigation sites to ensure that the mitigation sites continue to meet the established goals of the 


CMP and any subsequent management plans. This includes the initial 5-year establishment period 


for the mitigation sites and all activities associated with ongoing maintenance and long-term 


management. Prior to the initiation of project construction activities, DWR would acquire the 


necessary permits and approvals that would specify the mechanisms for financial assurances.  


Payment of the costs of constructing and operating the mitigation sites is assured by DWR’s long-term 


water supply contracts and applicable state law. DWR is a party to a long-term water supply contract 


with each of the SWP water contractors. These contracts are the foundation of the SWP’s fiscal 


strength. DWR has not experienced payment delinquencies or defaults by the contractors that have 


had a materially adverse effect on the operation or maintenance of the SWP, or the ability of DWR to 


pay its obligations when due. 


Construction and operation (i.e., associated management costs) of the proposed mitigation sites for 


the project are expected to be paid by DWR and charged to participating SWP water contractors. 


DWR would issue revenue bonds to fund construction costs. As part of the Delta Conveyance Project, 
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the long-term water supply would be amended to provide for the payment of construction and 


operation and maintenance costs, including all mitigation and monitoring costs incurred during and 


after construction.  


All lands protected and restored for compensation of impacts from construction and operation of 


the project on aquatic resources and special-status species, as appropriate and consistent with the 


specific mitigation, would be protected and managed in perpetuity and with appropriate 


conservation easements. DWR, as project applicant, would ensure appropriate long-term funding for 


the compensatory mitigation and designation of the party or entity that will be responsible for long-


term management of the mitigation sites.  


3B.5.2 Site Protection Instrument 


The mitigation sites on Bouldin Island and I-5 ponds would be owned and managed by the state or 


its designee. Long-term management plans would be developed as a part of each individual site. 


Conservation easements would be used to ensure long-term legal protection of these mitigation 


sites, with the conservation easements anticipated to be held by CDFW. Other methods of long-term 


legal protection could be used at other sites through deed restrictions, transfer of title, etc.  


3B.6 Maintenance and Management 


3B.6.1 Approach 


This CMP provides the broad framework for the maintenance and management of mitigation sites. It 


is anticipated that more detailed, site-specific interim and long-term management plans will be 


prepared for each mitigation site as designs progress and (in the case of tidal and channel margin 


sites) additional mitigation sites are selected.  


3B.6.2 Establishment Period Maintenance and Management 


DWR would prepare an interim management plan for the establishment period for each site 


(generally the first 5 years following construction). This plan would address site establishment 


issues such as weed control and irrigation.  


Weed control and vegetation maintenance would occur in all restoration areas for 5 years following 


restoration, as appropriate, based on performance standards described below. Approved herbicides, 


mowing, or grazing may be used to manage weeds, as appropriate.  


Irrigation systems at mitigation sites would be maintained in working order for at least 1 year or 


until vegetation becomes established. Once the installed plants are established and irrigation is no 


longer needed, all temporary irrigation materials will be removed from the mitigation site. 


3B.6.3 Long-Term Maintenance and Management  


3B.6.3.1 General Approaches  


DWR would prepare and implement a long-term management plan for each mitigation site at 


Bouldin Island and the I-5 Ponds. These plans will address long-term maintenance needs at each 
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site, including vegetation management, weed control, trash management, and facilities maintenance, 


as well as identify the qualified staff and/or third-party entities responsible for overseeing the 


maintenance and management. The plans would be working documents that are updated and 


revised as needed to incorporate new acquisitions suitable for coverage under the same 


management plan and to document changes in management approach that have been agreed to by 


all parties, consistent with their authority. 


Basic elements of long-term site maintenance may include the following. 


• General site maintenance 


o Site visits 


o Checks for trespassing 


o Removal of trash 


o Maintenance and replacement of signs, fences, and gates 


• Vegetation management 


o Mapping of nonnative invasive plant species 


o Control of nonnative invasive plant species 


o Mowing 


o Controlled burns 


o Grazing 


o Disking 


• Levee and channel maintenance 


o Levee inspection 


o Dredging of sediment 


o Monitoring of erosion 


o Road gravel replenishment 


o Grading 


o Rodent abatement and damage repair 


Annual reports would be prepared for each mitigation project site. The annual reports would 


include a summary of work completed to date, milestones, current status, constraints, and relative 


accrued benefits of the project. The report would specify remedial actions or management 


responses, as described in Section 3B.6.4.  


3B.6.3.2 GGS Management at I-5 Pond Sites  


In addition to the general maintenance activities described above, the I-5 pond sites would be 


subject to management activities designed to achieve sustainability for giant garter snake habitat. 


Long-term management would require access to the sites to perform ongoing vegetation and water 


management. Sites may need to accommodate access of large equipment and/or boats into marsh 


areas to chop and disc vegetation, excavate sediment, and to repair berms and water control 


structures. Ongoing water management and the ability to selectively isolate, de-water, and re-water 


separate management units are essential to maintain giant garter snake habitat at the I-5 pond sites. 
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Giant garter snake mitigation areas usually discourage the establishment of large stands of woody 


vegetation to minimize shading as well as potential predation of giant garter snake by birds of prey. 


Grazing, mowing, controlled burns, and/or discing can be used to minimize the growth of woody 


vegetation and to reduce fire risk in uplands. Grazing would require installing an exclusion fence, 


gates, and watering troughs to keep grazing animals out of sensitive wetland habitat and open water 


areas. Other fencing to dissuade trespassing may also be incorporated. 


3B.6.4 Adaptive Management  


Adaptive management is a science-based, flexible approach to resource management decision-


making. The Delta Reform Act of 2009 identified adaptive management as the desired approach to 


reduce the ecological uncertainty associated with the management of the Delta system. An adaptive 


management and monitoring plan would be prepared for each mitigation site to help ensure habitat 


creation goals are met, consistent with the Delta Plan’s adaptive framework (Delta Stewardship 


Council 2013:Appendix 1B). 


The Adaptive Management Program for the project would outline key uncertainties for tidal 


wetlands, channel margin, riparian, and floodplain restoration projects intended to benefit listed 


terrestrial and fish species. Effectiveness monitoring and research studies would be necessary to 


examine the ecological function of planned restoration.  


For each of the mitigation project sites, a monitoring and adaptive management plan would be 


prepared, as described in Section 3B.7.2, Monitoring). These site-specific plans would track progress 


toward performance standards, to improve understanding of restoration effectiveness, and to 


trigger remedial actions as needed to adjust management to achieve mitigation goals. 


3B.7 Performance Standards and Monitoring 


3B.7.1 Performance Standards 


As part of the development of the site-specific maintenance and management plans, performance 


standards would be established for each mitigation site to provide the basis for annual monitoring 


parameters and help determine the need for possible remedial actions after project implementation. 


Development of performance standards assumes an adaptive management approach. Failure to 


reach one or more of the performance standards does not necessarily imply failure of the mitigation 


project. Rather, all monitoring results obtained during annual monitoring would be evaluated and 


provide the basis for discussion with the resource agencies.  


Performance standards would be provided for each habitat type described herein, consistent with 


current USACE uniform performance standards for compensatory mitigation monitoring (33 CFR 


Part 332). Monitoring categories and examples of potential metrics include the following. 


• Hydrologic—Wetland hydrology, soil saturation, inundation, hydric soils 


• Vegetation—Survivorship of installed or transplanted plants (e.g., elderberry shrub 


transplants), dominance of native vegetation representative of the target natural community, 


percent cover of invasive nonnative vegetation, species richness, recruitment of native plants 


• Physical—Topography, channel geomorphology, bank stability 
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Performance standards are not included for special-status species directly since the objective of the 


project mitigation is to establish compensatory suitable habitat rather than to ensure occupancy. 


Therefore, the successful establishment of aquatic, wetland, and upland habitats based on the 


floristic, physical, and hydrologic components of the habitats would be used to evaluate the success 


of special-status species habitat compensatory mitigation. Species-specific habitat requirements, as 


outlined in the design parameters (Attachment 3B.1), would also be considered as performance 


criteria. Examples could include the following.  


• Giant garter snake—Amount and configuration of open water, emergent vegetation, and 


upland refugia. 


• Fisheries—Amount of shaded riverine aquatic habitat, water quality (temperature, dissolved 


oxygen, turbidity).  


Monitoring would also examine threats to habitat quality and wildlife health that could occur at 


mitigation sites. Examples of metrics could include the following.  


• Water quality—concentrations of CHABs (which produce cyanotoxins) and methylmercury. 


• Invasive species—percent cover of native or non-native invasive plant species or presence of 


invasive wildlife species.  


See Attachment 3B.1 for more criteria for design and performance for mitigation sites.  


3B.7.2 Monitoring 


A monitoring and adaptive management plan would be prepared to guide post-construction 


monitoring and management during a 3- to 5-year establishment period. Compliance monitoring 


would be conducted to document in a GIS database the extent of natural communities and species 


habitats restored by measuring constructed outputs (e.g., acres restored, as-built topography and 


elevations, hydrology). Regulatory permits may also require specific monitoring actions. 


Effectiveness monitoring would be conducted to evaluate progress toward objectives and 


performance standards by measuring indicators of ecological status and function (“metrics”) 


(Section 3B.7.1, Performance Standards). Examples of key metrics would be the establishment of 


native and invasive nonnative plants in restored natural communities and survivorship of 


transplanted plants (e.g., elderberry shrub). Species-specific habitat features, such as upland refugia, 


or the production of toxins, such as methylmercury or cyanotoxins would be considered as well. 


The initial monitoring period would last 5 years and would evaluate establishment success of 


aquatic resources and special-status species habitats at the mitigation sites. The year 5 performance 


standards in most cases would match those identified by USACE in the Uniform Performance 


Standards for Compensatory Mitigation Monitoring (33 CFR Part 332). Performance standards for 


flora in years 1 through 4 are related to year 5 standards by assuming that each year following 


installation habitats should demonstrate an increase in cover of native hydrophytes, number of 


native recruits, species richness, and a decrease in percent cover of invasive nonnative species. 


Monitoring would be conducted annually. 


Long-term monitoring would focus on conformance with the long-term management plan. The long-


term management plan would identify remedial actions in the event that monitoring indicates 


performance standards may not be on track for success beyond the establishment period. Examples 


of remedial actions could include, but are not limited to, additional plantings, topographic 
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recontouring, weed control, erosion control, and further monitoring to diagnose the source of the 


problem. Long-term monitoring of the sites would occur every 5 years. 


Tidal wetlands monitoring would be performed at the scale of the individual restoration site using 


consistent sampling techniques developed by the Tidal Wetland Monitoring Project Work Team of 


the Interagency Ecological Program (Interagency Ecological Program Tidal Wetlands Monitoring 


Project Work Team 2017). 


Potential subsurface seepage of nuisance water would be monitored by implementing seepage 


monitoring studies. The studies would measure the level of shallow groundwater in the adjacent 


soils to evaluate the baseline conditions and continue to measure the level of groundwater for 


seepage. If seepage of nuisance water is detected through monitoring efforts, a seepage monitoring 


plan would be implemented which would include seepage control measures such as installing 


subsurface agricultural drainage systems to avoid raising water levels into crop root zones.  


The scale and sampling frequency of monitoring (season and number of years) would dictate the 


source and extent of funding for postconstruction monitoring. The monitoring frequency of various 


metrics would likely be adjusted each year to account for changing environmental conditions (e.g., 


floods, drought) and current status of performance standards.  


3B.7.3 Reporting 


For the establishment period, an annual report would be prepared that includes a summary of 


management tasks conducted, general site conditions, and monitoring results, including status of 


resources and progress toward performance standards. The annual report would include 


description of any management problems and recommendations regarding remedial actions to 


resolve or reduce (e.g., weed control, security, vegetation removal, erosion control, methylmercury 


or CHAB production).  


In the long term, it is anticipated that monitoring and reporting may be downscaled to once every 5 


years based on results and recommendations to ensure that the project continues to perform as 


expected. 
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3B.9 Description of Figures 


Figure 
Number Figure Title Description of Figure 


3B-1 Mitigation Site Locations This figure shows the locations of proposed mitigation sites 
for several aquatic resources. 


3B-2 Watershed Boundaries This figure shows the hydrologic unit codes 8 and 10 
watersheds that the project occurs within along with the 
location of mitigation sites in relation to project components. 


3B-3 Emergent and Forested 
Wetland Habitat on Bouldin 
Island 


This figure shows a photograph of the emergent and 
forested wetland habitat on Boudin Island. 


3B-4 Emergent, Scrub-Shrub, and 
Seasonal Wetland Habitat on 
Bouldin Island 


This figure shows a photograph of the emergent, scrub 
shrub, and season wetland habitat on Bouldin Island. 


3B-5 Bouldin Island Existing 
Conditions 


This figure shows the existing land cover types at Bouldin 
Island. 


3B-6 Bouldin Island Conceptual 
Design 


This figure shows the conceptual plans, including land cover, 
at mitigation sites 


3B-7 Bouldin Island Conceptual 
Section 


This figure shows a cross-section of a mitigation site. 


3B-8 DWR I-5 Ponds, Pond 6 Existing 
Land Cover 


This figure shows the existing land cover at Pond 6. 


3B-9 DWR I-5 Ponds, Ponds 7 and 8 
Existing Land Cover 


This figure shows the existing land cover at Pond 7 and 8. 


3B-10 DWR I-5 Ponds, Pond 6 
Conceptual Design 


This figure shows the conceptual restoration plans for Pond 
6. 


3B-11 DWR I-5 Ponds, Ponds 7 and 8 
Conceptual Design 


This figure shows the conceptual restoration plan for Pond 7 
and 8. 


3B-12 DWR 1-5 Ponds, Pond 7 
Conceptual Section 


This figure shows a schematic cross-section of the Pond 7 
conceptual plan.  


3B-13 Channel Margin No Setback 
Levee 


This figure provides a conceptual design for channel margin 
habitat creation with no setback levee. 


3B-14 Channel Margin Setback Levee This figure shows a design for sites needing a setback levee. 


3B-15 Tidal Wetland Unsubsided 
Conceptual Section 


This figure shows a conceptual design for tidal wetland 
creation at unsubsided sites. 


3B-16 Tidal Wetland Subsided 
Conceptual Section 


This figure shows a conceptual design for tidal wetland 
creation at subsided sites. 
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Attachment 3B.1 
Compensatory Mitigation Design Parameters 


3B.1.1 Design Commitments and Guidelines 
This attachment provides design commitments and guidelines for the compensatory mitigation of 


special-status species analyzed in the BA (Chapter 5, Effects Analysis for Chinook Salmon, Central 


Valley Steelhead, Green Sturgeon, and Killer Whale, and Chapter 6, Effects Analysis for Delta Smelt, 


Longfin Smelt, and Terrestrial Species). As descried in Section 3B.S.1, Compensatory Mitigation Plan 


Permitting Supplement, this appendix and attachment were developed originally for the 2022 Delta 


Conveyance Project Draft Environmental Impact Report1 (EIR) and, as such, includes design 


commitments and guidelines for natural communities and species that are outside the purview of 


this Biological Assessment.  Avoidance and minimization measures that would apply during 


construction of the project (including but not limited to construction of the compensatory mitigation 


sites themselves) are contained in the Appendix 3A, General Avoidance and Minimization Measures.  


Table 3B.1-1. Summary List of Compensatory Mitigation Design Commitments and Guidelines 


Number Biological Resource 


CMP-0 General Design Guidelines 


CMP-1 Tidal Perennial Aquatic Habitat 


CMP-2 Tidal Freshwater Emergent Wetlands 


CMP-3 Valley/Foothill Riparian Habitat  


CMP-4 Nontidal Perennial Aquatic Habitat 


CMP-5 Nontidal Freshwater Perennial Emergent Wetland  


CMP-6 Nontidal Brackish Emergent Wetland 


CMP-7 Alkaline Seasonal Wetland Complex 


CMP-8 Vernal Pool Complex  


CMP-9 Special-Status Plants 


CMP-11 Vernal Pool Aquatic Invertebrate Habitat  


CMP-12 Valley Elderberry Longhorn Beetle Habitat  


CMP-13 California Tiger Salamander Habitat  


CMP-14 California Red-Legged Frog Habitat  


CMP-15 Giant Garter Snake Habitat 


CMP-16 Western Yellow-Billed Cuckoo Habitat 


CMP-21 Least Bell’s Vireo  


CMP-23 Tidal Perennial Habitat Restoration for Construction Impacts on Habitat for Fish and 
Aquatic Resources 


CMP-24 Channel Margin Habitat Restoration for Construction Impacts on Habitat for Fish and 
Aquatic Resources  


 
1 California Department of Water Resources (DWR) published and certified the Final EIR in December 2023 
(California Department of Water Resources 2023b) 
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Number Biological Resource 


CMP-25 Tidal Habitat Restoration to Mitigate North Delta Hydrodynamic Effects on Chinook 
Salmon Juveniles  


CMP-26 Channel Margin Habitat Restoration for Operations Impacts on Chinook Salmon Juveniles  


CMP-27 Tidal Perennial Habitat Restoration for Operations Impacts on Delta Smelt 


CMP-28 Tidal Perennial Habitat Restoration for Operations Impacts on Longfin Smelt 


CMP-30 Northwestern Pond Turtle 


CMP-31 Western Spadefoot Habitat 


 


Table 3B.1-2. Design Commitments and Guidelines for Compensatory Mitigation of Natural 
Communities, Wetlands and Other Waters  


Number Habitat  Detailed Description of Measure or Design Guideline 


CMP-0 General Design 
Guidelines 


These design guidelines will address critical life functions for special 
status species. It will also include a framework to ensure that any 
habitat loss or conversion associated with compensatory mitigation 
site development are offset so that there is no net loss in habitat 
quantity value for special-status species. Any compensatory mitigation 
to offset habitat losses (associated with the implementation of 
compensatory mitigation projects) would be constructed prior to or 
concurrent with the impact. 


CMP-1 Tidal Perennial 
Aquatic Habitat 


Tidal perennial aquatic habitat will be created or acquired and 
permanently protected to compensate for project impacts to ensure no 
significant loss of tidal perennial aquatic habitat functions and values. 
A restoration and monitoring plan will be developed and implemented 
concurrently with project construction. The plan will describe how 
tidal perennial aquatic habitat will be created and monitored, including 
funding mechanisms and appropriate long-term management 
measures, and agency reporting requirements. See Section 3B.4,3, Tidal 
Habitat Mitigation Framework, Section 3B.5, Assurances, Section 3B.6, 
Maintenance and Management, and Section 3B.7, Performance 
Standards and Monitoring, for additional details. 


CMP-2  Tidal Freshwater 
Emergent Wetland 


Tidal freshwater emergent wetland will be created or acquired and 
permanently protected to compensate for project impacts to ensure no 
significant loss of tidal freshwater emergent wetland functions and 
values. A restoration and monitoring plan will be developed and 
implemented concurrently with project construction. The plan will 
describe how tidal freshwater emergent wetland will be created and 
monitored, including funding mechanisms and appropriate long-term 
management measures, and agency reporting requirements. 


CMP-3 Valley/Foothill 
Riparian Habitat 


Valley/foothill riparian habitat will be created or restored and 
permanently protected to compensate for project impacts to ensure no 
significant loss of valley/foothill riparian habitat functions and values. 
In addition, valley/foothill riparian habitat will be acquired and 
permanently protected to further compensate for project impacts. A 
restoration and monitoring plan will be developed and implemented 
concurrently with project construction. The plan will describe how 
valley/foothill riparian habitat will be created and monitored, 
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Number Habitat  Detailed Description of Measure or Design Guideline 


including funding mechanisms and appropriate long-term 
management measures, and agency reporting requirements. 


CMP-4  Nontidal Perennial 
Aquatic Habitat 


Nontidal perennial aquatic habitat will be created or acquired and 
permanently protected to compensate for project impacts to ensure no 
significant loss of nontidal perennial aquatic habitat functions and 
values. A restoration and monitoring plan will be developed and 
implemented concurrently with project construction. The plan will 
describe how nontidal perennial aquatic habitat will be created and 
monitored, including funding mechanisms and appropriate long-term 
management measures, and agency reporting requirements. 


CMP-5  Nontidal Freshwater 
Perennial Emergent 
Wetland  


Nontidal freshwater perennial emergent wetland will be created or 
acquired and permanently protected to compensate for project 
impacts to ensure no significant loss of nontidal freshwater perennial 
emergent wetland functions and values. In addition, nontidal 
freshwater perennial emergent wetland will be acquired and 
permanently protected to further compensate for project impacts. A 
restoration and monitoring plan will be developed and implemented 
concurrently with project construction. The plan will describe how 
nontidal freshwater perennial aquatic habitat will be created and 
monitored, including funding mechanisms and appropriate long-term 
management measures, and agency reporting requirements. 


CMP-6  Nontidal Brackish 
Emergent Wetland 


Nontidal brackish emergent wetland will be created or acquired and 
permanently protected to compensate for project impacts to ensure no 
significant loss of nontidal brackish emergent wetland functions and 
values. In addition, nontidal brackish emergent wetland will be 
acquired and permanently protected to further compensate for project 
impacts. A restoration and monitoring plan will be developed and 
implemented concurrently with project construction. The plan will 
describe how nontidal brackish emergent wetland will be created and 
monitored, including funding mechanisms and appropriate long-term 
management measures, and agency reporting requirements.  


CMP-7  Alkaline Seasonal 
Wetland Complex 


Alkaline seasonal wetland complex will be created or acquired and 
permanently protected to compensate for project impacts to ensure no 
significant loss of alkaline seasonal wetland complex functions and 
values. In addition, alkaline seasonal wetland complex will be acquired 
and permanently protected to further compensate for project impacts. 
A restoration and monitoring plan will be developed and implemented 
concurrently with project construction. The plan will describe how 
alkaline vernal pool habitat will be created and monitored, including 
funding mechanisms and appropriate long-term management 
measures, and agency reporting requirements. 


CMP-8  Vernal Pool Complex  Vernal pool complex will be created or acquired and permanently 
protected to compensate for project impacts to ensure no significant 
loss of vernal pool complex wetland functions and values. In addition, 
vernal pool complex will be acquired and permanently protected to 
further compensate for project impacts. A restoration and monitoring 
plan will be developed and implemented concurrently with project 
construction. The plan will describe how vernal pool complex will be 
created and monitored, including funding mechanisms and appropriate 
long-term management measures, and agency reporting requirements. 
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Table 3B.1-3. Design Commitments and Guidelines for Compensatory Mitigation to Compensate for 
Loss of Special-Status Species Habitat  


Number Species Habitat Detailed Description of Measure or Habitat Design Guideline 


CMP-9 Special-Status 
Plants 


Impacts on special-status plants and their habitat will be offset through 
restoration of suitable habitat. Suitable habitat is defined as habitat that 
currently supports the species for which mitigation is being implemented or 
meets habitat requirements for the species, as identified in the species 
models used in the impact analysis. Habitat requirements for the species 
include consideration of factors such as the natural community types 
associated with the species, soil map units associated with the species, and 
whether the species is or was known to occur at the proposed mitigation site. 
Suitable habitat also includes habitat that historically supported the species 
for which mitigation is being implemented so long as a good-faith effort is 
made to identify and address those factors that contributed to the species’ 
absence. In addition to addressing those factors that likely resulted in local 
extirpation (e.g., ranching, mowing, disking, altered hydrology, presence of 
invasive species). Reestablishing a plant species into suitable, historically-
supported habitat may include actions such as transplanting, propagation of 
seed, weed abatement, restoration of microtopography, and siting near 
existing occurrences. If propagation seed is used, it will be selected with 
consideration of maintenance of genetic diversity. Any propagation material 
would be sourced from the population affect by the project. Mitigation 
habitat will consist of existing, off-site suitable habitat acquired in-fee, 
through conservation easements, or from a certified conservation bank. At 
least 2 acres of habitat will be restored and protected for every 1 acre that 
would be lost. A restoration and monitoring plan will be developed and 
implemented concurrently with project construction. The plan will include 
success criteria, specify the length of the monitoring period, and contain 
assurances of implementation, monitoring and maintenance. Restored 
special-status plant habitat will be carried out concurrently with sensitive 
natural community mitigation and sited in areas near extant populations of 
the affected species that could provide vegetative or seed propagules. 
Restored habitat will be sited in locations subject to CDFW approval. The 
mitigation habitat shall be monitored annually to verify that the habitat 
suitability is maintained. Annual monitoring reports shall be submitted to 
CDFW for review and determination that the project remains in compliance 
with the mitigation. 


CMP-11 Vernal Pool Fairy 
Shrimp and 
Vernal Pool 
Tadpole Shrimp 
Habitat  


Compensatory mitigation for vernal pool fairy shrimp and vernal pool 
tadpole shrimp habitat directly or indirectly affected will consist of the 
preservation of habitat and the creation of habitat at either a USFWS-
approved mitigation bank or at a non-bank site approved by USFWS 
supporting habitat for vernal pool fairy shrimp and vernal pool tadpole 
shrimp. Mitigation at a non-bank location will be prioritized in the Altamont 
Hills recovery area, which is one of the core recovery areas identified in the 
Recovery Plan for Vernal Pool Ecosystems of California and Southern Oregon 
(U.S. Fish and Wildlife Service 2005). 


CMP-12 Valley 
Elderberry 
Longhorn Beetle 
Habitat  


Generally following the guidance in USFWS’s 2017a Framework for Assessing 
Impacts on Valley Elderberry Longhorn Beetle (Desmocerus californicus 
dimorphus), the permanent loss of suitable riparian habitat will be offset 
with riparian creation and enhancement consistent with the restoration 
guidance in the Framework. All temporarily affected areas will be restored 
on-site and where on-site restoration is not possible the habitat will be 
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Number Species Habitat Detailed Description of Measure or Habitat Design Guideline 


replaced. All elderberry shrubs that are one inch or greater in diameter at 
ground level in riparian habitat that will be affected will be transplanted to 
mitigation areas identified in the CMP. All elderberry shrubs in non-riparian 
areas that will be affected will be transplanted to mitigation areas identified 
in the CMP if they contain exit holes. All transplanted shrubs will be 
monitored and adaptively managed for survivorship as part of the site-
specific maintenance and management plan and the monitoring and adaptive 
management plan as described in Sections 3B.7 and Section 3B.6.4, Adaptive 
Management, respectively. 


CMP-13 California Tiger 
Salamander 
Habitat  


To the extent possible, California tiger salamander habitat protection will be 
located in a mitigation bank (with a service area that overlaps with the impact 
area) or other site protection instrument in the geographically appropriate 
management unit of the Central Valley Recovery Unit, which is identified in 
USFWS’s 2017b Recovery Plan for the Central California Distinct Population 
Segment of the California Tiger Salamander (Ambystoma californiense). If a 
mitigation bank is not used, land acquisition for California tiger salamander 
will be prioritized based on the following characteristics. 


⚫ Large contiguous landscapes that consist of grasslands, vernal pool 
complex, and alkali seasonal wetland complex and encompass the range 
of vegetation, hydrologic, and soil conditions that characterize these 
communities.  


⚫ Lands that maintain connectivity with protected grassland, vernal pool 
complex, and alkali seasonal wetland complex landscapes near proposed 
construction sites, including connectivity with lands that have been 
protected or may be protected in the future under the East Contra Costa 
County Habitat Conservation Plan/Natural Community Conservation Plan.  


⚫ Grasslands containing stock ponds and other aquatic features that provide 
aquatic breeding habitat for California tiger salamander.  


⚫ Adjacent or connected to occupied California tiger salamander upland or 
aquatic habitat. 


CMP-14 California Red-
Legged Frog 
Habitat  


To mitigate for the loss of California red-legged frog aquatic and upland 
habitat, DWR will protect suitable habitat. California red-legged frog aquatic 
breeding and upland habitat will be prioritized for protection within the East 
San Francisco Bay core recovery area as described in the Recovery Plan for 
the California Red-Legged Frog (Rana aurora draytonii) (U.S. Fish and Wildlife 
Service 2002), at a location subject to USFWS approval. All lands protected 
and restored for compensation of effects on California red-legged frog 
habitat will be protected and managed in perpetuity. Land acquisition for 
California red-legged frog habitat management lands will be prioritized 
based on the following characteristics. 


⚫ Lands that connect with existing protected grassland, vernal pool complex, 
and alkali seasonal wetland complex landscapes, including those in the East 
San Francisco Bay core recovery area for California red-legged frog. 


CMP-15 Giant Garter 
Snake Habitat 


Where identified and delineated giant garter snake habitat cannot be 
avoided, compensation for the loss of the habitat will occur for aquatic and 
upland habitat, with in-kind habitat type compensation. The following 
measures will be considered when selecting mitigation sites. 


⚫ Giant garter snake upland mitigation will be placed and protected 
adjacent to aquatic habitat protected for giant garter snake. The upland 
habitat will not exceed 200 feet from protected aquatic habitat (unless 
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research shows a larger distance is appropriate and USFWS and CDFW 
agree).  


⚫ Incidental injury or mortality of giant garter snakes within protected and 
restored habitat will be avoided and minimized by establishing 200-foot 
buffers between protected giant garter snake habitat and roads (other 
than those roads primarily used to support adjacent cultivated lands and 
levees).  


⚫ Protected and restored giant garter snake habitat will be at least 2,500 
feet from urban areas or areas zoned for urban development.  


⚫ Characteristics of restored and protected habitat may change from the 
above descriptors if new information and best available science indicate 
greater benefits as agreed upon by USFWS and CDFW.  


Siting and design requirements for the restoration and protection of giant 
garter snake nontidal wetland habitat are listed below.  


⚫ For in-kind mitigation sites, the aquatic and upland habitat quality, 
character, and location must be of equal or greater value than the habitat 
quality that was lost. 


⚫ Conservation mitigation sites will be characterized as nontidal marsh and 
will meet the following design criteria.  


 Restored nontidal marsh will be characterized by sufficient water 
during the giant garter snake’s active summer season (May 1–October 
1) to supply constant, reliable cover and sources of food such as small 
fish and amphibians.  


 Restored nontidal marsh will consist of still or slow-flowing water over 
a substrate composed of soil, silt, or mud characteristic of those 
observed in marshes, sloughs, or irrigation canals.  


 Restoration designs will not create large areas of deep, perennial open 
water that will support nonnative predatory fish. The restored marsh 
will be characterized by a heterogeneous topography providing a 
range of depths and vegetation profiles consisting of emergent, 
herbaceous aquatic vegetation that will provide suitable foraging 
habitat and refuge from predators.  


 Aquatic margins or shorelines will transition to uplands consisting of 
grassy banks, with the dense grassy understory required for 
sheltering. These margins will consist of approximately 200 feet of 
high ground or upland habitat above the annual high-water mark to 
provide cover and refugia from floodwaters during the dormant winter 
season. 


 The upland habitat will have ample exposure to sunlight to facilitate 
giant garter snake thermoregulation and will be characterized by low 
vegetation, bankside burrows, holes, and crevices providing critical 
shelter for snakes throughout the day. All giant garter snake upland 
and aquatic habitat will be established at least 2,500 feet from urban 
areas or areas zoned for urban development.  


 The loss of tidal aquatic habitat for giant garter snake may be mitigated 
through restoration of tidal habitat with a design that provides equal 
or greater habitat value for the species as agreed upon by USFWS and 
CDFW.  


 Topography of the restored wetlands will be designed to provide 
adjacent terrestrial refuge persisting above the highwater mark. 
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Terrestrial features will be sited within 200 feet of aquatic foraging 
areas at all tide levels, with slopes and grading designed to avoid 
exposing largely denuded intertidal mud flats during low tide. 


CMP-16 Western Yellow-
Billed Cuckoo 
Habitat 


DWR will offset the loss of western yellow-billed cuckoo habitat through the 
creation or restoration of riparian habitat in the study area. DWR will 
develop a riparian restoration plan that will identify the location and 
methods for riparian creation or restoration, and this plan will be subject to 
USFWS approval. 


CMP-21 Least Bell’s Vireo  DWR will offset the loss of least Bell’s vireo habitat through the creation or 
restoration of riparian habitat in the study area. DWR will develop a riparian 
restoration plan that will identify the location and methods for riparian 
creation or restoration, and this plan will be subject to USFWS approval. 


CMP-23 Tidal Perennial 
Habitat 
Restoration for 
Construction 
Impacts on 
Habitat for Fish 
and Aquatic 
Resources  


Tidal perennial habitat (e.g., including consideration of shallow water habitat 
components consistent with agency/regulatory requirements) would be 
restored to mitigate for construction impacts for both temporary and 
permanent impacts.  


Tidal perennial habitat restoration site selection and design will occur in 
coordination with CDFW, USFWS and NMFS. Restoration will primarily occur 
through breaching or setback of levees, thereby restoring tidal fluctuation to 
land parcels currently isolated behind those levees. Factors to be considered 
when evaluating sites for potential location and design of tidal perennial 
habitat restoration include provision of suitable habitat features such as 
those suggested by San Francisco Estuary Institute (2020) and Sommer and 
Mejia (2013)2. 


Where practicable and appropriate, portions of restoration sites will be 
raised to elevations that will support tidal marsh vegetation following levee 
breaching. Depending on the degree of subsidence and location, lands may be 
elevated by grading higher elevations to fill subsided areas, importing clean 
dredged or fill material from other locations, or planting tules or other 
appropriate vegetation to raise elevations in shallowly subsided areas over 
time through organic material accumulation. Surface grading will create a 
shallow elevation gradient from the marsh plain to the upland transition 
habitat if not already present on a restoration site. Based on assessments of 
local hydrodynamic conditions, sediment transport, and topography, 
restoration activities may be designed and implemented in a manner that 
accelerates the development of tidal channels within restored marsh plains. 
Following reintroduction of tidal exchange, tidal marsh vegetation is 
expected to establish and maintain itself naturally at suitable elevations 
relative to the tidal range. Depending on site-specific conditions and 
monitoring results, patches of native emergent vegetation may be planted to 
accelerate the establishment of native marsh vegetation on restored marsh 
plain surfaces. 


Siting, design, and performance criteria for tidal perennial habitat 
restoration will be developed based on assessments of topography, local 
hydrodynamic conditions, and sediment transport. As necessary and 
reflecting permitting requirements, a collaborative technical team including 
DWR and fishery agency representatives will be formed to select the most 


 
2 Examples of habitat features for consideration include shallow water for juvenile Chinook salmon (San Francisco 
Estuary Institute 2020:14) and low salinity and high turbidity for delta smelt (Sommer and Mejia 2013:17). 
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biologically appropriate and cost‐effective restoration sites, design the 
restoration plan, set performance criteria, and develop the restoration unit 
management plan for the sites. 


Construction may involve the following activities. 


⚫ Prior to breaching, recontouring the surface to maximize the extent of 
surface elevation suitable for establishment of tidal marsh vegetation by 
scalping higher elevation land to provide fill for placement on subsided 
lands to raise surface elevations. 


⚫ Prior to breaching, importing dredge or fill material and placing it in 
shallowly subsided areas to raise ground surface elevations to a level 
suitable for establishment of tidal marsh vegetation. 


⚫ Excavating channels to encourage the development of sinuous, high-
density dendritic channel networks within restored marsh plain. 


⚫ Revegetation through active planting and/or passive establishment of 
native marsh vegetation. 


⚫ Modifying ditches, cuts, and levees to encourage more natural tidal 
circulation and better flood conveyance based on local hydrology. 


⚫ Removal or breaching of existing levees or embankments or creation of 
new structures to allow restoration to take place while protecting 
adjacent land. 


⚫ Constructing dikes, relocating water diversion infrastructure, or other 
activities as necessary to maintain agricultural activity in lands adjacent 
to tidal habitat restoration. 


CMP-24 Channel Margin 
Habitat 
Restoration for 
Construction 
Impacts on 
Habitat for Fish 
and Aquatic 
Resources 


Channel margin habitat would be restored to mitigate construction impacts 
for both temporary and permanent impacts. Channel margin restoration will 
be accomplished by improving channel geometry and restoring riparian, 
marsh, and mudflat habitats on the water side of levees along channels that 
provide rearing and outmigration habitat for juvenile salmonids in 
particular, similar to what is currently done by the USACE and others when 
implementing levee improvements. Channel margin restoration associated 
with federal project levees will not be implemented on the levee, but rather 
on benches to the waterward side of such levees, and flood conveyance will 
be maintained as designed. Channel margin enhancements associated with 
federal project levees may require permission from USACE in accordance 
with USACE's authority under the Rivers and Harbors Act (33 USC § 408) and 
USACE levee vegetation policy. Sites for channel margin restoration will be 
subject to approval by NMFS and CDFW. Any restoration will be designed, 
constructed, and maintained to ensure no reduction in performance of the 
federal flood project. 


As necessary and reflecting permitting requirements, a collaborative 
technical team including DWR and fishery agency representatives will be 
formed to identify the most biologically appropriate and cost‐effective 
restoration sites, design the restoration plan, set performance criteria, and 
develop the restoration unit management plan for the sites for DWR’s 
selection. 


Types of channel margin enhancement actions may include the following: 


⚫ Remove riprap from channel margins. 
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⚫ Modify the channel margin side of levees or setback levees to create low 
floodplain benches with variable surface elevations that create 
hydrodynamic complexity and support emergent vegetation. 


⚫ Install large woody material (e.g., tree trunks and stumps) into 
constructed low benches or into existing riprapped levees to provide 
physical complexity. 


⚫ Plant riparian and emergent wetland vegetation on created benches. 


CMP-25 Tidal Habitat 
Restoration to 
Mitigate North 
Delta 
Hydrodynamic 
Effects on 
Chinook Salmon 
Juveniles 


DWR will undertake tidal habitat restoration in the north Delta to mitigate 
for potential hydrodynamics-related effects such as a greater frequency of 
Sacramento River reverse flows below Georgiana Slough compared to 
existing conditions, as reflected in the results of the hydrodynamic analyses 
and through-Delta juvenile Chinook salmon survival modeling. The extent of 
this tidal habitat restoration will be determined in consideration of the 
following factors.  


1) The extent to which required or planned restoration under other projects 
or programs (e.g., as summarized by CDFW [2020:127]  for restoration 
related to SWP/CVP operations and by DWR [2023a] for restoration 
under the EcoRestore program and required restoration mitigation for 
other impacts of the alternatives minimizes hydrodynamic differences 
between existing conditions and the project alternatives to standards 
established during ESA/CESA permitting.  


2) The efficacy of the required Georgiana Slough Salmonid Migratory Barrier 
under the SWP ITP (California Department of Fish and Wildlife 2020:94–
95); 


3) Sea level rise and associated changes in north Delta hydrodynamics 
projected to occur at the commencement of operation of the north Delta 
intakes. 


Restoration opportunities for this measure will align with species recovery 
needs and be guided by information in the Sacramento Valley Salmon 
Resiliency Strategy (California Natural Resources Agency 2017).  


The efficacy of tidal habitat restoration in affecting north Delta 
hydrodynamics has been demonstrated through modeling studies (Resource 
Management Associates 2020). This mitigation measure’s effectiveness will 
be subject to long-term monitoring and assessed in coordination with 
USFWS and CDFW as part of the Adaptive Management Program. 


CMP-26 Channel Margin 
Habitat 
Restoration for 
Operations 
Impacts on 
Chinook Salmon 
Juveniles 


DWR will undertake channel margin habitat restoration to mitigate potential 
flow-related impacts on riparian and wetland bench habitat used by juvenile 
Chinook salmon for rearing. The extent of this mitigation was calculated by 
multiplying the largest negative deficits in bench inundation index between 
each alternative and existing conditions in each geographic group (Table 5.3-
18) by the total length of benches in each geographic group, which gives a 
total length of deficit (Table 5.3-19) (Chapter 5, Effects Analysis for Chinook 
Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale ).  


This channel margin habitat restoration will be in addition to the channel 
margin habitat restoration included to mitigate construction impacts to 
channel margin habitat. The efficacy of channel margin habitat restoration 
has been demonstrated by studies in the Sacramento River documenting 
occurrence and abundance of juvenile Chinook salmon that is greater than at 
riprapped sites and similar to natural sites (Hellmair et al. 2018). 
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CMP-27 Tidal Habitat 
Restoration for 
Operations 
Impacts on Delta 
Smelt 


DWR will mitigate potential project-related impacts to delta smelt by 
restoring tidal habitat, concentrated within the north Delta Arc or other 
areas deemed appropriate through consultation with USFWS and CDFW. The 
main objective of this restoration would be to increase the extent of suitable 
delta smelt habitat (e.g., intertidal and subtidal habitat; California 
Department of Fish and Game 2011) with appropriate parameters (e.g., 
turbidity) providing habitat for occupancy (e.g., Sommer and Mejia 2013) or 
higher food availability in the vicinity (e.g., Hammock et al. 2019). This 
mitigation measure’s effectiveness will be subject to long-term monitoring 
and assessed in coordination with USFWS and CDFW as part of the AMP. 


CMP-28 Tidal Habitat 
Restoration for 
Operations 
Impacts on 
Longfin Smelt 


DWR will undertake tidal habitat restoration to mitigate potential flow-
related impacts on longfin smelt. The extent of this mitigation was calculated 
using the method of Kratville (2010), as recently applied by DWR (2019:5-
5).. With the concurrence of USFWS and CDFW, this habitat restoration 
mitigation requirement may be partly or fully met by tidal perennial or 
shallow water habitat restoration for construction effects. 


CMP-30 Northwestern 
Pond Turtle 


DWR will offset the loss of northwestern pond turtle aquatic and upland 
habitat either through the creation or enhancement of suitable habitat at 
the initial mitigation sites. The habitat needs of the species include: (1) 
aquatic habitat such as ponds, lakes, and streams for breeding, feeding, 
overwintering, sheltering, and dispersal; (2) basking sites that allow for 
thermoregulation; and (3) upland habitat adjacent to aquatic habitat for 
nesting, overwintering and aestivation, and dispersal and connectivity 
between populations (88 FR 68373). Mitigation sites will include aquatic 
and upland habitat features that meet breeding, feeding, overwintering, 
thermoregulation, and dispersal needs of the species. DWR will create or 
enhance and protect suitable aquatic and upland habitat at a ratio of 1:1 for 
the lost suitable habitat. 


CMP-31 Western 
Spadefoot 


Compensatory mitigation for loss of western spadefoot aquatic and upland 
habitat will consist of the preservation of habitat and the creation of habitat, 
through purchasing of mitigation credits, at either a USFWS-approved 
mitigation bank or at a non-bank site approved by USFWS supporting 
habitat for western spadefoot. The habitat needs of the species include: (1) 
aquatic breeding and rearing habitat such as vernal pools and other 
ephemeral wetland areas and (2) upland habitat with open grassland cover, 
scrub, or mixed woodland on flat or gently rolling topography for feeding, 
sheltering, and dispersal (88 FR 84255). Mitigation sites will include 
aquatic and upland habitat features that meet breeding, feeding, sheltering, 
and dispersal needs of the species. DWR will create or enhance and protect 
suitable aquatic and upland habitat at a ratio of 1:1 for the lost suitable 
habitat. 


CDFW = California Department of Fish and Wildlife; CMP = compensatory mitigation plan; DWR = California 
Department of Water Resources; EIR = Environmental Impact Report; NMFS = National Marine Fisheries Service; 
USACE = U.S. Army Corps of Engineers; USC = United States Code; USFWS = U.S. Fish and Wildlife Service. 
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Acronyms and Other Abbreviations 


This document contains capitalized acronyms of up to five characters in length.  


Acronym Definition 


Bay-Delta San Francisco Bay/Sacramento–San Joaquin Delta 


BA biological assessment 


BIOP biological opinion 


CAMT Collaborative Adaptive Management Team 


CDFW California Department of Fish and Wildlife 


CESA California Endangered Species Act 


cfs cubic feet per second 


CSAMP Collaborative Science and Adaptive Management Program 


CVP Central Valley Project 


Delta Sacramento–San Joaquin Delta 


DWR California Department of Water Resources 


ESA federal Endangered Species Act  


fps feet per second 


IEP Interagency Ecological Program 


IICG Interagency Implementation Coordination Group 


ITAG Interagency Telemetry Advisory Group 


ITP incidental take permit 


LTO Long-Term Operations 


mm millimeter 


NMFS National Marine Fisheries Service 


OAMMP operations adaptive management and monitoring plan 


proposed action Delta Conveyance Project 


Reclamation U.S. Bureau of Reclamation  


SaMT Salmon Monitoring Team  


SMT Smelt Monitoring Team  


State Water Board State Water Resources Control Board 


SWP State Water Project 


USFWS U.S. Fish and Wildlife Service 


WOMT Water Operations Management Team 


WYT water year type 
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Appendix 3C 
North Delta Diversion Operations Adaptive 


Management and Monitoring Plan 


3C.1 Introduction 


3C.1.1 Background 


The State Water Project (SWP) water conveyance facilities in the Sacramento–San Joaquin Delta 


(Delta), including Clifton Court Forebay and the Harvey O. Banks Pumping Plant in the south Delta, 


enable the California Department of Water Resources (DWR) to divert water from the Delta into the 


California Aqueduct. The proposed Delta Conveyance Project (proposed action) would construct and 


operate new conveyance facilities in the Delta that would add to the existing SWP infrastructure. 


New intake facilities would be constructed in the north Delta along the Sacramento River between 


Freeport and the divergence with Sutter Slough. The new facilities would also include a tunnel and 


associated infrastructure that would convey water from the new intakes to existing SWP conveyance 


facilities in the south Delta. The new facilities would provide alternative locations for diverting 


water from the Delta and would be operated in coordination with the existing SWP south Delta 


pumping facilities. New facilities proposed for the proposed action may include, but are not limited 


to, the following:  


• Intake facilities on the Sacramento River (referred to in this report as the north Delta diversion 


facilities, which include the north Delta intakes).  


• A tunnel and tunnel shafts. 


• South Delta Pumping Plant. 


• Bethany Complex. 


As part of the proposed action, the north Delta diversion facilities would convey water from the 


Sacramento River to the SWP facilities in the south Delta. DWR would operate the proposed north 


Delta diversion facilities and the existing south Delta facilities in compliance with state and federal 


regulatory requirements.  


Because the proposed action proposes new water diversion facilities in the north Delta as part of the 


SWP and the exact environmental conditions when the project will commence initial operations are 


uncertain, some uncertainties exist regarding the proposed action’s potential effects on fisheries 


resources. This Operations Adaptive Management and Monitoring Plan (OAMMP) has been 


developed as part of the proposed action to address these uncertainties and inform the operation 


and adaptive management of the future north Delta diversion facilities.  


3C.1.2 Purpose 


The purpose of this OAMMP is to describe the adaptive management process used to inform 


additional studies and modify select operations and design elements of the north Delta diversion 


facilities to minimize effects on listed fish species. Adaptive management allows the best available 
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science to be incorporated into management decisions and actions, and to address uncertainties 


associated with those actions, as well as system responses to processes like climate change. 


Specifically, adaptive management provides a means to evaluate the effectiveness of management 


actions in achieving biological resources objectives by comparing the outcomes to predicted 


responses and providing the scientific basis for continuing or modifying the action or implementing 


an alternative action. The remainder of this OAMMP is organized as follows: 


• Section 3C.2, Scope of Adaptive Management, describes the focus of adaptive management, 


including species examined, the spatial scope, and the relationship of the adaptive management 


process to other proposed action activities and agency programs. 


• Section 3C.3, Adaptive Management Framework, describes the high-level approach to 


adaptive management, including the three main adaptive management periods: Planning, 


Implementation, and Evaluate and Respond. 


• Section 3C.4, Proposed Action Effects and Biological Resources Objectives, details the 


effects of proposed action mechanisms on listed fish species, using a series of conceptual 


models, and establishes associated biological resources objectives for adaptive management. 


• Section 3C.5, Monitoring, provides a high-level description of the fisheries field monitoring 


conducted to assess progress toward the OAMMP objectives and improve understanding of 


proposed action uncertainties.  


• Section 3C.6, Performance Measures and Management Response, describes the 


performance measures and associated thresholds that define successful progress toward 


achieving OAMMP objectives and details management responses that may be implemented if 


measures and thresholds are not met. 


• Section 3C.7, Governance Framework and Decision-Making Process, details the framework 


for agency involvement in administering adaptive management and describes the annual 


decision-making process for implementing potential management responses. 


• Section 3C.8, References, provides full reference information for the citations in this document.  


3C.2 Scope of Adaptive Management 
This OAMMP details the process for informing additional studies and for modifying select operations 


and design elements of the north Delta diversion facilities to help meet OAMMP objectives and 


better understand uncertainties concerning effects of the proposed action on listed fish species. 


Adaptive management focuses only on proposed action effects where uncertainties regarding the 


nature of the effects generally require a characterization of baseline conditions that can be 


compared to with-proposed action effects. 


3C.2.1 Spatial Scope 


For this effort, adaptive management focuses only on effects of the north Delta diversion facilities 


and does not include effects of the proposed action related to other SWP facilities. Therefore, the 


OAMMP only examines effects and associated performance measures associated with the north Delta, 


including near-field effects adjacent to the new intake facilities and far-field effects downstream in the 


Delta.  
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3C.2.2 Relationship to Proposed Action Activities 


Adaptive management activities span all proposed action study phases (Figure 3C-1). Section 3C.3, 


describes the activities associated with each of the three adaptive management periods: Planning, 


Implementation, and Evaluate and Respond. This section describes the proposed action study 


phases and the relationship with each adaptive management period. 


1. Project Development and Refinement: If the proposed action is approved after the completion 


of appropriate environmental review, the Project Development and Refinement study phase 


would occur during the first one to two years of proposed action implementation (after 


applicable permits have been obtained), before final design and construction activities. During 


this study phase, the proposed action will incorporate relevant design elements such as 


predator refugia features or other structural elements that can be introduced during adaptive 


management to improve the performance of the north Delta diversion facilities, if warranted. 


The Planning period of adaptive management would occur during this proposed action study phase 


(see Section 3C.3 for details). 


2. Baseline: During the Baseline proposed action study phase, field monitoring studies of 


predatory fish, the survival and abundance of listed fish, and other ecological responses would 


be conducted, building on baseline information from existing programs and the prior 


environmental analyses. The field monitoring studies would be conducted before and during in-


water construction (i.e., during the preconstruction and construction phases) to characterize 


baseline conditions and inform adaptive management during the Initial Operations phase. Field 


studies would be initiated prior to in-water construction (i.e., prior to intake construction) to 


characterize preconstruction conditions. During in-water construction, field studies would 


continue to monitor intake study sites under a transitional condition (i.e., during in-water 


construction, before intake operations). The baseline conditions (preconstruction and 


construction) would inform trends in study site characteristics and aid analyses in refining 


potential effects, including those that were initially identified through prior environmental 


review. The Implementation period of adaptive management would occur during this proposed 


action study phase (see Section 3C.3 for details).  


3. Initial Operations: Proposed action operations would have two sub-phases: Initial Operations 


and Long-Term Operations. Field monitoring studies initiated during the Baseline proposed 


action study phase would continue into the Initial Operations sub-phase, to evaluate the 


performance of initial design and operations of the proposed action intakes and inform the 


adaptive management of proposed action operations. In addition to informing operations, 


monitoring studies would inform the adaptive management of relevant design elements 


previously identified during the proposed action’s Project Development and Refinement study 


phase. The Initial Operations phase is proposed to last approximately five years. The Evaluate 


and Respond period of adaptive management would occur during this proposed action study sub-


phase (see Section 3C.3 for details). 


4. Long-Term Operations: During the Long-Term Operations sub-phase, field monitoring studies 


would be merged with existing interagency monitoring programs for coordinated long-term 


operations of the SWP and Central Valley Project (CVP), as part of broader system-wide long-


term operations and associated fisheries-based real-time operation decision support processes. 


The Evaluate and Respond period of adaptive management would continue through this final 


proposed action study sub-phase of Long-Term Operations (see Section 3C.3 for details). 
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Figure 3C-1. Relationship between the Delta Conveyance Project’s Study Phases and the Adaptive 
Management Periods 


3C.2.3 Relationship to Agency Programs 


The following subsections describe existing interagency programs managing the Delta’s fish issues 


and the proposed relationship of these programs to the OAMMP. 


3C.2.3.1 Interagency Ecological Program  


Purpose 


The Interagency Ecological Program (IEP) is a consortium of state and federal agencies that has 


been conducting cooperative ecological investigations since the 1970s. The IEP includes three state 


agencies (the California Department of Fish and Wildlife [CDFW], DWR, and the State Water 


Resources Control Board [State Water Board]) and six federal agencies (the U.S. Bureau of 


Reclamation [Reclamation], U.S. Fish and Wildlife Service [USFWS], U.S. Environmental Protection 


Agency, U.S. Army Corps of Engineers, National Marine Fisheries Service [NMFS], and U.S. Geological 


Survey). 


The mission of the IEP is to provide and integrate relevant and timely ecological information for 


management of the San Francisco Bay/Sacramento–San Joaquin Delta (Bay‐Delta) ecosystem and 


the water that flows through it. The IEP relies upon multidisciplinary teams consisting of scientists 


from agencies, academia, and nongovernmental organizations and other scientists to conduct 


collaborative, scientifically sound monitoring, research, modeling, and synthesis efforts for various 


aspects of the aquatic ecosystem. The IEP readily shares its data, information, equipment, expertise, 


and resources with the Bay‐Delta science community and is routinely relied upon as a partner by 


other scientific programs. 
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Organizational Framework 


The IEP is a collaborative partnership among several agencies; thus, staff roles, responsibilities, and 


interactions are dynamic. Scientific staff members of IEP member agencies and other scientific 


partners freely collaborate in interdisciplinary IEP science teams called project work teams. 


Program Activities 


The IEP conducts scientific investigations in the Delta, its upper watershed, and out into 


San Francisco Bay. The habitats sampled by the IEP include open water, wetlands, flooded islands, 


floodplains, rivers, and sloughs. 


Relationship to the Operations Adaptive Management and Monitoring Plan 


Collaboration with the IEP’s extensive baseline Delta fish and food web surveys would be essential 


to meet the monitoring objectives of the abundance and distribution study element of the 


North Delta Diversion Fisheries Field Studies Workplan (see Section 3C.5 and Appendix 5B, 


North Delta Diversion Fisheries Field Studies Workplan for details). The IEP’s ongoing trawl surveys 


conducted throughout the Delta would likely meet many or most of the objectives of the Fish 


Abundance and Distribution surveys needed to characterize the baseline status of listed fish 


populations in the Delta and also evaluate the effects of the proposed action, thus helping to 


facilitate adaptive management. 


3C.2.3.2 Interagency Telemetry Advisory Group 


Purpose 


The Interagency Telemetry Advisory Group (ITAG) was formed to serve as an advisory group to the 


IEP, with a focus on achieving a coordinated telemetry program that could coordinate acoustic 


telemetry monitoring programs in the Delta and across the Central Valley. The ITAG uses the 


following specific strategies to improve the efficiency and sustainability of telemetry studies in the 


San Joaquin and Sacramento Rivers and the Delta:  


• Reduce duplication of effort by working transparently and openly together.  


• Pilot and implement open data practices and tools to successfully achieve management 


objectives by coordinating multiple regional receiver and tagging teams. 


• Standardize methods of array deployment, coordination of tag codes, and reporting procedures.  


• Standardize acoustic telemetry study planning.  


• Discuss and plan for potential changes to the coordinated acoustic telemetry program.  


• Plan for and mitigate the potential loss of state and federal funding for the coordinated acoustic 


telemetry program.  


• Plan and implement technology changes for the coordinated telemetry array. 


Organizational Framework 


The ITAG includes up to two representatives from each IEP agency, appointed by IEP directors. The 


ITAG meets monthly. Meetings are planned annually by the ITAG chair(s).  
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Program Activities 


The ITAG conducts regular meetings for discussion, planning, and implementation of a coordinated 


telemetry array on the San Joaquin and Sacramento Rivers and in the Delta. The ITAG works to 


coordinate all acoustic telemetry studies in the Central Valley to address the following challenges, 


which have been observed over the last decade of acoustic telemetry studies in the Central Valley:  


1. Receiver arrays are deployed for specific studies. This has limited the duration and location of 


deployments, which often use technology types that cannot communicate with each other. The 


independent completion of similar studies can also lead to duplication of receiver locations.  


2. Tagging occurs independently based on projects. Without coordination of tags, accidental 


replication of tag codes can occur, and multiple individuals may share tag identification 


information, and these data cannot be used.  


3. Field staff members are located far from field deployments. This makes servicing the receivers 


difficult, reduces the quality of the data collection system, can cause staff members to become 


overworked, and requires extensive travel.  


4. Synthesis is difficult to undertake because receiver and tag data are not easily accessible. Data 


quality can be a challenge.  


5. Environmental data are not often associated with receiver locations, which confounds further 


analyses.  


6. Funding planning is difficult from year to year. This group should coordinate these annual issues 


to reduce the cracks between the Central Valley Project Improvement Act, the IEP, the San 


Joaquin River Restoration Program, and CDFW Proposition 1 when priority objectives are 


similar. 


Relationship to the Operations Adaptive Management and Monitoring Plan 


Close coordination with the ITAG would be necessary to effectively and efficiently execute the 


migration and survival study element of the North Delta Diversion Fisheries Field Studies Workplan 


(see Section 3C.5 and Appendix 5B for details). The ITAG coordinates the acoustic telemetry array in 


the Delta and the planned releases of tagged fish; therefore, coordination with these efforts would 


be crucial to avoid duplication of efforts and ensure that the mutual goals of all local scientific efforts 


are met. This coordination would help meet the objectives of the migration and survival study 


element of the North Delta Diversion Fisheries Field Studies Workplan needed to characterize the 


baseline status of Delta fish populations and also evaluate the effects of the proposed action, thus 


helping to facilitate adaptive management. 


3C.2.3.3 Collaborative Adaptive Management Team 


Purpose 


The Collaborative Science and Adaptive Management Program (CSAMP), launched in April 2013, 


focuses on science and adaptive management issues related to current and future biological 


opinions (BiOps) for SWP and CVP operations, including the science underlying specific actions 


contained in the reasonable and prudent alternatives. The CSAMP has identified the need to 


maintain flexibility to address emerging science and information needs regarding water 


management and species of concern in the Delta and upriver, including actions to improve the 
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resiliency of delta smelt and salmonids. The Collaborative Adaptive Management Team (CAMT) is 


made up of managers and scientists who serve at the direction of the CSAMP Policy Group. The 


CAMT’s goal is to develop a robust science and adaptive management program that will inform both 


implementation of the current BIOPSs, including interim operations, and the development of revised 


BIOPSs. 


Organizational Framework 


The CAMT is made up of managers and scientists from state and federal agencies, local water 


districts, and nonprofit organizations. 


Program Activities 


Given the CAMT’s role in informing adaptive management of the SWP and CVP, the CAMT could 


provide a forum for vetting the OAMMP for the north Delta diversion facilities. The CAMT 


undertakes investigations to improve understanding of the effects of water operations on listed fish 


species and help identify potential management responses. 


Relationship to the Operations Adaptive Management and Monitoring Plan 


Given the CAMT’s role in informing adaptive management of the SWP and CVP, the CAMT could 


provide a forum for vetting the OAMMP for the north Delta diversion facilities. The CAMT could act 


as an independent reviewer of the OAMMP study plans and provide suggestions for improvement. 


3C.2.3.4 Water Operations Management Team 


Purpose 


The Water Operations Management Team (WOMT) comprises manager-level representatives from 


CDFW, USFWS, NMFS, DWR, Reclamation, and the State Water Board. The Smelt Monitoring Team 


(SMT) and Salmon Monitoring Team (SaMT) provide weekly updates, operations advice, and risk 


analyses to the WOMT. Each week the WOMT reviews and evaluates the risk assessments and 


operational advice and discusses potential changes to SWP and CVP operations. 


The SMT consists of representatives from CDFW, USFWS, DWR, Reclamation, and the State Water 


Board. The SMT considers survey data, salvage data, and other pertinent biotic and abiotic factors to 


assess the risk of entrainment to delta smelt and longfin smelt from operation of the SWP and CVP. 


Based on the risk assessment, the SMT provides advice to the WOMT for real-time management of 


operations, consistent with the 2019 USFWS BiOp (US Fish and Wildlife Service 2019) and the 2020 


SWP Incidental Take Permit (ITP, CA Department of Fish and Wildlife 2020). 


The SaMT consists of representatives from CDFW, USFWS, NMFS, DWR, Reclamation, and the State 


Water Board. The SaMT considers the effects of hydrology, meteorology, real-time fish monitoring 


surveys, and other biotic and abiotic factors to assess the risk of CVP and SWP operations on listed 


salmonids and green sturgeon. Based on the risk assessments, the SaMT provides advice to the 


WOMT for real-time management of operations, consistent with the 2019 NMFS BiOp (National 


Marine Fisheries Service 2019) and the 2020 SWP ITP. 


Organizational Framework 


The WOMT comprises manager-level representatives from multiple state and federal agencies.  
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Program Activities 


This management-level team meets regularly to consider management issues related to operations 


of the SWP and CVP.  


Relationship to the Operations Adaptive Management and Monitoring Plan 


The WOMT would be expected to fulfill a similar role once the proposed action is implemented, with 


a focus on real-time operations, distinct from adaptive management–scale decisions. 


3C.2.4 Consistency with Consultation for the Long-Term-
Operations of the State Water Project 


• The Long-Term-Operations (LTO) for the SWP is under consultation and the Proposed Action 


for the LTO includes a programmatic framework consultation for the operations of the Delta 


Conveyance Project. The Delta Conveyance Project is required to integrate with the adaptive 


management program included in the LTO consultation1. This OAMMP is in alignment with the 


LTO adaptive management program2 and includes the following key actions that are consistent 


with the LTO. 


• Cooperate with ongoing and planned monitoring programs conducted by resource agencies. 


• Design studies to examine modifications of operations. 


• Cooperate with resource agencies in evaluation of study findings and determine if operational 


changes are needed. 


• Integrate Delta Conveyance Project studies with existing monitoring programs. 


• Commit to a decision-making process consistent with the LTO management effort through the 


application of a structured-decision making framework. 


3C.3 Adaptive Management Framework 
As introduced in Section 3C.2, adaptive management encompasses three major periods: Planning, 


Implementation, and Evaluate and Respond. This OAMMP documents all activities associated with 


the Planning period of adaptive management. This OAMMP also describes the process expected to 


be followed during the Implementation and Evaluate and Respond periods. The following text 


describes the high-level activities of each period and identifies the locations of the descriptions of 


each activity in this OAMMP. 


1. Planning Period 


a. Define the problem. (Section 3C.1) 


 
1 See Section 3C.7.1.2 Interagency Implementation and Coordination Group for additional information on 
coordination of the OAMMP with adaptive management under the LTO. 
2 While the DCP OAMMP includes descriptions of water operations and species technical teams included in the 
2019 NMFS and USFWS BO’s and 2020 CDFW ITP, the OAMMP would remain consistent with any updates to these 
teams and associated coordination processes identified through the consultation on LTO, where applicable. 
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b. Model linkages between proposed action operations and effects on listed fish species. 


(Section 3C.4) 


c. Establish biological resources objectives. (Section 3C.4) 


d. Develop a monitoring plan to evaluate the biological resources objectives. (Section 3C.5) 


e. Develop performance measures and potential management response. (Section 3C.6) 


2. Implementation Period 


a. Implement baseline monitoring. 


b. Implement proposed action operations.  


3. Evaluate and Respond Period (Sections 3C.6 and 3C.7) 


a. Analyze, synthesize, and evaluate on an annual basis. 


b. Communicate current understanding. 


c. Adapt as needed. 


3C.3.1 Planning Period 


The Planning period of adaptive management establishes the framework to be followed during the 


Implementation period and the Evaluate and Respond period once the proposed action is 


implemented and operating. The Planning period includes the establishment of biological resources 


objectives, development of a monitoring plan to evaluate the objectives, and establishment of the 


process for executing adaptive management once the proposed action is in operation. The Planning 


period’s activities are memorialized in this OAMMP (see the introduction to this appendix for the 


locations of activity descriptions). All Planning period activities would be first drafted by DWR and 


then reviewed and collaboratively refined with involvement by state and federal agencies. 


3C.3.2 Implementation Period 


The Implementation period of adaptive management includes the baseline monitoring activities as 


described in the North Delta Diversion Fisheries Field Studies Workplan (see Section 3C.5 and 


Appendix 5B) and the commencement of proposed action operations. The monitoring studies 


conducted during the Baseline study phase of the proposed action (see Figure 3C-1) would allow for 


the evaluation of proposed action effects on listed fish species by providing a baseline comparison of 


conditions without the proposed action in operation. 


3C.3.3 Evaluate and Respond Period 


Once the proposed action is in operation during the Initial Operations and Long-Term Operations 


sub-phases, the Evaluate and Respond period of adaptive management would begin. Activities 


during this period would include conducting an annual analysis of monitoring data, determining 


whether the performance thresholds for each OAMMP objective were being met, and identifying any 


potential need for management responses to better meet those objectives.  
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3C.4 Proposed Action Effects and Biological Resources 
Objectives  


An adaptive management approach requires explicit, measurable objectives (Williams et al. 2009). 


Uncertainty about how to achieve objectives motivates adaptive management and drives the design 


of the monitoring system. Objectives need to be measurable for two purposes: first, to allow for an 


assessment of progress toward their achievement, and second, to enable performance deviating 


from the objectives to trigger a change in management direction. Clearly articulating measurable 


objectives helps to separate adaptive management from trial and error, because the use of 


objectives directs and justifies the exploration of management options over time. It is important to 


note the distinction between monitoring in support of the adaptive management plan, and the 


broader project compliance monitoring that will be conducted and described as part of the 


Mitigation Monitoring and Reporting Program and consistent with permit terms. Compliance 


monitoring will provide information that could ultimately be used to trigger proposed changes to 


the project and subsequent environmental review, but is more tailored to demonstrating that the 


project is implemented as described and authorized rather than targeting specific areas of 


uncertainty (e.g., related to complex biological interactions in response to project operations).  


Proposed action effect mechanisms can be turned into adaptive management objectives, and 


ultimately into performance measures to measure progress toward accomplishing the objectives. 


The entire range of proposed action effects will be analyzed in the federal Endangered Species Act 


(ESA) Section 7 biological assessment (BA) and the California Endangered Species Act (CESA) ITP. 


Adaptive management would focus on a narrower subset of these effects with uncertainties 


regarding the nature of the impact on listed fish species. Section 3C.4.1 describes the relationship 


between the OAMMP and the ESA and CESA effects analyses, Section 3C.4.2 describes the subset of 


proposed action effects that would be addressed by the OAMMP, and Section 3C.4.3 describes the 


establishment of objectives for adaptive management. 


3C.4.1 Relationship to Consultation Effects Analyses 


Figure 3C-2 depicts the relationship between the proposed action’s ESA consultation and CESA ITP 


and adaptive management. The effects analysis in the BA and ITP application for the ESA and CESA, 


respectively, will include a thorough analysis of all proposed action effects on listed fish species. 


While the BA and ITP application will analyze the complete range of proposed action effects, this 


OAMMP focuses on a narrower subset of effects with uncertainties regarding the nature of the 


impact on listed fish species. These uncertainties would be better understood through monitoring 


studies conducted before (Baseline phase) and during proposed action implementation (Initial and 


Long-Term Operations sub-phases), and this improved understanding of the proposed action’s 


effects may lead to potential management responses to better achieve OAMMP objectives. 


The BA and ITP will set the initial expectation for baseline conditions for fish population dynamics, 


as well as the range of expected impacts for each proposed action effect. The level of effect in the BA 


and ITP will be based primarily on model-based evaluations but will also refer to the baseline 


monitoring that would validate and update model-based predictions of effects. The effect bounds 


identified from model-based predictions and monitoring could be used to inform the performance 


thresholds (see Section 3C.6 for details) used to evaluate each OAMMP objective. Monitoring during 


the Initial and Long-Term Operations sub-phases would help to determine whether the performance 


threshold is being exceeded. Should a performance threshold be exceeded during the Initial or Long-
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Term Operations sub-phase, the cause of the effect would be assessed to determine whether the 


exceedance is attributable to the proposed action. If attributable to the proposed action, then 


potential management responses may be enacted to achieve the OAMMP objective.  


 


Figure 3C-2. Relationship between the Proposed Action’s Section 7 Endangered Species Act and 
California Endangered Species Act Consultations and Adaptive Management 


As presented in the project description in the BA, the proposed action includes multiple elements 


intended to reduce effects of the project to aquatic resources generally and minimize potential 


impacts to state and federally listed species in particular. While not exhaustive, the key 


minimization measures described for the proposed action are included within the adaptive 


management framework, below, along with biological objectives identified to guide the adaptive 


management process. Additionally, the minimization measures described were developed based on 


information available for listed species, but are also intended to function as minimization measures 


for non-listed species (e.g., fall-run Chinook Salmon present during pulse protection periods would 


experience that level of minimization). It’s important to note the operational criteria included in the 


project description, in addition to the other mitigation commitments, are assumed to be sufficient in 


mitigating potential project effects based on best available science and the results of the effects 


analysis. The process to consider potential refinements to the key minimization measures (e.g., 


operational components) are described below. 
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This framework outlines the process for gathering appropriate information to evaluate the 


performance of the proposed action minimization measures relative to potential impacts identified 


in the effects analysis and/or baseline studies, and to assess the extent to which they are consistent 


with expected outcomes and guide potential adaptive management actions if the observed level of 


effect is greater than estimated. This approach is not intended as a substitute for re-initiation 


triggers but would inform decision making that could include the need to initiate formal 


consultation. 


In addition to the rationale summarized below, the minimization measures are intended to function 


wholistically, and minimize potential effects of north Delta diversions beyond the specific ‘regions’ 


identified (i.e., diel operations are described for near-field but function far-field as well). Habitat 


restoration is proposed for the Delta Conveyance Project to further minimize (in the case of 


project(s) intended to offset potential hydrodynamic effects of operations) and fully mitigate 


potential impacts of the project, but adaptive management for the restoration projects will be 


addressed separately with site specific plans. 


Minimization measures included to reduce potential impacts to listed fish in the intake reach, and 


through the Delta, include the following: 


3C.4.1.1 Near-Field Minimization Measures 


• Intake screen technology – Tee-screens with 1.75 millimeter (mm) slot openings 


o The sizing is intended to physically exclude entrainment of fish life-stages greater than 


approximately 22 mm in length. 


• Approach and sweeping velocity at the Tee-screens – 0.2 feet per second (fps)  approach/ 0.4 fps 


sweeping 


o These operating criteria are intended to reduce the likelihood and extent of injury/death to 


fish associated with screen contact. 


o These criteria are intended to reduce the likelihood of entraining/concentrating fish into the 


intake vicinity based on the hypothesis that it may increase the likelihood of predator 


encounters and predation. 


• Diel north Delta diversions patterning – Operations of the north Delta diversions occur during 


daylight hours to the extent possible. 


o This operational pattern is designed to avoid periods when listed fish are believed to exhibit 


more active migration/movement in the intake reach. 


Near-Field operations will be monitored to verify that criteria identified in the project description of 


the BA (Chapter 3, Description of the Proposed Action) are being implemented as described and 


producing flow dynamics within the ranges analyzed. Flow monitoring at Freeport and at the 


intakes – including instantaneous diversion rates at each screen unit – will be measured to verify 


consistency with approach and sweeping criteria, as well as daytime focused diversions consistent 


with those analyzed within the effects analysis.  







California Department of Water Resources 


 Appendix 3C 
North Delta Diversion Operations Adaptive Management and Monitoring Plan 


 


 


Delta Conveyance Project, Biological Assessment  
3C-13 


May 2024 


ICF 103653 


 


3C.4.1.2 Far-Field Minimization Measures 


• Bypass-flow criteria – Graduated (Levels 1 – 3) diversion rates prescribed based on time of year 


(December – June) and Sacramento River flow measured at Freeport, determined on a 3-day 


running average. 


o These criteria are intended to reduce impacts to listed species associated with north Delta 


diversions and resulting effects on flow-related migration rates, routing, and ultimately 


survival. 


o The period designated for these criteria is intended to reflect the preponderance of listed 


fish species presence in the Delta. 


• Pulse Protection criteria – Reduce north Delta diversion rates to a maximum of 900 cubic feet 


per second (cfs) or 6% of Sacramento River flow based on Wilkins Slough flow triggers, up to 2 


times per year. 


o This measure is intended to further minimize potential far-field effects, beyond the 


reductions offered by the bypass flow criteria, to emigrating juvenile winter-run Chinook 


salmon. 


o This criteria was formulated based on historical relationships indicating large 


concentrations of winter-run-sized Chinook salmon juveniles movement from upstream 


rearing habitats, downstream toward the Delta in response to early winter storm events. 


o The timing and predictability of this storm-driven flow-pulse fish movement, as well as the 


endangered status of winter-run Chinook salmon, were the main drivers for the addition of 


this operational measure. 


• Minimum Bypass-flow criteria – 5,000 cfs tidally averaged minimum flow requirement during 


the summer and 7,000 cfs in the fall before north Delta diversions. 


o These criteria are intended to maintain baseflows outside periods when listed species are 


expected to be in the intake reach. 


• Far-field operations will be monitored to verify that criteria identified in the project description 


of the BA (Chapter 3) are being implemented as described and producing flow dynamics within 


the ranges analyzed. Flow monitoring at Freeport and at the intakes will be measured to verify 


consistency with the 3-day tidally averaged diversions prescribed by the bypass-flow criteria as 


well as timing and duration of pulse-protection.  


These flow data will also be considered to evaluate flow-fields established in the intake reach in 


order to assess critical streakline location, for comparison to assumed and observed emigrating, 


juvenile, salmonid distribution. 


3C.4.2 Proposed Action Effects 


Adaptive management would focus on a narrower subset of the effects described in the ESA BA and 


CESA ITP. Adaptive management generally focuses on project effects where uncertainties exist 


regarding the nature of the effects, thus requiring a characterization of baseline conditions that can 


be compared to with-project effects. Adaptive management is also only applied to effects where 


multiple management choices may be available to limit the environmental impact. For example, 


effects defined by the facility design would not be expected to be affected by adaptive management 
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actions during the Initial and Long-Term Operations sub-phases. Lastly, effects that would be 


unlikely to occur, or that would be expected to have only a negligible impact according to the BA and 


ITP analyses, also would not be expected to be affected by adaptive management actions and would 


not be included in the OAMMP.  


The following proposed action effects are drawn from the federal ESA BA and the CESA ITP. Because 


of the size and scope of the proposed action, its effects have been organized by spatial scale: near-


field and far-field effects. Near-field effects are those that would occur in the reach immediately 


adjacent to the fish screens. Far-field effects are those that would occur downstream of the fish 


screens. 


3C.4.2.1 Chinook Salmon and Steelhead 


Proposed Action Effect Mechanisms 


Near-Field Effects 


• Juvenile salmonids may be exposed to the north Delta diversion fish screens, leading to the risk 


of mortality related to entrainment or impingement. 


• The north Delta diversion facilities may concentrate predators (i.e., create a predator hotspot), 


leading to increased local predation of juvenile salmonids. 


Far-Field Effects 


• Changes in hydrodynamics attributable to the north Delta diversion facilities may cause changes 


in the routing and overall survival of juvenile salmonids migrating through the Delta. 


3C.4.2.2 Green Sturgeon 


Proposed Action Effect Mechanisms 


Far-Field Effects 


• Water diversions associated with the north Delta diversion facilities may cause changes in 


hydrodynamics and water quality parameters (e.g., turbidity) that may negatively affect the 


abundance and health of juvenile green sturgeon. 


3C.4.2.3 Delta Smelt and Longfin Smelt 


Project Effect Mechanisms 


Near-Field Effects 


• The north Delta diversion facilities may concentrate predators (i.e., create a predator hotspot), 


leading to increased local predation of delta smelt and longfin smelt. 


• Habitat alteration at the north Delta diversion facilities may affect upstream migration by adult 


delta smelt and longfin smelt. 
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Far-Field Effects 


• Water diversions associated with the north Delta diversion facilities may cause changes in 


hydrodynamics and water quality parameters (e.g., turbidity) that may negatively affect the 


abundance and health of delta smelt and longfin smelt. 


3C.4.3 Established Objectives 


The OAMMP objectives listed in the following subsections are tied to the proposed action effect 


mechanisms described in Section 3C.4.2. See Section 3C.6 for details on performance measures 


related to each OAMMP objective. 


3C.4.3.1 Chinook Salmon and Steelhead 


Objective 1a: Avoid exposure of juvenile salmonids to the screen intake at levels beyond those 


observed during baseline monitoring, which would result in impacts exceeding those identified in 


the BA/ITP effects analyses.  


Objective 1b: Avoid densities of predators adjacent to the north Delta diversion facilities that may 


prey on juvenile salmonids at levels beyond those observed during baseline monitoring, which 


would result in impacts exceeding those identified in the BA/ITP effects analyses. 


Objective 1c: Avoid indirect mortality of juvenile salmonids migrating through the Delta caused by 


changes in hydrodynamics and fish routing at levels beyond those observed during baseline 


monitoring, which would result in impacts exceeding those identified in the BA/ITP effects 


analyses.3 


3C.4.3.2 Green Sturgeon  


Objective 2a: Avoid indirect mortality and health effects of juvenile green sturgeon caused by 


changes in hydrodynamics (e.g., Delta outflow) and water quality parameters at levels beyond those 


observed during baseline monitoring, which would result in impacts exceeding those identified in 


the BA/ITP effects analyses. 


3C.4.3.3 Delta Smelt and Longfin Smelt 


Objective 3a: Avoid densities of predators adjacent to the north Delta diversion facilities that may 


prey on smelt at levels beyond observed during baseline monitoring, which would result in impacts 


exceeding those identified in the BA/ITP effects analyses. 


Objective 3b: Avoid changes in upstream migration of adult smelt at levels beyond those observed 


during baseline monitoring, which would result in impacts exceeding those identified in the BA/ITP 


effects analyses. 


Objective 3c: Avoid indirect mortality and health effects of smelt caused by changes in 


hydrodynamics (e.g., Delta outflow) and water quality parameters at levels beyond those observed 


 
3 Efficacy of tidal restoration to offset potential hydrodynamic changes (e.g., minimize increases in reverse flows at 
Georgiana Slough junction associated with north Delta diversion) due to operations of the north Delta intakes will 
be evaluated and considered during monitoring studies and in potential refinements to real-time operations and 
associated operational criteria, where applicable. 
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during baseline monitoring, which would result in impacts exceeding those identified in the BA/ITP 


effects analyses. 


3C.5 Monitoring 
Monitoring is fundamental to adaptive management, as a source of data with which to test 


alternative models and measure progress toward accomplishing management objectives (Williams 


et al. 2009). Simply put, adaptive management is not possible without effective monitoring. Not only 


does monitoring track progress toward achieving objectives, but it leads to a reduction in 


uncertainty and helps to answer the questions that need to be answered to track progress toward 


achieving the objectives (Williams et al. 2009). 


Monitoring studies are described in Appendix 5B, North Delta Diversion Fisheries Field Studies 


Workplan. The studies are intended to address uncertainties concerning the potential effects of the 


proposed action on aquatic resources and inform the proposed action’s operation and adaptive 


management. The following are the OAMMP objectives (introduced in Section 3C.4) that will be 


evaluated in each fisheries field study described in Appendix A. 


• Migration and survival study 


o Objectives 1a, 1c, 2a, and 3a 


• Predation study 


o Objectives 1b and 3b 


• Abundance and distribution study 


o Objectives 3c and 3d 


3C.6 Performance Measures and Management 
Response 


An objective of this OAMMP is to guide monitoring and to identify the thresholds that may compose 


the biological objectives of the proposed action. This chapter summarizes performance measures 


that identify how the success of the proposed action will be measured, identify areas where 


unexpected outcomes may arise, and develop potential responses to those outcomes. This chapter is 


based on the OAMMP’s objectives, listed in Section 3C.4.3. These objectives will be monitored using 


various methods described in Section 3C.5 and Appendix 5B. For each objective, this section details 


the associated monitoring study, metric, time frame to evaluate, performance threshold, and 


potential management responses, with definitions for each described as follows: 


• Associated Monitoring Study: The monitoring study used to track progress toward achieving 


the objective (see Section 3C.5 and Appendix 5B for more information on each study).  


• Metric: The unit of measurement/process needed to track progress toward achieving the 


objective. 


• Time Frame to Evaluate: The length of time the metric would be measured to determine 


whether the objective is being met. Although the evaluation of performance would occur 
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annually, some performance thresholds would require multiple years of data to detect 


performance issues. 


• Performance Threshold: The quantitative threshold for when adaptive management actions 


would be considered. This threshold value (or range of values) would be set to trigger if the 


level of effect is beyond the level of effect observed during baseline monitoring or identified in 


the BA/ITP effects analyses. If the threshold value is not met, then operational and monitoring 


activities continue as planned. 


• Potential Management Responses: The management actions to be considered once a 


performance threshold is reached. These responses may include additional study, operational 


changes, or near-field habitat alterations. Additional study could be necessary to further 


examine the causation of observed effects. Should a performance threshold be exceeded, and the 


proposed action is believed to be the cause of the exceedance, DWR would work with state and 


federal agencies to determine the appropriate management response (see Section 3C.7 for 


details on the decision-making process). 


3C.6.1 Chinook Salmon and Steelhead Objectives 


3C.6.1.1 Objective 1a: Avoid exposure of juvenile salmonids to the screen 
intake at levels beyond those identified during Baseline 
monitoring.  


Associated Monitoring Study 


The Near-Field Survival Study will evaluate the exposure of juvenile salmonids to the screen intake. 


This near-field study would examine the movement patterns of tagged juvenile salmonids adjacent 


to the north Delta intakes. See Appendix 5B for details of the study. 


Metric 


Cross-stream position of tagged salmonids from the north Delta intakes. Cross-stream position is the 


perpendicular distance of a fish away from an intake. 


Time Frame to Evaluate 


Implementation of the study is proposed to occur annually, throughout the migratory window (e.g., 


October – June), for approximately 5 years (a period assumed to provide robust representation of 


water year types [WYT]) but subject to modification (e.g., additional years) based on observed 


conditions, with less intense monitoring occurring thereafter and/or greater reliance on long-term 


monitoring programs. 


Performance Threshold 


Observed cross-stream position of tagged salmonids from the north Delta  intake, accounting for 


environmental conditions (in particular riverine inflow at Freeport) should not be statistically 


significantly less than the cross-stream position observed during Baseline studies. 
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Potential Management Responses 


If the ascribed threshold is not reached, existing operations would continue unchanged and 


monitoring would continue as planned. Deviation of observed distribution beyond the ascribed 


threshold would be an indicator that either 1) actual flow dynamics differ significantly from those 


assumed/evaluated or 2) biological/behavioral response of listed salmonids differs from baseline 


and/or information used in the effects analysis. Upon verification of the deviation potential 


management responses include: 


• Triggering of additional studies to better evaluate drivers of the deviation; 


• Consideration of non-operational measures (e.g., fish refugia) if there is evidence that deviations 


are caused by the project and deleterious to listed salmonids (e.g., resulting in greater 


injury/mortality); 


o Any modifications would also need to consider potential unintended impacts to other listed 


species, such as delta smelt. 


• Consideration of operational refinement if there is evidence that deviations are caused by the 


project and deleterious to listed salmonids (e.g., resulting in greater injury/mortality). 


o Operational changes would be considered based on the extent to which evidence indicates 


deviation from survival estimates are attributable to dynamics occurring Near-Field, 


including: 


• Diel diversion patterning shifts to better avoid increased periods of migration – based 


on observed sub-daily migration behavior; 


• Tee-screen use patterns – distribution of screens used (e.g., northern-most intake 


screens first, individual screen diversion rates below 100 cfs) given prescribed 


diversion rate. 


3C.6.1.2 Objective 1b: Avoid densities of predators adjacent to the north 
Delta diversion facilities that may prey on juvenile salmonids at 
levels beyond those observed during Baseline monitoring. 


Associated Monitoring Study 


Predatory Fish Distribution and Direct Predation Rate studies will evaluate near-field predation of 


listed fishes. See Appendix 5B for study details. 


Metric 


Densities of predatory fish and relative predation rates adjacent to the north Delta intakes. 


Time Frame to Evaluate 


Implementation of the studies is proposed to occur annually, throughout the migratory window 


(e.g., October – June), for approximately 5 years (a period assumed to provide robust representation 


of WYT) but subject to modification (e.g., additional years) based on observed conditions, with less 


intense monitoring occurring thereafter and/or greater reliance on long-term monitoring programs. 
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Performance Threshold 


Observed densities of predatory fish and relative predation rates (while considering environmental 


covariates) adjacent to the intakes should not be statistically significantly greater than those 


observed during baseline studies. 


Potential Management Responses 


If the ascribed threshold is not reached, existing operations would continue unchanged and 


monitoring would continue as planned. Deviation of observed predator densities or relative 


predation rate beyond the ascribed threshold would be an indicator that the biological response 


differs from baseline and/or information used in the effects analysis. Upon verification of the 


deviation potential management responses could include: 


• Triggering of additional studies to better evaluate drivers of the deviation; 


• Consideration of non-operational measures (e.g., fish refugia) if there is evidence that deviations 


are caused by the project and deleterious to listed salmonids (e.g., resulting in greater 


injury/mortality); 


o Any modifications would also need to consider potential unintended impacts to other listed 


species, such as delta smelt. 


• Consideration of operational refinement if there is evidence that deviations are caused by the 


project and deleterious to listed salmonids (e.g., resulting in greater injury/mortality). 


o Operational changes would be considered based on the extent to which evidence indicates 


deviation from survival estimates are attributable to dynamics occurring Near-Field, 


including: 


• Diel diversion patterning shifts to better avoid increased periods of migration – based 


on observed sub-daily migration behavior; 


• Tee-screen use patterns – distribution of screens used (e.g., northern-most intake 


screens first, individual screen diversion rates below 100 cfs) given prescribed 


diversion rate. 


3C.6.1.3 Objective 1c: Avoid indirect mortality of juvenile salmonids 
migrating through the Delta caused by changes in 
hydrodynamics and fish routing at levels beyond those observed 
during Baseline monitoring. 


Associated Monitoring Study 


The Far-Field Routing and Survival Study will evaluate the migration survival and routing of juvenile 


salmonids within the lower Sacramento River and through the Delta. See Appendix 5B for details of 


the study. 


Metric 


Through-Delta survival. 
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Time Frame to Evaluate 


Implementation of the study is proposed to occur annually, throughout the migratory window (e.g., 


October – June), for approximately 5 years (a period assumed to provide robust representation of 


WYT) but subject to modification (e.g., additional years) based on observed conditions, with less 


intense monitoring occurring thereafter and/or greater reliance on long-term monitoring programs. 


Performance Threshold 


Differences in Through-Delta survival (while considering environmental covariates) between the 


project and the baseline should not be significantly more than the relative difference estimated 


during the effects analysis4, as informed by the applicable monitoring studies. 


Potential Management Responses 


If the ascribed threshold is not reached, existing operations would continue unchanged and 


monitoring would continue as planned. Deviation of observed through-Delta survival beyond the 


ascribed threshold would be an indicator that either 1) actual flow dynamics differ significantly 


from those assumed/evaluated or 2) biological/behavioral response differs from baseline and/or 


information used in the effects analysis. Upon verification of the deviation, potential management 


responses include: 


• Triggering of additional studies to better evaluate drivers of the deviation, such as: 


o This would include information gathered from other studies identified, such as Near-Field 


Survival, operational monitoring (as noted above to verify operations within the criteria), 


Predatory Fish Distribution, and Direct Predation Rate; 


o Need for additional restoration based on effectiveness of prescribed tidal restoration 


offsetting north Delta diversion-produced increases in reverse flows. 


• Consideration of non-operational measures like behavioral devices at the intakes (e.g., BAFF 


technology) if there is evidence that deviations are caused by the project and deleterious to 


listed salmonids (e.g., resulting in greater injury/mortality); 


o Any modifications would also need to consider potential unintended impacts to other listed 


species, such as delta smelt. 


• Consideration of operational refinement if there is evidence that deviations are caused by the 


project and deleterious to listed salmonids (e.g., resulting in greater injury/mortality). 


o Operational changes would be considered based on the extent to which evidence indicates 


deviation from survival estimates are attributable to dynamics occurring Near-Field, 


including: 


• Diel diversion patterning shifts to better avoid increased periods of migration – based 


on observed sub-daily migration behavior; 


 
4 Relative (%) differences in through-Delta survival (while considering environmental covariates) between the 
project and with-out project conditions (and before implementation of hydrodynamic mitigation) should not be 
greater than estimated in the effects analysis. It is assumed the hydrodynamic tidal habitat restoration is sufficient 
in offsetting estimated differences identified in the effects analysis. Therefore, during project operations, observed 
differences within this range are considered mitigated (i.e., survival changes during project operations would be 
occurring under an improved baseline with inclusion of the hydrodynamic mitigation). 
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• Tee-screen use patterns – distribution of screens used (e.g., northern-most intake 


screens first, individual screen diversion rates below 100 cfs) given prescribed 


diversion rate. 


o Operational changes would be considered based on the extent to which evidence indicates 


deviation from survival estimates are attributable to dynamics occurring Far-Field, 


including: 


• Bypass-flow criteria timing, and duration shifts (e.g., remaining at Level 1 longer, down-


ramping from Level 3 or 2) to better align with observed listed salmonid presence; 


o This would be informed by salmonid presence and movement pattern data gathered 


from existing monitoring stations upstream of, and through, the Delta (e.g., Knights 


Landing rotary screw trap), in addition to the targeted studies identified. 


• Pulse-flow criteria timing, duration, and frequency shifts (e.g., on- and off-ramping pulse 


protection relative to measured upstream flows, number of pulse-protections per year) 


to better align with observed WRCS presence. Consideration of ‘targeted’ pulse-


protection events based on observed SRCS, or other listed species, may also be 


considered. 


o This would be informed by salmonid presence and movement pattern data gathered 


from existing monitoring stations upstream of, and through, the Delta (e.g., KLRST), 


in addition to the targeted studies identified. 


o Potential use of BioSonic type technology at the intakes to further inform timing, 


distribution, and intake exposure of large concentrations of emigrating salmonids, 


would also be considered.  


3C.6.2 Green Sturgeon Objectives 


3C.6.2.1 Objective 2a: Avoid indirect mortality and health effects of 
juvenile green sturgeon caused by changes in Delta outflow at 
levels beyond those identified in the BA/ITP effects analyses. 


Associated Monitoring Study 


The Abundance and Distribution Study will examine densities and seasonal and geographic 


distribution of all life stages of listed fish species inhabiting the reaches of the lower Sacramento 


River likely to be affected by the proposed action. See Appendix 5B for study details. 


Metric 


The density of juvenile green sturgeon in the lower Sacramento River.  


Time Frame to Evaluate 


Implementation of surveys for juvenile green sturgeon is proposed to occur annually for 


approximately 5 years (a period assumed to provide robust representation of WYT) but subject to 


modification (e.g., additional years) based on observed conditions, with less intense monitoring 


occurring thereafter and/or greater reliance on long-term monitoring programs.  
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Performance Threshold 


Observed densities of juvenile green sturgeon (while considering environmental covariates) in the 


Lower Sacramento River is not statistically significantly less than densities observed during baseline 


studies.  


Potential Management Responses 


• If the ascribed threshold is not reached, existing operations would continue unchanged and 


monitoring would continue as planned. Deviation of observed density beyond the ascribed 


threshold would be an indicator that either (1) actual flow dynamics differ significantly from 


those assumed/evaluated or (2) biological/behavioral response differs from baseline and/or 


information used in the effects analysis. Upon verification of the deviation, potential 


management responses include: Triggering of additional studies to better evaluate drivers of the 


deviation; 


• Consideration of operational refinement if there is evidence that deviations are caused by the 


project and deleterious to green sturgeon (e.g., resulting in greater injury/mortality). 


o Operational changes would be considered based on the extent to which evidence indicates 


deviation from survival estimates are attributable to dynamics occurring Far-Field, 


including: 


• Bypass-flow criteria timing, and duration shifts (e.g., remaining at Level 1 longer, down-


ramping from Level 3 or 2) to better align with observed sturgeon presence; 


o This would be informed by sturgeon presence and movement pattern data gathered 


from existing monitoring stations upstream of, and through, the Delta, in addition to 


the targeted studies identified. 


• Pulse-flow criteria timing, duration, and frequency shifts (e.g., on- and off-ramping pulse 


protection relative to measured upstream flows, number of pulse-protections per year) 


to better align with observed smelt presence.  


 This would be informed by sturgeon presence and movement pattern data gathered 


from existing monitoring stations upstream of, and through, the Delta, in addition to 


the targeted studies identified. 


 Potential use of BioSonic type technology at the intakes to further inform timing, 


distribution, and intake exposure of emigrating sturgeon, would also be considered. 


 


3C.6.3 Delta Smelt and Longfin Smelt Objectives 


3C.6.3.1 Objective 3a: Avoid densities of predators adjacent to the north 
Delta diversion facilities that may prey on smelt at levels beyond 
those observed during Baseline monitoring. 


Associated Monitoring Study 


The Predatory Fish Distribution and Direct Predation Rate studies will evaluate predation of listed 


fishes. See Appendix 5B for study details, 
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Metric 


Densities of predatory fish and relative predation rates adjacent to the north Delta intakes 


Time Frame to Evaluate 


Implementation of the studies is proposed to occur annually for approximately 5 years (a period 


assumed to provide robust representation of WYT) but subject to modification (e.g., additional 


years) based on observed conditions, with less intense monitoring occurring thereafter and/or 


greater reliance on long-term monitoring programs.  


Performance Threshold 


Observed densities of predatory fish and relative predation rates (while considering environmental 


covariates) adjacent to the intakes should not be statistically significantly greater than those 


observed during the baseline studies. 


Potential Management Responses 


If the ascribed threshold is not reached, existing operations would continue unchanged and 


monitoring would continue as planned. Deviation of observed predator densities or relative 


predation rate beyond the ascribed threshold would be an indicator that the biological response 


differs from baseline and/or information used in the effects analysis. Upon verification of the 


deviation potential management responses include: 


• Triggering of additional studies to better evaluate drivers of the deviation; 


• Consideration of non-operational measures (e.g., fish refugia) if there is evidence that deviations 


are caused by the project and deleterious to smelt (e.g., resulting in greater injury/mortality); 


• Consideration of operational refinement if there is evidence that deviations are caused by the 


project and deleterious to smelt (e.g., resulting in greater injury/mortality). 


o Operational changes would be considered based on the extent to which evidence indicates 


deviation from survival estimates are attributable to dynamics occurring Near-Field, 


including: 


• Diel diversion patterning shifts to better avoid increased periods of migration – based 


on observed sub-daily migration behavior; 


• Tee-screen use patterns – distribution of screens used (e.g., northern-most intake 


screens first, individual screen diversion rates below 100 cfs) given prescribed 


diversion rate. 


3C.6.3.2 Objective 3b: Provide upstream migration of adult smelt at 
levels similar to those observed during Baseline monitoring. 


Associated Monitoring Study 


The Abundance and Distribution Study will examine densities and seasonal and geographic 


distribution of all life stages of listed fish species inhabiting the reaches of the lower Sacramento 


River likely to be affected by the Project. See Appendix 5B for study details. 







California Department of Water Resources 


 Appendix 3C 
North Delta Diversion Operations Adaptive Management and Monitoring Plan 


 


 


Delta Conveyance Project, Biological Assessment  
3C-24 


May 2024 


ICF 103653 


 


Metric 


The proportion of the population observed upstream of the north Delta intakes during the adult 


migration/spawning season. 


Time Frame to Evaluate 


Implementation of adult spawning surveys is proposed to occur annually, throughout the 


migration/spawning window (e.g., December  – May), for approximately 5 years (a period assumed 


to provide robust representation of WYT) but subject to modification (e.g., additional years) based 


on observed conditions, with less intense monitoring occurring thereafter and/or greater reliance 


on long-term monitoring programs.  


Performance Threshold 


Observed proportion of the population upstream of the north Delta intakes (while considering 


environmental covariates) should not be statistically significantly less than the proportion observed 


from baseline studies. 


Potential Management Responses 


If the ascribed threshold is not reached, existing operations would continue unchanged and 


monitoring would continue as planned. Deviation of observed fish movement beyond the ascribed 


threshold would be an indicator that either 1) actual flow dynamics differ significantly from those 


assumed/evaluated or 2) biological/behavioral response differs from baseline and/or information 


used in the effects analysis. Upon verification of the deviation potential management responses 


include: 


• Triggering of additional studies to better evaluate drivers of the deviation; 


• Consideration of non-operational measures (e.g., fish refugia) if there is evidence that deviations 


are caused by the project and deleterious to smelt (e.g., resulting in greater injury/mortality). 


3C.6.3.3 Objective 3c: Avoid indirect mortality and health effects of smelt 
caused by changes in Delta outflow at levels beyond those 
identified in the BA/ITP effects analyses. 


Associated Monitoring Study 


The Abundance and Distribution Study will examine densities and seasonal and geographic 


distribution of all life stages of listed fish species inhabiting the reaches of the lower Sacramento 


River likely to be affected by the Project. See Appendix 5B for study details. 


Metric 


The density of delta smelt in the lower Sacramento River 


Time Frame to Evaluate 


Implementation of surveys for smelt is proposed to occur annually for approximately 5 years (a 


period assumed to provide robust representation of WYT) but subject to modification (e.g., 
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additional years) based on observed conditions, with less intense monitoring occurring thereafter 


and/or greater reliance on long-term monitoring programs.  


Performance Threshold 


Observed densities of smelt in the Lower Sacramento River (while considering environmental 


covariates) is not statistically significantly less than densities observed from baseline studies. While 


prior studies have indicated positive relationships between winter and spring outflow and juvenile 


abundance during the fall, exact mechanisms driving this relationship remain uncertain and will 


continue to be an area of study. 


Potential Management Responses 


If the ascribed threshold is not reached, existing operations would continue unchanged and 


monitoring would continue as planned. Deviation of observed densities beyond the ascribed 


threshold would be an indicator that either 1) actual flow dynamics differ significantly from those 


assumed/evaluated or 2) biological/behavioral response differs from baseline and/or information 


used in the effects analysis. Upon verification of the deviation potential management responses 


include: 


• Triggering of additional studies to better evaluate drivers of the deviation; 


• Consideration of operational refinement if there is evidence that deviations are caused by the 


project and deleterious to smelt (e.g., resulting in greater density/abundance reductions). 


 Operational changes would be considered based on the extent to which evidence indicates 


deviation from density estimates are attributable to dynamics occurring Far-Field, 


including: 


• Bypass-flow and/or outflow criteria timing and duration shifts (e.g., remaining at Level 


1), for example, to better align with observed smelt presence and/or provide 


downstream flow conditions conducive to positive changes on smelt 


abundance/density, as determined through environmental studies. 


 This would be informed by smelt presence and movement pattern data gathered 


from existing monitoring stations upstream of, through, and downstream of the 


Delta, in addition to the targeted studies identified. In addition, environmental 


conditions at the time of operations, relationships between abundance of specific 


smelt life stages and hydrological parameters (e.g., outflow) during various times of 


the year, and potential mechanisms driving population responses, will be 


considered. 


3C.7 Governance Framework and Decision-Making 
Process 


3C.7.1 Governance Framework 


The implementation of the OAMMP would be a collaborative process that would be essential to the 


successful operation of the north Delta diversions. Under the OAMMP, new information gained 
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during implementation would inform operational decisions within the ranges of criteria and effects 


analyzed in the BIOP and CESA authorizations. The implementing agencies described below commit 


to working through the collaborative process to reach consensus on operational decisions and other 


management actions to the extent possible and to elevate any disputes over decisions to appropriate 


levels of officials for each agency. Each agency retains discretion to make decisions as appropriate 


within its authority after considering the available information. If, as part of the adaptive 


management process, an operational change is deemed necessary, further permitting may be 


required.  


3C.7.1.1 Implementing Agencies  


DWR 


DWR is a state agency within the California Natural Resources Agency charged with responsibility 


for operating and maintaining the SWP’s existing Delta facilities and would be responsible for 


constructing and operating new north Delta diversion facilities.  


CDFW 


CDFW is a state agency within the California Natural Resources Agency charged with responsibility 


for administering CESA and providing for the conservation of state-listed species and their 


habitats. 


NMFS 


NMFS is the federal agency within the United States Department of Commerce charged with 


responsibility for administering the ESA and providing for the conservation of federally listed 


anadromous and marine species and their habitats.  


USFWS 


USFWS is a federal agency within the United States Department of the Interior charged with 


responsibility for administering the federal ESA and providing for the conservation of federally 


listed fresh water and semi-anadromous aquatic and terrestrial species and their habitats.  


SWP Contractors 


The SWP contractors are public agencies that receive water under contract from the SWP. These 


public water agencies fund operation and maintenance of the existing SWP Delta facilities and will 


fund a portion of the costs to implement the proposed action, including a portion of the OAMMP. 


SWP contractors would also have a role on the Interagency Implementation Coordination Group 


(IICG), as described in Section 3C.7.1.2. 


3C.7.1.2 Interagency Implementation and Coordination Group 


The IICG would be a multi-agency group with the primary responsibility of coordinating and 


implementing the OAMMP. The IICG would be led by DWR and would include a representative of 


USFWS, NMFS, and one Designated Representative each from DWR, CDFW, and a participating SWP 


contractor. In the case of DWR and CDFW, a Designated Representative is an official representative 


designated by and authorized to act on behalf of the Governor of California. In the case of the SWP 
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contractors, a Designated Representative is an official representative designated by an elected board 


of directors to act on their behalf. These representatives on the IICG would likely be senior 


managers/biologists. Additional staff from any of the IICG member agencies and/or consultants may 


also participate to provide technical assistance or other support. The IICG would also coordinate 


their activities with Reclamation and CVP contractors to ensure OAMMP actions are consistent with 


CVP operations. 


The IICG shall have primary responsibility for support, coordination, and implementation of the 


OAMMP and shall:  


1. Be responsible for supporting those priority science needs determined necessary to carry out 


the OAMMP. 


2. Route requests for science needs with, if necessary, appropriate funding to the appropriate 


entity with the capacity to complete them, or at its discretion, the IICG may initiate work to 


address priority science needs using staff from its member agencies, or any appropriate entity. 


3. Establish mechanisms for developing and agreeing to changes to the OAMMP, such as through 


preparation of an annual adaptive management work plan or development of specific proposals 


that identify the compliance implications of the proposed change. 


4. Promote and fund scientific activities/monitoring that the IICG determines are necessary to 


carry out the OAMMP. 


5. Review scientific information and recommend changes to monitoring schema and management 


actions to DWR. DWR would then either implement the monitoring change or work on 


monitoring changes through the IEP. 


6. Refer management-related actions or proposals, as appropriate, to the Delta Science Program 


for review by an independent science panel. 


7. Assure transparency consistent with the requirements of the Delta Plan. 


8. Review funding commitments and any implementation issues relative to priorities and 


recommendations from the Delta Science Program, CAMT, or related adaptive management fora. 


9. Identify and secure needed infrastructure and resources to support scientific activities/


monitoring. 


10. Review and approve the North Delta Diversion Fisheries Field Studies Workplan and progress 


reports. 


11. Coordinate with the WOMT, which will consider all operational opportunities requests within 


24 hours and simultaneously issue a recommendation to the IICG and the agency with authority 


to implement the operational opportunities. 


12. Coordinate OAMMP activities5 with the LTO Adaptive Management Steering Committee, as 


necessary. 


 
5 In the context of LTO adaptive management, it is anticipated that OAMMP activities would be Bin 3 actions, i.e., 
adaptive management actions for which agencies evaluate data over longer periods of implementation (on the 
order of 10-15 years), potentially requiring a full structured decision-making process as described in further detail 
in Appendix B of the LTO Adaptive Management Program.  
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3C.7.2 Decision-Making Process 


Adaptive management recommendations by the IICG shall be by consensus of the representatives. In 


the event of a dispute within the IICG regarding different hypotheses, lines of evidence, or 


interpretations of science and/or data related to a proposed change to the OAMMP, any member of 


the IICG may initiate a non-binding process for a review concerning the matter in dispute by 


providing IICG members with a written notice of dispute that describes the nature of the dispute and 


options that may be available to help resolve the matter. In such case, to facilitate dispute resolution, 


the IICG would meet and confer to consider these options and to see if further collaborative work 


can be undertaken to determine whether agreement can be reached on the matter.  


In the event that resolution of the dispute cannot be reached within the IICG, review of the issue in 


dispute may occur through the presentation of alternative viewpoints as part of a separate 


independent science review (e.g., Delta Science Program). The members of the IICG, with the 


assistance of the IICG Manager, would describe the nature of the dispute to be considered by the 


panel in consultation with the independent review panel. 


Within 30 days of the completion of panel selection, the parties to the dispute shall present their 


views in writing. A non-binding opinion shall be issued in writing by a majority of the panel.  


Within 30 days of issuance of the panel’s non-binding opinion, DWR shall consider the panel 


opinions and provide a written response prior to final decision. 
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Appendix 6A 
Terrestrial Effects Analysis Methods 


6A.1 Introduction 
This appendix describes the methods used to analyze the effects of the Delta Conveyance Project 
(proposed action) on federally listed species in the action area. Effects are analyzed using 
quantitative and qualitative methods. Quantitative methods are used to estimate the maximum 
acres of habitat loss. Qualitative methods are used to describe the relative value of the habitat lost 
and the potential for direct and indirect effects (e.g., injury, mortality, changes in behavior).  


6A.2 Spatial Extent of the Terrestrial Effects Analysis 
The action area for the effects analysis for listed wildlife is the entire legal Delta plus an additional 
area that includes the lands between Clifton Court Forebay and Bethany Reservoir. Refer to Chapter 
4, Action Area and Environmental Baseline, for a description of the action area, the proposed action, 
and the environmental baseline. Chapter 4 includes an overview of environmental conditions and a 
description of the effects of these conditions on the species included in this biological assessment. 
The activities that would occur in the area between Clifton Court Forebay and Bethany Reservoir 
include field investigations and construction activities associated with Bethany Complex, access 
roads, electrical power transmission lines, and supervisory control and data acquisition (SCADA) 
facilities.  


6A.3 Temporal Extent of the Terrestrial Effects 
Analysis 


Construction of the water conveyance facility will continue for 13 years; the construction schedule 
includes preconstruction field investigations, habitat suitability surveys, vegetation removal and 
grading, facility construction, and restoration of undeveloped portions of the construction footprint. 
After construction is complete, this biological assessment would cover the operations and 
maintenance of all covered facilities for 10 years. Thus, the temporal extent of the analysis is 30 
years. Construction of all habitat creation, restoration, and enhancement actions that are required 
by the Compensatory Mitigation Plan (CMP) is expected to be completed by the time conveyance 
facility construction is complete. Monitoring and maintenance of created, restored, and protected 
habitat will continue in perpetuity. 


6A.4 Terrestrial Effects Analysis Organizational 
Background 


This section describes the background necessary to understand the organizational approach taken 
in the terrestrial effects analysis. Chapter 6, Effects Analysis for Delta Smelt, Longfin Smelt, and 
Terrestrial Species, is organized by feature of the proposed action (e.g., north Delta intakes, tunnel 
shaft, Bethany Complex) and by impact category (e.g., habitat loss and fragmentation, construction-
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related effects, and operations and maintenance). The sections below describe each of these features 
and impact categories.  


6A.4.1 Impact Categories 


Activities related to the proposed action could affect wildlife resources in the action area either 
directly or indirectly. Direct effects can be either permanent, long-term temporary, or temporary. 
These impact categories were used to assess effects on wildlife resources. 


• Permanent. This is the conversion of a natural or agricultural habitat type to a feature of the 
proposed action. For example, a patch of grassland or riparian habitat would be converted to a 
concrete pad on which an intake or a tunnel shaft is constructed. The habitat is permanently 
lost. 


• Long-term temporary. This is habitat loss or disturbance that lasts longer than 1 year, but the 
area would be returned to as close to pre-action conditions as possible after construction is 
finished (see Chapter 3, Description of the Proposed Action, Section 3.2.15, Land Reclamation). 
For the purposes of the effects analysis discussion, this loss is considered permanent. Any 
habitat created by reclamation of these areas post-construction would be considered newly 
created habitat that could count toward the total acres of compensatory mitigation if the 
reclaimed areas meet habitat suitability requirements and have not experienced irreversible 
changes to hydrology or soil compaction. The purpose for counting long-term temporary 
impacts as permanent is to recognize, and compensate for, the temporal loss of habitat. 


• Temporary. Temporary, or short-term temporary impacts, include ground-disturbing activities 
in habitat that would be restored to pre-project conditions in less than a year after initial 
disturbance.  


Generally, the take analysis contains an assessment of both direct and reasonably foreseeable 
indirect impacts of the proposed action. Direct impacts of the proposed action are caused by 
activities that occur during construction and implementation. Indirect effects of the proposed action 
are caused by activities that occur at some later time or farther removed in distance but are 
reasonably foreseeable. Direct effects on terrestrial species could be caused by habitat loss and 
fragmentation, construction-related effects, or operation and maintenance of project facilities. 
Indirect effects on terrestrial species could be caused by permanent alterations to light and noise 
levels, alterations to hydrology, damage through toxicity associated with herbicides and 
rodenticides, or introduction of invasive (nonnative) species.  


6A.4.2 Features of the Proposed Action 


More than 200 unique features of the proposed action (often called project features) are included in 
the preliminary engineering drawings for the proposed action. However, these features are bundled 
into complexes and, from a species impact perspective, are not unique or distinct. To inform the 
effects analysis in Chapter 6, project features are bundled or “rolled up” into a small number based 
on impact type and specific geography. For example, all activities that occur to construct the north 
Delta intakes and Bethany Complex would result in similar impact mechanisms—noise, light, dust, 
permanent habitat loss. However, the Bethany Complex would be built in a separate geography and 
thus has the potential to affect different species. Therefore, the north Delta intakes and Bethany 
Complex need to be discussed separately. Table 6A-1 shows the full suite of the proposed action's 
features, as labeled in the original engineering drawings, that were identified as unique from a 
terrestrial species impact perspective. These features were then further “rolled up” and it is the 
rolled up features by which the Chapter 6 analysis is organized. The primary reason for the rolled up 
list of project features is to provide a smaller, more workable group of project features by which the 
analysis is organized. The main difference between the full and rolled up list is that project features 
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that have long-term temporary impacts are combined with project features that have permanent 
impacts. Because long-term temporary impacts are assumed to last longer than one year, and 
because wildlife agency staff typically consider habitat loss that lasts longer than one year to be 
permanent; long-term temporary impacts are considered permanent. This analysis presents a 
record of the long-term temporary impacts so that wildlife agency staff understand the magnitude 
and location of areas that could be restored upon construction completion for partial compensation 
of habitat loss. See Section 6A.4.1, Impact Categories, for more details.  


Table 6A-1. Project Features Informing the Terrestrial Effect Analysis by Impact Type 


Rolled-Up Project Features 
as Analyzed in Chapter 6 a 


Impact Types b 


Full List of Project Features c Permanent Temporary 


Field Investigations – x Fault Trench Line Work Area, 
Geotechnical Exploration Zone 


North Delta Intake x – North Delta Intake 


Tunnel Shaft x – Tunnel Shaft 


RTM Area x – RTM Area, Other Long-Term 
Temporary, Twin Cities Complex 
Ring Levee 


Bethany Complex x – Bethany Complex 


Access Roads  x x Access Roads d 


Levee Improvement Area e 


Other Long-Term Temporary 


Railroad Work Area 


Public Road d 


Electrical and SCADA 
Facilities  


(Overhead and Underground) 


x x Other Permanent, SCADA Facilities 
(Overhead), Electrical Facility 
(Overhead), Electrical Facility 
Transmission (Underground), 
SCADA Facilities (Underground) f 


Other Construction Support 
Facilities 


x x Other Permanent, g Other Long-
Term Temporary h 


CCWD x  CCWD 


CMP – x i CMP 


CCWD = Contra Costa Water District; CMP = Compensatory Mitigation Plan; RTM = reusable tunnel material; SCADA 
= supervisory control and data acquisition. 
a These are the section headings in the terrestrial portion of the Chapter 6 effects analysis. These are the project 


features for which impacts on terrestrial species are evaluated.  
b See Section 6A.4.3, Effects Mechanisms, for definitions of permanent, long-term temporary, and temporary impact 


types.  
c This is the “full list” of project features evaluated for the purposes of the terrestrial impact analysis. The source of 


these project features is the original Engineering Project Reports (Delta Conveyance Design and Construction 
Authority 2022a, 2022b).  


d Access road and public road activity types are temporary. All other project features in this category are permanent 
or long-term temporary (which is considered permanent in the roll up).  


e The levee improvement area on Lower Roberts Island will be constructed alongside, and at the same time as, the 
access road. Because both impacts are permanent and have similar construction-related effects, they are treated 
together in the Chapter 6 terrestrial effects analysis.  


f SCADA Facilities (underground) is the only temporary activity in the Electrical and SCADA Facilities (Overhead and 
Underground) impact category.  
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g The “other permanent” category includes the following project features: batch plant, metering area, park and ride, 
and proposed switching station. Although these features occur in various locations along the alignment, they are 
all very small, permanent, and discrete (i.e., occur away from larger complexes).  


h The “other long-term temporary” project features include batch plant, water pumping plant, proposed switching 
station, and substation. 


i  For those species with modeled habitat that overlaps with the CMP footprint (least Bell’s vireo, western yellow-
billed cuckoo, giant garter snake, and valley elderberry longhorn beetle, western pond turtle, western spadefoot), 
implementation of the CMP would convert existing, low quality habitat to high quality habitat and thus the ground 
disturbance is considered temporary.  


For a full description of the activities that would occur at each project feature see Chapter 6. The 
introduction to each project feature section includes a brief description of the activity as it relates to 
the terrestrial effects analysis. 


6A.4.3 Effects Mechanisms 


The effects analysis for each species is organized into three effect mechanism types: habitat loss and 
fragmentation, construction-related effects, and operations and maintenance. These categories are 
described below. 


• Habitat Loss and Fragmentation.  


o Habitat loss is the conversion of habitat to non-habitat. There are two types of habitat loss 
discussed in Chapter 6—permanent and temporary—however, the full impact analysis 
identifies three types – permanent, long-term temporary, and temporary, which are 
described in 6A.4.1. Impact Categories. The project features associated with each impact 
type are described in Table 6A-1.  


o Fragmentation is the result of a contiguous patch of habitat being divided into two or more 
smaller patches by a project feature that could serve as a full or partial barrier to wildlife 
movement. Fragmentation lowers the value of the remaining habitat patches.  


• Construction-Related Effects. These are actions that can result in species injury or mortality, or 
changed behavior (e.g., changing movement patterns, avoidance of the construction area, 
emergence from cover, etc.) that could result in injury or mortality. The impact mechanisms that 
are discussed in this section of the effects analysis are listed below.  


o Heavy equipment—Heavy equipment is required for grading, excavation, trenching, drilling, 
and placement of fill and could result in the crushing of individuals. 


o Hazardous materials—Examples include spills of fuels, oils, and cement which could result 
in toxicity. 


o Vehicle movement—Examples include construction personnel vehicles, haul trucks, and 
grading equipment movement on local roads and construction access roads, and off-road 
vehicle movement in portions of work areas which would result in the crushing of 
individuals. 


o Noise—Examples include equipment operation, pile driving, and helicopters which could 
result in wildlife avoiding areas or other changed behaviors that make wildlife more 
susceptible to increased energy expenditure or predation or that result in relocation to 
areas of reduced pretty abundance. 


o Light—Includes permanent lighting at project facilities, temporary lighting used for 
construction, and disturbances caused by the presence of construction vehicles and 
personnel which could result in wildlife avoiding the area or in changed circadian rhythms 
and increased stress and energy expenditure. 
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o Vibration—Heavy equipment, vehicles, and pile driving are the primary sources of vibration 
which could result in avoidance, increased potential for predation or increased energy 
expenditure. 


o Visual disturbance—The presence of humans or construction equipment on the landscape, 
in particular, the movement of people or equipment which could result in avoidance, 
increased potential for predation or increased energy expenditure.  


o Water quality—Includes the creation and mobilization of methylmercury, selenium, 
pesticides, and microcystins, which could result in acute toxicity that leads to death or 
chronic toxicity that could lead to decreased survivability or reproductive malformations. 
Also includes erosion and sedimentation that could result in injury, mortality, or disruption 
of normal behaviors of individuals, eggs, and larvae using aquatic habitat. 


o Dewatering—Includes pumping and draining of waterbodies which could lead to mortality 
of early life stages or increased potential for predation for adults. 


o Dust—Results from ground disturbance and vegetation removal and could result in wildlife 
avoiding the area or in decreased photosynthesis/survivorship in plants. 


• Operations and Maintenance. While operations and maintenance activities would be different 
from construction activities, many of the impact categories (e.g., noise, hazardous materials, 
light, dust, etc.) are the same. In addition to those listed above for construction-related effects, 
impacts mechanisms for operations and maintenance also include herbicide/pesticide 
application and vegetation removal, trimming, and mowing; all of which could result in the 
injury and mortality mechanisms listed above.  


6A.5 Terrestrial Effects Analysis Methods 
As described in Section 6A.4, Terrestrial Effects Analysis Organizational Background, Chapter 6 is 
organized by project feature and then by impact category. While the project feature determines 
what impact category will be relevant to the analysis, it is the impact categories that determine the 
method of analysis. The terrestrial effects analysis uses two basic methods for evaluating impacts: 
quantitative and qualitative. Habitat loss is evaluated quantitatively, and all other impact categories 
are evaluated qualitatively. The two methods are further described in the following sections.  


6A.5.1 Habitat Loss  


Habitat loss was quantified by overlapping or intersecting a project footprint represented spatially 
in geographic information systems (GIS) with a species model, also represented spatially in GIS. 
Wherever the footprint and the model overlap, it is counted as an impact measured in acres. The 
project footprint GIS layer includes information such as project feature type and impact type, thus, 
the acres of overlap with the species model can be delineated by project feature type and impact 
type. The output of the GIS terrestrial effects analysis intersect is a table that lists how many acres of 
overlap occur, or more specifically, how many acres of modeled habitat will be affected, by project 
feature, impact type, and species model type. See Section 6A.4.2, Project Features, and Section 6A.4.1 
for descriptions of project features and impact types. See Chapter 4, Section 4.4, Status of the 
Species/Environmental Baseline Summary for a description of each species model. 


Table 6A-2 includes the results of the intersection of the project footprint and the species models for 
the full suite of project features; Table 6A-3 includes the results for the rolled-up features. The 
modeled habitat loss results presented in Table 6A-3 are presented and analyzed in Chapter 6.   
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Table 6A-2. Maximum Loss of Modeled Habitat, Full List of Project Features (acres)  


Species Habitat 


Permanent Habitat Loss a Long-Term Temporary Habitat Loss a, b Temporary Habitat Loss a, c   
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Total 
Affected 
Modeled 
Habitat 


Initial 
Mitigation 


Sites 


San Joaquin kit fox High quality   0.00   0.00   0.00   0.00   0.00   0.02  0.00 0.11  0.00   0.00   0.00  0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00   0.00  0.00 0.00 0.04 0.00 0.00 0.01 f 0.01 0.06 0.19 0.00 


San Joaquin kit fox Moderate 
quality  


 0.00   0.00   0.00   0.00   0.00   0.00  0.00 0.06  0.00   0.00   0.00  0.00 0.06  0.00 0.00 0.00 0.00 0.00 0.00   0.00  0.00 0.00 0.02 0.00 0.00 0.00 f 0.00 0.02  0.08  0.00 


San Joaquin kit fox Low quality   0.00   12.51   19.25   0.00   0.00   0.00  0.00 0.42  3.71   0.00   0.00  0.00 35.89  0.00  2.80  0.00 0.00 0.00 2.80   0.00  11.12 0.00 2.58 2.61 0.00 0.63 f 0.00 16.94 55.63  0.00 


California least tern Foraging   0.00   0.42   0.00   4.98   0.00   0.00  0.00 0.00  0.16   0.00   0.00  0.29 5.86  0.00  0.27  0.83 0.00 g 0.00 1.10   0.00  0.45 0.00 3.36 0.24 0.00 0.10 0.01 4.16 11.13  0.00 


Least Bell’s vireo  Recolonization  0.00   0.77   0.16   4.51   1.45   0.00  0.00 0.00  0.55   0.00   0.00  0.11 7.54  0.00  0.06  1.85 0.00 h 0.23 2.13   0.00  1.11 0.00 0.71 0.93 0.00 4.05 0.87 7.67 17.34 204.79 i 


Western yellow-
billed cuckoo 


Migratory  0.00   0.77   0.16   4.51   1.45   0.00  0.00 0.00  0.55   0.00   0.00  0.11 7.54  0.00  0.06  1.85 0.00 h 0.23 2.13   0.00  1.11 0.00 0.71 0.93 0.00 4.05 0.87 7.67 17.34  204.79 i 


California red-
legged frog 


Aquatic  0.00   0.07   0.00   0.00   0.00   0.00  0.00 0.00  0.14   0.00   0.00  0.00 0.21  0.00 0.00 0.00 0.00 0.00 0.00   0.00  0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.12 0.34 0.00 


California red-
legged frog 


Upland  0.00   1.47   0.06   0.00   0.00   0.02  0.00 0.05  2.32   0.00   0.00  0.00 3.92 0.00  3.15  0.00 0.00 0.00 3.15   0.00  0.71 0.00 0.00 1.40 0.00 0.60 0.01 2.72 9.78 0.00 


California red-
legged frog 


Dispersal j  0.00   17.16  244.75  0.00   0.00   0.00  0.00 0.64  30.13   0.00   0.00  0.00 292.68  0.00  70.80  0.00 0.00 0.00 70.80   0.00  20.05 15.92 5.11 5.43 0.00 1.46 0.01 47.97 411.45  0.00 


California tiger 
salamander 


Aquatic k  0.00   0.00   0.14   0.00   0.00   0.00  0.00 0.00  0.00   0.00   0.00  0.00 0.14  0.00  0.06  0.00 0.00 0.00 0.06   0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 


California tiger 
salamander 


Upland   0.00   9.71   32.01   0.00   0.00   0.02  0.00 0.61  2.84   0.00   0.00  0.00 45.18 0.00  15.02  0.00 0.00 0.00 15.02   0.00  10.37 1.96 2.97 2.21 0.00 1.56 0.02 19.08 79.29 0.00 


Giant garter snake Aquatic  0.00  1.05   0.08   1.39   2.89   0.00  0.00 0.00 l  0.29   0.54   0.11  0.38 l 6.73 0.25  0.19  0.63 0.00 h 1.83 2.91  0.00  7.94 0.25 l 3.03 l 0.64 0.00 0.17 1.84 13.87 23.52 150.54 m 


Giant garter snake Upland  0.02  10.61   1.92   8.15   12.60   0.00  0.00 0.06 l  6.10   0.00   0.00  0.78 l 40.25 5.88  5.41  4.01 0.00 h 15.69 31.00  0.00 10.47 5.57 l 5.77 l 5.66 0.00 6.37 3.87 37.70 108.95  189.81 m 


Valley elderberry 
longhorn beetle 


Riparian  0.00   0.98   0.88   4.66   7.57   0.00  0.00 0.00  1.51   0.00   0.00  0.43 16.03  0.00  0.15  2.35 0.00 h 0.94 3.44  0.00  1.75 0.00 2.38 1.49 0.00 4.28 0.98 10.89 30.36 204.79 n 


Vernal pool fairy 
shrimp 


Modeled   0.00   0.11   0.14   0.00   0.00   0.00  0.00 0.00  0.11   0.00   0.00  0.00  0.36  0.00  0.06  0.00 0.00 0.00 0.06  0.00 0.00 o 0.23 o 0.34 o 0.19 o 0.00 0.00 0.00 0.76 o 1.18o 0.42 


Vernal pool tadpole 
shrimp 


Modeled  0.00   0.11   0.14   0.00   0.00   0.00  0.00 0.00  0.11   0.00   0.00  0.00  0.36  0.00  0.06  0.00 0.00 0.00 0.06  0.00 0.00 o 0.23 o 0.34 o 0.19 o 0.00 0.00 0.00 0.76 o 1.18o 0.42 


Northwestern pond 
turtle 


Aquatic 0.00  2.03   1.89   5.82   0.93   0.03  0.00  0.6   1.37   5.12   0.85   0.55   18.59   0.33   1.69   1.87   0.01   11.18  15.09  0.00  8.21   0.44   6.07   1.31  0.00 0.42 2.61 19.05  52.73 233.94 


Northwestern pond 
turtle 


Upland 0.02  20.24   19.75   11.99   12.98   1.16  0.00  0.00   12.55   0.10   0.33   0.79   80.51   5.88   15.21   4.59   0.29   9.60  35.58  0.00  17.52   3.67   8.36   10.36  0.00 8.56 6.32 54.78  170.87 456.10 


Western spadefoot Aquatic 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.06 0.00 0.00 0.00 0.06 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 


Western spadefoot Upland 0.00 5.89 14.93 0.00 0.00 0.02 0.00 0.05 0.01 0.00 0.00 0.00 20.90 0.00 12.00 0.00 0.00 0.00 12.00 0.00 1.86 1.66 0.30 0.07 0.00 0.28 0.17 4.34 37.24 0.00 


CCWD = Contra Costa Water District; CMP = Compensatory Mitigation Plan; RTM = reusable tunnel material; SCADA = supervisory control and data acquisition. 
a  See Section 6A.4.1, Impact Categories, for definitions of permanent, long-term temporary, and temporary impact types.  
b  Long-term temporary impacts are those impacts that would be restored, but not within 1 year from ground disturbance (as temporary impacts will be).  
C  Temporary habitat disturbance from construction would be restored to pre-disturbance conditions within 1 year of construction completion, as described in AMM14: Construction Best Management Practices for Biological Resources (Appendix 3A, General Avoidance and 


Minimization Measures). 
d  The “other permanent” category includes the following project features: concrete batch plant, metering area, park-and-ride lots, proposed switching station, and overhead SCADA. These features have been grouped together because they have similar impacts/activities, are of 


small extent, and are discrete (i.e., occur away from larger complexes). 
e  The “other long-term temporary” project features include concrete batch plant, construction water pipeline, proposed switching station, and substation. 
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f  A SCADA facility overlaps with San Joaquin kit fox modeled habitat near the Bethany Complex, however, rather than being trenched, the facility would be bored and, therefore, would not have a surface impact (so no impacts are reported). All other SCADA facilities that overlap 
with the model occur within a larger construction complex such as the Bethany Complex. 


g  Includes impacts from railroad work area. 
h  Includes impacts from ring levee and railroad work area. 
i  This effect analysis assumes that existing, low-quality least Bell’s vireo and western yellow-billed cuckoo habitat would be temporarily disturbed from implementation of the compensatory mitigation plan enhancement and creation actions. The temporary disturbance is expected 


to convert existing, low-quality habitat to enhanced, high-quality habitat. 
j  Overlap between the project footprint and dispersal habitat is described here to inform the impact discussion of movement.  


k The aquatic habitat model for California tiger salamander includes vernal pool complex, a natural community made up of pool features in a grassland matrix. As a result, the acres of modeled habitat represent mostly upland acres (rather than aquatic acres). 
l  Field investigations and electrical facilities would avoid suitable aquatic giant garter snake habitat; see Chapter 3, Section 3.6.2.7, Giant Garter Snake Avoidance and Minimization Measure. 
m  This effect analysis assumes that existing, low-quality giant garter snake habitat would be temporarily disturbed from implementation of the compensatory mitigation plan enhancement and creation actions. The temporary disturbance is expected to convert existing, low-quality 


habitat to enhanced, high-quality habitat. 
n  This effect analysis assumes that existing, low-quality valley elderberry longhorn beetle riparian habitat would be temporarily disturbed from implementation of the compensatory mitigation plan enhancement and creation actions. The temporary disturbance is expected to 


convert existing, low-quality habitat to enhanced, high-quality habitat. 
o  This effect analysis assumes that all temporary and indirect effects on vernal pools result in a permanent loss of the pool. 
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Table 6A-3. Maximum Loss of Modeled Habitat, Project Features “Roll Up” (acres)  


Species Habitat 


Total Modeled 
Habitat in the 


Action Area 


Permanent Habitat Loss a, b Temporary Habitat Loss a, b 


Total 
Affected 
Modeled 
Habitat CMP CCWD 


Access 
Roads c 


Bethany 
Complex 


North 
Delta 


Intake 


Other 
Construction 


Support 
Facilities c 


Electrical and 
SCADA Facilities 
(Overhead and 
Underground) c RTM c 


Tunnel 
Shafts 


Permanent 
Habitat Loss 


Total 
Field 


Investigation c CCWD 
Access 
Road c 


Other 
Construction 


Support 
Facilities 


Electrical and 
SCADA 


Facilities 
(Overhead 


and 
Underground) 


Temporary 
Habitat 


Loss Total 


San Joaquin kit fox High quality  78.28 0.00 0.00 0.00 0.00 0.02  0.11  0.00 0.00  0.13  0.04 0.00 0.00 0.01 0.01 0.06  0.19  0.00 


San Joaquin kit fox Moderate quality  11.21 0.00 0.00 0.00 0.00 0.00  0.06  0.00 0.00  0.06  0.02 0.00 0.00 0.00 0.00 0.02  0.08  0.00 


San Joaquin kit fox Low quality  1,363.62 0.00 16.22 22.05 0.00 0.00  0.42  0.00 0.00  38.69  2.58 0.00 13.73 0.00 0.63 16.94  55.63  0.00 


California least tern Foraging  9,021.95 0.00 0.58 0.27 5.82 0.00  0.29  0.00 0.00  6.96  3.36 0.00 0.70 0.00 0.11 4.16  11.13  0.00 


Least Bell’s vireo Recolonization 17,386.63 0.00 2.77 0.22 6.35 0.00  0.11  0.00 0.23  9.68  0.71 0.00 2.04 0.00 4.92 7.67  17.34  204.79 


Western yellow-billed 
cuckoo 


Migratory 17,296.15 0.00 2.77 0.22 6.35 0.00  0.11  0.00 0.23  9.68  0.71 0.00 2.04 0.00 4.92 7.67  17.34  204.79 


California red-legged 
frog 


Aquatic 148 0.00 0.21 0.00 0.00 0.00 0.00 0.00 0.00  0.21  0.00 0.00 0.12 0.00 0.00 0.12  0.34  0.00 


California red-legged 
frog 


Upland 668 0.00 3.79 3.21 0.00 0.02  0.05  0.00 0.00  7.06  0.00 0.00 2.11 0.01 0.60 2.72  9.78  0.00 


California red-legged 
frog 


Dispersal  21,580 0.00 47.29 315.55 0.00 0.00  0.64  0.00 0.00  363.48  21.03 0.00 25.47 0.01 1.46 47.97  411.45  0.00 


California tiger 
salamander 


Aquatic  9,326.57 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00  0.20  0.00 0.00 0.00 0.00 0.00 0.00  0.20  0.00 


California tiger 
salamander 


Upland  7,402.42 0.00 12.55 47.03 0.00 0.02  0.61  0.00 0.00  60.20  4.92 0.00 12.58 0.02 1.56 19.08  79.29  0.00 


Giant garter snake Aquatic  55,384.97 0.25 4.24 0.27 2.03 0.00  0.38  0.54 1.94  9.65  3.28 0.00 8.58 0.00 2.01 13.87  23.52  150.54  


Giant garter snake Upland  51,148.80 5.90 29.31 7.32 12.17 0.00  0.85  0.00 15.69  71.24  11.34 0.00 16.12 0.00 10.24 37.70  108.95  189.81  


Valley elderberry 
longhorn beetle 


Riparian 20,458.28 0.00 10.06 1.04 7.01 0.00 0.43 0.00 0.94 19.47 2.38 0.00 3.25 0.00 5.26 10.89 30.36 204.79 


Vernal pool 
brachiopods 


Vernal pools  13,819.36 0.00 0.22 0.20 0.00 0.00 0.00 0.00 0.00 0.42 0.57 0.00 0.19 0.00 0.00 0.76 1.18 0.42 


Northwestern pond 
turtle 


Aquatic 110,519.78 0.33 4.32 3.58 7.69 0.04  0.55  5.12 12.03 33.67 6.51 0.00 9.52 0.00 3.03 19.05 52.73 233.94 


Northwestern pond 
turtle 


Upland 63,117.86 5.90 45.77 34.96 16.58 1.46  1.40  0.10 9.93 116.09 12.02 0.00 27.88 0.02 14.86 54.78 170.87 456.10 


Western spadefoot  Aquatic 11,937.05 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 


Western spadefoot Upland 2,919.58 0.00 5.91 26.93 0.00 0.02  0.05  0.00 0.00 32.90 1.96 0.00 1.93 0.01 0.43 4.34 37.24 0.00 


CCWD = Contra Costa Water District; CMP = Compensatory Mitigation Plan; RTM = reusable tunnel material; SCADA = supervisory control and data acquisition. 
a  These are the project features for which impacts on terrestrial species are evaluated in Chapter 6.  
b  See Section 6A.4.1, Impact Categories, for definitions of permanent and temporary habitat loss.  
c See Table 6A-1 for the full list of the project features that have been rolled up to inform this table and effects analysis in Chapter 6.  
d  SCADA facilities are bored in this region and not trenched. No impact to modeled habitat. 
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6A.5.1.1 Suitable Habitat Models 


Habitat models were developed because project design and impact analysis were developed 
simultaneously. As such, access to the project footprint has not been granted and on-the-ground 
surveys of suitable habitat are not possible. Habitat models collect a variety of information relating 
to habitat requirements—environmental attributes, species life history, and occurrences—to create 
hypotheses of species-habitat relationships rather than statements of proven cause-and-effect 
relationships (Schamberger et al. 1982). Habitat models for terrestrial species are formulated 
primarily using land cover data from existing GIS data sources as described in Chapter 4, Section 4.4 
and are assumed to provide a conservative estimate of maximum habitat loss from which can inform 
take assessments. 


The habitat models were created using existing GIS data that in some cases do not provide the 
necessary information to precisely identify suitable habitat characteristics for a species. For 
example, the riparian plant alliance data are not good predictors of the structural characteristics 
necessary to support nesting least Bell’s vireos or western yellow-billed cuckoos. For this reason, 
modeled habitat is differentiated from suitable habitat, as defined for each species in Chapter 4, 
Section 4.4. Suitable habitat would be delineated prior to breaking ground to identify appropriate 
avoidance and minimization measures and to measure the habitat loss so that it can be tracked 
against the estimated habitat loss maximums presented in Tables 6.A-2 and 6.A-3.  


Habitat models for species addressed in this take analysis are used to identify areas where suitable 
habitat, and thus, individuals are likely to occur. Although the models portray a reasonable 
distribution of habitat for the species, they do not necessarily indicate with certainty that species are 
restricted to those areas; nor do they predict whether the habitat is or will be occupied. Instead, the 
models indicate that nonhabitat areas have a much lower probability of species occurrence 
compared with areas identified as habitat.  


In some cases, the models were developed using site-specific species occurrence information from 
the California Natural Diversity Database (CNDDB) (California Department of Fish and Wildlife 
2020) and information from extensive field surveys conducted in and around water conveyance 
facility footprints by DWR (2009 to 2011 Bay Delta Conservation Plan EIR/EIS Environmental Data 
Report) (California Department of Water Resources 2011). DWR's survey results were used together 
with CNDDB occurrence data to determine whether construction footprints for the proposed action 
would affect known species occurrences. DWR surveys have not been performed on all lands within 
the alignment and the CNDDB data is limited by where previous surveys have occurred. Therefore, 
while the species models likely include habitat that may not be suitable or is unoccupied, they 
provide a conservative estimate of potentially suitable habitat. Habitat suitability will be 
determined, prior to ground disturbance, using field surveys. Because the models are conservative, 
it is assumed that the total impacted acreage would be less than what was estimated using the 
species models. Though the analysis discusses where CNDDB occurrences may overlap with, or 
occur close to the project footprint, on-the-ground suitable habitat surveys, and in some cases, 
species surveys, would be used to verify suitability and occupancy prior to construction.  


6A.5.1.2 Vernal Pool Branchiopods  


There are three types of impact quantified for vernal pool branchiopods: direct permanent, direct 
temporary, and indirect. The direct and temporary impact categories are defined in Section 6A.4.1 
and include the overlap between modeled habitat and a project feature footprint in GIS. However, 
vernal pool branchiopods are the only species for which indirect impacts are specifically defined and 
quantified. For vernal pool branchiopods, indirect effects occur when the construction footprint 
occurs within 250 feet of a modeled pool and pool hydrology is likely to be affected such that the 
pool hydroperiod is unlikely to support the species into the future. Even though there is little 
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property access for on-the-ground surveys, there are qualitative rationale that can be provided to 
support a conclusion of adverse impact avoidance for indirect effects.  


For the purposes of this biological assessment, indirect effects on vernal pool branchiopod habitat 
was determined on a case-by-case basis based on the activity type and topographical position. Each 
of these factors are described below.  


• Activity type. Upgrades to existing roads are assumed to not disturb any land outside the 
existing paved surface and therefore would not lead to habitat loss. Where an existing feature, 
such as a road, occurs between the modeled pool feature and the construction footprint, pool 
hydrology is assumed to be avoided even though the construction footprint is within 250 feet of 
the feature.  


• Topographical position. If ground disturbance or loss occurs down slope from a modeled pool 
feature, the hydrology of the pool upslope would not be affected.  


Where pool avoidance cannot be determined based on topography or the activity, the entire 
modeled pool feature was assumed lost, and the acreage of that modeled feature was counted as a 
permanent loss. See Table 6.12-1 for direct and indirect habitat loss acreages.  


6A.5.1.3 Electrical Facilities 


Transmission and distribution line construction for alternatives would consist of underground 
construction (which requires surface disturbance for trench digging), overhead construction, and 
overhead construction on existing lines. For the analysis of construction impacts on terrestrial 
biological resources, the following assumptions were applied.  


• All permanent new aboveground distribution lines would be constructed within access road 
rights-of-ways and it is assumed that there would be no ground-disturbing impacts outside of 
the access road footprints. 


• All permanent underground transmission lines were treated as a permanent impact within the 
25-foot-wide easement that would be established above the line. No agriculture requiring 
cultivation would be allowed in this easement and no woody vegetation (e.g., riparian) would be 
allowed to reestablish. Underground transmission lines for facilities used during construction 
only, such as park-and-ride lots, would have long-term temporary impacts; lines would be de-
energized and abandoned in-place after construction and restrictions within the easement 
would not be required thereafter. Lines would be installed using open-cut trenches and 
directional drilling to go underneath existing infrastructure (e.g., highways and railroads) and 
waterways. 


• Some new overhead transmission line construction would take place over more than 1 year. The 
current level of design for new transmission lines is conceptual and final design criteria would 
be developed by the infrastructure owner. The conceptual design currently consists of a 150-
foot-wide corridor where most construction-related disturbance is anticipated to take place. In 
order to estimate what permanent and temporary impacts on terrestrial biological resources 
would be, assumptions were developed for the amount of ground disturbance based on 
information obtained from other transmission line construction projects of a similar size. These 
assumptions include the following. 


o Towers—Towers were assumed to be lattice towers with four footings requiring 7.5 square 
feet of permanent impact per footing for a total permanent impact of 30 square feet. For 
towers in agricultural areas, no agricultural production would be possible beneath or 
immediately adjacent to the towers. For agricultural areas, it was assumed that 900 square 
feet of agricultural land would be permanently affected per tower. Towers were assumed to 
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be spaced 1,250 feet apart. Temporary work areas around each tower were assumed to be 
40,000 square feet and in use for more than 1 year. 


o Pull sites—Sites used for stringing transmission lines on towers (pull sites) were assumed 
to require 30,000 square feet of temporary work area per pull site. Pull sites were assumed 
to be spaced every mile and at every point where a line made a turn. Pull sites were 
assumed to be in use for more than 1 year. 


o Temporary access roads—It was assumed a 24-foot-wide temporary access road would be 
needed within the 150-foot-wide corridor for the duration of transmission line construction, 
which would be more than 1 year. 


• Overhead construction on an existing transmission line would be required to power the intakes 
and Twin Cities Complex. The proposed action would attach an additional power line to an 
existing Sacramento Municipal Utility District (SMUD) line that follows Franklin Boulevard from 
around Hood-Franklin Road south to Lambert Road. This new line would be a short segment 
(approximately 4 miles) constructed in parallel (i.e., at the same elevation) to the existing power 
line on these poles. All construction activity is assumed to be done from the existing roadway 
and shoulder and would not result in any permanent or temporary ground disturbance. 


6A.5.1.4 SCADA Facilities 


Fiber optic cables that are part of SCADA would be installed throughout the proposed action. SCADA 
lines would be both underground and overhead. Construction for both types would take less than 1 
year in a given location. 


Underground SCADA lines are assumed to require a 25-foot-wide temporary construction area 
along the length of the line and there would be no permanent restrictions on activities above these 
lines (i.e., prohibitions on cultivation or vegetation management). In most areas SCADA lines are 
situated within existing or planned roads but there are some instances where they are outside of 
roadways. Construction would involve open-cut trenches and directional drilling to go beneath 
existing infrastructure (e.g., highways and railroads) and waterways. Overhead SCADA lines would 
be attached to existing poles but may require permanent impacts associated with pole upgrades. 
Where upgrades are required, each existing pole was assumed to require 50 square feet of 
permanent impact. SCADA lines were assumed to be hung below existing power lines and in parallel 
with existing communications lines. 


6A.5.1.5 Compensatory Mitigation Plan 


To offset habitat loss from the proposed action, a CMP involving the creation and enhancement of 
wetlands and other waters, as well as habitat for special-status species on Bouldin Island and the I-5 
ponds, would be constructed as described in Appendix 3B, Compensatory Mitigation Plan for Special-
Status Species and Aquatic Resources. Preliminary designs have been created for these projects in 
GIS. This preliminary footprint was intersected with the species habitat suitability models and the 
estimated acres of overlap are presented in Tables 6A-2 and 6A-3. As described Chapter 6, the 
overlap between the CMP footprint and the habitat model is considered a habitat conversion where 
existing, low-quality habitat is converted to high-quality habitat for most species. See the 
Compensatory Mitigation Plan sections for each species in Chapter 6 for more details.  


6A.5.2 Fragmentation 
As described in Section 6A.4.1, fragmentation is the result of a contiguous patch of habitat being 
divided into two or more smaller patches by a project feature that could serve as a full or partial 
barrier to wildlife movement. The evaluation of fragmentation effects is qualitative and includes two 
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primary components: (1) an evaluation of the quality of the existing modeled habitat being 
fragmented and (2) a discussion of the position, size, and permeability of the feature being 
constructed.  


The qualitative analysis of existing habitat includes describing the quality of habitat in general terms 
of low, moderate, and high quality. These categories of habitat quality are based primarily on the 
existing land cover, patch size, and occurrences. For example, small, isolated patches of California 
tiger salamander modeled upland habitat along levees and state and federal water project aqueducts 
near the Clifton Court Forebay is assumed to be of lower quality than the large patches of grassland 
habitat surrounding Bethany Reservoir.  


The second part of the qualitative discussion evaluates the position of the project feature within the 
existing landscape. Does the feature substantially increase fragmentation in the region? Is the 
project feature being constructed between important breeding and foraging habitat? Does the 
project feature create a new, impervious barrier that would substantially increase wildlife energy 
expenditures to move around or over it?  


6A.5.3 Construction-Related Effects  
There is a potential for individual animals to be harmed, harassed, injured, or killed as a result of 
construction activities. The mechanisms by which construction activities affect species are described 
above in Section 6A.4.1. The construction-related effects sections in the Chapter 6 effects analyses 
identify those impact categories that would be present (for the given project feature).  


Construction-related effects are evaluated qualitatively as to their potential to occur. If a 
construction-related activity or effect (e.g., heavy equipment use, noise) is mentioned within the 
chapter effects analysis, it has some potential to occur. In such cases, the potential effect is enough to 
trigger the requirement for avoidance and minimization measures (so long as suitable habitat is 
determined to occur during preconstruction field surveys of the action area). In some cases, 
rationale is provided for why a construction-related activity or effect has low potential to occur or a 
low potential to result in an adverse effect. In such cases, avoidance and minimization measures are 
not recommended.  


While the qualitative assessment method for most impact categories is straightforward, a few—
noise, light, and water quality—have relevant background information that is summarized in the 
sections below.  


6A.5.3.1 Noise 


The effects of noise may extend beyond the areas immediately adjacent to the construction 
footprint. For the purposes of this analysis, two species have vulnerability to noise: least Bell’s vireo 
and western yellow-billed cuckoo. These birds have been shown to be particularly vulnerable to 
noise while nesting (California Department of Transportation 2016:87). During nesting, individuals 
are less likely to move away from an area to avoid noise; if nesting birds do leave a nest, take of eggs, 
nestlings, or juveniles could result. In addition, nesting and feeding young is an energy-intensive 
activity and any additional stress caused by noise or light could further stress an adult, making the 
individual more vulnerable to predation and disease.  


Adverse effects on birds have been shown to occur when noise levels reach or exceed 60 decibels 
(dB) (California Department of Transportation 2016:87). Noise levels produced by commonly used 
construction equipment are summarized in Table 6A-4. In Chapter 6, noise impacts are assumed to 
have potential to affect nesting vireo or cuckoo if modeled habitat is present in the vicinity of the 
construction footprint. Avoidance and minimization measures to limit noise to below the 60 dB 
thresholds would be required if birds are detected during preconstruction surveys.  
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Table 6A-4. Project Features and Associated Noise Emission Levels (dBA Leq [1 hr]) at Distance 
(feet) a 


Distance 
(feet) 


Roads and 
Park-and-Ride 


Lots 
Electrical Facilities 


and SCADA Facilities 
Batch 
Plant 


Facility 
Construction b 


Vibratory 
Pile 


Driving c 


Impact Pile 
Driving c 


50 90 89 84 89 96 101 


100 82 81 76 81 88 93 


200 74 73 68 73 80 85 


300 69 68 63 68 75 80 


400 66 65 60 65 72 77 


500 63 62 57 62 69 74 


600 61 60 55 60 67 72 


700 60 59 54 59 66 71 


800 58 57 52 57 64 69 


900 57 56 51 56 63 68 


1,000 56 55 50 55 62 67 


1,100 54 53 48 53 60 65 


1,200 53 52 47 52 59 64 


1,300 53 52 47 52 59 64 


1,400 52 51 46 51 58 63 


1,500 51 50 45 50 57 62 


1,600 50 49 44 49 56 61 


1,700 50 49 44 49 56 61 


1,800 49 48 43 48 55 60 


1,900 48 47 42 47 54 59 


2,000 48 47 42 47 54 59 


Notes: 


dBA = A-weighted decibel; 1-hour Leq = equivalent sound level (over 1 hour); RTM = reusable tunnel material; SCADA = 
supervisory control and data acquisition. 
a Equivalent Sound Level (Leq) represents an average of the sound energy occurring over a specified period. In effect, Leq is 


the steady-state sound level containing the same acoustical energy as the time-varying sound that actually occurs during 
the same period. The duration of the measurement is commonly indicated; in this case, a 1-hour Leq sound level is 
indicated as dBA Leq (1 hr). 


b Facilities include the larger construction complexes: north Delta intakes, tunnel shafts, Bethany Complex, and RTM areas. 
c Impact pile driving would occur at the north Delta intakes and Bethany Complex.  


6A.5.3.2 Light 


Construction light has potential to extend beyond the project footprint, depending on the activity. 
Species most likely to be vulnerable to light include birds (California least tern, least Bell’s vireo, and 
western yellow-billed cuckoo) (Gauthreaux and Belser 2006:67–86) and nocturnal amphibians such 
as California tiger salamander and California red-legged frog. The proposed action would be 
designed to minimize impacts from construction light. In addition, measures would be required to 
further minimize these effects on species. The analysis discusses the measures that would be 
implemented to avoid and minimize these effects and assesses any residual effects that cannot be 
avoided.  
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6A.5.3.3 Water Quality 


Giant garter snake, northwestern pond turtle, and the two riparian-side foraging bird species—least 
Bell’s vireo and western yellow-billed cuckoo—are vulnerable to water quality impacts, specifically 
Microcystis, mercury, and selenium. Giant garter snakes and northwestern pond turtle are exposed 
by consuming fish, whereas the birds are exposed by consuming aquatic insects. Additional 
construction-related water quality effects such as erosion and sedimentation that could affect the 
species are discussed in Section 6A.4.3, Effect Mechanisms. 


6A.5.4 Operations and Maintenance 


As described in Section 6A.4.1, operations and maintenance activities, with the addition of mowing 
and herbicide/pesticide application, have potential to incur the same impacts on species as 
construction. While there may be some differences, the impact categories and the effects on the 
species are generally the same. As such, the methods used to evaluate impacts from construction are 
the same as those described in Section 6A.5.3, Construction-Related Effects.  


6A.5.5 Critical Habitat 


California red-legged frog and vernal pool fairy shrimp have critical habitat that overlaps with the 
construction footprint. For each species, the following quantitative impacts are calculated in GIS. 


• Acres of designated critical habitat that overlaps with the action area.  


• Acres of designated critical habitat that overlaps with the construction footprint.  


In addition, impacts to the primary constituent elements for each species were evaluated. For vernal 
pool fairy shrimp, the primary constituent elements are the same as the modeled habitat. This 
allowed the primary constituent element analysis to be quantitative. For the California red-legged 
frog, there were several more primary constituent elements than modeled habitat types. However, 
overall, the primary constituent elements and the modeled habitat included the same spatial extent 
and thus were cross walked qualitatively.  
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Appendix 6B 
Water Quality 


This appendix includes quantitative methods and selected results for analyses used in support of 


Chapter 6, Effects Analysis for Terrestrial Species. This appendix presents information on potential 


changes to water quality and surface water flows as a result of project operations (as described in 


Chapter 3, Project Description) and as a result of habitat creation and enhancement action on 


Bouldin Island and at the I-5 ponds as described in Appendix 3B, Compensatory Mitigation Plan for 


Special-Status Species and Aquatic Resources (CMP). The water quality parameters of concern 


include methylmercury, microcystin toxins associated with cyanobacteria harmful algal blooms 


(CHABs), and selenium. These water quality parameters, along with surface water flow, have the 


potential to adversely affect listed species, including California least tern, western yellow-billed 


cuckoo, least Bell’s vireo, and giant garter snake. For each water quality parameter and for surface 


flow, this appendix details the following: existing conditions, assessment methodologies, modeling 


results, and effects analyses for project operations and implementation of the habitat creation and 


enhancement action as part of the CMP.  


Portions of this appendix include discussion of analysis related to the project alternatives from the 


Delta Conveyance Project Draft Environmental Impact Report (Final EIR) (California Department of 


Water Resources 2023). The proposed action is included in the Final EIR analysis as Alternative 5.  


The potential effects were assessed both qualitatively and quantitatively. The quantitative analyses 


relies on surface water modeling to estimate methylmercury concentrations in water and fish tissue 


and selenium concentrations in water, fish tissue, and bird eggs. The CHABs assessment uses 


modeled temperature, velocity, and residence times to estimate the frequency and magnitude of 


CHABs in the Delta. Surface water modeling was used to analyze whether operation of the proposed 


action would result in changes in water levels that could affect riparian vegetation communities that 


could be used by western yellow-billed cuckoo and least Bell’s vireo if these species are present in 


the action area.  


6B.1 Mercury 
The operational impacts of the proposed action on surface water flow were evaluated to assess the 


potential effects on mercury and methylmercury concentration and bioavailability. Creation and 


enhancement of wetlands as part of the CMP have the potential to exacerbate bioaccumulation of 


methylmercury in covered species by creating newly inundated wetlands.  


6B.1.1 Background and Existing Conditions 


Mercury and its more biologically available methylated form (i.e., methylmercury) is an element of 


statewide concern. Elevated methylmercury concentrations in aquatic invertebrates and fish tissue 


produce subsequent exposure and risk to wildlife that consume the fish and can be transferred to 


adjacent terrestrial foodwebs (Cristol et al. 2008:335). Elevated methylmercury concentrations have 


been documented in terns, riparian songbirds, and snakes, suggesting these species could be at risk 


for adverse effects of mercury contamination (Ackerman et al. 2016:37; Cristol et al. 2008:335; 


Haskins et al. 2019:144). Consequently, covered species including California least tern, western 
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yellow-billed cuckoo, least Bell’s vireo, and giant garter snake could be affected by increased 


bioaccumulation of methylmercury if operation of the proposed action or wetland habitat creation 


and enhancement implemented as part of the CMP result in elevated methylmercury concentrations, 


relative to existing conditions.  


Mercury present in the Delta, its tributaries, Suisun Marsh, and San Francisco Bay today is derived 


both from current processes and as a result of historical deposition. The majority of the mercury 


present is the result of historical mining of mercury ore in the Coast Ranges (transported via Putah 


and Cache Creeks to the Yolo Bypass) and the extensive use of elemental mercury to aid gold 


extraction processes in the Sierra Nevada (transported via Sacramento, San Joaquin, Cosumnes, and 


Mokelumne Rivers) (U.S. Geological Survey 2008:6). Residual mercury is stored in Delta and bayland 


soils and continues to contribute mercury in water and sediments of the Delta and downstream 


waterways. 


Over 80% of the total mercury flux to the Delta can be attributed to the Sacramento River and Yolo 


Bypass (Central Valley Regional Water Quality Control Board 2010:iv). The Sacramento River is the 


primary tributary source of mercury to the Delta in dry years, but the proportion of mercury loading 


from the Yolo Bypass increases in wet years to the extent that it is comparable to that of the 


Sacramento River (Central Valley Regional Water Quality Control Board 2010:134). Cache Creek is a 


major source of mercury to the Yolo Bypass where high mercury concentrations are transported in 


suspended sediment (Central Valley Regional Water Quality Control Board 2010:197). Mercury 


loading from the Delta primarily drives mercury concentrations in northern San Francisco Bay, 


Suisun Bay, and Suisun Marsh (Central Valley Regional Water Quality Control Board 2010:197; San 


Francisco Bay Regional Water Quality Control Board 2018:49). 


The bioavailability and toxicity of elemental mercury (from whatever primary source) are greatly 


enhanced through the natural, bacterial conversion of mercury to methylmercury. This occurs 


primarily under conditions where oxygen concentrations are low (i.e., anoxic) in the sediment and 


shores of wetlands and to a lesser degree in the water column. Mercury methylation typically occurs 


to the greatest degree when associated with wetting and drying cycles and varies among wetland 


types. Within the Delta, flooded agricultural wetlands have been found to produce more 


methylmercury than seasonally flooded wetlands and permanently flooded wetlands (Alpers et al. 


2014:282). The flux of methylmercury from Delta open water and wetland sediments is estimated to 


contribute 36% of the waterborne methylmercury load in the Delta (Central Valley Regional Water 


Quality Control Board 2010:88). Tributary inflow sources contribute 58% of the methylmercury 


load in the Delta, and wastewater, agricultural lands, atmospheric deposition, and urban runoff 


contribute approximately 6% of the methylmercury load (Central Valley Regional Water Quality 


Control Board 2010:80). 


The Environmental Protection Agency (EPA) approved the Sacramento–San Joaquin Delta Estuary 


Total Maximum Daily Load (TMDL) for methylmercury in 2011 to protect human health, wildlife, 


and aquatic life. The TMDL establishes methylmercury fish tissue objectives and waste load 


allocations for agricultural drainage, atmospheric deposition, open water, tributary inputs, 


wetlands, point source dischargers (e.g., municipal wastewater dischargers), and nonpoint source 


dischargers (i.e., municipal separate stormwater systems) in the Delta.  
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6B.1.2 Assessment Methodology 


The adverse effects of methylmercury on species from the changes in surface water flow as a result 


of project operations was assessed quantitatively. The potential effects of wetland creation and 


enhancement on methylmercury concentrations as a result of wetland restoration projects 


implemented as part of the CMP were assessed qualitatively. Methylmercury concentrations were 


calculated using a mass-balance methodology applied to the Delta Simulation Model II (DSM2)-


modeled source water flow fractions at each assessment location. In addition, bioaccumulation 


modeling was conducted to quantify changes in biota concentrations. The bioaccumulation modeling 


consisted of quantifying changes in water column concentrations of mercury and methylmercury 


and changes in methylmercury concentrations in the tissue of largemouth bass at Delta assessment 


locations, relative to existing conditions.  


There is little information available on the relationship between methylmercury concentrations 


measured in water or individual prey species (e.g., plankton, macroinvertebrates, or fish) and 


resulting concentrations in terrestrial wildlife species. Use of a single prey species (fish) has been 


documented to be a poor indicator of bird methylmercury concentrations because birds such as 


terns have large foraging home ranges and consume a variety of species of fish in a variety of 


habitats with differing methylmercury bioavailability (Ackerman et al. 2014:63). However, a proxy 


species such as largemouth bass can provide a reasonable way of understanding the magnitude of a 


potential change relative to existing conditions.  


6B.1.2.1 Use of Surrogate Species 


Largemouth bass was used as a surrogate species to measure the potential magnitude of change in 


methylmercury from operations because it is a good indicator of mercury contamination throughout 


the aquatic foodweb (Wood et al. 2011:67). The magnitude of methylmercury bioaccumulation and 


its toxic effects on individuals differs among species and habitats due to differences in ecological 


factors, such as habitat type and foodweb structure, and biological factors, such as species sensitivity 


and exposure to other environmental stressors (Eagles-Smith et al. 2016:1216), and use of 


individual fish species has been documented to be a poor indicator of methylmercury 


concentrations in waterbirds that have broad foraging home ranges (Ackerman et al. 2014:63), so 


largemouth bass tissue is not an accurate measure of actual methylmercury concentrations in 


terrestrial vertebrates. Largemouth bass have a relatively high level of mercury compared to other 


species, are piscivorous (like the California least tern), are abundantly distributed throughout the 


Delta, and have high site fidelity (and therefore can indicate differences in methylmercury 


concentrations throughout the Delta).  


California least tern forage for fish in Delta waterways and giant garter snake primarily consumes 


small fish and amphibians (US Fish and Wildlife Service 2017), so modeled water column and 


largemouth bass tissue concentrations are considered appropriate indicators for potential changes 


in dietary methylmercury exposure for these species. Least Bell’s vireo and western yellow-billed 


cuckoos are insectivorous and do not use aquatic habitats but could use riparian habitats adjacent to 


aquatic habitats if the species are present within the action area. Methylmercury can be transported 


from aquatic to adjacent terrestrial foodwebs through ingestion of aquatic prey items, where it can 


biomagnify and expose songbirds to high concentrations in large insect prey (Cristol et al. 


2008:335). Therefore, modeled changes in aquatic foodweb methylmercury concentrations 


resulting from project operations, as modeled in water concentrations and largemouth bass, are 


assumed to result in similar changes in adjacent terrestrial foodwebs. Accordingly, modeled 
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largemouth bass methylmercury concentrations are used as a general indicator of expected changes 


to methylmercury bioavailability in Delta aquatic and adjacent terrestrial foodwebs, which could 


affect California least tern, western yellow-billed cuckoo, least Bell’s vireo, and giant garter snake if 


they are present in these habitats. 


6B.1.2.2 Water Column Concentrations 


The quantitative assessment for the Delta utilized a mass-balance approach that applied the DSM2-


modeled average monthly source water flow fractions for each Delta assessment location. The 


source water flow fraction output is the percentage of water at each assessment location constituted 


by the six primary source waters—Sacramento River (SAC), San Joaquin River (SJR), Yolo Bypass 


(YOL), eastside tributaries (EST), San Francisco Bay (BAY), and Delta agriculture returns (AGR). 


These flow fractions were used together with source water constituent concentrations to calculate a 


given constituent concentration at the assessment locations according to the following equation. 


𝐶𝑖 = 𝑓𝑆𝐴𝐶,𝑖(𝐶𝑆𝐴𝐶) + 𝑓𝑆𝐽𝑅,𝑖(𝐶𝑆𝐽𝑅) + 𝑓𝑌𝑂𝐿,𝑖(𝐶𝑌𝑂𝐿) + 𝑓𝐸𝑆𝑇,𝑖(𝐶𝐸𝑆𝑇) + 𝑓𝐵𝐴𝑌,𝑖(𝐶𝐵𝐴𝑌) + 𝑓𝐴𝐺𝑅,𝑖(𝐶𝐴𝐺𝑅) 


In the above equation, Ci is the concentration at Delta assessment location i, fX,i is the average 


monthly flow fraction from source water X at assessment location i, and CX is the source water X 


concentration. Source water concentrations input into the above equation are discussed below in 


Section 9H.3, Source Water Concentrations.  


Table 6B-1 lists the Delta assessment locations for which mercury and methylmercury 


concentrations were calculated.  


Table 6B-1. Delta Assessment Locations and Concentration Calculation Method 


Assessment Location Delta Region 
Concentration Calculation 
Method 


Barker Slough at North Bay Aqueduct Northern Mass-balance 


Sacramento River at Emmaton Western Mass-balance 


San Joaquin River at Antioch Western Mass-balance 


Sacramento River at Mallard Island Western Mass-balance 


South Fork Mokelumne River at Terminous Interior Mass-balance 


San Joaquin River at Empire Tract Interior Mass-balance 


Contra Costa Water District Pumping Plant #1 Interior Mass-balance 


Old River at State Route 4 Southern Mass-balance 


Victoria Canal Southern Mass-balance 


Banks Pumping Plant Export area Mass-balance 


Jones Pumping Plant Export area Mass-balance 


 


6B.1.2.3 Fish Tissue Concentrations 


Tissue concentrations of methylmercury in largemouth bass of 350 millimeters (mm) were 


calculated by applying the Central Valley Regional Water Quality Control Board (RWQCB) model 


used in the development of the Delta mercury total maximum daily load (TMDL) (Central Valley 


Regional Water Quality Control Board 2010:73). The Delta TMDL model is an empirical power curve 
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that uses water column concentrations of methylmercury to estimate methylmercury 


concentrations in the fish fillets of standard 350-mm-long largemouth bass. The model is based on 


largemouth bass as grouped in large regions of the Delta (rather than specific locations) compared 


to average methylmercury concentrations in water for those same general regions. Data were 


grouped by subareas of the Delta such as Sacramento River, Mokelumne River, central Delta, San 


Joaquin River, and west Delta. Largemouth bass are excellent indicators of mercury contamination 


because they have a relatively high level of mercury compared to other species, are piscivorous, are 


abundantly distributed throughout the Delta, are popular gamefish, and have high site fidelity. 


Largemouth bass are therefore representative of spatial patterns of tissue methylmercury 


concentrations throughout the aquatic foodweb, including exposure to humans. 


The Delta TMDL model used for estimating fish tissue concentrations of methylmercury in 


largemouth bass is presented below (Central Valley Regional Water Quality Control Board 2010:73).  


Fish mercury (milligrams per kilogram, wet weight) = 20.365× 


(methylmercury in water, nanograms per liter)1.6374 


(r2=0.91, and P less than 0.05) 


The modeled methylmercury concentrations in water developed from the mass-balance calculation 


were input into the above equation to develop fish tissue concentrations of methylmercury at the 


Delta assessment locations. 


6B.1.3 Source Water Concentrations 


Another input to the mass-balance calculation of mercury and methylmercury concentrations in 


water at the Delta assessment locations is the concentrations in the primary source waters to the 


Delta: Sacramento River, San Joaquin River, San Francisco Bay, eastside tributaries (i.e., the 


Cosumnes, Mokelumne, and Calaveras Rivers), Delta agricultural return waters and Yolo Bypass. 


Tables 6B-2 and 6B-3 provide summary statistics for the primary source water concentrations of 


mercury and methylmercury, respectively, as well as information on the source of the data. The 


concentrations are expressed as total. 
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Table 6B-2. Source Water Total Mercury Concentrations (in nanograms per liter) 


Data 
Parameter 


Sacramento 
River 


San 
Joaquin 


River 


San 
Francisco 


Bay 
Eastside 


Tributaries 


Delta 
Agriculture 


Return 
Waters 


Yolo 
Bypass 


Average 6.82 7.60 6.91 7.77 6.5 27.4 


Minimum 0.56 2.4 0.14 0.26 – 7.18 


Maximum 89.1 21.7 21.6 26.2 – 92.2 


75th percentile 8.42 8.5 10 7.5 – 35.6 


99th percentile 30.7 18.6 18.9 26.2 – 80.5 


Data source CEDEN 2020 CEDEN 
2020 


CEDEN 
2020 


Central 
Valley 


Regional 
Water 
Quality 


Board 2010 


Central 
Valley 


Regional 
Water 
Quality 


Board 2010 


Central 
Valley 


Regional 
Water 
Quality 


Board 2010 


Station(s) Sacramento 
River at 


Freeport, 
River Mile 


44, Greene’s 
Landing 


San 
Joaquin 
River at 
Vernalis 


Mallard 
Island 


Mokelumne 
River at I-5 


and 
Calaveras 
River at 


West Lane 


Mid-Delta 
locations, 
median 


Prospect 
Slough 


Date range 1994–2017 2000–
2017 


2008–2013 2000–2003 2008 1995–2003 


Non-detect 
results replaced 
with reporting 
limit for 
statistics 


No No Yes No No No 


Data omitted No No No No No 2 outlier 
values 


excluded 


Number of data 
points 


273 35 63 25 1 48 


CEDEN = California Environmental Data Exchange Network; I- = Interstate. 







CA Department of Water Resources 


 Appendix 6B 
Water Quality 


 


 


Delta Conveyance Project, Biological Assessment  
6B-7 


May 2024 
ICF 103653 


 


Table 6B-3. Source Water Total Methylmercury Concentrations (in nanograms per liter) 


Data Parameter 
Sacramento 


River 


San 
Joaquin 


River 


San 
Francisco 


Bay 
Eastside 


Tributaries 


Delta 
Agriculture 


Return 
Waters 


Yolo 
Bypass 


Average 0.099 0.162 0.141 0.151 0.25 0.256 


Minimum 0.02 0.09 0.025 0.011 – 0.114 


Maximum 0.341 0.367 1.38 0.320 – 0.701 


75th percentile 0.118 0.181 0.114 0.197 – 0.312 


99th percentile 0.291 0.329 1.14 0.310 – 0.641 


Data source CEDEN 2020 CEDEN 
2020 


CEDEN 
2020 


Central 
Valley 


Regional 
Water 
Quality 


Board 2010 


Central 
Valley 


Regional 
Water 
Quality 


Board 2010 


Central 
Valley 


Regional 
Water 
Quality 


Board 2010 


Station(s) Sacramento 
River at 


Freeport, 
River Mile 


44, Greene’s 
Landing 


San 
Joaquin 
River at 
Vernalis 


Mallard 
Island 


Mokelumne 
River at I-5 


and 
Calaveras 
River at 


West Lane 


Mid-Delta 
locations, 
median 


Prospect 
Slough 


Date range 2000–2018 2000–


2017 


2008–


2015 


2000–2004 2008 2000–2003 


Non-detect results 
replaced with 
reporting limit for 
statistics 


Yes No No No No No 


Data omitted No No No No No No 


Number of data 
points 


185 35 22 27 1 22 


CEDEN = California Environmental Data Exchange Network; I- = Interstate. 


Each source water dataset was evaluated to determine whether the primary source water 


concentration should be represented by a single value or a different value for each month. Analysis 


of the Sacramento River total mercury (Kruskal Wallis; p<0.05) and total methylmercury (Kruskal 


Wallis; p<0.05) datasets had sufficient monthly data for this analysis and indicated significant 


differences in concentration by month. Concentrations were higher in wetter months in both cases. 


Due to the presence of a distinct monthly pattern in the Sacramento River, monthly average 


concentrations were used for these locations in the mass-balance calculation. Although too few data 


were available from other source water locations to statistically determine if data vary significantly 


by month, given this was the case for the Sacramento River, monthly average concentrations were 


used to reflect concentrations of total mercury and methylmercury most accurately in the San 


Joaquin River and total mercury in the Yolo Bypass. Concentrations from other source waters are 


represented by the arithmetic mean from the entire dataset in the mass-balance calculations 


because data were too limited to determine monthly concentrations. Tables 6B.1-4 through 6B-6 


provide the monthly average total mercury concentrations for the Sacramento River, San Joaquin 
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River, and Yolo Bypass. Tables 6B-7 and 6B-8 provide the monthly average total methylmercury 


concentrations for the Sacramento River and San Joaquin River. 


Table 6B-4. Monthly Average Source Water Total Mercury Concentrations for the Sacramento River (in 
nanograms per liter) 


Data Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Average 
concentration  


12.0 7.63 8.04 8.05 6.30 3.91 5.68 3.80 5.41 4.43 3.06 6.04 


Number of data 
points 


17 35 20 25 19 34 19 22 11 35 14 22 


 


Table 6B-5. Monthly Average Source Water Total Mercury Concentrations for the San Joaquin River (in 
nanograms per liter) 


Data Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Average 
concentration  


5.98 12.5 8.56 6.98 7.76 8.15 7.42 7.11 7.89 6.60 4.91 3.12 


Number of data 
points 


2 3 2 5 4 4 4 3 3 2 2 1 


 


Table 6B-6. Monthly Average Source Water Total Mercury Concentrations for the Yolo Bypass (in 
nanograms per liter) 


Data Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Average 
concentration  


36.56 23.11 22.69 28.65 25.14 29.39 17.65 26.00 25.67 16.28 14.00 9.98 


Number of data 
points 


14 7 3 5 4 4 3 2 2 2 1 1 


 


Table 6B-7. Monthly Average Source Water Total Methylmercury Concentrations for the Sacramento 
River (in nanograms per liter) 


Data Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Average 
concentration  


0.128 0.103 0.113 0.098 0.116 0.130 0.091 0.074 0.075 0.068 0.097 0.111 


Number of data 
points 


10 23 12 22 15 24 12 15 5 22 9 16 


 


Table 6B-8. Monthly Average Source Water Total Methylmercury Concentrations for the San Joaquin 
River (in nanograms per liter) 


Data Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Average 
concentration  


0.239 0.190 0.169 0.162 0.128 0.195 0.165 0.141 0.139 0.161 0.152 0.102 


Number of data 
points 


1 3 3 6 4 4 4 3 3 2 1 1 
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6B.1.4 Applicable Water Quality Criteria/Objectives 


Applicable water quality objectives for mercury are included in the Water Quality Control Plan 


(Basin Plan) for Sacramento River Basin and San Joaquin River Basin (Central Valley Regional Water 


Quality Control Board 2018:3-8), as well as the California Toxics Rule (CTR). 


The applicable CTR criterion is for fresh water and the protection of human health from drinking the 


water and the consumption of organisms. The criterion is 50 ng/L, expressed as total mercury. 


The Central Valley RWQCB WQCP objectives for mercury include a fish tissue methylmercury 


concentration goal of 0.24 milligrams per kilogram (mg/kg) wet weight for trophic level 4 fish 


(Central Valley Regional Water Quality Control Board 2018:3-8). This concentration of concern for 


methylmercury in fish fillets normalized to 350-millimeter (mm) total length largemouth bass is 


protective of human health and wildlife. This objective for trophic level 4 fish is equivalent to a 0.08 


mg/kg wet weight objective for fillets of trophic level 3 fish and the 0.03 mg/kg objective for trophic 


level 2 and trophic level 3 whole fish less than 50 mm in length (Central Valley Regional Water 


Quality Control Board 2010:37). The dietary mercury threshold for some fish-eating bird species 


that is associated with impaired reproduction is 0.30 mg/kg wet weight (Ackerman et al. 2014: 42)., 


but the more conservative Central Valley RWQCB threshold of 0.24 mg/kg is used for this analysis.  


6B.1.5 Modeling Results 


The following sections present modeling output for mercury and methylmercury water column 


concentrations (Section 6B.1.5.1, Water Column Concentrations) and methylmercury fish tissue 


concentrations (Section 6B.1.5.2, Fish Tissue Concentrations). In general, operation of the proposed 


action would result in negligibly small to no change in modeled mercury concentrations in water 


and fish tissue, relative to existing conditions.  


Water diverted at the north Delta intakes would be conveyed directly to Bethany Reservoir, the 


upstream terminus of the California Aqueduct into which Banks Pumping Plant water is pumped. 


Under the proposed action, both the north Delta intakes and Banks Pumping Plant will be operated 


conjunctively to deliver water to the California Aqueduct, depending on environmental and 


regulatory conditions. The modeling results are actually for water delivered to Bethany Reservoir 


from both the north Delta intakes and Banks Pumping Plant, and the term “California Aqueduct” is 


used to label the concentrations exported to the California Aqueduct from both north Delta intakes 


and Banks Pumping Plant. 


6B.1.5.1 Water Column Concentrations 


Total Mercury 


Modeled concentrations of total mercury in water are presented in Tables 6B.1-9 and 6B.1-10. The 


tables present the average total mercury concentrations for water years 1923 to 2015 and average 


concentrations by water year type (i.e., wet, above normal, below normal, dry, critical) for existing 


conditions and the proposed action. Differences between the proposed action and existing 


conditions also are presented in Table 6B-11. 


At most locations and most water year types, modeled total mercury concentrations in water under 


the proposed action did not change from existing conditions. Small modeled changes from existing 


conditions up to a 0.07 ng/L increase occurred at various locations in all water year types. These 
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changes are considered negligible considering the low total mercury concentrations under existing 


conditions, relative to the 50 ng/L CTR water quality criterion. 


Table 6B-9. Total Mercury Concentrations in Water (in nanograms per liter), Existing Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 7.86 9.57 8.42 7.17 6.77 6.54 


Sacramento River at Emmaton 7.03 7.80 7.15 6.69 6.56 6.52 


San Joaquin River at Antioch 6.77 7.04 6.83 6.67 6.60 6.57 


Sacramento River at Mallard Island 7.31 7.94 7.47 7.06 6.90 6.86 


South Fork Mokelumne River at Terminous 6.19 6.33 6.22 6.17 6.09 6.06 


San Joaquin River at Empire Tract 6.41 6.65 6.41 6.38 6.24 6.21 


Contra Costa Water District Pumping Plant #1 6.31 6.42 6.32 6.29 6.25 6.23 


Old River at State Route 4 6.31 6.46 6.32 6.28 6.22 6.18 


Victoria Canal 6.39 6.61 6.40 6.37 6.26 6.20 


California Aqueduct 6.37 6.58 6.37 6.32 6.23 6.19 


Jones Pumping Plant 6.56 6.79 6.59 6.52 6.41 6.36 


 


Table 6B-10. Total Mercury Concentrations in Water (in nanograms per liter), Proposed Action 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 7.91 9.63 8.49 7.23 6.80 6.56 


Sacramento River at Emmaton 7.06 7.85 7.21 6.72 6.58 6.53 


San Joaquin River at Antioch 6.80 7.07 6.88 6.70 6.62 6.57 


Sacramento River at Mallard Island 7.34 7.98 7.51 7.09 6.91 6.86 


South Fork Mokelumne River at Terminous 6.19 6.33 6.21 6.17 6.09 6.06 


San Joaquin River at Empire Tract 6.41 6.65 6.42 6.39 6.24 6.21 


Contra Costa Water District Pumping Plant #1 6.33 6.44 6.33 6.30 6.26 6.23 


Old River at State Route 4 6.32 6.47 6.32 6.29 6.22 6.18 


Victoria Canal 6.39 6.62 6.40 6.37 6.25 6.19 


California Aqueduct 6.39 6.58 6.43 6.36 6.27 6.24 


Jones Pumping Plant 6.56 6.79 6.58 6.52 6.40 6.35 
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Table 6B-11. Total Mercury Concentrations in Water (in nanograms per liter), Proposed Action minus 
Existing Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 0.05 0.06 0.07 0.06 0.03 0.02 


Sacramento River at Emmaton 0.03 0.05 0.06 0.03 0.02 0.01 


San Joaquin River at Antioch 0.03 0.03 0.05 0.03 0.02 0.00 


Sacramento River at Mallard Island 0.03 0.04 0.04 0.03 0.01 0.00 


South Fork Mokelumne River at Terminous 0.00 0.00 -0.01 0.00 0.00 0.00 


San Joaquin River at Empire Tract 0.00 0.00 0.01 0.01 0.00 0.00 


Contra Costa Water District Pumping Plant #1 0.02 0.02 0.01 0.01 0.01 0.00 


Old River at State Route 4 0.01 0.01 0.00 0.01 0.00 0.00 


Victoria Canal 0.00 0.01 0.00 0.00 -0.01 -0.01 


California Aqueduct 0.02 0.00 0.06 0.04 0.04 0.05 


Jones Pumping Plant 0.00 0.00 -0.01 0.00 -0.01 -0.01 


 


Total Methylmercury 


Modeled concentrations of total methylmercury in water are presented in Tables 6B.1-12 and 6B.1-


13. The tables present the average total methylmercury concentrations for water years 1923 to 


2015 and average concentrations by water year type (i.e., wet, above normal, below normal, dry, 


critical) for existing conditions and the proposed action. Differences between the proposed action 


and existing conditions also are presented in Table 6B-14. 


At most locations and most water year types, modeled total methylmercury concentrations in water 


under the proposed action did not change from existing conditions. Negligibly small modeled 


changes from existing conditions up to a 0.01 ng/L decrease occurred at California Aqueduct in all 


water year types but dry years and critical years, which had no change from existing conditions.  
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Table 6B-12. Total Methylmercury Concentrations in Water (in nanograms per liter), Existing 
Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 0.13 0.14 0.14 0.13 0.12 0.12 


Sacramento River at Emmaton 0.12 0.12 0.11 0.11 0.11 0.11 


San Joaquin River at Antioch 0.12 0.13 0.12 0.12 0.12 0.12 


Sacramento River at Mallard Island 0.13 0.13 0.13 0.12 0.13 0.13 


South Fork Mokelumne River at Terminous 0.13 0.14 0.13 0.13 0.13 0.12 


San Joaquin River at Empire Tract 0.14 0.15 0.14 0.14 0.13 0.13 


Contra Costa Water District Pumping Plant #1 0.13 0.13 0.13 0.12 0.12 0.12 


Old River at State Route 4 0.13 0.14 0.13 0.13 0.13 0.13 


Victoria Canal 0.14 0.15 0.15 0.14 0.14 0.14 


California Aqueduct 0.14 0.15 0.14 0.14 0.13 0.14 


Jones Pumping Plant 0.15 0.15 0.15 0.14 0.14 0.14 


 


Table 6B-13. Total Methylmercury Concentrations in Water (in nanograms per liter), Proposed Action 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 0.13 0.14 0.14 0.13 0.12 0.12 


Sacramento River at Emmaton 0.12 0.12 0.12 0.11 0.11 0.11 


San Joaquin River at Antioch 0.12 0.13 0.12 0.12 0.12 0.12 


Sacramento River at Mallard Island 0.13 0.13 0.13 0.13 0.13 0.13 


South Fork Mokelumne River at Terminous 0.13 0.14 0.13 0.13 0.13 0.12 


San Joaquin River at Empire Tract 0.14 0.15 0.14 0.14 0.13 0.13 


Contra Costa Water District Pumping Plant #1 0.13 0.13 0.13 0.12 0.12 0.12 


Old River at State Route 4 0.13 0.14 0.14 0.13 0.13 0.13 


Victoria Canal 0.15 0.15 0.15 0.14 0.14 0.14 


California Aqueduct 0.13 0.14 0.13 0.13 0.13 0.13 


Jones Pumping Plant 0.15 0.15 0.15 0.14 0.14 0.14 


 







CA Department of Water Resources 


 Appendix 6B 
Water Quality 


 


 


Delta Conveyance Project, Biological Assessment  
6B-13 


May 2024 
ICF 103653 


 


Table 6B-14. Total Methylmercury Concentrations in Water (in nanograms per liter), Proposed Action 
minus Existing Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 0.00 0.00 0.00 0.00 0.00 0.00 


Sacramento River at Emmaton 0.00 0.00 0.00 0.00 0.00 0.00 


San Joaquin River at Antioch 0.00 0.00 0.00 0.00 0.00 0.00 


Sacramento River at Mallard Island 0.00 0.00 0.00 0.00 0.00 0.00 


South Fork Mokelumne River at Terminous 0.00 0.00 0.00 0.00 0.00 0.00 


San Joaquin River at Empire Tract 0.00 0.00 0.00 0.00 0.00 0.00 


Contra Costa Water District Pumping Plant #1 0.00 0.00 0.00 0.00 0.00 0.00 


Old River at State Route 4 0.00 0.00 0.00 0.00 0.00 0.00 


Victoria Canal 0.00 0.00 0.00 0.00 0.00 0.00 


California Aqueduct -0.01 -0.01 -0.01 -0.01 -0.01 0.00 


Jones Pumping Plant 0.00 0.00 0.00 0.00 0.00 0.00 


 


6B.1.5.2 Fish Tissue Concentrations 


Modeled concentrations of total methylmercury in fish tissue are presented in Tables 6B.1-15 and 


6B.1-16. Tables present the average total methylmercury concentrations for water years 1923 to 


2015 and average concentrations by water year type (i.e., wet, above normal, below normal, dry, 


critical) for existing conditions and the proposed action. Differences between the proposed action 


and existing conditions also are presented in Table 6B-17. 


The modeled concentrations of total methylmercury at the Delta assessment locations were used to 


model fish tissue concentrations in 350-mm-long largemouth bass, based on the Delta TMDL fish 


tissue model. A goal of the Delta TMDL model was to establish the linkage between the 0.24 mg/kg 


wet weight tissue mercury TMDL target (which is now the Delta water quality objective for trophic 


level 4 fish) to a water column concentration goal for methylmercury of 0.066 ng/L. These model 


results are presented with the recognition of the imprecision of predicting fish tissue concentrations 


from estimates of methylmercury concentrations for specific Delta locations but with the knowledge 


that largemouth bass is a suitable indicator of fish tissue mercury contamination in the Delta. 


Results provide an average tissue concentration, as would be expected based on the input water 


column concentration. The modeled water column concentrations and fish tissue concentrations 


presented herein are not predictive in nature. Rather, they are for comparative assessment to 


identify the potential effect of the proposed action on fish tissue methylmercury concentrations 


relative to existing conditions. 


At most locations and most water year types, modeled total methylmercury concentrations in fish 


tissue under the proposed action did not change from existing conditions. Negligibly small modeled 


increases of 0.01 mg/kg occurred at many locations in all water year types. Small decreases of 0.03 


mg/kg to 0.10 mg/kg occurred at the California Aqueduct under all water year types. The modeled 


increases represent a 4% increase from the 0.24 mg/kg fish mercury TMDL target, and the 


decreases at the California Aqueduct represent a 13% to 40% decrease relative to the fish mercury 


TMDL target.  
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Table 6B-15. Total Methylmercury Concentrations in Largemouth Bass (in milligrams per kilogram wet 
weight), Existing Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 0.73 0.85 0.77 0.68 0.66 0.66 


Sacramento River at Emmaton 0.59 0.63 0.58 0.56 0.56 0.58 


San Joaquin River at Antioch 0.64 0.68 0.64 0.61 0.60 0.62 


Sacramento River at Mallard Island 0.69 0.71 0.68 0.67 0.68 0.70 


South Fork Mokelumne River at Terminous 0.73 0.79 0.74 0.72 0.69 0.67 


San Joaquin River at Empire Tract 0.79 0.88 0.80 0.77 0.73 0.71 


Contra Costa Water District Pumping Plant #1 0.68 0.75 0.69 0.66 0.63 0.64 


Old River at State Route 4 0.75 0.81 0.76 0.72 0.70 0.72 


Victoria Canal 0.85 0.94 0.87 0.83 0.79 0.80 


California Aqueduct 0.79 0.86 0.80 0.77 0.74 0.77 


Jones Pumping Plant 0.87 0.92 0.87 0.85 0.82 0.85 


 


Table 6B-16. Total Methylmercury Concentrations in Largemouth Bass (in milligrams per kilogram wet 
weight), Proposed Action 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 0.74 0.85 0.78 0.69 0.66 0.66 


Sacramento River at Emmaton 0.59 0.63 0.59 0.57 0.56 0.58 


San Joaquin River at Antioch 0.64 0.69 0.64 0.62 0.61 0.62 


Sacramento River at Mallard Island 0.70 0.72 0.69 0.68 0.68 0.70 


South Fork Mokelumne River at Terminous 0.74 0.80 0.75 0.73 0.70 0.67 


San Joaquin River at Empire Tract 0.79 0.89 0.81 0.78 0.73 0.72 


Contra Costa Water District Pumping Plant #1 0.68 0.75 0.70 0.66 0.63 0.64 


Old River at State Route 4 0.75 0.82 0.77 0.73 0.70 0.73 


Victoria Canal 0.86 0.94 0.88 0.84 0.80 0.80 


California Aqueduct 0.73 0.77 0.70 0.69 0.70 0.74 


Jones Pumping Plant 0.87 0.93 0.88 0.85 0.82 0.85 
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Table 6B-17. Total Methylmercury Concentrations in Largemouth Bass (in milligrams per kilogram wet 
weight), Proposed Action minus Existing Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 0.01 0.00 0.01 0.01 0.00 0.00 


Sacramento River at Emmaton 0.00 0.00 0.01 0.01 0.00 0.00 


San Joaquin River at Antioch 0.00 0.01 0.00 0.01 0.01 0.00 


Sacramento River at Mallard Island 0.01 0.01 0.01 0.01 0.00 0.00 


South Fork Mokelumne River at Terminous 0.01 0.01 0.01 0.01 0.01 0.00 


San Joaquin River at Empire Tract 0.00 0.01 0.01 0.01 0.00 0.01 


Contra Costa Water District Pumping Plant #1 0.00 0.00 0.01 0.00 0.00 0.00 


Old River at State Route 4 0.00 0.01 0.01 0.01 0.00 0.01 


Victoria Canal 0.01 0.00 0.01 0.01 0.01 0.00 


California Aqueduct -0.06 -0.09 -0.10 -0.08 -0.04 -0.03 


Jones Pumping Plant 0.00 0.01 0.01 0.00 0.00 0.00 


 


6B.1.6 Mercury Effects Analysis and Conclusions 


6B.1.6.1 Operations 


Operations under the proposed action were analyzed to assess potential effects on mercury and 


methylmercury concentration and bioavailability, detailed in Section 6B.1.5, Modeling Results. 


Section 6B.1.4, Applicable Water Quality Criteria/Objectives provides applicable objectives for 


mercury and methylmercury in fish tissue.  


Average water column concentrations of total mercury for the full simulation period under the 


proposed action would differ little from existing conditions at the Delta assessment locations (Table 


6B-11). Among all Delta assessment locations, modeled total mercury concentrations range from 


6.19 nanograms per liter (ng/L) to 7.86 ng/L under existing conditions and from 6.19 ng/L to 7.91 


ng/L under the proposed action. Thus, total mercury concentrations under the proposed action 


would be well below the CTR criterion for protection of human health from consumption of water 


and organisms (50 ng/L; 60 Federal Register [FR] 2228 [May 4, 1995]; 65 FR 3162 [May 18, 2000]; 


66 FR 9960 [February 13, 2001]) at all locations during all water year types. Modeled changes in 


average total mercury concentrations for the full simulation period would range from a decrease of 


up to 0.01 ng/L at Jones Pumping Plant to an increase of 0.05 ng/L in Barker Slough at the North Bay 


Aqueduct (Table 6B-11). Similarly, average water column concentrations of total methylmercury for 


the full simulation period under the proposed action would differ little from existing conditions at 


the Delta assessment locations (Table 6B-14). Among all Delta assessment locations, modeled total 


methylmercury concentrations range from 0.12 ng/L to 0.15 ng/L under both existing conditions 


and the proposed action (Table 6B-14).  


The changes in water column concentrations of total methylmercury under the proposed action 


would have little to no measurable effect on Delta fish tissue concentrations, relative to existing 


conditions. All modeled fish tissue concentrations exceed the water quality objective of 0.24 mg/kg 


wet weight in 350-mm largemouth bass under both existing conditions and the proposed action 
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(Table 6B-17). Average modeled tissue concentrations for the full simulation period range from 0.59 


mg/kg to 0.87 mg/kg wet weight under both existing conditions and the proposed action. Modeled 


fish tissue methylmercury concentrations increased by no more than 0.01 mg/kg wet weight as 


averages over the full simulation period at all Delta assessment locations under the proposed action, 


relative to existing conditions (Table 6B-17).  


The modeled effects of mercury concentrations from changes in water operations on water and 


largemouth bass did not differ substantially from existing conditions (Section 6B.1.5, Modeling 


Results); therefore, these results also indicate that dietary methylmercury exposure would not 


measurably increase for California least tern and giant garter snake as a result of project operations. 


The lack of substantial change in aquatic foodweb mercury concentrations indicates that 


methylmercury transported to adjacent riparian foodwebs would also not increase appreciably; 


therefore, these results indicate that bioavailability of methylmercury to western yellow-billed 


cuckoo and least Bell’s vireo, if they were present in the action area, would also not substantially 


increase as a result of project operations. 


6B.1.6.2 Compensatory Mitigation Plan 


Implementation of the CMP, which includes the creation of freshwater emergent perennial wetlands, 


seasonal wetlands, and tidal habitats, could result in new sources of methylmercury within the 


Delta, relative to existing conditions. Mercury methylation occurs under anoxic conditions in 


sediments, flooded shoreline soils, and to a lesser degree, in the water column. Increased 


methylmercury is also associated with wetting and drying cycles. These new sources of 


methylmercury could result in higher methylmercury concentrations and uptake into the tissues of 


California least tern, western yellow-billed cuckoo, least Bell’s vireo, and giant garter snake residing 


within and immediately adjacent to these wetland habitats where elevated levels of methylmercury 


could be created.  


Bouldin Island and I-5 Ponds 


Potential for increased methylmercury exposure, relative to existing conditions, is likely low at 


Bouldin Island and the I-5 ponds for the following reasons.  


• Both areas contain existing wetlands with conditions that allow mercury in the soil to be 


transformed into methylmercury.  


• Perennial wetlands and seasonal wetlands would not have the frequent wetting and drying 


cycles associated with the highest methylmercury production. 


• The I-5 ponds are in areas that were not historically connected to Delta waters; therefore, it is 


unlikely that little, if any, mercury was deposited in soils at these locations.  


Bouldin Island was historically tidal marsh and mercury deposition likely occurred at this site; 


however, much of Bouldin Island consists of agricultural crops that are managed to flood seasonally, 


which creates existing conditions that promote mercury methylation. Monitoring and adaptive 


management plans for mercury and methylmercury would be required at habitat creation, 


enhancement, and restoration sites as part of the CMP (Appendix 3B, Section 3B.7.2, Monitoring). 


These plans would include mercury monitoring and adaptive management at Bouldin Island and the 


I-5 ponds to prevent increased mercury bioavailability, relative to existing conditions. Given the low 


potential for increases in methylmercury concentrations above existing conditions in surface water, 


largemouth bass tissue, and from wetland restoration sites, and the implementation of the 
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monitoring and adaptive management program for tidal restoration locations, methylmercury is not 


likely to result in adverse effects on listed terrestrial species.  


Tidal Habitat Mitigation Framework 


The locations and sizes of the new tidal habitats are currently undetermined and would be selected 


in accordance with the tidal habitat mitigation framework in Appendix 3B. The new tidal habitats 


would be hydrodynamically connected with adjacent Delta waters, and conditions that are 


conducive to increased mercury methylation and uptake from water into adjacent aquatic and 


terrestrial foodwebs could potentially occur within the new tidal habitats. However, not all types of 


wetland habitats have the same potential for methylmercury generation, and tidal wetlands in the 


Delta are not necessarily significant net producers or exporters of methylmercury to adjacent 


waterbodies (California Department of Water Resources 2020:7).  


Regularly inundated tidal wetlands that do not fully dry between wetting cycles generate less 


methylmercury than seasonally flooded wetlands and high-tidal marsh (Alpers 2008:10). Likewise, 


permanently flooded wetlands in the Delta managed for wildlife, and seasonally flooded wetlands to 


a lesser degree, produced far less methylmercury than do agricultural wetlands managed for rice 


production (Alpers et al. 2014:282). The degree to which methylmercury generation occurs in four 


Delta tidal wetlands, evaluated as part of methylmercury control studies for the Delta mercury 


TMDL, found that concentrations did not significantly increase on ebb tides over those entering the 


wetlands on flood tides (California Department of Water Resources 2020:7). Thus, these restored 


tidal wetlands are unlikely to significantly increase methylmercury concentrations in the wetlands 


themselves and adjacent Delta waters. Likewise, none of the four Delta tidal wetlands studied 


contributed significantly to net annual methylmercury loads in surrounding waters. Another study 


of a natural tidal marsh in the western Delta, Browns Island, found it to be a relatively small net 


source of methylmercury, and extrapolation of these results to all 33 square kilometers of existing 


Delta tidal wetlands indicated they are a minor source, contributing only 3% of the external riverine 


methylmercury loads (Bergamaschi et al. 2011:1368). Studies outside the Delta have also found tidal 


wetlands to be net sinks for total mercury and methylmercury or only a minor source of 


methylmercury to nearby surface waters (Mitchell et al. 2012:7; Turner et al. 2018:153). Seasonal 


and spatial variability in methylmercury production and export were observed in all of these studies 


so that site-specific planning and monitoring should inform the design and management of any tidal 


habitat compensatory mitigation project to understand hydrodynamic and biogeochemical 


interactions as part of mercury control actions (McCord and Heim 2015:738; Bergamaschi et al. 


2011:1369). 


The extent to which fish exposed to tidal wetlands bioaccumulate mercury has been monitored in 


the north San Francisco Bay where fish tissue concentrations within restored tidal wetlands were 


not higher than in reference tidal wetlands (Robinson et al. 2018:18). To estimate how fish tissue 


concentrations could be affected by aqueous methylmercury concentrations in four restored Delta 


tidal marshes, monthly tidal ebb and flow mercury concentration data from the California 


Department of Water Resources (DWR) (2020) were used to model tissue concentrations in 350-


mm largemouth bass fillets using the Delta TMDL model (Central Valley Regional Water Quality 


Control Board 2010:73). Modeled fish tissue mercury concentrations did not differ significantly 


between exposures to ebb and flood flow concentrations at three of the four tidal wetlands using 


Wilcoxon Signed Rank test (p>0.05) and were significantly greater in flood water concentrations 


(i.e., those entering the tidal marsh) at North Lindsay Slough (p<0.01). These calculations suggest 


that fish tissue mercury concentrations would not significantly increase within CMP tidal habitat or 
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in the Delta waters surrounding these habitats. Accordingly, significant increases in methylmercury 


exposure to listed terrestrial species is also not anticipated. 


While these studies suggest a low potential for increases in methylmercury in the waters and fish 


tissues in restored tidal wetlands, these conditions are site-specific and vary over time, and 


therefore may not be predictive of mercury methylation in all tidal wetlands created within the 


Delta. Because mercury is bioaccumulative, even slightly elevated waterborne methylmercury 


concentrations that could occur in new tidal habitats would bioaccumulate in aquatic organisms that 


could, in turn, pose increased health risks to terrestrial wildlife consuming those organisms, relative 


to existing conditions.  


AMM23: Develop and Implement a Mercury Management and Monitoring Plan would be implemented 


with the goal to minimize generation of methylmercury within the new tidal habitats. Tidal habitat 


design would be guided by this mitigation measure, which requires development of a 


comprehensive Mercury Management and Monitoring Plan and site-specific mercury management 


plans that include adaptive management and reporting requirements. 


6B.2 Cyanobacterial Harmful Algal Blooms 


6B.2.1 Background and Existing Conditions in the Delta 


Cyanobacteria (formerly called blue-green algae) are a phylum of bacteria that obtain their energy 


through photosynthesis. The term CHABs refers to cyanobacteria harmful algae blooms that have 


the potential to harm human health or aquatic biota. CHABs are a widespread problem in 


waterbodies worldwide. Although cyanobacteria occur naturally, cultural eutrophication from 


population growth and associated urban, industrial, and agricultural wastes combined with effects 


from global climate change have led to the global expansion of CHABs (e.g., Rastogi et al. 2015; 


Glibert 2020). Toxins produced by cyanobacteria (i.e., cyanotoxins) have been implicated in human 


and animal illness and death in over fifty countries, including at least 35 states within the US (U.S. 


Geological Survey 2020). Cyanotoxins can cause toxicity to phytoplankton, zooplankton, and fish, 


and also can affect feeding success or food quality for zooplankton and fish (Ger et al. 2018: 2384; 


Acuña et al. 2012a:1191; Acuña et al. 2012b:1). Poisoning of aquatic vertebrates such as fish, turtles, 


ducks, and waterbirds have been documented around the world, and high levels of microcystins 


have been identified in the tissues of mallards and double-crested cormorants, including gonads and 


eggs, indicating that microcystins may also affect bird reproduction (Chen et al. 2009:3317, 3320). 


Microcystins have also been found in terrestrial foodwebs, such as spiders and songbirds in riparian 


habitats, likely through consumption of emergent aquatic insects (Moy et al. 2016:A, E). While there 


have been no vertebrate mortality events documented in the Delta, high cyanotoxin levels in the 


Delta have been associated with increased zooplankton mortality and sublethal effects on fish, 


including Sacramento splittail and threadfin shad (Ger et al. 2018: 2384; Acuña et al. 2012a:1191; 


Acuña et al. 2012b:1). 


CHABs in fresh and brackish water environments typically contain Microcystis, Dolichospermum and 


Aphanizomenon. To date, the most common and well-studied cyanobacteria in the Delta is 


Microcystis. As such, most of the information included in this setting is related to Microcystis. 


Microcystis blooms are widespread throughout the Delta and have occurred at varying 


concentrations and frequency throughout the Delta since it was first detected in 1999 (Figure 6B.2-
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1; ESA 2022:5). California Department of Fish and Wildlife (CDFW) and DWR have collected visual 


observations of Microcystis during fish and water quality surveys at discrete stations throughout the 


Delta since 2007. The visual ranking gives a general idea of when and where CHABs including 


Microcystis occur in the Delta. Visual ranking is reliable on the “presence/absence” level and is 


performed by taking a surface water sample with a bucket and ranking the density of colonies in the 


bucket according to a scale from 1 to 5 where 1 is absent and 5 is relatively high (ESA 2022:1). ESA 


(2022:5) used the visual observation data to determine the frequency of occurrence of Microcystis at 


numerous locations throughout the Delta (Figure 6B.2-1). 


 


Figure 6B.2-1. Microcystis Frequency of Occurrence Based on Visual Observation Data Collected Since 
2007 (ESA 2022:5) 


Microcystis has an annual life cycle characterized by two phases. The first is a benthic phase, during 


which colonies overwinter in the sediment. In the second planktonic phase, which occurs during the 


summer and early fall months, Microcystis enters the water column and begins to grow. When 


temperatures reach 19 degrees Celsius (°C) (66.2 degrees Fahrenheit [°F]), active (i.e., sediment 


mixing) and passive processes (i.e., related to the physiological state of the cells) trigger Microcystis 


recruitment from the sediment, the organism is resuspended into the water column (Verspagen et 


al. 2004:269; Misson and Latour 2012:113; Lehman et al. 2013:141). 


There are five primary environmental factors that have been related to the emergence and 


subsequent growth of Microcystis in the water column of Delta waters, which are as follows. 


• Water temperatures greater than 19°C (66.2 °F) 


• Low flows and channel velocities resulting in low turbulence  
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• Long hydraulic residence times 


• Water column irradiance and clarity greater than 50 micromoles per square meter per second 


(µmoles/m2/s) 


• Sufficient nutrient availability of nitrogen and phosphorus 


Further, in waterbodies influenced by saltwater salinity below 10 parts per thousand is more likely 


to support cyanobacteria growth than more saline waters.  


The factors listed above have been related to Microcystis abundance throughout the Delta (Lehman 


et al. 2013:141; Berg and Sutula 2015:iii; Preece et al. 2017:33). Yet, the exact processes and 


interactions of factors that affect development of Microcystis blooms in the Delta are complex. There 


is growing evidence that blooms vary more with wet and dry water year type conditions than with 


nutrient availability (Lehman et al. 2020:2). However, Microcystis growth in the Delta was found to 


increase linearly when the percentage of ammonium within the total nitrogen pool increased 


(Lehman et al. 2015:175; Lehman et al. 2020:2). Recent research identified retention time in the 


Delta and water temperature as the key environmental correlates with Microcystis blooms in the 


Delta (Lehman et al. 2020:1). 


In the Delta, CHABs are primarily comprised of the colonial form of Microcystis aeruginosa, but 


single cells are also present (Baxa et al. 2010:343). Other pelagic cyanobacteria including 


Aphanizomenon spp., Dolichospermum spp., Planktothrix spp., Pseudanabaena spp., and Oscillatoria 


have also been detected in the Delta, although generally to a lesser extent than M. aeruginosa 


(Lehman et al. 2010:229; Spier et al. 2013:8; Mioni et al. 2012:20; Berg and Sutula 2015:35; Kurobe 


et al. 2018:7; Lehman et al. 2020:8). From August through October 2011, Aphanizomenon was 


identified as the most common cyanobacteria genus in the Delta (Mioni et al. 2012:20); however, the 


species of Aphanizomenon that has been shown to occur in the Delta is typically not toxic (Kudela et 


al. 2015:196). Since it was first observed in the Delta in 1999, annual Microcystis blooms have 


occurred at varying levels throughout the Delta, with blooms typically beginning in the central and 


southern Delta and spreading seaward into saline environments (Lehman et al. 2008:199; Lehman 


et al. 2013:146; Lehman et al. 2020:1; California Water Quality Monitoring Council 2021).  


Like other regions where Microcystis occurs, a mix of toxigenic and non-toxigenic strains occurs in 


the Delta and toxicity is variable (Baxa et al. 2010:342, 347). Toxigenic strains and appropriate 


environmental conditions must be present for cyanotoxins to occur (Marmen et al. 2016:9). A 


number of different secondary metabolites, designated as cyanotoxins, can be produced by 


cyanobacteria including liver toxins, neurotoxins, and dermatoxins. Production of cyanotoxins 


associated with CHABs is highly variable and not well understood. Nevertheless, Microcystis blooms 


often produce the liver toxin microcystin (Harke et al. 2016:4) and microcystin is the most 


frequently documented cyanotoxin in the Delta. Microcystins were first documented in the Delta in 


2003 (Lehman et al. 2005:87, 97) and have been detected on numerous occasions since (Lehman et 


al. 2008:187; 2010:241, 245; 2013:146; 2015:169; 2017:94; Lehman et al. 2021; Spier et al. 2013:8). 


In addition to producing cyanotoxins, CHABs can create surface scums that interfere with recreation 


and cause aesthetic problems, produce taste and odor compounds, and lower oxygen levels within 


the water column (Sutula and Senn 2017:41). Increased microcystin concentrations are generally 


associated with higher Microcystis abundances (Lehman et al. 2013:146).  


To date, monitoring for cyanotoxins has been dependent on funds that support bloom response, 


special projects, or opportunistically at other Delta locations when the Central Valley Water Board 
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or local entities respond to reports of CHAB presence. As such, Delta CHAB and cyanotoxin 


monitoring has generally been inconsistent and incomplete in terms of geographic coverage, which 


makes it difficult to assess changes over time. Nevertheless, the California Cyanobacteria and 


Harmful Algal Bloom Network Harmful Algal Bloom incident report portal and published studies 


suggest that cyanotoxins are increasing since they were first detected in the Delta.  


During the 2014 drought, microcystin concentrations frequently exceeded the World Health 


Organization provisional drinking water guideline value of 1 microgram per liter (µg/L), the EPA 10-


day Health Advisories drinking water guidelines of 0.3 µg/L for children under the age of 6 years old 


(Lehman et al. 2017:105), and the California Caution Action Trigger of 0.8 µg/L. Since 2014 


microcystin concentrations have also exceeded EPA recreational guidelines of 8.0 µg/L and the 


California Danger Tier II trigger for recreational waters of 20 µg/L a number of times at different 


locations throughout the southern and central Delta including in Discovery Bay, at several locations 


along the San Joaquin River, and at locations along the Stockton Waterfront (California Water 


Quality Monitoring Council 2021). The neurotoxins anatoxin-a and saxitoxin have also been 


documented in Delta waters, but concentrations have been low (i.e., below the California Warning 


Tier II trigger for recreational waters of 20 µg/L) (Central Valley Regional Water Quality Control 


Board 2019:3; Lehman et al. 2021). 


The following sections describe in detail the five environmental factors that provide favorable 


conditions for Delta CHABs. 


6B.2.1.1 Temperatures  


Cyanobacteria usually bloom during the summer and early fall when water temperatures are warm. 


Several studies have found that 20°C (68°F) was the threshold for cyanobacterial growth (Rolland et 


al. 2013:746). Evidence suggests cyanobacteria growth rates double when temperatures increase 


from 20°C (68°F) to 27°C (80.6°F) (Berg and Sutula 2015:45). In temperate latitudes, optimal 


cyanobacteria growth usually occurs between temperatures of 25°C (77°F) and 35°C (95°F) (Lürling 


et al. 2013:554–555). Optimal growth rate for Microcystis in the laboratory occurs at 27.5°C (81.5°F) 


(You et al. 2018:26), and some Microcystis strains can continue to grow in temperatures of 37°C 


(98.6°F) or higher (Bui et al. 2018:10). 


The only available regional temperature threshold information for cyanobacteria is for Microcystis. 


In the Delta, the regional temperature necessary for Microcystis bloom initiation is 19°C (66.2°F) 


(Lehman et al. 2013:141). Temperature is considered the primary factor that typically restricts 


Microcystis development to the summer and early fall months in waterbodies of the region (Lehman 


et al. 2013:147). Peak bloom abundance in the Delta occurs near 23°C (73.4°F) and persists to at 


least 25.6°C (78.1°F) (Lehman et al. 2013:147). 


The specific growth rate of Microcystis varies based on strain, water temperature, and other 


environmental factors. Based on average specific growth rates, the literature reports that doubling 


time for Microcystis ranges from 0.6 to 5.2 days (Wilson et al. 2006:7386; Lürling et al. 2013:555; 


You et al. 2018:22). When environmental conditions are less favorable (e.g., lower water 


temperatures, greater turbulence and mixing, competition with other algae, grazing pressures), 


Microcystis requires more time to double its population size via growth. In a well-controlled 


laboratory experiment that evaluated growth of 32 Microcystis spp. strains at 25°C (77°F), the 


average growth rate across all strains resulted in cell doubling time of approximately 2.8 days 


(Wilson et al. 2006:7386). Lürling et al. (2013; 555) studied growth rates of cyanobacteria, including 
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two Microcystis strains at temperatures ranging from 20°C to 35°C (68°F to 95°F). Based on average 


growth rates for one of the Microcystis strains used in the study, doubling time ranged from 0.6 days 


(at 32°C) to 1.2 days (at 20°C). For the other Microcystis strain, doubling time ranged from 0.7 days 


(at 30°C) to 2.7 days (at 20°C). A more recent study evaluated temperatures ranging from 5°C to 


35°C (41°F to 95°F) on batch cultures of Microcystis grown from a single strain (You et al. 2018:17). 


Doubling time ranged from 0.9 days (at 27.5°C) to 34.7 days (at 5°C). These studies show that as 


temperatures cool below 20°C, growth rates also begin to decline substantially. Although there is 


also an upper temperature limit to growth, collectively these studies show that Microcystis can grow 


quickly in waters with temperatures that range from 20°C to 32°C. 


6B.2.1.2 Channel Velocities and Associated Turbulence and Mixing 


Under turbulent, well-mixed flow conditions, the entire water column within the channel becomes 


mixed from top to bottom, thereby mixing the algae in the water column as well (O’Brien et al. 


2004:143). This physical mixing disrupts Microcystis’ ability (and Dolichospermum’s ability) to 


control its location in the water column and to form mats of dense colonies/filaments at the surface 


of the water (O’Brien et al. 2004:143), and thus prevents Microcystis (and Dolichospermum) from 


shading-out and outcompeting diatoms and green algae for resources (Huisman et al. 2004:2968). 


Under such well-mixed conditions, diatoms and green algae typically outcompete the cyanobacteria 


(Li et al. 2013:70; Zhang et al. 2015:435–436; Visser et al. 2016:3).  


Wind and tides can enhance the aggregation of Microcystis cells in slow-moving waters (Baxa et al. 


2010:347), but in faster moving, turbulent waters, the ability of Microcystis to maintain its positive 


buoyancy is reduced (Visser et al. 1996:448). Therefore, higher flow rates (generally associated with 


higher channel velocities) make it difficult for Microcystis to form dense collections of colonies at the 


water surface. Moreover, turbulence affects metabolic processes and cell division (Li et al. 2013:65) 


and thus can be a negative growth factor (Visser et al. 2016:2).  


It is in the calm water environments, which do not experience thorough water column mixing daily 


during the summer months, that allow cyanobacteria to outcompete other algae species present for 


light and nutrients and thus form large, problematic blooms. Microcystis cells can move to the water 


surface through the control of their buoyancy via gas vesicles within the cells (Reynolds 


2006:58−59). Cells come together to form colonies and then colonies join together to form mats or 


scum layers at the water’s surface. Here, dense mats of Microcystis can shade out the other algal 


species and thus outcompete the other algae for light and nutrients that fuel their bloom. This 


ecological concept explains why Li et al. (2013:70) and Zhang et al. (2015:435–436) observed the 


dominant phytoplankton species to shift from cyanobacteria to green algae and diatoms when flow 


velocities reached 0.2 to 1.0 feet per second. This is also why we see Microcystis blooms 


predominantly in lakes and in slow-moving calm water environments and not in vertically mixed, 


deep riverine channels (Lehman et al. 2013:155).  


Turbulent mixing puts cyanobacteria at a disadvantage in its competition with other faster-growing 


algal species, including diatoms and green algae (Huisman et al. 2004:2968; Visser et al. 2016:3). 


Higher-velocity, turbulent water mixes all algae throughout the photic zone of the water column and 


reduces light through turbidity, which allows faster-growing chlorophytes (green algae) and 


diatoms to outcompete the slower-growing cyanobacteria, including Microcystis (Huisman et al. 


2004:2968; Li et al. 2013:70). Because all algae present are mixed from the channel surface to 


bottom in turbulent, flowing water, Microcystis cells cannot control their location in the water 
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column and thus cannot as readily, if at all, form the dense collection of cells and colonies at the 


water’s surface, as in calm waters.  


The channel velocity required to disrupt Microcystis blooms varies by system, with studies reporting 


critical velocity rates of 0.1 to 1.3 feet per second (Mitrovic et al. 2003:164; Zhang et al. 2015:435; 


Mitrovic et al. 2011:238; Li et al. 2013:70). For example, in the lower Darling River, Australia, 


velocities above 1.0 feet per second were shown to quickly disrupt an established cyanobacteria 


bloom (Mitrovic et al. 2011:238). In the Zhongxin Lake system China, flow velocities of 0.2 to 1.0 feet 


per second disrupted Microcystis blooms and shifted the dominant phytoplankton species to green 


algae and diatoms (Li et al. 2013:70; Zhang et al. 2015:435). This information from the scientific 


literature is consistent with what is observed in the Central Valley regarding where Microcystis 


blooms often occur (i.e., in calm, low-velocity, non-turbulent aquatic environments) (Lehman et al. 


2008:200; Lehman et al. 2013:155; Berg and Sutula 2015:21) and where they typically do not occur 


(i.e., in riverine channels having turbulent flow) (Lehman et al. 2013:155). 


Lehman et al. (2017:106) reported that relatively small Microcystis blooms occurred in the 2004 and 


2005 wet years when San Joaquin River flow was 28.32 to 35.40 meters cubed per second (m3s-1). A 


San Joaquin River flow of 9.1 m3s-1, a factor of three lower compared to 2004 and 2005 flows, 


produced the large 2014 Microcystis bloom.  


6B.2.1.3 Hydraulic Residence Time 


Hydraulic residence time refers to how long water remains at a given location before most of the 


water is flushed from the area, in the net downstream direction. Microcystis is relatively slow 


growing compared to other algal species. Therefore, sufficient hydraulic residence time is needed to 


enable a bloom to become established. Areas with high flushing rates (i.e., short residence times) are 


characterized by relatively high velocities that result in turbulent, well-mixed channels where 


cyanobacteria generally cannot outcompete green algae or diatoms. Hence, increasing residence 


times beyond the minimum required for bloom initiation primarily affects how much biomass a 


bloom can accumulate in an area after a bloom has initiated.  


Areas with short residence times typically cannot produce high biomass blooms because the cells 


that are produced quickly get flushed downstream. Conversely, areas of bloom formation having low 


channel velocities and high hydraulic residence times can accumulate cells for a longer time, 


ultimately resulting in high biomass blooms.  


Accumulation of Microcystis cells and colonies (via longer residence times) is an important 


mechanism affecting the magnitude of Microcystis blooms. Colony formation provides Microcystis 


with many ecological advantages, including adaption to varying light, sustained growth with poor 


nutrients supply, and protection from stressors including grazing (Xiao et al. 2018:1399). Large 


colony size allows Microcystis to attain floating velocities that allow them to maintain biomass near 


the surface of a waterbody and shade out other algal species (Xiao et al. 2018:1399). As Microcystis 


colonies increase in size, it is possible that they may produce more toxins (Wood et al. 2012:21). 


Lehman et al. (2017:94) states that high residence time was a factor that contributed to the 


magnitude of the 2014 Microcystis bloom in the Delta. The high residence time allows Microcystis 


colonies to accumulate in areas of the Delta, without getting flushed from the area. There is no 


evidence in the scientific literature to indicate that higher residence time results in higher algal 


growth rates. Algal species, availability of nutrients, and temperature primarily control algal growth 


rates, not residence time per se.  
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Residence time throughout the Delta is highly variable, and unpredictable, because of fluvial and 


tidal hydrology, tidal wetlands, engineered floodplains, and the creation of trapezoidal channels 


(Kimmerer et al. 2019:13). Long residence time does not always translate into large Microcystis 


blooms. This was exemplified in the Stockton Deep Water Ship Channel, where long summer 


residence times occur annually. Here, a 3-year study documented a large persistent Microcystis 


bloom in 2012 but not in 2009 or 2011 (Spier et al. 2013:10). Environmental conditions were 


similar in 2012 and 2009 and Microcystis cells were present in 2009, yet no large bloom occurred in 


2009. No specific environmental factor could be attributed to the 2012 bloom (Spier et al. 2013:10).  


In another Delta study, researchers investigated how the rock barrier installed across False River 


during the 2015 drought would affect water quality in Franks Tract (Kimmerer et al. 2019:1). The 


researchers hypothesized that the rock barrier would increase residence time in Franks Tract and 


form conditions that would allow Microcystis cells to accumulate. Instead, the authors found the 


barrier did not cause Microcystis to become more abundant in Franks Tract during 2015 than it was 


in other dry years (Kimmerer et al. 2019:1). However, submerged aquatic vegetation was found in 


areas of Franks Tract that had previously been clear of vegetation (Kimmerer et al. 2019:1). These 


two Delta studies support the findings that Microcystis ecology and competition with other algae 


and macrophytes is complex, and longer residence times at small or intermediate scales do not 


necessarily indicate that a substantial bloom will form.  


6B.2.1.4 Nutrients 


Nutrients (nitrogen and phosphorus) within the Delta are available annually at levels that are non-


limiting to the growth of Microcystis (Lehman et al. 2005:91). With optimal temperatures, low 


turbulence and mixing, long residence time, and high irradiance, Microcystis (and other 


cyanobacteria) biomass is proportional to nutrient (i.e., nitrogen and phosphorus) availability in the 


water column (Berg and Sutula 2015:22) Literature suggests, however, that levels of nitrogen, 


phosphorus, or their N:P ratio do not control the seasonal or inter-annual bloom variation within 


the Delta (Lehman et al. 2013:154−155; Lehman et al. 2017:106).  


Both phosphorus and nitrogen are important in promoting cyanobacteria growth and subsequent 


blooms (Schindler et al. 2008:11254; Levine and Whalen 2001:189). In general, nutrients typically 


become limiting to phytoplankton when concentrations fall below 0.07 milligram per liter (mg/L) 


dissolved inorganic nitrogen (nitrite, nitrate, and ammonia) and 30 µg/L dissolved phosphorus 


(orthophosphate or soluble reactive phosphorus) (Jassby 2005:10). The amount of total phosphorus 


in a waterbody is a fundamental basis for cyanobacteria growth, but concentrations below 100 µg/L 


are unlikely to cause mass cyanobacteria blooms (Chorus and Cavalieri 2000:5; World Health 


Organization 2015:5). In reviews of stream ecosystems, lakes, and reservoirs, total nitrogen 


concentrations of 0.7 to 1.5 mg/L were found to support cyanobacteria growth (Dodds et al. 


1998:1459). 


6B.2.1.5 Water Column Irradiance and Clarity 


Irradiance plays a critical role in cyanobacteria buoyancy control (Walsby et al. 2004:119−120), 


growth rates, and triggering vertical migration of over-wintering cyanobacteria cells from the 


sediment. Relatively high irradiances (>50 µmol photons meters squared per second [m-2 s-1]) have 


been found to promote maximal cyanobacteria growth rates in the Delta (Berg and Sutula 2015:48) 


and are considered a prerequisite for Microcystis and Dolichospermum bloom formation (Lehman et 


al. 2013:154).  
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Cyanobacteria generally grow ineffectively in well-mixed, low-light waters, although certain genera 


(i.e., Dolichospermum and Cylindrospermopsis), can grow well in constant low-light conditions 


(Litchman 1998:253). Other genera, such as Microcystis, have high light requirements and, thus 


cannot become dominant in light-limited conditions (Huisman et al. 1999:219−220). Diatoms are 


generally more adapted to low-light conditions and dominate phytoplankton communities during 


periods of low average irradiance with high light fluctuations (Litchman 1998:253). For example, 


diatoms keep near maximal growth rates in irradiances less than 50 µmol photons m-2 s-1 (Berg and 


Sutula 2015:48).  


Since cyanobacteria have poor light absorption efficiency in well-mixed environments (Reynolds 


2006:192−195; Visser et al. 2016:3), fluctuating light levels in turbulent waters, conditions often 


present in spring months, favor diatoms (Litchman 1998:253; Reynolds 2006:1994; Visser et al. 


2016:3). Green algae and cyanobacteria can both dominate in high light conditions; however, 


Microcystis and Dolichospermum can use their buoyancy to migrate to the water surface where light 


is available and utilize high irradiance levels that inhibit other phytoplankton species Lehman et al. 


2013:154).  


6B.2.1.6 Cyanotoxins 


Cyanobacteria produce a number of cyanotoxins. In central California, toxins other than 


microcystins are not frequently detected (Berg and Sutula 2015:83). However, over the past few 


years low concentrations of the neurotoxins anatoxin-a and saxitoxin have been detected 


throughout the Delta (Lehman et al. 2021:8). 


The cyanobacteria toxin, microcystin, was first documented in the Delta in 2003 (Lehman et al. 


2005:87) and has been detected on numerous occasions since (Lehman et al. 2008:187; Lehman et 


al. 2010:239; Lehman et al. 2013:141; Lehman et al. 2015:165; Lehman et al. 2017:94; Spier et al. 


2013:10), with increased toxin concentrations generally associated with higher Microcystis 


abundances (Lehman et al. 2013:153). During the 2014 drought, microcystin concentrations were 


the highest on record for the Delta, frequently exceeding both the World Health Organization (1 


µg/L) and EPA (0.3 µg/L for children under the age of 6) drinking water guidelines (Lehman et al. 


2017:104−105). Microcystin concentrations continue to increase in extent and severity in the Delta 


and in 2020 the toxin was detected at 1,239.4 µg/L in scum in the Stockton Deep Water Ship 


Channel and at 138.6 µg/L in a water sample taken from Mormon Slough (State Water Resources 


Control Board 2021). 


Like other regions where Microcystis occurs, the Delta has a mix of toxigenic and nontoxigenic 


strains (Baxa et al. 2010:347). Toxigenic strains and appropriate environmental conditions must be 


present for microcystin to occur (Ibelings et al. 2021:261). Even in intensively studied waterbodies 


it is not possible to accurately predict microcystin concentrations or correlate toxin to biomass 


ratios (Ibelings et al. 2021:270). As such, a larger bloom does not always correlate to greater toxin 


concentrations because a bloom could potentially contain more nontoxic than toxic strains. In fact, 


because blooms continuously evolve and can contain any mixture or ratio of toxic and nontoxic 


strains, bloom presence does not guarantee toxin production (Turner et al. 2018:3). Nevertheless, 


Microcystis blooms usually produce microcystin and studies often see greater toxin levels when 


large blooms occur, as was the case in the Delta between the 2014 and 2017 water years (Ibelings et 


al. 2021:261; Lehman et al. 2020:4).  
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6B.2.2 CHAB Assessment Methodology 


The assessment of effects of facility operations on CHABs utilized DSM2-modeled temperature, 


velocity, and residence time, as well as qualitative changes in nutrients and water clarity to make 


determinations regarding whether the operation of the proposed action could result in substantial 


changes to these environmental factors in Delta waters. 


6B.2.2.1 Delta Assessment Locations 


CHABs typically form in the Delta from July through November (Lehman et al. 2020:4; ESA 2022). In 


some years, however, CHABs can form as early as May or June if temperatures are sufficiently warm 


(Lehman et al. 2017:103). This CHAB analysis focused on the period of June through November at 


nine Delta locations that have been part of routine Delta monitoring programs and identified as 


primary bloom areas (Lehman et al. 2017:95; Lehman et al. 2020:3). These nine locations are listed 


below. 


• Sacramento River at Brannon Island 


• San Joaquin River at Jersey Point 


• Franks Tract 


• Old River at Rock Slough 


• Victoria Canal 


• Stockton Deep Water Ship Channel 


• Mildred Island 


• San Joaquin River near Venice Island 


• Mokelumne River near Bouldin Island 


The residence time analysis conducted as part of the Delta CHABs analysis was expanded to include 


several other locations (beyond the nine listed above) to more accurately capture how the proposed 


action could potentially affect water residence times across the Delta. These locations included 


Discovery Bay, the channels adjacent to Discovery Bay, Middle River, and Old River south of Clifton 


Court Forebay. 


In addition to the nine locations listed above, temperature and velocity data were compiled for the 


Sacramento River at I Street Bridge and the Sacramento River at Freeport. Although these two 


Sacramento River locations are within the Delta, these two locations were used to evaluate CHABs in 


the lower Sacramento River in the reach downstream of the American River, but upstream of much 


of the primary Delta region.  


The proposed action’s effects on CHABs were assessed both quantitatively and qualitatively based 


on how the proposed action would affect the five primary environmental factors that provide 


favorable conditions for CHABs described in Section 6B.2.1, Background and Existing Conditions in 


the Delta. Environmental factors for which adequate modeling tools were available were assessed 


quantitatively: water temperatures, channel velocities, and residence times. Water column 


irradiance and nutrient availability (based on the nutrient and total suspended solids qualitative 


assessments) were assessed qualitatively. The interaction of all these factors was also assessed 


qualitatively. 
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6B.2.2.2 Temperature 


DSM2 temperature modeling was used to evaluate how the proposed action could affect 


temperatures at the nine Delta assessment locations. This analysis focused on the potential for the 


proposed action to increase the frequency at which temperatures greater than 19°C (66.2°F) would 


occur in the Delta, relative to existing conditions. 


6B.2.2.3 Velocity 


Flow (measured in cubic feet per second [cfs]) is a measure of the volume of water passing a 


specified location within a channel, whereas velocity (measured in feet per second [ft/s]) is the 


measure of how rapidly the water is moving within a channel. Channel velocity is the primary driver 


of channel turbulence and mixing, in-channel generated turbidity, and hydraulic residence time—all 


of which can affect CHABs. If a channel is large and has substantial cross-sectional area, the channel 


may have a relatively high flow (cfs) despite having a relatively low velocity (ft/s). Conversely, if a 


channel has a small cross-sectional area, it may have a relatively low flow (cfs), but a relatively high 


velocity (ft/s). The distinction between flow and velocity is important when evaluating 


cyanobacteria because it is not the volume of water moving through a channel, but rather the 


velocity (and associated turbulence and mixing within the channel) with which the water moves 


that most affects the ability of cyanobacteria to outcompete other algae, as discussed further below.  


DSM2 was used to model channel velocities at various Delta locations. This analysis focused on how 


the proposed action would affect 15-minute absolute velocity (regardless of direction) in channels 


of the Delta. Mathematical daily average velocity may approach zero when flows on the tidal cycle 


move in opposite directions, and thus is not very useful for determining how channel velocity affects 


cyanobacteria. In such tidally influences channels, 15-minute absolute velocity (regardless of 


direction) is the parameter that best characterize the degree of channel mixing that occurs daily. 


Hence, this analysis determines how the proposed action would affect 15-minute absolute velocity, 


relative to velocities for existing conditions at the assessment locations.  


6B.2.2.4 Residence Time 


Hydraulic residence time at various locations within the Delta was assessed directly using the QUAL 


module of the DSM2 model. As described above, the nine Delta assessment locations and several 


other locations were assessed for residence time to understand how the proposed action could 


potentially affect water residence time in approximately 3- to 9-mile channel reaches across the 


Delta. The exception to this was the channels surrounding Mildred Island where an approximately 


1-mile reach was modeled and the vicinity of Venice Island where an approximately 12-mile channel 


reach was modeled. Hydraulic residence time was also modeled for the open water bodies of 


Discovery Bay, Franks Tract, and Mildred Island. To assess the incremental increases in residence 


times modeled for various locations in the Delta for the proposed action relative to existing 


conditions, both the residence time of the site itself (defined as the modeled number of hours 


required to flush 90% of the water from the modeled reach) and the incremental increase in 


residence time due to the proposed action were considered.  


Residence time modeling by DSM2 has inherent limitations in simulating the hydrodynamics in the 


open water areas, including the flooded islands, of the Delta. For open waterbodies, DSM2 assumes 


uniform and instantaneous mixing over the entire open water area. Thus, it does not account for any 


variations in localized hydrodynamic conditions (e.g., circulation patterns) that likely exist within 
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the open waterbodies. The residence times within portions of an open waterbody can vary based on 


such site-specific conditions, which DSM2 cannot model. Hence, the output from DSM2 for the open 


water areas can only provide a rough estimate of residence time for the entire waterbody and a 


general indication of whether the proposed action would be expected to increase or decrease 


residence times for the entire open waterbody and does not provide any information about site-


specific conditions in the open waterbodies that may be important for CHABs. Hence, DSM2 cannot 


provide definitive residence time estimates for open waterbodies or definitive estimates for changes 


in residence time due to the proposed action for open waterbodies. These limitations of the model 


were considered when interpreting modeled residence times for the open waterbodies.  


Additionally, reported effects of residence time increases in closed bodies of waters such as lakes 


and reservoirs on Microcystis growth cannot be used to identify potential effects of the proposed 


action on CHABs in the Delta. Residence time-associated temperature increases in the upper portion 


of the water column in lakes and reservoirs are associated with reduced vertical mixing and 


prolonged stratification, which favor increased Microcystis growth (You et al. 2018 [and references 


within]:17). The relatively shallow and tidal nature of the Delta prevents much of the area from 


experiencing thermal stratification.  


The following assessment focuses on median modeled residence times. However, residence times at 


the 25th, 75th, 90th, and other percentiles also were considered (refer to Attachment 6B.1, Tables 


6B.1-14 through 6B.1-19). For the purposes of this assessment, increases in modeled median 


residence times under the proposed action that were 24 hours (1 day) or greater, or 10% greater, 


relative to existing conditions, received additional analysis as described in detail below. These same 


parameters also were used in assessing changes in residence time at other percentiles of occurrence. 


As discussed above, based on the growth studies cited, increased residence time of a 24 hours (i.e., 1 


day) or more could potentially provide sufficient additional time to allow additional growth (i.e., cell 


production), accumulation, and aggregation of cells at a site. However, there is a great deal of 


uncertainty that exists regarding interpretation of this residence time modeling because no 


scientific studies have been performed or published that specifically correlate area-specific 


residence times within the Delta (as modeled) to cyanobacteria bloom size, or changes in bloom size 


over time, in specific areas of the Delta. 


6B.2.2.5 Nutrients 


Effects of facility operations on nutrients in the Delta were assessed qualitatively, utilizing modeled 


changes in factors that could affect the constituent level (e.g., channel velocity, temperature, changes 


in relative contribution of source waters). This assessment considered the sources of nutrients to 


surface waters, transport and cycling mechanisms, the relative contributions of the primary Delta 


inflows (i.e., Sacramento River, San Joaquin River, San Francisco Bay), and the degree to which the 


proposed action would alter these factors and cause substantial concentration changes in Delta 


waters. 


6B.2.2.6 Water Column Irradiance and Clarity 


Effects of facility operations on water column irradiance and clarity in the Delta were assessed 


qualitatively, utilizing modeled changes in factors that could affect the constituent level (e.g., 


channel velocity, temperature, changes in relative contribution of source waters). This assessment 


considered the relative source water contributions of suspended sediment to the Delta and 


environmental factors within the Delta that affect turbidity and total suspended solids (TSS) levels, 
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and the degree to which the projects would affect these factors and result in adverse effects to 


beneficial uses. 


6B.2.3 Operations Modeling Results and Qualitative Analysis 


6B.2.3.1 Temperature 


Under the proposed action, monthly average temperatures for all assessment locations would be 


negligibly different from those under existing conditions (refer to Attachment 6B.1, Tables 6B.1-1 


through 6B.1-12). Modeling shows that the frequency with which any given temperature above 19°C 


(66.2°F) would occur for the proposed action would be nearly identical to that of existing conditions 


(refer to Attachment 6B.1, Figure 6B.1-1 through Figure 6B.1-72). From a thermal perspective, any 


minor differences in water temperatures at the Delta assessment location under the proposed 


action, relative to existing conditions, would not affect the frequency or magnitude of cyanobacteria 


blooms at the Delta assessment locations, relative to that which could occur under existing 


conditions. This result is to be expected based on the fact that atmospheric exchange processes 


primarily drive Delta water temperatures on both short and long timescales (Kimmerer 2004:19; 


Wagner et al. 2011:12; Vroom et al. 2017:9919–9920). 


Based on the above findings, the proposed action would not result in increases in water 


temperatures that would increase the frequency or magnitude of CHABs in the Delta, relative to 


existing conditions. Table 6B-18 shows the percent change of temperature from existing conditions 


of the proposed action for the nine Delta assessment locations. (Refer to Attachment 6B.1, Tables 


6B.1-1 through 6B.1-12 for modeled average temperature under existing conditions and the 


proposed action for the nine Delta assessment locations). 


Table 6B-18. Monthly Average Temperature (in degrees Fahrenheit), Percent Change Proposed Action 
from Existing Conditions, Full Simulation Period 


Alternative(s) Jun Jul Aug Sep Oct Nov 


Brannan Island 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 


San Joaquin River at Jersey Point 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 


Old River at Rock Slough 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 


Franks Tract Averaged 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 


Franks Tract 0.0% 0.0% 0.0% 0.2% 0.0% 0.0% 


Victoria Canal 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 


Stockton Deep Water Ship Channel 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 


Mildred Island 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 


San Joaquin Near Venice Cut 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 


Mokelumne River 0.2% 0.0% 0.0% 0.0% 0.0% 0.2% 


Sacramento River at I Street Bridge 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 


Sacramento River at Freeport 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
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6B.2.3.2 Velocity 


The proposed action would have negligible, if any, effect on the probability with which any given 15-


minute absolute velocity would occur at the assessment locations during the June through 


November period, relative to existing conditions (refer to Attachment 6B.1,Figures 6B.1-73 through 


6B.2-138). Therefore, the proposed action would not cause lower velocities, or reduce the frequency 


with which any given velocity would occur when velocities are low during the months of June 


through November, relative to the existing conditions. Consequently, the proposed action would not 


alter turbulence and mixing within Delta channels sufficiently to substantially affect, or even 


measurably affect, the frequency or size of Microcystis or other cyanobacteria blooms at any Delta 


assessment location, relative to existing conditions. 


6B.2.3.3 Residence Time 


Depending on location and month, the proposed action would result in increases, decreases, or no 


change in modeled median residence time at specific locations for the full simulation period, relative 


to existing conditions. The proposed action would have little to no effect on median residence time 


for all locations with short residence time. At each of these locations, the median residence time was 


shown to increase by 2 hours or less (Table 6B-19; refer to Attachment 6B.1, Table 6B.1-13, Figures 


6B.1-139 through 6B.1-144b, Figure 6B.1-149, and Figures 6B.1-152 through 6B.1-153). In areas 


where median residence times are relatively short (i.e., 72 hours or less), an increase of up to 2 


hours would not provide enough additional time to allow substantial additional growth and 


accumulation and aggregation of cells, relative to existing conditions. Any negligible changes on 


growth and accumulation and aggregation of cells at these locations that may occur from such small 


increases in residence times would not be sufficiently large to cause effects on beneficial uses that 


would differ from those that would occur for existing conditions. This is true even if there is a 10% 


increase in residence time (e.g., an increase in median residence time from 8 to 9 hours at Victoria 


Canal in July) because the absolute magnitude of increase in residence time would not result in 


conditions substantially more conducive to CHABs, relative to existing conditions. 


Table 6B-19. Change in Median Residence Time in Hours Modeled Using DSM2 of the Proposed 
Action from Existing Conditions for Locations with Short Residence Time (i.e., ≤ 72 hours [3 days]).  


Location 


Month 


June July August September October November 


Brannan Island 0 0 0 0 0 0 


Discovery Bay Channels 1 1 0 2 0 2 


Franks Tract Channels 0 0 0 0 0 0 


Middle River from Woodward 
Island to Mildred Island 


0 1 0 1 1 1 


Mildred Island Channels 0 0 0 0 0 0 


Mokelumne River 0 0 0 0 -1 1 


Old River at Rock Slough -1 1 1 1 0 0 


San Joaquin River at Jersey Point 0 0 0 0 0 0 


Victoria Canal 0 1 0 1 1 0 
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The following assessment focuses on median modeled residence times. However, residence times at 


the 25th, 75th, 90th, and other percentiles also were considered (refer to Attachment 6B.1, Tables 


6B.1-14 through 6B.1-19). For the purposes of this assessment, increases in modeled median 


residence times under the proposed action that were 24 hours (1 day) or greater, or 10% greater, 


relative to existing conditions, received additional analysis as described in detail below. These same 


parameters also were used in assessing changes in residence time at other percentiles of occurrence. 


As discussed above, based on the growth studies cited, increased residence time of a 24 hours (i.e., 1 


day) or more could potentially provide sufficient additional time to allow additional growth (i.e., cell 


production), accumulation, and aggregation of cells at a site. However, there is a great deal of 


uncertainty that exists regarding interpretation of this residence time modeling because no 


scientific studies have been performed or published that specifically correlate area-specific 


residence times within the Delta (as modeled) to cyanobacteria bloom size, or changes in bloom size 


over time, in specific areas of the Delta. 


Depending on location and month, the proposed action would result in increases, decreases, or no 


change in modeled median residence time at specific locations for the full simulation period, relative 


to existing conditions. The proposed action would have little to no effect on median residence time 


for all locations with short residence time (Table 6B-19). At each of these locations, the median 


residence time was shown to increase by 2 hours or less. In areas where median residence times are 


relatively short (i.e., 72 hours or less), an increase of up to 2 hours would not provide enough 


additional time to allow substantial additional growth and accumulation and aggregation of cells, 


relative to existing conditions. Any negligible changes on growth and accumulation and aggregation 


of cells at these locations that may occur from such small increases in residence times would not be 


sufficiently large to cause effects on beneficial uses that would differ from those that would occur for 


existing conditions. This is true even if there is a 10% increase in residence time (e.g., an increase in 


median residence time from 8 to 9 hours at Victoria Canal in July) because the absolute magnitude of 


increase in residence time would not result in conditions substantially more conducive to CHABs, 


relative to existing conditions. 


Modeling showed larger changes in median residence time under the proposed action (both positive 


and negative) at locations with median residence times greater than 72 hours (3 days) (Tables 6B-


20 through 6B-25, Figures 6B.1-145 through 6B.1-148, and Figures 6B.1-150 through 6B.1-151). 


These locations and changes in residence time under the proposed action, relative to existing 


conditions, are discussed in detail below. 


Stockton Waterfront 


Modeled residence times for the 25th percentile, median, 75th percentile, and 90th percentile at the 


Stockton Waterfront for the full simulation period for the proposed action, relative to existing 


conditions, generally show a decrease, or no change in the months June through November (Table 


6B-20; refer to Attachment 6B.1, Table 6B.1-14 and Figure 6B.1-145). Occasionally there would be a 


small increase in residence time, up to 1 hour, but never an increase of 10% or greater. 
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Table 6B-20. Residence Time in Hours Modeled Using DSM2 for Existing Conditions and Proposed 
action, Stockton Deep Water Ship Channel 


Month 


25th Percentile 50th (Median) Percentile 75th Percentile 90th Percentile 
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June 370 370 (0) 414 412 (-2) 465 465 (0) 544 524 (-20) 


July 407 405 (-2) 496 480 (-16) 624 610 (-14) 844 805 (-39) 


August 455 455 (0) 541 530 (-11) 616 613 (-3) 731 731 (0) 


September 436 435 (-1) 477 471 (-6) 530 512 (-18) 568 554 (-14) 


October 393 394 (1) 419 420 (1) 441 441 (0) 463 458 (-5) 


November 452 448 (-4) 487 479 (-8) 555 528 (-27) 604 583 (-21) 


Note: Change in residence time in hours for the proposed action, relative to existing conditions, are in parentheses. 


The largest decreases in median residence times would occur from July to September (i.e., during 


the peak bloom season). The maximum modeled decrease in median residence time at the Stockton 


Waterfront (i.e., 16-hour decrease) would occur in July. Thus, when the greatest decreases in median 


residence time were to occur, the median residence times would decrease from 496 hours (20.6 


days) to 480 hours (20 days). Similarly, when the greatest modeled decrease would occur (i.e., 


decrease of 39 hours in July for the 90th percentile), residence time would decrease from 844 hours 


(35.2 days) to 805 hours (33.5 days). 


Although decreases in residence time were modeled to occur at the Stockton Waterfront, there is 


unlikely to be any change in the density or extent of Microcystis and other cyanobacteria at this 


location relative to existing conditions. Decreases in residence time under the proposed action 


would not be sufficient to change Microcystis dynamics (i.e., growth rates, accumulation, or 


aggregation) as residence times would continue to be long and conditions would remain favorable 


to support Microcystis growth, accumulation, and aggregation similar to existing conditions.  


Old River at Clifton Court Forebay  


In Old River at Clifton Court Forebay median modeled residence time are generally lower for the 


proposed action, relative to existing conditions, from June through September (Table 6B-21; refer to 


Attachment 6B.1, Table 6B.1-15 and Figure 6B.1-152). Median residence time in October and 


November under the proposed action would be nearly identical to median residence time under 


existing conditions. Changes in residence time at the other percentiles would be variable with 


decreases in some months and increases in other months. Changes in residence time at the 25th 


percentile would range from a decrease of 38 hours in September to an increase of 7 hours in July. 


Changes in residence time in the 75th percentile would range from a decrease of 40 hours in July to 


an increase of 23 hours in November. Changes in residence time for the 90th percentile would range 


from a decrease of 49 hours in November to an increase of 11 hours in June.  
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Table 6B-21. Residence Time in Hours Modeled Using DSM2 for Existing Conditions and Proposed 
action, Old River South of Clifton Court Forebay 


Month 


25th Percentile 50th (Median) Percentile 75th Percentile 90th Percentile 
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June 68 (-3) 68 (-3) 184 180 (-4) 417 392 (-25) 643 654 (11) 


July 115 (7) 115 (7) 368 333 (-35) 593 553 (-40) 693 676 (-17) 


August 135 (-1) 135 (-1) 342 340 (-2) 654 641 (-13) 718 716 (-2) 


September 189 (-38) 189 (-38) 318 310 (-8) 332 337 (5) 344 349 (5) 


October 50 (0) 50 (0) 74 74 (0) 88 88 (0) 118 112 (-6) 


November 65 (0) 65 (0) 83 84 (1) 170 193 (23) 368 319 (-49) 


Note: Change in residence time in hours for the proposed action, relative to existing conditions, are in parentheses. 
Increases of 24 hours or greater are bolded. 


Modeled median residence time under existing conditions during the July through September period 


range from 318 to 368 hours (13.3 to 15.3 days). The maximum modeled decrease in median 


residence time at Old River at Clifton Court Forebay (up to 40-hour decrease) would occur in July. It 


is possible that these decreases in median residence time under the proposed action in July and a 38 


hour (16.8%) decrease in 25th percentile residence time in September could cause some decreases 


in the density and extent of Microcystis or other cyanobacteria in Old River at Clifton Court Forebay, 


relative to existing conditions. This is because cyanobacteria cells would have substantially less time 


to grow, aggregate, and accumulate at this location than under existing conditions. Although 


decreases in residence time would also occur in other months, these smaller decreases in residence 


time would not be sufficient to change Microcystis dynamics (i.e., growth rates, accumulation, or 


aggregation) as residence times would continue to be long and conditions would remain favorable 


to support Microcystis growth, accumulation, and aggregation similar to existing conditions. 


The largest increase in residence time would occur in November at the 75th percentile when 


residence times would increase by up to 23 hours (i.e., increase by approximately 14%). Residence 


times corresponding to the other percentiles in November either decrease or remain identical to 


those that occur under existing conditions. It is possible for cyanobacteria to be present and 


continue to grow in November; however, after the peak growing season (i.e., July through 


September) there are rarely, if ever, any substantial blooms. This is due largely to the decrease in 


water temperatures and slower corresponding growth rates. Based on relatively cool water 


temperatures, the tidal nature of the waterbody, water column mixing, other environmental factors, 


and absolute residence times, the proposed action’s effects on residence time would not be sufficient 


to allow for substantial increases in cell density or the formation of surface scums, relative to 


existing conditions. As such, increases in residence times in November that could occur under the 


proposed action would not cause CHAB frequency or magnitude to change sufficiently enough to 


negatively affect any beneficial use in Old River at Clifton Court Forebay, relative to existing 


conditions. 


San Joaquin River near Venice Island 


In the San Joaquin River near Venice Island, model results show median residence time would 


generally increase under the proposed action for the full simulation period for the months of July 
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through November (Table 6B-22; refer to Attachment 6B.1, Table 6B.1-16 and Figure 6B.1-148). 


Median residence time in June under the proposed action would be nearly identical to median 


residence time under existing conditions. The largest increases in modeled median residence time 


occur in September when median residence times increase by 14 hours under the proposed action, 


relative to existing conditions (Table 6B-22). Residence times for the 25th and 90th percentiles would 


show similar changes in residence time as those for the median. Residence times in the 75th 


percentile would increase by 6 hours or less in June, August, September, and October. However, in 


July and November residence times in the 75th percentile would increase by 17 hours and by 16 


hours, respectively.  


Table 6B-22. Residence Time in Hours Modeled Using DSM2 for Existing Conditions and Proposed 
action, San Joaquin River near Venice Island 


Month 


25th Percentile 50th (Median) Percentile 75th Percentile 90th Percentile 
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June 90 88 (-2) 130 129 (-1) 154 157 (3) 187 187 (0) 


July 71 79 (8) 87 98 (11) 104 121 (17) 170 166 (-4) 


August 81 81 (0) 94 99 (5) 131 131 (0) 197 205 (8) 


September 92 96 (4) 115 129 (14) 159 160 (1) 181 187 (6) 


October 104 106 (2) 143 147 (4) 188 194 (6) 234 226 (-8) 


November 82 82 (0) 105 104 (-1) 165 181 (16) 225 229 (4) 


Note: Change in residence time in hours for the proposed action, relative to existing conditions, are in parentheses. 
Increases of 24 hours or greater are bolded. 


In July and September there would be a 10% or greater increase in median residence time and in 


July a 15% increase in residence times in the 75th percentile, relative to existing conditions. 


Although modeled residence time in the 75th percentile would increase by up to approximately 17 


hours at this location in July and by a median residence time of up to approximately 14 hours in 


September, these increases are not sufficient time to increase the magnitude or severity of CHABs, 


for several reasons. First, the other four drivers (i.e., temperature, velocity, nutrients, and 


irradiance) would not change under the proposed action, relative to existing conditions. Second, 


although it is possible for some additional growth, accumulation, and aggregation to occur in July 


and September, there would continue to be competition with other algae, grazing losses, virus 


losses, and net downstream movement of water that are co-occurring during periods of increased 


residence time. Third, this area would continue to be tidally influenced and experience both tidal 


and wind-induced velocity that would interfere with Microcystis life history strategy. Finally, 


although Microcystis and other cyanobacteria have been observed at this location, it is not 


recognized as a primary cyanobacteria producer in the Delta like backwater slough areas and 


channel margins where residence time is on the order of 2 weeks or more.  


The greatest increase in residence time in the San Joaquin River near Venice Island was modeled to 


occur in July at the 75th percentile. Residence times in the 75th percentile would increase by 17 


hours under the proposed action. Thus, in November residence times in the 75th percentile would 


increase from 165 hours (6.9 days) under existing conditions to 181 hours (7.5 days). Although it is 


possible for cyanobacteria to be present, and continue to grow in November, after the peak growing 
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season (i.e., July through September) there are rarely, if ever, any substantial blooms in November. 


Importantly, no substantial cyanobacteria presence has ever been observed in the San Joaquin River 


near Venice Island in November. This is because water temperatures are substantially cooler in 


November than earlier in the season, causing growth rates to substantially decline and cells to settle 


out of the water column into the benthos. Due to the cooler water temperatures and lower overall 


cyanobacteria biomass in November, the modeled increase in residence time of up to 16 hours 


would not substantially increase growth or presence of Microcystis or other cyanobacteria relative 


to existing conditions. Further, as described above, there would continue to be competition with 


other algae, grazing losses, virus losses, and net downstream movement of water that co-occur 


during periods of increased residence time. Although it is possible for some additional growth and 


cell aggregation to occur, this would not be expected to result in substantially larger blooms than 


would occur under existing conditions. As such, modeled increases in the 75th percentile residence 


time of up to 16 hours would not lead to conditions that would negatively affect beneficial uses, 


relative to existing conditions in the San Joaquin River near Venice Island. 


Mildred Island 


At Mildred Island, the modeled median residence time for the full simulation period under the 


proposed action, relative to existing conditions, show little to no change in residence time for June 


and November (Table 6B-23; refer to Attachment 6B.1, Table6B.1-17 and Figure 6B.1-146). Under 


the proposed action there are increases in median residence time in July, August, September, and 


October. Under the proposed action, median residence time in October would increase by 17 hours, 


relative to existing conditions. Modeled residence times corresponding to the 25th, 75th, and 90th 


percentiles show that the proposed action would have varying levels of effect on residence time with 


similar ranges to those reported for the median residence times. Changes in residence time at the 


25th percentile would range from a decrease of 2 hours in June to an increase of 13 hours in July. 


Changes in residence time in the 75th percentile range from a decrease of 10 hours in October to an 


increase of 15 hours in November. Finally, changes in residence time in the 90th percentile range 


from a decrease of 22 hours in August to an increase of 13 hours in June. All modeled increases in 


residence time under the proposed action would be less than 10%, relative existing conditions. 


Table 6B-23. Residence Time in Hours Modeled Using DSM2 for Existing Conditions and Proposed 
action, Mildred Island 


Month 


25th Percentile 50th (Median) Percentile 75th Percentile 90th Percentile 
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June 283 281 (-2) 289 287 (-2) 320 322 (2) 408 421 (13) 


July 196 209 (13) 210 218 (8) 232 241 (9) 361 370 (9) 


August 204 207 (3) 210 219 (9) 278 264 (-14) 420 398 (-22) 


September 219 230 (11) 245 256 (11) 296 303 (7) 335 339 (4) 


October 240 245 (5) 279 296 (17) 349 339 (-10) 427 421 (-6) 


November 202 203 (1) 226 228 (2) 312 327 (15) 421 420 (-1) 


Note: Change in residence time in hours for proposed action, relative to existing conditions, are in parentheses. 
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Under the proposed action, Mildred Island median October residence time was modeled to increase 


by 17 hours, from 279 hours (11.6 days) to 296 hours (12.3 days). During October, water 


temperatures are substantially cooler than during the peak CHAB season of July through early 


September (refer to Attachment 6B.1, Figures 6B.1-1 through 6B.1-6). As such, the growth rates of 


cyanobacteria are lower and there is substantially less biomass in the water column relative to the 


peak growth period. Further, modeling showed that both the 75th and 90th percentiles residence 


times decrease in October rather than increase for the proposed action. Considering these factors, 


along with continued competition with other algae, grazing losses, virus losses, and net downstream 


movement of water, an increase of up to about 17 hours in residence time at Mildred Island in 


October, when residence time is on the order of 11 to 12 days, would not be expected to 


substantially increase growth, accumulation, and aggregation of cyanobacteria, relative to that 


which would occur for existing conditions. Although it is possible for some additional growth and 


cell aggregation to occur, this would not be expected to result in substantially larger blooms for the 


proposed action than would occur at this location under existing conditions. The same findings are 


also applicable to the increased residence times for the 75th percentile of 15 hours under the 


proposed action in November. In November water temperatures are even cooler than October and 


Microcystis growth rates slow considerably. As such, increases of 15 hours in residence time in 


November would not result in substantially larger blooms than those that would occur under 


existing conditions. 


Based on the discussion above, it can be concluded that for the proposed action during the July 


through September period there may be a small increase in the number of Microcystis flakes (from 


an aggregation of cells) floating within the water column. However, based on growth rates, the tidal 


nature of the waterbody, water column mixing, other environmental factors, and absolute residence 


times, the proposed action’ effects on residence time would not be sufficient to allow for substantial 


increases in cell density or the formation of surface scums, relative to existing conditions. As such, 


the relatively small increases in residence times that could occur for the proposed action would not 


cause CHAB frequency or magnitude to change sufficiently enough to negatively affect any beneficial 


use at Mildred Island, relative to existing conditions. 


Franks Tract 


Changes in modeled median residence time for the proposed action, relative to existing conditions, 


were variable with no change in some months to a small increase in other months (Table 6B-24; 


refer to Attachment 6B.1, Table 6B.1-18 and Figure 6B.1-142). The maximum increase in median 


residence time would be up to 5 hours in August. Modeled 25th percentile and 90th percentile 


changes in residence times are similar to those reported for the median. The greatest change in 


residence times would occur in the 75th percentile when residence times would increase by 13 


hours in September and by 18 hours in November. All modeled increases in residence time under 


the proposed action would be less than 10%, relative existing conditions. 
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Table 6B-24. Residence Time in Hours Modeled Using DSM2 for Existing Conditions and Proposed 
action, Franks Tract 


Month 


25th Percentile 50th (Median) Percentile 75th Percentile 90th Percentile 
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June 289 288 (-1) 311 311 (0) 322 320 (-2) 352 352 (0) 


July 273 280 (7) 283 287 (4) 297 303 (6) 351 355 (4) 


August 278 281 (3) 292 297 (5) 332 338 (6) 381 378 (-3) 


September 283 289 (6) 303 305 (2) 335 348 (13) 377 382 (5) 


October 296 297 (1) 315 317 (2) 362 362 (0) 409 410 (1) 


November 268 268 (0) 290 293 (3) 325 343 (18) 391 391 (0) 


Note: Change in residence time in hours for proposed action, relative to existing conditions, are in parentheses. 


Modeled median and 75th percentile residence times in Franks Tract under existing conditions are 


relatively long (i.e., from 283 to 315 hours [11.8–13.1 days] and 297 to 362 hours [12.4–15.0 days], 


respectively). These long residence times are conducive to cyanobacteria aggregation, and 


Microcystis flakes are routinely observed at this location (ESA 2022:5). Modeled increases in 


residence time for the 75th percentile in residence time in September and November could allow for 


some additional growth, cell accumulation, and aggregation of cells at the site. However, in 


November, when the largest increase in residence time could occur (i.e., up to 18 hours), water 


temperatures are cool and growth rates are slow compared to the peak growing season of July 


through September.  


Although it is possible for cyanobacteria to be present and continue to grow in November, after the 


peak growing season there are rarely, if ever, any substantial blooms in November. Importantly, no 


substantial cyanobacteria bloom has been observed in Franks Tract in November. Thus, modeled 


increases in residence time would not be sufficient to substantially increase Microcystis growth, 


accumulation, or aggregation at this location. This is particularly true when the other four drivers of 


Microcystis and other cyanobacteria blooms (including water temperature) are changing negligibly. 


Based on growth rates, the tidal nature of the waterbody, water column mixing, other environmental 


factors, and absolute residence times, the proposed action’ effects on residence time would not be 


sufficient to allow for substantial increases in cell density or the formation of surface scums, relative 


to existing conditions. As such, the relatively small increases in residence times that could occur for 


the proposed action would not cause CHAB frequency or magnitude to change sufficiently that it 


would negatively affect terrestrial species at Franks Tract, relative to existing conditions. 


Discovery Bay 


In Discovery Bay, model results show median residence time would generally increase under 


proposed action for the full simulation period for the months July through November (Table 6B-25; 


refer to Attachment 6B.1, Table6B.1-19 and Figures 6B.1-150 through 6B.1-151). There would be 


little to no change in median residence time in June. The greatest increase in median residence time 


would occur in July, September, and October when median modeled residence time would increase 


by 25 to 31 hours. Modeled residence times corresponding to the 25th, 75th, and 90th percentiles 


show that the proposed action would have varying levels of effect on residence time, with decreases 
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in some months and increases in other months. Modeled residence times in the 25th percentile for 


the proposed action would range from a decrease of up to 4 hours in June to an increase of 26 hours 


in July and September. Changes in residence time in the 75th percentile range from a decrease of up 


to 19 hours in October to an increase of 44 hours in July and November, respectively. Residence 


times in the 90th percentile would generally decrease, except in September when residence times 


could increase by up to 11 hours. All modeled increases in residence time under the proposed action 


would be less than 10%, relative existing conditions. 


Table 6B-25. Residence Time in Hours Modeled Using DSM2 for Existing Conditions and Proposed 
action, Discovery Bay 


Month 


25th Percentile 50th (Median) Percentile 75th Percentile 90th Percentile 
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June 619 615 (-4) 629 628 (-1) 685 687 (2) 779 773 (-6) 


July 456 482 (26) 482 513 (31) 533 570 (37) 763 761 (-2) 


August 472 478 (6) 498 510 (12) 639 620 (-19) 832 815 (-17) 


September 520 544 (24) 575 605 (30) 687 696 (9) 764 775 (11) 


October 568 574 (6) 662 687 (25) 759 760 (1) 857 850 (-7) 


November 470 474 (4) 539 551 (12) 689 733 (44) 847 850 (3) 


Note: Change in residence time in hours for the proposed action, relative to existing conditions, are in parentheses. 
Increases of 24 hours or greater are bolded. 


Under existing conditions, residence times in Discovery Bay are long with residence times ranging 


from a minimum of 456 hours (19 days) in June at the 25th percentile to a maximum of 857 hours 


(35.7 days) in October for the 90th percentile. These long residence times are conducive to 


Microcystis growth, accumulation, and aggregation and is one of the reasons Discovery Bay is 


conducive to CHABs. Under the proposed action, the largest increase in residence time would occur 


in July and November at the 75th percentile when residence times would increase by 37 and 44 


hours, respectively. Large increases in residence time would also occur at the median in July and 


September when residence times could increase by 30 to 31 hours. In November, at the 75th 


percentile, when the largest increase in residence time could occur (up to 44 hours), water 


temperatures are cool and growth rates are slow compared to the peak growing season of July 


through September. As such, there is unlikely to be much additional growth, aggregation, or 


accumulation in November, relative to existing conditions.  


In July when optimal temperature conditions occur, there would likely be some additional growth, 


aggregation, and accumulation under the proposed action relative to existing conditions. However, 


there would also continue to be competition with other algae, grazing losses, and virus losses that 


are co-occurring during periods of increased residence time. In a location like Discovery Bay that 


has very long residence times (i.e., on the order of 2 to 5 weeks) a day or two of additional residence 


time under the proposed action is not enough time to cause significantly more cyanobacteria 


biomass or to cause a substantially larger bloom, relative to existing conditions.  


As described above, there are inherent limitations in simulating the hydrodynamics in the open 


water areas of the Delta, and DSM2 can only provide a rough estimate of residence time for the 


entire waterbody. The modeling does not account for any variations in localized hydrodynamic 
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conditions (e.g., circulation patterns) that likely exist within the open waterbodies, and the modeling 


cannot account for residence times in portions of the open waterbody that vary based on site-


specific conditions. Although it is reasonably certain that the proposed action would increase 


residence times under a few circumstances for Discovery Bay, insufficient information is available to 


definitively determine the relative magnitude of change in residence time that would occur annually. 


Nevertheless, due to the long residence times that occur under existing conditions, even if residence 


time were to increase slightly more than those modeled, the proposed action would not alter 


cyanobacteria dynamics such that they would negatively affect any beneficial use at Discovery Bay, 


relative to existing conditions. 


6B.2.3.4 Nutrients 


The two main mechanisms by which the proposed action could change total phosphorus and total 


nitrogen concentrations in the Delta are: (1) changing total phosphorus and total nitrogen 


concentrations in the source water inflows to the Delta; and (2) changing the proportions of source 


waters fractions at specific Delta locations. 


The proposed action would result in some seasonal differences in Delta inflow rates from the 


Sacramento River, relative to existing conditions. However, for many months, there would be little 


to no change in flow under the proposed action, relative to existing conditions, and for those months 


when there are changes in flow the flow rates would be within the range occurring under existing 


conditions. Winter flows would continue to remain higher than summer flows, and storm events 


would continue to be the primary cause of higher nitrogen and phosphorus concentrations in the 


winter months relative to the summer months under the proposed action. Consequently, there 


would be negligible, if any, flow-related changes to nitrogen and phosphorus concentrations in 


rivers upstream of the Delta. 


As such, total phosphorus and total nitrogen concentrations in Delta inflows would differ negligibly, 


if at all, from existing conditions. Therefore, the remaining assessment focuses on the changing 


proportions of source water fractions at specific Delta locations and how any project alternative-


related changes would affect nutrient concentrations relative to existing conditions. 


The San Joaquin River has considerably less discharge to the Delta than the Sacramento River and 


overall delivers less phosphorus to the Delta. Modeling estimates the total annual phosphorus load 


entering the Delta is 1,944 tons from the Sacramento River and 732 tons from the San Joaquin River 


watershed (Domagalski and Saleh 2015:1479). However, total phosphorus concentrations within 


the San Joaquin River are substantially higher than those in the Sacramento River (Table 6B-26). 


Table 6B-26. Summary of Delta Source Water Concentrations for Total Phosphorus (in micrograms per 
liter) 


Source Water 
Sacramento 


River 
San Joaquin 


River 
San Francisco 


Bay 
Eastside 


Tributaries 
Agriculture 


Drains 


Mean  100 204 136 50 503 


Minimum 20 10 35 7 100 


Maximum  371 970 1,400 470 810 


75th percentile  120 260 155 67 678 


99th percentile 249 610 390 324 805 


Data source CEDEN 2020 CEDEN 2020 CEDEN 2020 CEDEN 2020 DWR 2020 







CA Department of Water Resources 


 Appendix 6B 
Water Quality 


 


 


Delta Conveyance Project, Biological Assessment  
6B-40 


May 2024 
ICF 103653 


 


Source Water 
Sacramento 


River 
San Joaquin 


River 
San Francisco 


Bay 
Eastside 


Tributaries 
Agriculture 


Drains 


Station(s) Sacramento 
River at 
Greene’s 
Landing, 


Sacramento 
River at Hood 


San Joaquin 
River at 
Vernalis 


Sacramento River 
at Chipps Island 


and Mallard 
Island, Suisun 


Bay at Bulls Head 
near Martinez 


Cosumnes River 
at Twin Cities 


Road, Mokelumne 
River at Bruella 
Road, New Hope 
Road, Georgiana 


Slough 


Staten Island 


Date range 1975–2000 1975–2000 1975–2019 2000–2018 2004 


Data omitted No No No No No 


Detected 915 780 981 133 6 


Number of data 
points 


915 780 981 169 6 


Note: Non-detects replaced with reporting limit for these calculations. 
CEDEN = California Environmental Data Exchange Network; DWR = California Department of Water Resources. 


Nitrogen loads from the Sacramento River are substantially higher than from the San Joaquin River 


because of the higher annual average discharge of the Sacramento River to the Delta (Saleh and 


Domagalski 2015:1502). However, like phosphorus, nitrogen concentrations in the San Joaquin 


River are higher than those from the Sacramento River (Table 6B-27). 


Table 6B-27. Summary of Source Water Concentrations for Total Nitrogen (in milligrams per liter) 


Source Water 
Sacramento 


River 
San Joaquin 


River 
San Francisco 


Bay 
Eastside 


Tributaries 
Agriculture 


Drains 


Mean  0.664 2.03 0.779 0.780 3.29 


Minimum 0.100 0.280 0.130 0.330 2.47 


Maximum  2.44 5.80 2.90 1.19 4.31 


75th percentile  0.800 2.61 0.930 0.980 3.76 


99th percentile 1.56 4.30 1.44 1.18 4.29 


Data source CEDEN 2020 CEDEN 2020 CEDEN 2020 CEDEN 2020 DWR 2020 


Station(s) Sacramento 
River at 
Greene’s 
Landing, 


Sacramento 
River at Hood 


San Joaquin 
River at 
Vernalis 


Sacramento 
River at Chipps 


Island and 
Mallard Island, 
Suisun Bay at 


Bulls Head near 
Martinez 


Cosumnes River 
at Twin Cities 


Road, 
Mokelumne 


River at Bruella 
Road, New Hope 
Road, Georgiana 


Slough 


Staten Island 


Date range 1975–2020 1975–2020 1975–2020 2009–2010 2004 


Data omitted Yes Yes Yes Yes Yes 


Detected 969 803 759 16 6 


No. of data 


points 
969 803 759 16 6 


Notes: Data omitted where concentrations of all fractions were not detected to calculate total N. Non-detects replaced 
with reporting limit for these calculations. 
CEDEN = California Environmental Data Exchange Network; DWR = California Department of Water Resources.  
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As shown in EIR Appendix 9B, Source Water Fingerprinting, the Sacramento River is the dominant 


water source throughout all Delta subregions except the south Delta, where various locations can be 


seasonally dominated by San Joaquin River water (California Department of Water Resources 2022). 


Water quality in the south Delta is also strongly influenced by agricultural drains. Based on a limited 


data set (n = 6) these agricultural drains have the highest nutrient concentrations of all the source 


waters to the Delta (Tables 6B.2-9 and 6B.2-10). At the south Delta assessment locations of Victoria 


Canal, Old River, Banks Pumping Plant, and Jones Pumping Plant, the modeled percentage of 


agricultural drainage is 9% to 17% during some months of the year. In addition to high fractions of 


Sacramento River water, the South Fork Mokelumne River at Terminous has substantial influence 


from the eastside tributaries with modeled percentages ranging from 27% to 36% of the river water 


from January to May. The eastside tributaries have the lowest nutrient concentrations of all Delta 


source waters. The Sacramento River at Mallard Island, located in the western Delta, is highly 


influenced by tidal exchange, where the modeled percentage of San Francisco Bay water ranges 


from 42% to 51% of the river water from July through November.  


Under the proposed action, there would generally be very small changes in source water fractions, 


relative to existing conditions (refer to Final EIR Appendix 9B; California Department of Water 


Resources 2022). At all assessment locations, except Banks Pumping Plant and Jones Pumping Plant, 


the proposed action would cause long-term average decreases of Sacramento River water and 


increases in San Joaquin River water and/or other source waters. With the exception of the Banks 


and Jones Pumping Plants, the modeled major source water fractions (i.e., Sacramento River, San 


Joaquin River, San Francisco Bay) under the proposed action differ by no more than 2%, on a long-


term average, relative to existing conditions. Modeled differences for the other source waters (i.e., 


eastside tributaries, agricultural drainage, and Yolo Bypass) are even smaller (refer to Final EIR 


Appendix 9B: California Department of Water Resources 2023).  


Since changes in source water fractions are larger at Banks and Jones Pumping Plants relative to the 


other nine assessment locations, these two locations are described separately below. To determine 


how these changes in source water fractions would affect nutrient concentrations, the differences in 


individual source water fractions between existing conditions and the proposed action were applied 


to the total nitrogen and total phosphorus concentrations in Tables 6B-26 and 6B-27.  


The largest decreases in Sacramento River flows (i.e., 2.3% decrease) would occur under the 


proposed action in January in the Sacramento River at Mallard Island where the proportion of Bay 


water would comparably increase. This would result in an increase of 0.9 µg/L of total phosphorus 


under the proposed action. There would be no measurable change in total nitrogen under the 


proposed action relative to existing conditions. Consequently, small changes in source water 


fractions during some months of the year would have negligible effects on nutrient concentrations in 


the Delta because the relative difference in source water fractions is so small that it would not lead 


to substantial changes in nutrient concentrations, relative to existing conditions.  


At Jones Pumping Plant, changes in source water fractions under the proposed action would be very 


small, with up to a 2% increase or decrease in major (i.e., Sacramento River and San Joaquin River) 


source water fractions, as a long-term average, relative to existing conditions. Changes in other 


source water fractions would be even smaller (i.e., ≤ 0.3% increases in some months).  


At Banks Pumping Plant, there would be substantial seasonal increases in the fraction of Sacramento 


River water. Although Sacramento River water inputs would generally increase in all months, the 


greatest changes would occur in March, with the Sacramento River long-term average water fraction 
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increases ranging from 16.5% to 18.8% for the project relative to existing conditions. All other 


source waters would decrease, but the greatest decreases would be in San Joaquin River inputs in 


March and May (i.e., 7.4% to 10.8% decrease), relative to existing conditions (refer to EIR Appendix 


9B). Based on the lower concentrations of nutrients in the Sacramento River, relative to the San 


Joaquin River and other source waters, there could be small decreases in nutrients concentrations 


during some months of the year at Banks Pumping Plant, relative to existing conditions.  


Although the proposed action would create differences in the proportion of source water fractions 


at various Delta locations, for the reasons described above there would be no substantial differences 


in nutrient distributions from these changes in source water inputs relative to existing conditions. At 


Banks Pumping Plant there would be small decreases in nutrient concentrations during November 


through June because fractions of Sacramento River water were modeled to increase substantially 


while other source waters that have higher concentrations of nutrients were modeled to decrease. 


There would also be some small decrease in nutrient concentrations during some months at Jones 


Pumping Plant when Sacramento River waters were modeled to increase. Nevertheless, under the 


proposed action total phosphorus and total nitrogen would be present in excess (i.e., non-limiting 


amounts for aquatic plant and algae growth) throughout the Delta, as they are under existing 


conditions.  


In summary, the proposed action would not cause exceedances of any state or federal 


objectives/criteria for nutrients because there are none. Algal and macrophyte growth rates are not 


phosphorus- or nitrogen-limited in the Delta because these nutrients are available in excess. Thus, 


potential minor increases or decreases in these nutrient concentrations that may occur at some 


locations and times within the Delta would have negligible, if any, effects on macrophyte and algae 


growth in the Delta. Hence, any potential small changes in nutrient concentrations would be of 


magnitude that would not adversely affect any beneficial uses or substantially degrade Delta water 


quality with regard to nutrients. 


6B.2.3.5 Water Column Irradiance and Clarity 


Sediment retention in upstream reservoirs has decreased the long-term sediment supply upstream 


of the Delta (Schoellhamer et al. 2007:7). Turbidity, which has a direct linear relationship with TSS 


concentrations and is often used as a surrogate for suspended sediment, has decreased along with 


this reduction in suspended sediment transport. Conversely, the relative sediment supply upstream 


of the Delta from agriculture and urbanization has increased over time as these land uses have 


increased downstream of major dams (Schoellhamer et al. 2007:8). However, contributions to TSS 


and turbidity from urban and agricultural are small in comparison with the sediment retention in 


reservoirs. 


Schoellhamer et al. (2007:6) noted that suspended sediment concentration was more affected by 


season than flow, with the higher concentrations for a given flow rate occurring during “first flush 


events” and lower concentrations occurring during spring snowmelt events. These first flush events 


can comprise up to half of the annual sediment load to the Delta (Morgan-King and Wright 2016:8). 


As described in EIR Appendix 9M, Upstream of Delta Water Quality Analysis, the TSS concentrations 


and turbidity levels of Delta inflows under the proposed action are not expected to be substantially 


different from those occurring under existing conditions, including during first flush events. 


However, the proposed action would change the quantity of Sacramento River inflows due to 


diversions at the north Delta intakes, resulting in reduced suspended sediment loading to the Delta.  
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Reductions in annual average sediment load in the Sacramento River that would otherwise move 


downstream to the Delta would be 5% (EIR Chapter 12, Table 12-97). Under existing conditions, the 


Sacramento River transports five times more sediment to the Delta than the San Joaquin River and 


accounts for approximately 66% of the annual Delta sediment budget (Wright and Schoellhamer 


2005:7). Thus, an annual average 5% reduction in Sacramento River load is equivalent to an annual 


average 3% reduction in the total external sediment load to the Delta.  


Although there could be an annual average reduction in sediment load due to the diversions the TSS 


concentrations and turbidity levels within the Sacramento River water that flows into the Delta 


would not differ from existing conditions under the project for several reasons. First, sediment 


concentrations in the river would not change when a portion of the water is entrained. Second, the 


diversions would not substantially affect flows associated with storm events or the “first flush” 


events important for sediment transport to the Delta or the TSS concentrations or turbidity levels in 


those flows. Finally, Delta channel erosion processes that are driven by tidal flow velocity changes 


and lead to sediment suspension and deposition would continue to occur under the proposed action, 


similar to existing conditions.  


6B.2.4 CHABs Effects Analysis and Conclusions 


6B.2.4.1 Operations 


The potential operational effects of the proposed action on the occurrence of CHABs were assessed 


using DSM2-modeled water temperature, velocity, and residence time at various locations in the 


Delta, as well as qualitative changes in nutrients and water clarity to make determinations regarding 


whether the proposed action could result in substantial changes to these environmental factors in 


Delta waters (Section 6B.2.3).  


The modeling results presented in Section 6B.2.3 indicate that operation of the proposed action 


would not cause the key factors potentially associated with CHABs (i.e., temperature, residence time, 


nutrients, water velocities and associated turbulence and mixing, and water clarity and associated 


irradiance) to change in the Delta in a manner that would increase the frequency or magnitude of 


CHABs in the Delta region. Therefore, the proposed action is not expected to increase levels of 


microcystins or other cyanotoxins within the study area by frequency, magnitude, and geographic 


extent that would cause measurably higher body burdens of microcystins or other CHAB toxins in 


aquatic organisms, thereby increasing the health risks to wildlife. Because Delta waterways would 


not be affected by potentially increased CHABs associated with operation of the proposed action, 


operations are not anticipated to increase the availability of microcystin toxins that could cause 


substantial adverse effects on California least tern, least Bell’s vireo, western yellow-billed cuckoo, 


or giant garter snake. 


6B.2.4.2 Compensatory Mitigation Plan 


Bouldin Island and I-5 Ponds 


The likelihood of CHABs is low at the I-5 ponds because they are not tidally connected and would 


use ambient and ground water that would not contain Microystis (Appendix 3B, Compensatory 


Mitigation Plan for Special-Status Species and Aquatic Resources, Section 3B.4.1.4, DWR I-5 Ponds, 


under Site Design and Development). Implementation of habitat creation and enhancement at 


Bouldin Island as part of the CMP has the potential to result in conditions that promote CHABs, 
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which could result in impacts on terrestrial species using habitat adjacent to created and/or 


enhanced wetland and aquatic habitats. Microcystins have been found in terrestrial foodwebs, such 


as spiders and songbirds in riparian habitats, likely through consumption of emergent aquatic 


insects (Moy et al. 2016:A, E) and can affect terrestrial species if they forage in or near habitats with 


conditions that promote Microcystis blooms. Monitoring and adaptive management plans described 


in the CMP (Appendix 3B, Section 3B.7.2) would include CHAB monitoring and adaptive 


management at Bouldin Island and the I-5 ponds to prevent increased CHAB formation, relative to 


existing conditions. 


Tidal Habitat Mitigation Framework 


Implementation of the CMP, namely, the creation of tidal habitats in the North Delta Habitat Arc (i.e., 


Cache Slough region) that would be hydrodynamically connected to Delta channels could create new 


areas that are conducive to CHABs.  


It should be noted that cyanobacteria are ubiquitous within the Delta as part of the overall 


phytoplankton community. As such, cyanobacteria would be present within any newly created tidal 


habitat. The issue is not one of presence or absence of cyanobacteria at these new tidal habitats but 


rather whether the new tidal habitat sites provide highly suitable conditions for CHABs. This is 


important because high amounts of cyanobacteria biomass (i.e., blooms) are often accompanied by 


sufficiently high cyanotoxin levels to pose risks of adverse effects—even mortality—on aquatic life 


and wildlife using or feeding in these habitats or immediately adjacent Delta waters that receive 


flushing from these habitats. As described above in Section 6B.2.1, there are five environmental 


factors (i.e., water temperature, channel velocities and associated turbulence/mixing, residence 


time, nutrients, and water clarity and its effects on irradiance) that provide favorable conditions for 


CHAB development. These environmental factors are considered in the discussion below to assess if 


the new tidal habitat sites would provide highly suitable conditions for CHABs, relative to existing 


conditions. 


The new tidal habitats would be located within the North Delta Habitat Arc, which was chosen, in 


part, because it is a region that is less likely to support CHABs (ESA 2022:5). The waterways in the 


North Delta Habitat Arc range from freshwater in the Cache Slough region to more saline waters in 


the Suisun Marsh region. CHABs are not problematic in Suisun Marsh because water quality 


conditions are generally not conducive to Microcystis growth and aggregation in this location 


(Sommer et al. 2020:18). Salinity is an important factor in controlling the seaward extent of Delta 


CHABs (Berg and Sutula 2015:iii), and salinity in Suisun Marsh that ranges from 1.9 parts per 


thousand (ppt) to 12.6 ppt may limit cyanobacteria growth and aggregation (Schacter et al. 


2021:15). Indeed, an analysis of Microcystis visual observations throughout the Delta shows that 


areas with fresh water are more likely to support Microcystis than areas more influenced by salt 


water such as Suisun Marsh (ESA 2022:7).  


CHABs are also not problematic in the Cache Slough region even though it is characterized as a 


freshwater habitat (i.e., ~0 ppt). Depending on the specific location within Cache Slough, residence 


times range from 0 to 20 days (Downing et al. 2016:13,387) while median summer temperatures 


are above 20°C (68°F) (ESA 2022:7). Similarly, just upstream of Cache Slough in the Sacramento 


Deep Water Ship Channel, median water temperatures exceed 23°C (73.4°F) and residence times 


range from 20 to 50 days (Downing et al. 2016:13387; ESA 2022:7). Although both of these locations 


have water temperatures and residence times that are sufficient to support CHABs, neither location 


has a history of CHABs. In fact, visual observations of Microcystis occurrence collected by DWR and 
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CDFW during their fish and water quality surveys at discrete stations throughout the Delta from 


2007 to 2019 show little to no Microcystis in the water column of the Deep Water Ship Channel (ESA 


2022:5). Similarly, just downstream in Cache Slough, visual observations of Microcystis are generally 


low (ESA 2022:5). The only times visual observations (i.e., ranked 4 on a scale of 0 to 5 with 5 being 


the highest) of Microcystis were high in Cache Slough was in the drought years of 2015 and 2016. 


Further analysis of the visual observation data in the Cache Slough region shows that the frequency 


of Microcystis occurrence is low (ESA 2022:5). Although the exact reasons why CHABs are not 


problematic in the Cache Slough region remain unknown, water residence time and gradients in 


mixing likely control the phytoplankton community within Cache Slough (Stumpner et al. 2020:1, 


13).  


There is some uncertainty related to the design of the wetlands (e.g., depth, amount of aquatic 


vegetation, and exact location). However, design of the tidal habitat would consider hydrologic 


regime and channel morphology (e.g., backwater areas with low velocities and high residence time 


can create conditions that foster CHABs) to help ensure potential effects related to CHABs are 


minimized. As such, newly created tidal habitats would have daily tidal flushing to ensure no 


substantial increase in residence time, relative to existing conditions. Although tidal habitats would 


be designed to reduce potential for CHAB formation, it is possible that along the edges of the new 


tidal habitat there could be small areas of increased residence time, elevated water temperatures, 


decreased water column turbulence and mixing, and turbidity (which affects irradiance). Depending 


on the vegetation in the tidal habitat, there could be some increased nutrient concentrations (from 


decomposing vegetation). However, the presence of vegetation would generally decrease the 


potential for CHAB formation as plants would likely outcompete cyanobacteria for nutrients and 


sunlight.  


Although there are some characteristics of the newly created tidal habitats that could increase 


residence time and water temperatures along the margins, implementation of the CMP is not 


expected to cause substantial additional Microcystis or other cyanobacteria production for the 


following reasons.  


• First, tidal restoration sites would be sited in the North Delta Habitat Arc where conditions are 


not conducive to CHAB formation.  


• Second, the design of the tidal habitats is such that there would be daily hydrologic exchange 


that would ensure that there would not be substantially increased residence times compared to 


adjacent habitats.  


• Third, if the tidal habitat were to be located in the Suisun Marsh region, salinities would 


continue to be high enough to prevent substantial growth and aggregation of cyanobacteria. 


Similarly, if the tidal habitats were to be located in Cache Slough, the mixing gradients and 


residence time would continue to prevent substantial cyanobacteria production.  


Based on the above findings, the new tidal habitats created in accordance with the CMP would not 


result in adverse effects on California least tern, western yellow-billed cuckoo, least Bell’s vireo, or 


giant garter snake due to CHABs. 







CA Department of Water Resources 


 Appendix 6B 
Water Quality 


 


 


Delta Conveyance Project, Biological Assessment  
6B-46 


May 2024 
ICF 103653 


 


6B.3 Selenium 


6B.3.1 Background and Existing Conditions  


Selenium is an essential trace element for human and other animal nutrition that occurs naturally in 


the environment. Substantial point sources of selenium do not exist upstream in the Sacramento 


River watershed or in the watersheds of the eastside tributaries (Cosumnes, Mokelumne, and 


Calaveras Rivers). Nonpoint sources of selenium within the watersheds of the Sacramento River and 


the eastside tributaries also are relatively low, resulting in generally low selenium concentrations in 


the reservoirs and rivers of those watersheds. The San Joaquin River watershed is the major source 


of selenium to the Delta, and the Sacramento River watershed has generally low selenium 


concentrations (Central Valley Regional Water Quality Control Board 1988:14). Selenium occurs 


naturally throughout the lower San Joaquin River watershed, with elevated concentrations of 


selenium occurring in the shallow groundwater within the Grassland watershed, which is a valley 


floor sub-basin of the San Joaquin River watershed. Subsurface agricultural drainage discharges 


from these areas are the major source of selenium to the San Joaquin River and Delta. 


Selenium is a constituent of concern in the lower San Joaquin River, the Delta, and San Francisco Bay 


because it can cause chronic toxicity (especially impaired reproduction) in fish and aquatic birds 


(Ohlendorf and Heinz 2011:670). Selenium concentration in species differs by the trophic level at 


which they feed, increasing with trophic level, therefore, birds that consume prey with high levels of 


selenium have a higher risk of selenium toxicity (Ackerman and Eagles-Smith 2009:2139). Dietary 


uptake is the principal route of toxic exposure to selenium in wildlife, including California least tern, 


western yellow-billed cuckoo, least Bell’s vireo, and giant garter snake (Beckon et al. 2003: 69; 


Ackerman and Eagles-Smith 2009:2134; Ohlendorf and Heinz 2011:669).  


Toxicity thresholds are established by identifying concentrations of selenium that result in an 


observable effect on an organism (e.g., altered metabolism, mortality, deformity, reproductive 


failure). Elevated selenium exposure has been found primarily to cause reproductive effects such as 


developmental abnormalities and increased embryo mortality. Although adult mortality has 


occurred in wild aquatic birds that use agricultural drainage water storage areas with high selenium 


concentrations in the San Joaquin Valley, mortality is rare. Sublethal effects on adults include 


emaciation and feather loss (Ackerman and Eagles-Smith 2009:2134; Ohlendorf and Heinz. 


2011:670). Reduced hatchability and embryo deformities have been documented in bird eggs with 


selenium concentrations over 6 micrograms per gram (µg/g) (dry weight) and adult physiological 


harm and mortality are associated with liver selenium concentrations above 20 µg/g (dry weight) 


(Beckon 2017:133; Ohlendorf and Heinz 2011: Table 21.1). Because reproductive effects are the 


primary concern for birds, bird eggs are good indicators of selenium effects on birds. 


No information is available on the toxicity thresholds or indirect effects of selenium for giant garter 


snake or other snakes. However, information on the risk of selenium exposure on other species may 


be useful in predicting general effects on giant garter snakes. Laboratory and field study on giant 


garter snake and terrestrial snakes have documented selenium bioaccumulation from prey 


consumption.  


A single laboratory study dosed female terrestrial brown house snakes (Lamprophis falginosus) with 


selenium, as selenomethionine, injected into their food items at approximately 1 (control), 10, and 


20 µg/g (dry weight) doses. The investigators selected these dosages because they represented the 


range of exposures used in prior avian and mammalian studies. No significant effects on survival or 
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reproduction were observed at any dose (Hopkins et al. 2004). However, in the two treatment 


groups, selenium was transferred to eggs in concentrations that exceeded all suggested 


reproduction thresholds for birds and fish (24.25 ±0.49 µg/g dry weight in the 20 µg/g treatment 


group) (Hopkins et al. 2004). No information was available on the consequences of the egg selenium 


burdens for post-hatch survival. 


Wylie et al. (2009) measured selenium and other trace elements in 23 dead giant garter snakes 


collected from 1995 to 2004 at sites in Colusa National Wildlife Refuge, the Natomas Basin, and 


other sites in Northern California. Giant garter snake liver selenium concentrations ranged from 


1.24 to 6.98 µg/g (dry weight) with a geometric mean of 3.06 µg/g. Current science does not provide 


information about the consequences of these selenium body burdens to the health or survival of 


individuals or populations of giant garter snake. 


Scaled reptiles, such as giant garter snake, generally do not secrete an albumin layer in eggs (Unrine 


et al. 2006). As a result, selenium may be transported through serum to the egg from the liver as 


vitellogenin, whereas in birds, crocodilians, and turtles additional oviductal contributions of 


selenium occur post-ovulation (Unrine et al. 2006; Janz et al. 2010). Therefore, a dietary selenium 


toxicity threshold, rather than an egg concentration threshold, appears appropriate for assessing 


selenium effects to giant garter snake. There are currently no predictive modeling tools, nor is there 


an understanding of effects thresholds, that would enable predicting direct effects of dietary 


selenium exposure on giant garter snakes. However, inferences about the effects of selenium 


exposure are possible using modeled fish selenium concentrations as a surrogate for giant garter 


snakes’ prey. 


6B.3.2 Assessment Methodology 


Selenium was assessed quantitatively for the Delta. Concentrations were calculated using a mass-


balance methodology applied to the DSM2-modeled source water flow fractions at each assessment 


location. In addition, bioaccumulation modeling was conducted to quantify changes in biota 


concentrations, which consisted of quantifying changes in water column concentrations of selenium 


and changes in selenium concentrations in whole-body fish tissue. These modeled selenium 


concentrations represent dietary exposure to California least tern and giant garter snake, and bird 


eggs (invertebrate diet and fish diet). In turn, selenium exposure in bird eggs represents potential 


effects on California least tern, western yellow-billed cuckoo, and least Bell’s vireo. Modeled 


selenium concentrations were compared to recommended ecological risk guidelines, which 


recommend No Effect thresholds for selenium in whole-body fish tissue (4 mg/kg dry weight) and 


bird eggs (6 mg/kg dry weight) (Beckon 2017:133). 


6B.3.2.1 Water Column Concentrations 


The quantitative assessment for the Delta utilized a mass-balance approach that applied the DSM2-


modeled average monthly source water flow fractions for each Delta assessment location. The 


source water flow fraction output is the percentage of water at each assessment location constituted 


by the six primary source waters—Sacramento River (SAC), San Joaquin River (SJR), Yolo Bypass 


(YOL), eastside tributaries (EST), San Francisco Bay (BAY), and Delta agriculture returns (AGR). 


These flow fractions were used together with source water concentrations to calculate a given 


concentration at the assessment locations according to the following equation. 


𝐶𝑖 = 𝑓𝑆𝐴𝐶,𝑖(𝐶𝑆𝐴𝐶) + 𝑓𝑆𝐽𝑅,𝑖(𝐶𝑆𝐽𝑅) + 𝑓𝑌𝑂𝐿,𝑖(𝐶𝑌𝑂𝐿) + 𝑓𝐸𝑆𝑇,𝑖(𝐶𝐸𝑆𝑇) + 𝑓𝐵𝐴𝑌,𝑖(𝐶𝐵𝐴𝑌) + 𝑓𝐴𝐺𝑅,𝑖(𝐶𝐴𝐺𝑅) 
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In the above equation, Ci is the concentration at Delta assessment location i, fX,i is the average 


monthly flow fraction from source water X at assessment location i, and CX is the source water X 


concentration. Source water concentrations input into the above equation are discussed below in 


Section 9J.3, Source Water Concentrations.  


Table 6B-28 lists the Delta assessment locations for which selenium concentrations were calculated. 


Table 6B-28. Delta Assessment Locations and Concentration Calculation Method 


Assessment Location Delta Region 
Concentration 
Calculation Method 


Barker Slough at North Bay Aqueduct Northern Mass-balance 


Sacramento River at Emmaton Western Mass-balance 


San Joaquin River at Antioch Western Mass-balance 


Sacramento River at Mallard Island Western Mass-balance 


South Fork Mokelumne River at Terminous Interior Mass-balance 


San Joaquin River at Empire Tract Interior Mass-balance 


Contra Costa Water District Pumping Plant #1 Interior Mass-balance 


Old River at State Route 4 Southern Mass-balance 


Victoria Canal Southern Mass-balance 


Banks Pumping Plant Export area Mass-balance 


Jones Pumping Plant Export area Mass-balance 


 


6B.3.2.2 Biota Concentrations 


Selenium concentrations in fish tissues and in bird eggs were calculated using calibrated Delta-wide 


selenium bioaccumulation models, based on ecosystem-scale models developed by Presser and 


Luoma (2010a:703, 2010b:18, 2013:5). These models used biogeochemical and physiological factors 


from laboratory and field studies; loading rates, chemical speciation, and transformation to 


particulate material; bioavailability; bioaccumulation in invertebrates; and trophic transfer to 


predators. Important components of the methodology included: (1) empirically determined 


environmental partitioning factors between water and particulate material (Kd) that quantify the 


effects of dissolved speciation and phase transformation; (2) concentrations of selenium in living 


and non-living particulates at the base of the foodweb that determine selenium bioavailability to 


invertebrates; and (3) selenium biodynamic foodweb transfer factors that quantify the physiological 


potential for bioaccumulation from particulate matter to consumer organisms and from prey to 


their predators. The modeled water column concentrations and tissue concentrations presented 


herein are not intended to be predictive in nature. Rather, they are for comparative assessment to 


identify the potential effect of the proposed action on biota concentrations of selenium relative to 


existing conditions. 


The following sections describe the bioaccumulation models and calibration of Kd to reflect Delta-


specific conditions. 
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Bioaccumulation Model Descriptions 


The sections below provide descriptions of bioaccumulation models that were employed to calculate 


selenium concentrations in fish tissues and in bird eggs. These consist of models for calculating 


selenium concentrations in particulates, invertebrates, whole-body fish, and bird eggs. 


Selenium Concentrations in Particulates 


Phase transformation reactions from dissolved to particulate selenium are the primary form by 


which selenium enters the foodweb. Presser and Luoma (2010a:687, 2010b:19, 2013:5) used field 


observations to quantify the relationship between selenium concentrations in particulate material 


and dissolved selenium concentrations in the water column as indicated in the following equation. 


Cparticulate = Kd * Cwater column 


Where:  


Cparticulate = selenium concentration in particulate material (micrograms/kilogram [µg/kg], dry weight 


[dw]) 


Kd = particulate/water ratio 


Cwater column = selenium concentration in water column (micrograms per liter [µg/L]) 


The Kd, also called an “enrichment factor,” describes the particulate/water ratio at the moment the 


sample was taken and should not be interpreted as an equilibrium constant, as it sometimes is 


mistaken to be. The Kd can vary widely among hydrologic environments and potentially among 


seasons (Presser and Luoma 2010a:690, 2010b:20, 2013:14; Young et al. 2010:20). In addition, 


other factors such as selenium speciation, water residence time, and particle type affect Kd. Selenium 


typically enters a stream primarily as selenate. If the stream flows into a wetland and the water is 


retained there with sufficient residence time, recycling of selenium may occur (Presser and Luoma 


2010b:2, 2013:14; Stewart et al. 2013:5). This results in generation of particulate selenium and 


conversion to more bioaccumulative selenite and organo-selenium from the less-bioaccumulative 


dissolved selenate.  


Residence time of water containing selenium is usually the most influential factor on the conditions 


in the receiving aquatic environment. Short water residence times, such as in streams and rivers, 


limit partitioning of selenium into particulate material. Conversely, longer residence times, such as 


in sloughs, lakes, and estuaries, allow greater uptake by plants, algae, and microorganisms. 


Furthermore, environments in downstream portions of a watershed can receive cumulative 


contributions of upstream recycling in a hydrologic system. Greater selenium uptake associated 


with increases in residence time are reflected by higher Kd (Presser and Luoma 2010b:2, 2013:14). 


Because of its high variability, Kd is a large source of uncertainty in any selenium model where 


extrapolations from selenium concentrations in the water column to those in aquatic organism 


tissues, or from tissue to water column concentrations, are necessary. While Kd can vary among 


locations and over time, this uncertainty was minimized in Delta tissue bioaccumulation models 


calibrated with site-specific data. Additional discussion of Delta-specific Kd values used in the 


bioaccumulation models is provided in Section 9J.2.2.2, Delta-Wide Bioaccumulation Model 


Calibration. 
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Selenium Concentrations in Invertebrates  


Trophic transfer factors (TTFs) describing the transfer of selenium from particulates to prey and 


from prey to predators were developed using data from laboratory experiments and field studies 


(Presser and Luoma 2010a:693, 2010b:23, 2013:15). TTFs are species-specific, but the range of 


TTFs for freshwater invertebrates was similar to TTFs for marine invertebrates determined in 


laboratory experiments. 


TTFs for estimating selenium concentrations in invertebrates were calculated using the following 


equation. 


TTFinvertebrate = (Cinvertebrate)/(Cparticulate) 


Where:  


TTFinvertebrate = trophic transfer factor from particulate material to invertebrate 


Cinvertebrate = concentration of selenium in invertebrate (micrograms per gram [µg/g] dw) 


Cparticulate = concentration of selenium in particulate material (µg/g dw) 


An average aquatic insect TTF was calculated from TTFs for aquatic insect species with similar 


bioaccumulative potential, including mayfly (Baetidae, Heptageniidae, Ephemerellidae), caddisfly 


(Rhyacophilidae, Hydropsychidae), crane fly (Tipulidae), stonefly (Perlodidae/Perlidae, 


Chloroperlidae), damselfly (Coenagrionidae), corixid (Cenocorixa spp.), and chironomid (Chironomus 


spp.) aquatic life stages. Species-specific TTFs ranged from 2.1 to 3.2. The average TTF of 2.8 was 


used in the Delta-wide model.  


Selenium Concentrations in Whole-Body Fish  


The mechanistic equation for modeling selenium bioaccumulation in fish tissue is similar to that for 


invertebrates if whole-body concentrations are the endpoint (Presser and Luoma 2010a:695, 


2010b:16, 2013:15), as shown in the following equation for a trophic level 2 fish eating 


invertebrates.  


TTFfish = Cfish/ Cinvertebrate 


where:  


Cinvertebrate = Cparticulate * TTFinvertebrate 


therefore: 


Cfish = Cparticulate * TTFinvertebrate * TTFfish 


Where:  


Cfish = concentration of selenium in fish (µg/g dw) 


Cparticulate = concentration of selenium in particulate material (µg/g dw) 


Cinvertebrate = concentration of selenium in invertebrate (µg/g dw) 


TTFinvertebrate = trophic transfer factor from particulate material to invertebrates 


TTFfish = trophic transfer factor from invertebrates to fish 
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Selenium bioaccumulation into a particular fish species depends on organism physiology and its 


preferred foods. Variability in fish tissue selenium concentrations for the present modeling is driven 


more by dietary choices and their respective levels of bioaccumulation (that is, TTFinvertebrate) than by 


differences in fish physiology or the dietary transfer to the fish (TTFfish). Higher trophic level 4 fish 


(e.g., predator fish such as bass consuming forage fish) can be completed by incorporating additional 


TTFs, as shown in the following equation. 


Cpredatorfish = Cparticulate * TTFinvertebrate * TTFforagefish * TTFpredatorfish 


Where: 


Cpredatorfish = concentration of selenium in fish (µg/g dw) 


Cparticulate = concentration of selenium in particulate material (µg/g dw) 


TTFinvertebrate = trophic transfer factor from particulate material to invertebrates 


TTFforagefish = trophic transfer factor for invertebrates to foraging fish species 


TTFpredatorfish = trophic transfer factor for forage fish to predator species 


The fish TTFs reported in Presser and Luoma (2010a:694) ranged from 0.5 to 1.6, so the average 


fish TTF of 1.1 was used for all trophic levels of fish in the Delta-wide model.  


Selenium Concentrations in Bird Eggs 


Selenium concentrations in bird tissues can be estimated, but the transfer of selenium into bird eggs 


is more meaningful for evaluating reproductive endpoints (Presser and Luoma 2010a:696; 


Ohlendorf and Heinz 2011:676). Laboratory studies to determine transfer factors for selenium 


bioaccumulation from diet to bird eggs have been conducted with black-crowned night-herons 


(Nycticorax nycticorax) by Smith et al. (1988:178), for eastern screech owls (Otus asio) by Wiemeyer 


and Hoffman (1996:338), and for American kestrels (Falco sparverius) by Santolo et al. (1999:505). 


In each of these studies, the experimental groups also received supplemental selenium in the form of 


the highly bioavailable selenomethionine. Transfer factors for the selenium-supplemented birds 


varied from approximately 1.0 to 2.2, with a mean of 1.5. 


Presser and Luoma (2010a:697) reviewed available data for selenium bioaccumulation from diet to 


bird eggs and concluded that a TTFbirdegg = 1.8 was most appropriate for modeling in the Delta. 


Subsequently, Presser and Luoma (2010b:23, 2013:16) reported a mean TTFbirdegg of 2.6 for 


modeling. The basis of this subsequent TTF was laboratory studies where mallards (Anas 


platyrhynchos), a species sensitive to selenium, were fed diets fortified with selenomethionine to 


evaluate reproductive effects. However, in contrast to the laboratory study findings with 


selenomethionine-supplemented diets for mallards, TTFs from diet to eggs determined in the field 


were almost always less than 2.0.  


Field studies at Kesterson Reservoir and the Volta Wildlife Area reference site conducted extensive 


sampling of food-chain biota and bird eggs from 1983 through 1985, and birds were collected to 


determine qualitatively the kinds of aquatic organisms they had eaten (Hothem and Ohlendorf 


1989:776; Schuler et al. 1990:848; Ohlendorf and Hothem 1995:584). Based on the kinds of food 


items found in each of the sampled species and the mean selenium concentrations in those kinds of 


organisms, a mean selenium concentration was estimated for each species at each site during each 


nesting season. At the Volta Wildlife Area, where diet and egg selenium concentrations were 
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representative of “background” conditions, transfer factors ranged from 0.63 to 2.0, with a mean of 


1.35. At Kesterson Reservoir, the transfer factors ranged from less than 0.2 to 0.48.  


Because selenomethionine in the mallard diet is more readily transferred to eggs than are the 


selenium forms in field-collected food-chain biota and because TTFs measured in the field with wild 


birds were not greater than 2, the TTFbirdegg = 1.8 value from Presser and Luoma (2010a:697) was 


used in the bioaccumulation model. 


The Kd, invertebrate TTF, and fish TTFs developed for use in fish bioaccumulation also were used to 


estimate selenium uptake into bird eggs using the following two bird egg models: 


Bird egg uptake from invertebrates: 


Cbirdegg = Cparticulate * TTFinvertebrate * TTFbirdegg 


Where:  


Cparticulate = Kd * Cwater 


Bird egg uptake from predatory fish: 


Cbirdegg = Cparticulate * TTFinvertebrate * TTFfish * TTFfish * TTFbirdegg 


Where:  


Cparticulate = Kd * Cwater 


Where:  


Cbirdegg = concentration of selenium in bird egg (µg/g dw) 


Cparticulate = concentration of selenium in particulate material (µg/g dw) 


Cwater = selenium concentration in water column (µg/L) 


Kd = particulate/water ratio 


TTFinvertebrate = trophic transfer factor from particulate material to invertebrate 


TTFfish = trophic transfer factor from invertebrate or fish to fish 


TTFbirdegg = trophic transfer factor from invertebrate or fish (depending on diet) to bird egg 


6B.3.2.3 Delta-Wide Bioaccumulation Model Calibration 


This section discusses tissue uptake model calibration to identify Delta-specific Kds using measured 


and modeled selenium concentrations in water and measured fish tissues reported by Foe 


(2010:27).  


The partitioning from water to particulates, such as algae, represents the first step of selenium 


bioaccumulation into the foodweb. This factor is highly site-specific, and varies depending on the 


form of selenium present, water residence time and flow rates, and the type of particulates. For the 


Delta-wide bioaccumulation models, multiple Kds were determined to describe different flow 


regimes based on Delta-specific calibration. Measured and modeled selenium concentrations in 


water and measured selenium concentrations in fish tissues were used to determine Kds applicable 


for all water year types, wet conditions (i.e., above normal and wet years), and dry conditions (i.e., 
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below normal, dry, and critical years). The refined Delta-specific Kds were used in tissue uptake 


models for fish tissues and bird eggs incorporating modeled water column selenium concentrations, 


following procedures described by Presser and Luoma (2010a:703, 2010b:18).  


The calibrated Delta-wide selenium bioaccumulation models are considered representative of 


conditions in the Delta under current and likely future conditions. They incorporate realistic 


concentrations of water column selenium, and they predict selenium concentrations in predatory 


fish that approximate measured concentrations in whole-body fish. These calibrated models take 


into account the variable nature of selenium bioaccumulation in relation to water column 


concentrations, which is reflected by the inverse relationship between Kd and water column 


selenium concentrations.  


Measured Fish Tissue Concentrations for the Delta-Wide Bioaccumulation Model 
Calibration 


Historical fish tissue data for selenium concentrations in whole largemouth bass collected in 2000, 


2005, and 2007 were available from Foe (2010:27). These samples were collected throughout the 


Delta at the following locations.  


• Big Break 


• Cache Slough at Ryer Island 


• Franks Tract 


• Middle River Bullfrog 


• Old River Near Paradise Cut 


• Sacramento River Mile 44 


• Sacramento River at Veterans Bridge 


• San Joaquin River Potato Slough  


• San Joaquin River at Vernalis 


Selenium Concentrations in Water for the Delta-Wide Bioaccumulation Model 
Calibration 


Estimates of water column selenium exposure concentrations associated with measured fish tissue 


selenium concentrations were determined using DSM2 flow fraction output similar to the approach 


described in Section 6B.3.2.1, Water Column Concentrations, but on a quarterly basis instead of a 


monthly basis. Geometric mean selenium concentrations for the six Delta source waters were 


combined with modeled quarterly average flow fractions for DSM2 output locations near fish tissue 


sampling locations to calculate the water column selenium concentration at those locations.  


Historical source water concentrations to inform the Delta-wide selenium bioaccumulation model 


calibration were identified for the Sacramento River, San Joaquin River, San Francisco Bay, eastside 


tributaries, and Delta agricultural return waters. Dissolved or total selenium data were available for 


these Delta source water inflows corresponding to the years when selenium was measured in fish 


tissue, as follows. 


• Sacramento River below Knights Landing (representing the Yolo Bypass inflow) 
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• Sacramento River at Freeport (representing mainstem flow to Delta) 


• San Joaquin River at Vernalis (Airport Way) (representing mainstem flow to Delta) 


• Mokelumne, Calaveras, and Cosumnes Rivers (representing eastside tributaries) 


• Mildred Island, Center (representing Delta agricultural return waters) 


• San Joaquin River near Mallard Island (representing San Francisco Bay) 


Both dissolved and total selenium data were considered suitable for purposes of model calibration 


because they typically do not differ greatly in the Delta. Table 6B-29 provides the geometric mean of 


historical selenium concentrations in these primary Delta source waters. 


Selenium concentrations in surface water in the San Joaquin River at Vernalis are presented in Table 


6B-29 for multiple periods. This is to reflect the lag time for selenium bioaccumulation in 


piscivorous largemouth bass that may be more than 1 year (Beckon 2016:172). Vernalis water data 


over 2 years (1999–2000, 2004–2005, and 2006–2007) were paired with each year when fish were 


collected to estimate surface water selenium concentrations at fish sampling locations. Insufficient 


data were available to do this for other source water locations.  


The modeled quarterly and average annual water column selenium concentrations for selected 


DSM2 output locations are shown in Table 6B-30 for Year 2000, Table 6B3-31 for Year 2005, and 


Table 6B-32 for Year 2007. 
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Table 6B-29. Selenium Concentrations (in micrograms per liter) in Delta Source Waters used for the 
Delta-Wide Bioaccumulation Model Calibration 


Delta Sources 
Representative 
Inflow Site 


Geometric Mean 
Selenium 
Concentration 
(dissolved unless 
otherwise noted) Years Source 


Delta Agricultural 
Return Waters 


Mildred Island, 
Center 


0.11 2000 Lucas and Stewart 2007 


Eastside 
Tributaries 


Mokelumne, 
Calaveras, and 
Cosumnes Rivers 


0.10 a None None 


San Francisco Bay San Joaquin River 
near Mallard Island 


0.10 2000–2008 San Francisco Estuary 
Institute 2014 


Sacramento River Sacramento River 
at Freeport 


0.09 2007–2014 U.S. Geological Survey 
2014 


San Joaquin River San Joaquin River 
at Vernalis (Airport 
Way) 


0.83 b 1999–2000 State Water Resources 
Control Board 2009 


San Joaquin River San Joaquin River 
at Vernalis (Airport 
Way) 


0.85 b 2004–2005 State Water Resources 
Control Board 2009 


San Joaquin River San Joaquin River 
at Vernalis (Airport 
Way) 


0.58 b 2006–2007 State Water Resources 
Control Board 2009 


Yolo Bypass Sacramento River 
below Knights 
Landing 


0.23 c 2004, 2007, 
2008 


California Department 
of Water Resources 
2009 


a Dissolved selenium concentration is assumed to be 0.1 µg/L due to lack of available data and lack of sources that would 
be expected to result in concentrations greater than 0.1 µg/L. 
b Not specified whether total or dissolved selenium; data for 1999–2000 used for bioaccumulation by bass in 2000; data 
for 2004–2005 for bass in 2005; and data for 2006–2007 for largemouth bass in 2007. 
c Total selenium concentration in water. 


DSM2 data were not available for the Sacramento River at Veterans Bridge, for which there were 


measured fish tissue data. Therefore, historical data for selenium concentrations in water collected 


nearby were used to calculate quarterly average water column selenium concentrations. The 


geometric mean of selenium concentrations in water collected from the Sacramento River below 


Knights Landing in 2004, 2007, and 2008 (California Department of Water Resources 2009) were 


used to represent quarterly averages of selenium concentrations in water for Veterans Bridge in all 


years. 
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Table 6B-30. Modeled Quarterly Average Selenium Concentrations in Water (in micrograms per liter) for DSM2 Output Locations, Year 2000 


DSM2 Output Water Location 


  


Inflow Source 


First Quarter Inflow Percentage Second Quarter Inflow Percentage 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 
Martinez/ 
Suisun Bay Yolo Bypass 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San Joaquin 
River 


Martinez/ 
Suisun Bay Yolo Bypass 


Inflow Location 


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 


Cosumnes Rivers Freeport Vernalis 


San Joaquin 
River near 


Mallard Island 


Sacramento 
River below 


Knights 
Landing 


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 


Cosumnes Rivers Freeport Vernalis 


San Joaquin 
River near 


Mallard Island 


Sacramento 
River below 


Knights 
Landing 


DSM2 Location ID             
Big Break BIGBRK_MID 2.94 6.88 53.15 6.59 0.18 5.70 2.95 6.37 73.59 13.55 0.27 3.12 


Cache Slough  CACHS_LEN 1.46 0 53.38 0 0 31.91 1.24 1.5E-05 85.07 2.5E-05 0 13.25 


Cache Slough at Ryer Island CACHSR_MID 2.88 0 54.86 0 0 20.48 3.36 9.8E-07 79.75 1.9E-06 0 16.25 


Cosumnes River COSR_LEN 8.1E-06 98.82 0 0 0 0 0 100.00 0 0 0 0 


Franks Tract FRANKST_MID 5.06 11.56 43.94 15.79 0.02 0.32 4.17 9.42 61.16 23.89 0.01 1.22 


Little Holland Tract LHOLND_L0 72.35 0 5.06 0 0 6.50 23.38 8.2E-07 63.10 1.6E-06 0 13.03 


Middle River at Bullfrog MIDRBULFRG_LEN 10.54 13.07 18.37 32.20 1.9E-03 3.2E-03 5.49 9.19 14.96 70.17 4.2E-04 0.10 


Mildred Island MILDDRISL_MID 7.47 14.31 22.79 30.23 2.4E-03 1.8E-03 4.77 10.05 18.48 66.48 6.7E-04 0.13 


Mokelumne River below 
Cosumnes River 


MOKBCOS_LEN 2.07 96.19 0 0 0 0 1.65 98.35 0 0 0 0 


Mokelumne River downstream of 
Cosumnes River 


MOKDCOS_MID 2.07 96.43 0 0 0 0 1.68 98.32 0 0 0 0 


Old River near Paradise Cut OLDRNPARADSEC_MID 6.24 0 0 87.26 0 0 14.40 1.67 5.21 78.66 1.2E-05 0.04 


Paradise Cut PARADSECUT_LEN 4.69 0 0 91.37 0 0 2.62 0.06 0.15 97.16 1.5E-07 1.1E-03 


Port of Stockton PORTOSTOCK_L0 1.67 0 0 18.85 0 0 2.22 0 0 60.73 0 0 


Sacramento River at Isleton SACRISLTON_L0 0.33 0 95.77 0 0 0 0.31 0.00 99.60 0 0 5.5E-05 


Sacramento River Mile 44 SACR44_L0 0.14 0 97.93 0 0 0 0.11 0 99.81 0 0 0 


Sandmound Slough SANDMND_MID 6.36 10.51 43.82 12.90 0.03 0.57 5.22 8.81 63.78 20.40 0.03 1.63 


Sherman Island SHERMNILND_L0 1.64 3.45 52.71 3.93 0.60 12.10 2.48 4.95 76.80 10.96 0.96 3.67 


San Joaquin River near Bowman SJRBOWMN_MID 1.40 0 0 94.03 0 0 1.52 0 0 98.48 0 0 


San Joaquin River near State 
Route 4 


SJRNHWY4_MID 3.49 0 0 89.96 0 0 1.87 0 0 98.13 0 0 


San Joaquin River near Naval 
Street 


SJRNAVLST_L0 8.89 12.70 0.00 65.44 0 0 2.69 6.26 0 90.94 0 0 


San Joaquin River at Potato 
Slough 


SJRPOTSL_MID 3.15 12.62 55.38 12.40 0.01 0.06 3.05 10.32 65.93 19.73 0.01 0.86 


San Joaquin River at Turner Cut SJRTURNR_MID 8.81 9.28 2.55 56.31 5.3E-05 1.0E-05 3.33 5.77 0.41 90.39 6.3E-06 2.4E-03 


San Joaquin River/Point 
Antioch/fish pier 


ASRANTFSH_MID 1.92 4.35 55.13 4.50 0.44 10.23 2.45 4.72 77.70 10.28 0.76 3.91 


Suisun Bay SUISNB_LEN 0.81 1.22 45.93 1.24 16.49 15.94 0.92 1.66 49.51 3.61 41.10 2.95 


Sycamore Slough SYCAMOR_MID 6.50 50.69 15.18 0 0 0 5.89 76.86 16.89 2.8E-07 0 0 


White Slough WHITESL_L0 22.32 11.88 17.97 25.51 1.7E-08 6.0E-11 16.54 12.10 16.87 54.46 3.7E-09 6.1E-05 


White Slough downstream of 
Disappointment Slough 


WHTSLDISPONT_LEN 14.83 22.63 29.02 22.45 5.4E-08 0 12.45 13.97 21.21 52.32 2.2E-09 2.3E-04 
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Table 6B-30 Continued. Modeled Quarterly Average Selenium Concentrations in Water (in micrograms per liter) for DSM2 Output Locations, Year 2000 


DSM2 Output Water 
Location 


  


Inflow Source 


Third Quarter Inflow Percentage Fourth Quarter Inflow Percentage 


Estimated Waterborne  
Selenium Concentrations (µg/L) 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 


Martinez/ 
Suisun 


Bay Yolo Bypass 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 


Martinez/ 
Suisun 


Bay Yolo Bypass 


Inflow Location 


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San 
Joaquin 


River near 
Mallard 
Island 


Sacramento 
River below 


Knights 
Landing 


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San 
Joaquin 


River near 
Mallard 
Island 


Sacramento 
River below 


Knights 
Landing 


1st  
Quarter 


2nd 
Quarter 


3rd 
Quarter 


4th  
Quarter Annual 


DSM2 Location ID                  
Big Break BIGBRK_MID 3.13 0.45 85.63 0.44 4.15 6.12 2.13 0.20 84.85 0.02 8.76 3.96 0.13 0.20 0.10 0.10 0.13 


Cache Slough  CACHS_LEN 1.66 4.7E-07 85.95 4.3E-07 5.9E-07 12.23 1.32 2.8E-06 89.83 1.1E-07 2.3E-05 8.67 0.12 0.11 0.11 0.10 0.11 


Cache Slough at Ryer 
Island 


CACHSR_MID 1.90 9.3E-08 84.53 1.8E-07 9.2E-12 13.38 1.81 1.0E-07 89.45 6.2E-10 3.0E-06 8.54 0.10 0.11 0.11 0.10 0.11 


Cosumnes River COSR_LEN 0 100.00 0 0 0 0 0 100.00 0 0 0 0 0.10 0.10 0.10 0.10 0.10 


Franks Tract FRANKST_MID 4.04 0.57 90.34 0.41 0.80 3.78 2.76 0.62 91.38 0.12 2.42 2.64 0.19 0.27 0.10 0.10 0.16 


Little Holland Tract LHOLND_L0 18.48 2.2E-07 68.67 4.2E-07 7.2E-13 12.68 19.63 2.6E-09 72.79 0 0 7.42 0.10 0.11 0.11 0.10 0.11 


Middle River at 
Bullfrog 


MIDRBULFRG_LEN 7.81 6.43 69.63 14.94 0.12 1.02 4.86 6.31 59.79 27.84 1 0.68 0.31 0.61 0.20 0.30 0.36 


Mildred Island MILDDRISL_MID 6.57 4.57 83.28 4.14 0.15 1.25 4.50 6.63 71.28 16.13 0.61 0.82 0.29 0.58 0.12 0.21 0.30 


Mokelumne River 
below Cosumnes 
River 


MOKBCOS_LEN 7.23 92.77 4.7E-09 0 0 0 2.47 97.53 0 0 0 0 0.10 0.10 0.10 0.10 0.10 


Mokelumne River 
downstream of 
Cosumnes River 


MOKDCOS_MID 7.08 92.92 0 0 0 0 2.34 97.66 0 0 0 0 0.10 0.10 0.10 0.10 0.10 


Old River near 
Paradise Cut 


OLDRNPARADSEC_MID 10.56 3.9E-05 1.3E-04 89.44 8.8E-28 3.0E-07 2.50 1.1E-04 3.5E-04 97.50 2.8E-20 1.7E-07 0.73 0.68 0.75 0.81 0.74 


Paradise Cut PARADSECUT_LEN 3.43 0 0 96.57 0 0 0.96 0 0 99.04 0 0 0.76 0.81 0.81 0.82 0.80 


Port of Stockton PORTOSTOCK_L0 3.09 0 0 81.32 0 0 2.70 0 0 89.89 0 0 0.16 0.51 0.68 0.75 0.52 


Sacramento River at 
Isleton 


SACRISLTON_L0 0.44 0 99.55 0 0 1.3E-05 0.28 0 99.72 0 0 1.1E-03 0.09 0.09 0.09 0.09 0.09 


Sacramento River 
Mile 44 


SACR44_L0 0.13 0 99.86 0 0 0 0.05 0 99.94 0 0 0 0.09 0.09 0.09 0.09 0.09 


Sandmound Slough SANDMND_MID 5.24 0.61 87.78 0.49 1.22 4.59 3.31 0.43 89.58 0.06 3.44 3.11 0.17 0.25 0.10 0.10 0.15 


Sherman Island SHERMNILND_L0 2.60 0.40 81.69 0.46 8.21 6.56 1.77 0.11 77.64 0.01 16.46 3.94 0.11 0.18 0.10 0.10 0.12 


San Joaquin River 
near Bowman 


SJRBOWMN_MID 3.00 0 0 97.00 0 0 0.33 0 0 99.67 0 0 0.78 0.82 0.81 0.83 0.81 


San Joaquin River 
near State Route 4 


SJRNHWY4_MID 3.91 0 0 96.09 0 0 0.72 0 0 99.28 0 0 0.75 0.82 0.80 0.82 0.80 


San Joaquin River 
near Naval Street 


SJRNAVLST_L0 5.98 10.89 0 83.00 0 0 2.02 3.10 0.00 94.84 0 0 0.57 0.76 0.71 0.79 0.71 


San Joaquin River at 
Potato Slough 


SJRPOTSL_MID 2.63 0.35 93.54 0.20 0.45 2.79 2.06 0.80 93.46 0.06 1.47 2.11 0.17 0.24 0.10 0.09 0.15 


San Joaquin River at 
Turner Cut 


SJRTURNR_MID 8.69 13.75 17.87 59.41 0.01 0.16 3.23 4.83 7.34 84.49 0.03 0.05 0.49 0.76 0.53 0.72 0.62 
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DSM2 Output Water 
Location 


  


Inflow Source 


Third Quarter Inflow Percentage Fourth Quarter Inflow Percentage 


Estimated Waterborne  
Selenium Concentrations (µg/L) 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 


Martinez/ 
Suisun 


Bay Yolo Bypass 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 


Martinez/ 
Suisun 


Bay Yolo Bypass 


Inflow Location 


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San 
Joaquin 


River near 
Mallard 
Island 


Sacramento 
River below 


Knights 
Landing 


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San 
Joaquin 


River near 
Mallard 
Island 


Sacramento 
River below 


Knights 
Landing 


1st  
Quarter 


2nd 
Quarter 


3rd 
Quarter 


4th  
Quarter Annual 


DSM2 Location ID                  
San Joaquin 
River/Point 
Antioch/fish pier 


ASRANTFSH_MID 2.64 0.35 83.38 0.38 6.66 6.52 1.82 0.12 80.54 0.01 13.33 4.11 0.12 0.17 0.10 0.10 0.12 


Suisun Bay SUISNB_LEN 0.80 0.23 27.56 0.40 68.55 2.42 0.60 0.03 28.62 0.01 69.16 1.54 0.11 0.13 0.10 0.10 0.11 


Sycamore Slough SYCAMOR_MID 5.04 14.29 80.66 1.2E-31 0 0 4.23 31.10 64.66 0 0 0 0.07 0.10 0.09 0.09 0.09 


White Slough WHITESL_L0 9.89 7.76 82.34 3.8E-03 3.0E-05 5.3E-04 11.19 12.92 75.64 0.24 4.2E-04 6.4E-04 0.26 0.50 0.09 0.10 0.24 


White Slough 
downstream of 
Disappointment 
Slough 


WHTSLDISPONT_LEN 8.74 7.78 83.47 2.4E-03 4.0E-05 5.6E-04 5.28 14.84 79.82 0.05 5.0E-04 7.3E-04 0.25 0.48 0.09 0.09 0.23 


µg/L = microgram per liter. 
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Table 6B-31. Modeled Quarterly Average Selenium Concentrations in Water (in micrograms per liter) for DSM2 Output Locations, Year 2005 


DSM2 Output Water 
Location 


  


Inflow Source  


First Quarter Inflow Percentage Second Quarter Inflow Percentage 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 
Martinez/ 
Suisun Bay Yolo Bypass 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin River 


Martinez/ 
Suisun Bay Yolo Bypass 


Inflow Location  


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San Joaquin 
River near 


Mallard Island 


Sacramento 
River below 


Knights 
Landing 


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San Joaquin 
River near 


Mallard Island 


Sacramento 
River below 


Knights 
Landing 


DSM2 Location ID             
Big Break BIGBRK_MID 5.87 7.57 83.73 2.41 0.24 0.18 2.90 17.21 52.77 26.69 1.6E-03 0.43 


Cache Slough  CACHS_LEN 4.89 2.2E-07 93.64 8.E-07 3.8E-07 1.47 1.48 7.1E-07 94.13 8.0E-07 1.1E-08 4.38 


Cache Slough at Ryer Island CACHSR_MID 8.13 3.0E-07 91.14 1.2E-06 1.3E-06 0.73 3.74 2.5E-08 91.89 1.0E-07 2.9E-08 4.38 


Cosumnes River COSR_LEN 0 100.00 0 0 0 0 0.00 100.00 0.00 0 0 0 


Franks Tract FRANKST_MID 8.65 11.65 72.50 7.E+00 0.19 0.05 4.63 16.63 26.97 51.74 1.1E-04 0.03 


Little Holland Tract LHOLND_L0 97.11 3.2E-09 2.88 9.E-09 3.9E-09 0.01 44.12 6.5E-09 53.25 2E-08 1.2E-08 2.63 


Middle River at Bullfrog MIDRBULFRG_LEN 13.67 9.76 28.26 48.24 0.08 0.01 5.55 5.64 2.70 86.11 7.1E-05 8.4E-04 


Mildred Island MILDDRISL_MID 12.36 11.39 32.28 43.87 8.4E-02 0.01 4.81 6.98 2.78 85.43 3.6E-05 6.7E-04 


Mokelumne River below Cosumnes 
River 


MOKBCOS_LEN 2.18 97.82 0 0.00 0 0 0.53 99.47 0 0 0 0 


Mokelumne River downstream of 
Cosumnes River 


MOKDCOS_MID 2.22 97.78 0 0.00 0 0 0.53 99.47 0 0 0 0 


Old River near Paradise Cut OLDRNPARADSEC_MID 8.95 4.7E-05 1.5E-03 91.05 1.4E-05 1.4E-06 1.43 1.7E-07 1.6E-05 98.57 1.7E-08 3.5E-10 


Paradise Cut PARADSECUT_LEN 10.28 1.6E-07 6.8E-07 89.72 1.6E-11 1.7E-08 0.82 0 0 99.18 0 0 


Port of Stockton PORTOSTOCK_L0 4.70 0 0 95.30 0 0 2.83 0 0 97.16 0 0 


Sacramento River at Isleton SACRISLTON_L0 0.55 0 99.45 0.00 0 0 0.18 0 99.82 0.00 0 0 


Sacramento River Mile 44 SACR44_L0 0.21 0 99.79 0.00 0 0 0.07 0 99.93 0.00 0 0 


Sandmound Slough SANDMND_MID 10.51 10.17 74.35 4.65 0.25 0.07 5.35 18.03 32.15 44.41 1.5E-04 0.06 


Sherman Island SHERMNILND_L0 4.89 5.04 87.74 1.52 0.56 0.23 2.43 14.17 61.17 21.31 0.03 0.89 


San Joaquin River near Bowman SJRBOWMN_MID 1.10 0 0.00 98.90 0 0 0.45 0 0 99.55 0 0 


San Joaquin River near State Route 4 SJRNHWY4_MID 1.89 0 0.00 98.11 0 0 0.59 0 0 99.41 0 0 


San Joaquin River near Naval Street SJRNAVLST_L0 4.70 5.45 0.00 89.85 0 0 1.06 5.10 0 93.84 0 0 


San Joaquin River at Potato Slough SJRPOTSL_MID 6.24 16.03 71.18 6.45 0.07 0.03 2.65 23.15 38.61 35.59 1.1E-05 0.01 


San Joaquin River at Turner Cut SJRTURNR_MID 6.75 4.55 1.37 87.31 0.01 0 1.49 3.20 0.00 95.31 0 0 


San Joaquin River/Point Antioch/fish 
pier ASRANTFSH_MID 


4.87 5.29 87.53 1.67 0.37 0.27 2.37 13.56 62.61 20.61 0.02 0.84 


Suisun Bay SUISNB_LEN 2.63 1.36 66.87 0.33 28.58 0.23 1.35 6.21 59.91 8.33 22.38 1.82 


Sycamore Slough SYCAMOR_MID 14.41 68.02 17.57 8.8E-17 0 3.5E-29 3.66 95.02 1.31 1.E-18 0 3.9E-33 


White Slough WHITESL_L0 47.62 12.39 33.06 6.93 8.2E-04 2.7E-06 15.95 8.06 2.95 73.04 1.4E-05 1.5E-07 


White Slough downstream of 
Disappointment Slough WHTSLDISPONT_LEN 


20.77 29.09 44.03 6.11 2.4E-04 3.6E-06 14.40 8.89 3.00 73.72 7.9E-06 0 
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Table 6B-31 Continued. Modeled Quarterly Average Selenium Concentrations in Water (in micrograms per liter) for DSM2 Output Locations, Year 2005 


SM2 Output Water 
Location 


Inflow Source 


Third Quarter Inflow Percentage Fourth Quarter Inflow Percentage 


Estimated Waterborne  
Selenium Concentrations (µg/L) 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 
Martinez/ 
Suisun Bay 


Yolo 
Bypass 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 
Martinez/ 
Suisun Bay 


Yolo 
Bypass 


Inflow Location 


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San 
Joaquin 


River near 
Mallard 
Island 


Sacramento 
River below 


Knights 
Landing 


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San 
Joaquin 


River near 
Mallard 
Island 


Sacramento 
River below 


Knights 
Landing 


1st  
Quarter 


2nd 
Quarter 


3rd 
Quarter 


4th  
Quarter Annual 


DSM2 Location ID                  
Big Break BIGBRK_MID 3.31 2.21 88.77 1.70 3.98 0.03 2.39 0.24 90.17 0.01 6.48 0.70 0.11 0.30 0.10 0.09 0.15 


Cache Slough  CACHS_LEN 1.94 1.7E-05 98.02 1.0E-05 1.6E-06 0.05 2.30 1.2E-05 92.72 4.6E-07 0.00 4.98 0.09 0.10 0.09 0.10 0.09 


Cache Slough at Ryer Island CACHSR_MID 2.15 5.6E-07 97.77 2.6E-07 4.5E-09 0.08 2.66 8.8E-07 96.37 1.9E-08 7.6E-06 0.97 0.09 0.10 0.09 0.09 0.09 


Cosumnes River COSR_LEN 0 100 0 0 0 0 1.2E-04 100.00 0 0 0 0 0.10 0.10 0.10 0.10 0.10 


Franks Tract FRANKST_MID 4.27 3.20 89.93 1.81 0.77 0.02 3.17 0.81 94.16 0.06 1.74 0.05 0.15 0.49 0.11 0.09 0.21 


Little Holland Tract LHOLND_L0 18.61 5.6E-07 81.24 0.00 0.00 0.16 46.22 6.1E-08 53.77 2.8E-08 2.6E-09 0.01 0.11 0.10 0.09 0.10 0.10 


Middle River at Bullfrog MIDRBULFRG_LEN 7.43 12.50 53.07 26.88 0.12 3.1E-03 5.54 8.75 65.65 19.67 0.39 1.1E-03 0.46 0.75 0.30 0.24 0.44 


Mildred Island MILDDRISL_MID 6.73 12.68 65.46 14.98 0.15 3.9E-03 4.81 7.16 77.85 9.71 0.47 1.8E-03 0.43 0.74 0.21 0.17 0.38 


Mokelumne River below 
Cosumnes River 


MOKBCOS_LEN 3.05 96.95 0 0 0 0 3.00 97.00 0 0 0 0 0.10 0.10 0.10 0.10 0.10 


Mokelumne River downstream of 
Cosumnes River 


MOKDCOS_MID 3.05 96.95 0 0 0 0 2.93 97.07 0 0 0 0 0.10 0.10 0.10 0.10 0.10 


Old River near Paradise Cut OLDRNPARADSEC_MID 6.64 0 5.E-09 93.36 0 0 14.49 0.24 3.16 82.09 0.02 8.1E-05 0.78 0.84 0.80 0.72 0.79 


Paradise Cut PARADSECUT_LEN 2.39 0 0 97.61 0 0 1.08 0 0 98.92 0 0 0.77 0.84 0.83 0.84 0.82 


Port of Stockton PORTOSTOCK_L0 2.20 0 0 97.80 0 0 2.20 0 0 97.79 0 0 0.82 0.83 0.83 0.83 0.83 


Sacramento River at Isleton SACRISLTON_L0 0.45 0 99.55 0.00 0 0 0.41 0 99.59 0 0 8.2E-08 0.09 0.09 0.09 0.09 0.09 


Sacramento River Mile 44 SACR44_L0 0.14 0 99.86 0.00 0 0 0.17 0 99.83 0 0 0 0.09 0.09 0.09 0.09 0.09 


Sandmound Slough SANDMND_MID 5.61 3.13 87.97 2.10 1.17 0.02 3.93 0.55 92.97 0.03 2.45 0.07 0.13 0.43 0.11 0.09 0.19 


Sherman Island SHERMNILND_L0 2.76 1.84 86.03 1.72 7.62 0.04 1.95 0.11 84.69 0.01 11.76 1.48 0.10 0.26 0.10 0.09 0.14 


San Joaquin River near Bowman SJRBOWMN_MID 2.06 0 0 97.94 0 0 0.80 0 0 99.20 0 0 0.84 0.85 0.83 0.84 0.84 


San Joaquin River near State 
Route 4 SJRNHWY4_MID 


2.64 0 0 97.36 0 0 1.94 0.00 0 98.06 0 0 0.84 0.85 0.83 0.84 0.84 


San Joaquin River near Naval 
Street SJRNAVLST_L0 


4.11 9.43 0 86.46 0 0 4.97 12.46 0 82.57 0 0 0.77 0.80 0.75 0.72 0.76 


San Joaquin River at Potato Slough SJRPOTSL_MID 2.75 2.58 93.40 0.83 0.42 0.01 2.16 1.30 95.35 0.02 1.04 0.13 0.14 0.36 0.10 0.09 0.17 


San Joaquin River at Turner Cut SJRTURNR_MID 6.05 11.77 4.90 77.27 0.01 8.4E-05 5.55 16.96 10.99 66.44 0.06 7.4E-05 0.76 0.81 0.68 0.60 0.71 


San Joaquin River/Point 
Antioch/fish pier ASRANTFSH_MID 


2.82 1.68 87.76 1.46 6.24 0.03 2.05 0.14 86.70 0.01 9.68 1.42 0.10 0.25 0.10 0.09 0.14 


Suisun Bay SUISNB_LEN 0.83 0.82 31.47 1.16 65.65 0.07 0.68 0.05 32.01 0.03 66.56 0.68 0.10 0.16 0.11 0.10 0.11 


Sycamore Slough SYCAMOR_MID 4.79 40.41 54.81 2.9E-20 0 1.1E-32 5.24 32.04 62.72 2.6E-18 7.7E-14 1.0E-30 0.10 0.10 0.09 0.09 0.10 


White Slough WHITESL_L0 10.03 26.20 63.17 0.61 3.0E-05 8.1E-08 9.32 12.33 78.34 0.01 4.6E-04 4.6E-08 0.15 0.65 0.10 0.09 0.25 


White Slough downstream of 
Disappointment Slough WHTSLDISPONT_LEN 


9.10 26.19 64.27 0.45 3.1E-05 0 6.26 14.39 79.35 1.9E-03 6.8E-04 0 0.14 0.65 0.10 0.09 0.25 
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Table 6B-32. Modeled Quarterly Average Selenium Concentrations in Water (in micrograms per liter) for DSM2 Output Locations, Year 2007 


DSM2 Output Water 
Location 


  


Inflow Source  


First Quarter Inflow Percentage Second Quarter Inflow Percentage 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 
Martinez/ 
Suisun Bay Yolo Bypass 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 
Martinez/ 
Suisun Bay Yolo Bypass 


Inflow Location  


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San Joaquin 
River near 


Mallard 
Island 


Sacramento 
River below 


Knights 
Landing 


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San Joaquin 
River near 


Mallard 
Island 


Sacramento 
River below 


Knights 
Landing 


DSM2 Location ID             
Big Break BIGBRK_MID 2.66 1.75 93.01 0.07 2.30 0.21 4.40 3.10 84.13 4.24 1.24 2.89 


Cache Slough  CACHS_LEN 1.86 1.4E-05 97.14 2.2E-07 2.8E-05 1.01 1.99 5.1E-04 88.84 8.8E-04 1.6E-05 9.17 


Cache Slough at Ryer Island CACHSR_MID 2.85 1.8E-06 96.46 4.7E-08 1.5E-05 0.68 2.66 1.2E-04 88.76 1.8E-04 1.4E-06 8.58 


Cosumnes River COSR_LEN 0.00 100.00 0 0 0 0.00 0.01 99.99 0 0 0 0 


Franks Tract FRANKST_MID 3.85 4.08 90.69 0.32 0.94 0.11 6.16 5.35 77.86 9.10 0.16 1.38 


Little Holland Tract LHOLND_L0 29.80 0.00 69.38 1.2E-07 5.3E-05 0.81 22.80 8.0E-05 71.18 1.1E-04 5.2E-06 6.02 


Middle River at Bullfrog MIDRBULFRG_LEN 8.32 10.69 59.08 21.39 0.48 0.04 9.69 10.67 38.75 40.64 0.03 0.22 


Mildred Island MILDDRISL_MID 7.42 11.13 68.24 12.63 0.54 0.04 8.53 10.39 42.57 38.23 0.03 0.25 


Mokelumne River below Cosumnes River MOKBCOS_LEN 1.46 98.54 0 0 0 0 6.32 93.68 6.5E-04 0 0 0 


Mokelumne River downstream of Cosumnes 
River 


MOKDCOS_MID 1.46 98.54 0 0 0 0 6.42 93.58 0 0 0 0 


Old River near Paradise Cut OLDRNPARADSEC_MID 3.95 5E-12 3E-06 96.05 1.7E-16 2.5E-17 15.73 1.81 12.66 69.68 0.02 0.10 


Paradise Cut PARADSECUT_LEN 1.91 0 0 98.09 0 0 4.98 0.11 0.61 94.29 6.7E-04 3.7E-03 


Port of Stockton PORTOSTOCK_L0 1.48 0 0 98.52 0 0 2.29 0 0 97.71 0 0 


Sacramento River at Isleton SACRISLTON_L0 0.45 0 99.55 0 0 2.1E-06 0.63 8.8E-05 99.36 5.7E-08 0 0.01 


Sacramento River Mile 44 SACR44_L0 0.20 0 99.80 0 0 0 0.30 0 99.70 0 0 0 


Sandmound Slough SANDMND_MID 4.47 3.23 90.83 0.17 1.17 0.13 7.20 4.64 79.23 6.98 0.23 1.71 


Sherman Island SHERMNILND_L0 2.14 0.95 92.16 0.04 4.49 0.23 3.69 2.31 83.94 2.94 4.01 3.11 


San Joaquin River near Bowman SJRBOWMN_MID 0.88 0 0 99.12 0 0 3.52 0 0 96.48 0 0 


San Joaquin River near State Route 4 SJRNHWY4_MID 1.82 2.8E-08 0 98.18 0 0 4.35 1.4E-07 0 95.65 0 0 


San Joaquin River near Naval Street SJRNAVLST_L0 4.83 6.83 0 88.35 0 0 5.86 11.12 1.3E-06 83.02 0 0 


San Joaquin River at Potato Slough SJRPOTSL_MID 2.91 5.22 91.00 0.15 0.61 0.10 4.89 5.67 79.70 8.49 0.10 1.16 


San Joaquin River at Turner Cut SJRTURNR_MID 7.22 10.11 10.82 71.76 0.08 0.01 7.49 11.95 7.23 73.31 2.9E-03 0.02 


San Joaquin River/Point Antioch/fish pier ASRANTFSH_MID 2.17 1.01 92.90 0.04 3.62 0.26 3.74 2.30 84.37 3.04 3.24 3.31 


Suisun Bay SUISNB_LEN 0.87 0.23 46.77 0.01 51.97 0.14 0.94 0.51 31.58 0.43 65.55 0.98 


Sycamore Slough SYCAMOR_MID 10.20 72.58 17.22 5.1E-10 9.7E-14 4.3E-29 13.62 50.90 35.47 0.01 4.0E-09 1.1E-07 


White Slough WHITESL_L0 20.35 16.73 61.67 1.25 4.8E-03 2.4E-04 33.31 13.41 23.49 29.78 3.9E-04 3.2E-03 


White Slough downstream of 
Disappointment Slough 


WHTSLDISPONT_LEN 10.09 24.12 65.07 0.71 4.1E-03 1.9E-04 17.00 13.60 32.29 37.10 1.4E-03 0.01 
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Table 6B-32 Continued. Modeled Quarterly Average Selenium Concentrations in Water (in micrograms per liter) for DSM2 Output Locations, Year 2007 


DSM2 Output Water 
Location 


Inflow Source  


Third Quarter Inflow Percentage Fourth Quarter Inflow Percentage 


Estimated Waterborne  
Selenium Concentrations (µg/L) 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 
Martinez/ 
Suisun Bay Yolo Bypass 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 
Martinez/ 
Suisun Bay Yolo Bypass 


Inflow Location  


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San 
Joaquin 


River near 
Mallard 
Island 


Sacramento 
River below 


Knights 
Landing 


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San 
Joaquin 


River near 
Mallard 
Island 


Sacramento 
River below 


Knights 
Landing 


1st  
Quarter 


2nd 
Quarter 


3rd 
Quarter 


4th  
Quarter Annual 


DSM2 Location ID                  
Big Break BIGBRK_MID 3.58 0.32 81.60 0.79 9.45 4.27 2.60 0.11 84.06 0.04 8.53 4.65 0.09 0.12 0.10 0.10 0.10 


Cache Slough  CACHS_LEN 1.92 9.1E-06 89.20 1.9E-05 1.6E-06 8.88 1.64 1.9E-05 91.73 8.5E-06 5.1E-04 6.62 0.09 0.10 0.10 0.10 0.10 


Cache Slough at Ryer 
Island 


CACHSR_MID 2.16 1.5E-05 88.35 3.1E-05 3.1E-07 9.49 1.96 4.5E-06 90.83 2.8E-06 1.9E-04 7.21 0.09 0.10 0.10 0.10 0.10 


Cosumnes River COSR_LEN 0.09 99.91 0 0 0 0 0 100.00 0 0 0 0.00 0.10 0.10 0.10 0.10 0.10 


Franks Tract FRANKST_MID 4.86 0.34 88.03 0.84 2.96 2.98 3.19 0.32 91.15 0.17 2.23 2.95 0.09 0.14 0.10 0.10 0.11 


Little Holland Tract LHOLND_L0 18.52 2.4E-05 73.18 0.00 4.9E-07 8.30 21.64 5.2E-07 71.72 1.4E-06 4.9E-05 6.64 0.10 0.10 0.11 0.10 0.10 


Middle River at Bullfrog MIDRBULFRG_LEN 8.41 3.92 81.16 4.51 0.87 1.14 5.81 4.90 72.42 15.36 0.57 0.94 0.20 0.29 0.12 0.17 0.19 


Mildred Island MILDDRISL_MID 6.49 1.12 88.25 1.83 1.00 1.30 4.91 4.55 80.81 7.99 0.66 1.08 0.15 0.28 0.10 0.13 0.17 


Mokelumne River below 
Cosumnes River 


MOKBCOS_LEN 15.09 84.81 0.10 6.2E-35 0 0 2.30 97.70 0 0 0 0 0.10 0.10 0.10 0.10 0.10 


Mokelumne River 
downstream of 
Cosumnes River 


MOKDCOS_MID 15.19 84.81 3.2E-04 0 0 0 2.27 97.73 0 0 0 0 0.10 0.10 0.10 0.10 0.10 


Old River near Paradise 
Cut 


OLDRNPARADSEC_MID 10.18 1.9E-05 1.6E-04 89.82 6.9E-08 6.5E-07 2.31 9.2E-04 0.01 97.68 0 9.7E-05 0.56 0.43 0.53 0.57 0.52 


Paradise Cut PARADSECUT_LEN 7.14 0 0 92.86 0 0 1.24 4.1E-03 0.05 98.71 4.1E-04 4.5E-04 0.57 0.55 0.55 0.57 0.56 


Port of Stockton PORTOSTOCK_L0 6.32 0.04 0 93.64 0 0 7.16 0.05 0 92.78 0 0 0.57 0.57 0.55 0.55 0.56 


Sacramento River at 
Isleton 


SACRISLTON_L0 0.49 0 99.51 0 0 2.9E-04 0.39 1.0E-08 99.61 0 6.7E-07 0.01 0.09 0.09 0.09 0.09 0.09 


Sacramento River Mile 
44 


SACR44_L0 0.15 0 99.85 0 0 0 0.11 0 99.89 0 0 0 0.09 0.09 0.09 0.09 0.09 


Sandmound Slough SANDMND_MID 6.15 0.39 84.96 0.98 4.06 3.46 3.79 0.22 89.26 0.10 3.11 3.51 0.09 0.13 0.10 0.10 0.10 


Sherman Island SHERMNILND_L0 2.99 0.32 77.36 0.77 14.22 4.34 2.22 0.06 75.89 0.03 17.11 4.68 0.09 0.11 0.10 0.10 0.10 


San Joaquin River near 
Bowman 


SJRBOWMN_MID 8.49 2.5E-04 0 91.51 0 0 0.91 0 0 99.09 0 0 0.58 0.56 0.54 0.58 0.56 


San Joaquin River near 
State Route 4 


SJRNHWY4_MID 12.54 0.08 4.0E-26 87.39 0 0 1.89 1.3E-04 0 98.11 0 0 0.57 0.56 0.52 0.57 0.56 


San Joaquin River near 
Naval Street 


SJRNAVLST_L0 12.06 40.15 3.4E-03 47.78 6.2E-07 6.3E-06 4.73 6.37 2.5E-04 88.90 5.4E-09 7.0E-09 0.52 0.50 0.33 0.53 0.47 


San Joaquin River at 
Potato Slough 


SJRPOTSL_MID 3.16 0.19 91.86 0.46 1.88 2.44 2.37 0.33 93.43 0.10 1.44 2.33 0.09 0.13 0.10 0.09 0.10 


San Joaquin River at 
Turner Cut 


SJRTURNR_MID 11.09 11.29 65.50 11.02 0.46 0.63 6.16 6.57 36.18 50.55 0.19 0.35 0.44 0.45 0.15 0.34 0.35 


San Joaquin River/Point 
Antioch/fish pier 


ASRANTFSH_MID 3.00 0.27 79.62 0.65 12.05 4.40 2.27 0.07 78.73 0.03 14.08 4.82 0.09 0.11 0.10 0.10 0.10 


Suisun Bay SUISNB_LEN 0.84 0.16 21.30 0.36 76.08 1.25 0.59 0.02 21.39 0.01 76.63 1.36 0.10 0.10 0.10 0.10 0.10 


Sycamore Slough SYCAMOR_MID 5.33 3.90 90.77 1.9E-16 3.8E-25 1.1E-22 3.69 20.36 75.95 6.0E-19 1.1E-37 2.4E-31 0.10 0.10 0.09 0.09 0.10 


White Slough WHITESL_L0 15.53 1.33 83.05 0.09 1.2E-03 2.0E-03 9.35 8.62 81.98 0.04 3.7E-04 7.1E-04 0.10 0.24 0.09 0.09 0.13 
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DSM2 Output Water 
Location 


Inflow Source  


Third Quarter Inflow Percentage Fourth Quarter Inflow Percentage 


Estimated Waterborne  
Selenium Concentrations (µg/L) 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 
Martinez/ 
Suisun Bay Yolo Bypass 


Delta 
Agricultural 


Return 
Waters 


Eastside 
Tributaries 


Sacramento 
River 


San 
Joaquin 


River 
Martinez/ 
Suisun Bay Yolo Bypass 


Inflow Location  


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San 
Joaquin 


River near 
Mallard 
Island 


Sacramento 
River below 


Knights 
Landing 


Mildred 
Island, 
Center 


Mokelumne 
Calaveras 
Cosumnes 


Rivers Freeport Vernalis 


San 
Joaquin 


River near 
Mallard 
Island 


Sacramento 
River below 


Knights 
Landing 


1st  
Quarter 


2nd 
Quarter 


3rd 
Quarter 


4th  
Quarter Annual 


DSM2 Location ID                  
White Slough 
downstream of 
Disappointment Slough 


WHTSLDISPONT_LEN 7.70 1.46 90.83 1.5E-03 1.3E-03 2.2E-03 5.21 9.69 85.06 0.03 9.7E-04 2.1E-03 0.10 0.28 0.09 0.09 0.14 
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Delta-Wide Water to Particulate Partitioning Factor Calibration  


The selenium bioaccumulation model was calibrated by determining Delta-specific Kds that most 


accurately describe the relationship between measured selenium in fish tissue and modeled water 


column selenium concentrations. Modeled water concentrations at the fish sampling locations (refer 


to Section 6B.3.2.3, under Delta-Wide Bioaccumulation Model Calibration, Selenium Concentrations in 


Water for the Delta-Wide Bioaccumulation Model Calibration) were input to the fish tissue model for 


piscivorous fish (Section 6B.3.2.2, Biota Concentrations, under Selenium Concentrations in Whole-


Body Fish) and the modeled fish tissue concentrations were compared with measured selenium 


concentrations in whole largemouth bass from Foe (2010:27). The modeled selenium concentration 


in fish to measured selenium in whole largemouth bass relationship was evaluated to describe the 


model accuracy and inform refinements. The fish tissue bioaccumulation model always used the 


same TTFs for invertebrates (2.8) and fish (1.1) as discussed in Sections 6B.3.2.2, under Selenium 


Concentrations in Invertebrates, and Selenium Concentrations in Whole-Body Fish, respectively. 


Several iterations of the fish tissue bioaccumulation model were developed to calibrate Kd. Generic 


tissue uptake Model 1 (trophic level 3 fish eating invertebrates) and Model 2 (trophic level 4 fish 


eating fish) were first developed as benchmark for comparison of refinements. Both Models 1 and 2 


used a default Kd of 1,000 from Presser and Luoma (2010a:701). The resulting fish tissue 


concentrations substantially underestimated the measured bass tissue concentrations reported by 


Foe (2010:27) as shown in Figure 6B.3-1 and Table 6B-33. This was partly because Model 1 


estimated selenium concentrations in a forage fish (trophic level 3), whereas bass are a predatory 


fish with expected higher dietary exposure. Model 2 is representative of predatory fish, but the 


default Kd did not reflect Delta-specific conditions. As noted above and described in much greater 


detail by Presser and Luoma (2010a:690, 2010b:20, 2013:14), the Kd values for selenium uptake 


from water are highly variable, much more variable than the TTFs for invertebrates or fish. Models 1 


and 2 may also reflect the tendency for selenium, as an essential nutrient, to be more 


bioaccumulative when water column concentrations are low, as described by Stewart et al. 


(2010:126). Modeled water column selenium concentrations were relatively low and ranged from 


0.09 to 0.85 µg/L. Available Kd values from various sampling efforts in the Delta provided by Presser 


and Luoma (2010b:21) indicate variability based on locations within the Delta and Suisun Bay and 


also by water year and flow characteristics, with Kd values often greater than 5,000 and sometimes 


exceeding 10,000. However, efforts to incorporate default Kd value of 2,000 or 3,000 into the model 


over- or underestimated fish selenium concentrations because of variability in site conditions.  


Two refinements were made to Kd for Delta-specific calibrations. The first was based on the inverse 


relationship between water column selenium concentrations and bioaccumulation in aquatic 


organisms reported by Stewart et al. (2010:126) and U.S. Environmental Protection Agency (EPA) 


(2016:129). The second refinement to Kd was based on water year type. Characteristics of water 


flow in the Delta affect selenium bioaccumulation because longer residence times can be expected to 


increase bioaccumulation by increasing Kd (Section 6B.3.2.2, under Selenium Concentrations in 


Particulates). Foe (2010:23) reported the water year types when fish were sampled. Both the 


Sacramento River and San Joaquin River watersheds were above normal in 2000 and preceded by a 


wet year. Year 2005 was wetter than 2000 and was reported as above normal for the Sacramento 


River watershed and wet for the San Joaquin River watershed. A dry year preceded 2005. Water 


year 2007 was reported as dry for the Sacramento River watershed and critical for the San Joaquin 


River watershed and followed a dry year.  
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Differences in modeled tissue selenium concentrations among years were expected to be associated 


with hydrology and water flow through the Delta. Wetter conditions in 2005 and 2000 would have 


relatively shorter water residence times, resulting in less selenium recycling, lower Kd values, and 


lower concentrations of selenium entering the foodweb. The dry water year (2007) was expected to 


have a longer water residence time, higher Kd values, greater selenium recycling, and higher 


concentrations of bioavailable selenium entering the foodweb. Different Kds were therefore 


incorporated into model calibration to describe different water year types.  


Based on these refinements, back calculation of Kd values associated with measured fish tissues and 


modeled water column concentrations confirmed the Delta-specific data displayed a concentration-


dependent negative relationship between water column selenium and Kds. Figure 6B.3-2 presents 


the log-log regression relationship of Kd to water column selenium concentration for all years 


referred to as Model 3, while Figure 6B.3-3 presents the relationship for above normal and wet 


years (2000 and 2005) referred to as Model 4, and Figure 6B.3-4 presents the regression for a dry 


year (2007) referred to as Model 5.  


Model 3 results provide an example of the inverse relationship between selenium water column 


concentrations and Kd (refer to Figure 9J-2). Water column selenium concentrations ranging from 


0.09 to 0.13 µg/L (n = 50) produced a median Kd of 5,575. Water column selenium concentrations 


ranging from 0.14 to 0.40 µg/L (n = 19) produced a median Kd of 2,431. Finally, water column 


selenium concentrations ranging from 0.41 to 0.85 µg/L (n = 19) produced a median Kd of 748. The 


Kd values generated with Model 4 (above normal and wet years) were higher and the Kd values 


generated with Model 5 for a dry year were lower than those calculated by Model 3. 


These water year-based log-log relationships were used to calculate Kd for each modeled water 


column concentration associated with measured whole largemouth bass from Foe (2010:27). 


Whole-body fish tissue concentrations were then calculated using these Kds in the fish tissue uptake 


model. Model 3 produced a median ratio of predicted-to-observed selenium in whole largemouth 


bass that slightly exceeded 1 (Figure 6B.3-1); details are provided in Table 6B-37. Models 4 and 5 


produced ratios of predicted-to-observed selenium in whole largemouth bass approximating 1, as 


shown in Figure 6B.3-1 and Table 6B-35. As expected in a large, complex, and diverse ecological 


habitat such as the Delta, there was variability in the data distribution for measured fish tissues. 


However, the range of concentration-dependent log-log Kd values in Model 3 (674–6,060; Table 


6B34), Model 4 (651–4,997; Table 6B-35), and Model 5 (1,206–8,064; Table 6B-35) are consistent 


with the Kd ranges summarized by Presser and Luoma (2010b:21) for the Delta. 


Figures 6B.3-5 and 6B.3-6 illustrate the distribution of data for selenium concentrations in 


largemouth bass (Foe 2010:27) relative to the measured or modeled water column selenium 


concentrations (Tables 6B-30 through 6B-32) and Models 3, 4, and 5 to complement the boxplots in 


Figure 6B.3-1. There is notably more variability in selenium concentrations in bass between 0.09 


and 0.13 µg/L than at higher water column selenium concentrations (as shown in both Figures 6B.3-


5 and 6B.3-6); most of the higher bass tissue concentrations are from 2007 and most of the lower 


concentrations are from 2005.  


Evaluation of water year type effects on selenium concentration in bass concluded that Model 4 was 


predictive of selenium concentration in whole largemouth bass during above normal and wet years. 


Model 5 was considered predictive for dry water years (e.g., 2007). Model 3 incorporates the 


varying bioaccumulation when all years are considered (2000, 2005, and 2007). Although Model 3 


can slightly overestimate selenium bioaccumulation (Figure 6B.3-1 and Table 6B-34), it was used for 
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estimating selenium concentrations in whole-body fish from average water concentrations for all 


years.  


Foe (2010:8) did not find a difference in bass tissue selenium concentrations in the Sacramento 


River at Rio Vista compared to the San Joaquin River at Vernalis in 2000, 2005, and 2007, despite a 


nearly 10-fold difference in water column selenium concentrations. This could have been due to the 


lag effect, where fish tissues do not instantaneously reflect water column concentrations. Rather, 


fish integrate water concentrations they are exposed to over time. The calibrated fish tissue models 


incorporated these longer-term average concentrations by considering source water concentrations 


at Vernalis over a 2-year period and Models 3, 4, and 5 reasonably approximated the measured 


selenium concentrations in whole largemouth bass (Figure 6B.3-1).  
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Table 6B-33. Selenium Bioaccumulation from Water (in micrograms per liter) to Particulates and Fish (in micrograms per gram, dry weight) Using Models 1 and 2  


DSM2 Delta 
Water 
Location 


Year 2000 Year 2005 Year 2007 


Concentration 


Measured 
Whole Large 
mouth Bass a 


Fish-to-Bass 
Ratio Concentration 


Measured 
Whole Large 
mouth Bass a 


Fish-to-Bass 
Ratio Concentration 


Measured 
Whole 


Fish-to-Bass 
Ratio 


Modeled 
Water 


Particulate 
from Water 


Invertebrate 
from 


Particulate 
Model 
1 Fish 


Model 
2 Fish 


Model 
1 


Model 
2 


Modeled 
Water e 


Particulate 
from Water 


Invertebrate 
from 


Particulate 
Model 
1 Fish 


Model 
2 Fish 


Model 
1 


Model 
2 


Modeled 
Water e 


Particulate 
from Water 


Invertebrate 
from 


Particulate 
Model 
1 Fish 


Model 
2 Fish 


Large 
mouth 
Bass a 


Model 
1 


Mode
l 2 


First Quarter 


Sacramento 
River Mile 
44 


0.09 0.09 0.25 0.27 0.30 2.6 0.10 0.11 0.09 0.09 0.25 0.28 0.31 1.5 0.19 0.21 0.09 0.09 0.25 0.28 0.31 1.8 0.15 0.17 


Cache Slough 
at Ryer 
Island b 


0.10 0.10 0.28 0.31 0.34 1.5 0.21 0.23 0.09 0.09 0.26 0.29 0.31 1.7 0.17 0.18 0.09 0.09 0.26 0.28 0.31 2.5 0.11 0.12 


San Joaquin 
River Potato 
Slough 


0.17 0.17 0.47 0.52 0.57 1.4 0.38 0.42 0.14 0.14 0.40 0.44 0.48 1.3 0.33 0.37 0.09 0.09 0.26 0.28 0.31 2.5 0.11 0.13 


Franks Tract 0.19 0.19 0.53 0.58 0.64 1.6 0.35 0.39 0.15 0.15 0.41 0.45 0.49 1.1 0.39 0.43 0.09 0.09 0.26 0.29 0.32 3.0 0.10 0.11 


Big Break 0.13 0.13 0.35 0.39 0.43 1.6 0.25 0.28 0.11 0.11 0.31 0.34 0.37 1.0 0.33 0.37 0.09 0.09 0.26 0.28 0.31 2.8 0.10 0.11 


Middle River 
Bullfrog 


0.31 0.31 0.86 0.95 1.05 NA NA NA 0.46 0.46 1.29 1.42 1.56 1.9 0.7 0.8 0.20 0.20 0.55 0.61 0.67 2.1 0.3 0.3 


Old River 
near 
Paradise  
Cut c 


0.73 0.73 2.05 2.25 2.48 NA NA NA 0.78 0.78 2.19 2.41 2.66 2.4 1.0 1.1 0.56 0.56 1.57 1.73 1.90 NA NA NA 


Knights 
Landing d 


0.23 0.23 0.64 0.71 0.78 NA NA NA 0.23 0.23 0.64 0.71 0.78 2.2 0.3 0.4 0.23 0.23 0.64 0.71 0.78 NA NA NA 


Vernalis e 0.83 0.83 2.32 2.56 2.81 1.7 1.50 1.65 0.85 0.85 2.38 2.62 2.88 1.9 1.38 1.52 0.58 0.58 1.62 1.79 1.97 2.4 0.74 0.82 


Second Quarter 


Sacramento 
River Mile 
44 


0.09 0.09 0.25 0.28 0.30 2.6 0.11 0.12 0.09 0.09 0.25 0.28 0.30 1.5 0.19 0.21 0.09 0.09 0.25 0.28 0.31 1.8 0.15 0.17 


Cache Slough 
at Ryer 
Island b 


0.11 0.11 0.32 0.35 0.38 1.5 0.23 0.26 0.10 0.10 0.27 0.30 0.33 1.7 0.17 0.19 0.10 0.10 0.29 0.32 0.35 2.5 0.12 0.14 


San Joaquin 
River Potato 
Slough 


0.24 0.24 0.67 0.74 0.81 1.4 0.54 0.60 0.36 0.36 1.02 1.12 1.23 1.3 0.86 0.94 0.13 0.13 0.38 0.42 0.46 2.5 0.17 0.18 


Franks Tract 0.27 0.27 0.76 0.83 0.92 1.6 0.51 0.56 0.49 0.49 1.36 1.50 1.65 1.1 1.31 1.44 0.14 0.14 0.39 0.43 0.47 3.0 0.14 0.16 


Big Break 0.20 0.20 0.55 0.60 0.66 1.6 0.39 0.43 0.30 0.30 0.83 0.91 1.00 1.0 0.89 0.98 0.12 0.12 0.33 0.36 0.39 2.8 0.13 0.14 


Middle River 
Bullfrog 


0.61 0.61 1.71 1.88 2.07 NA NA NA 0.75 0.75 2.09 2.30 2.53 1.9 1.2 1.3 0.29 0.29 0.82 0.90 0.99 2.1 0.4 0.5 


Old River 
near 
Paradise  
Cut c 


0.68 0.68 1.89 2.08 2.29 NA NA NA 0.84 0.84 2.35 2.59 2.84 2.4 1.1 1.2 0.43 0.43 1.22 1.34 1.47 NA NA NA 


Knights 
Landing d 


0.23 0.23 0.64 0.71 0.78 NA NA NA 0.23 0.23 0.64 0.71 0.78 2.2 0.3 0.4 0.23 0.23 0.64 0.71 0.78 NA NA NA 


Vernalis e 0.83 0.83 2.32 2.56 2.81 1.7 1.50 1.65 0.85 0.85 2.38 2.62 2.88 1.9 1.38 1.52 0.58 0.58 1.62 1.79 1.97 2.4 0.74 0.82 


Third Quarter 


Sacramento 
River Mile 
44 


0.09 0.09 0.25 0.28 0.30 2.6 0.11 0.12 0.09 0.09 0.25 0.28 0.31 1.5 0.19 0.21 0.09 0.09 0.25 0.28 0.31 1.8 0.15 0.17 
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DSM2 Delta 
Water 
Location 


Year 2000 Year 2005 Year 2007 


Concentration 


Measured 
Whole Large 
mouth Bass a 


Fish-to-Bass 
Ratio Concentration 


Measured 
Whole Large 
mouth Bass a 


Fish-to-Bass 
Ratio Concentration 


Measured 
Whole 


Fish-to-Bass 
Ratio 


Modeled 
Water 


Particulate 
from Water 


Invertebrate 
from 


Particulate 
Model 
1 Fish 


Model 
2 Fish 


Model 
1 


Model 
2 


Modeled 
Water e 


Particulate 
from Water 


Invertebrate 
from 


Particulate 
Model 
1 Fish 


Model 
2 Fish 


Model 
1 


Model 
2 


Modeled 
Water e 


Particulate 
from Water 


Invertebrate 
from 


Particulate 
Model 
1 Fish 


Model 
2 Fish 


Large 
mouth 
Bass a 


Model 
1 


Mode
l 2 


Cache Slough 
at Ryer 
Island b 


0.11 0.11 0.31 0.34 0.37 1.5 0.22 0.25 0.09 0.09 0.25 0.28 0.31 1.7 0.16 0.18 0.10 0.10 0.29 0.32 0.35 2.5 0.13 0.14 


San Joaquin 
River Potato 
Slough 


0.10 0.10 0.27 0.30 0.32 1.4 0.22 0.24 0.10 0.10 0.27 0.30 0.33 1.3 0.23 0.25 0.10 0.10 0.27 0.30 0.33 2.5 0.12 0.13 


Franks Tract 0.10 0.10 0.28 0.31 0.34 1.6 0.19 0.20 0.11 0.11 0.29 0.32 0.36 1.1 0.28 0.31 0.10 0.10 0.28 0.31 0.34 3.0 0.10 0.11 


Big Break 0.10 0.10 0.29 0.32 0.35 1.6 0.20 0.22 0.10 0.10 0.29 0.32 0.35 1.0 0.31 0.35 0.10 0.10 0.28 0.31 0.34 2.8 0.11 0.12 


Middle River 
Bullfrog 


0.20 0.20 0.57 0.63 0.69 NA NA NA 0.30 0.30 0.83 0.91 1.01 1.9 0.5 0.5 0.12 0.12 0.32 0.36 0.39 2.1 0.2 0.2 


Old River 
near 
Paradise 
Cut c 


0.75 0.75 2.11 2.32 2.55 NA NA NA 0.80 0.80 2.24 2.47 2.71 2.4 1.0 1.1 0.53 0.53 1.49 1.64 1.80 NA NA NA 


Knights 
Landing d 


0.23 0.23 0.64 0.71 0.78 NA NA NA 0.23 0.23 0.64 0.71 0.78 2.2 0.3 0.4 0.23 0.23 0.64 0.71 0.78 NA NA NA 


Vernalis e 0.83 0.83 2.32 2.56 2.81 1.7 1.50 1.65 0.85 0.85 2.38 2.62 2.88 1.9 1.38 1.52 0.58 0.58 1.62 1.79 1.97 2.4 0.74 0.82 


Fourth Quarter 


Sacramento 
River Mile 
44 


0.09 0.09 0.25 0.28 0.30 2.6 0.11 0.12 0.09 0.09 0.25 0.28 0.31 1.5 0.19 0.21 0.09 0.09 0.25 0.28 0.30 1.8 0.15 0.17 


Cache Slough 
at Ryer 
Island b 


0.10 0.10 0.29 0.31 0.35 1.5 0.21 0.23 0.09 0.09 0.26 0.28 0.31 1.7 0.16 0.18 0.10 0.10 0.28 0.31 0.34 2.5 0.12 0.13 


San Joaquin 
River Potato 
Slough 


0.09 0.09 0.26 0.29 0.32 1.4 0.21 0.23 0.09 0.09 0.25 0.28 0.31 1.3 0.21 0.24 0.09 0.09 0.26 0.29 0.32 2.5 0.12 0.13 


Franks Tract 0.10 0.10 0.27 0.29 0.32 1.6 0.18 0.20 0.09 0.09 0.26 0.28 0.31 1.1 0.25 0.27 0.10 0.10 0.27 0.30 0.32 3.0 0.10 0.11 


Big Break 0.10 0.10 0.27 0.30 0.33 1.6 0.19 0.21 0.09 0.09 0.26 0.28 0.31 1.0 0.28 0.31 0.10 0.10 0.27 0.30 0.33 2.8 0.11 0.12 


Middle River 
Bullfrog 


0.30 0.30 0.84 0.92 1.01 NA NA NA 0.24 0.24 0.68 0.74 0.82 1.9 0.4 0.4 0.17 0.17 0.47 0.52 0.57 2.1 0.2 0.3 


Old River 
near 
Paradise  
Cut c 


0.81 0.81 2.27 2.50 2.75 NA NA NA 0.72 0.72 2.01 2.21 2.43 2.4 0.9 1.0 0.57 0.57 1.59 1.75 1.93 NA NA NA 


Knights 
Landing d 


0.23 0.23 0.64 0.71 0.78 NA NA NA 0.23 0.23 0.64 0.71 0.78 2.2 0.3 0.4 0.23 0.23 0.64 0.71 0.78 NA NA NA 


Vernalis e 0.83 0.83 2.32 2.56 2.81 1.7 1.50 1.65 0.85 0.85 2.38 2.62 2.88 1.9 1.38 1.52 0.58 0.58 1.62 1.79 1.97 2.4 0.74 0.82 


Equations from Presser and Luoma (2010a, 2010b) were used to calculate selenium concentrations for fish. Models 1 and 2 used the default Kd (1000) and the average selenium trophic transfer factors to aquatic insects (2.8) and fish (1.1 for all trophic levels). 
Model 1 = Trophic level 3 fish-eating invertebrates. 
Model 2 = Trophic level 4 fish-eating trophic level 3 fish. 
a Geometric mean calculated from whole largemouth bass data presented in Foe (2010).  
b Fish data collected at Rio Vista (Foe 2010) were used to calculate geometric mean whole largemouth bass and ratios. 
c Fish data collected at Old River near Tracy (Foe 2010) were used to calculate geometric mean whole largemouth bass and ratios. 
d Geometric mean of total selenium concentrations in water collected from years 2004, 2007, and 2008 (California Department of Water Resources 2009) was used to estimate selenium concentrations in particulates and biota. Fish data collected from Sacramento River at Veterans 
Bridge (Foe 2010) were used to calculate geometric mean whole largemouth bass and ratios.  
e Geometric mean of selenium concentrations (total or dissolved was not specified) in water collected from years 1999–2000 (State Water Resources Control Board 2009) was used to estimate Year 2000 selenium concentrations in particulates and biota (DSM2 data were not 
available); years 2004-2005 were used for Year 2005 estimates; and years 2006–2007 were used for Year 2007 estimates. 
Kd = particulate concentration/water concentration ratio; NA = not available; bass not collected here.  
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Table 6B-34. Selenium Bioaccumulation from Water (in micrograms per liter) to Particulates and Fish (in micrograms per gram dry weight) Using Model 3 with Estimated Kd from All Years Regression 


DSM2 Delta Water 
Location 


Year 2000 Year 2005 Year 2007 


Concentration 


Kd 


Measured 
Whole 


Fish-
to-


Bass 
Ratio Concentration 


Kd 


Measured 
Whole 


Fish-
to-


Bass 
Ratio Concentration 


Kd 


Measured 
Whole 


Fish-
to-


Bass 
Ratio 


Modeled 
Water 


Particulate 
from Water 


Invertebrate 
from 


Particulate 
Model 
3 Fish 


Large 
mouth 
Bass a 


Model 
3 


Modeled 
Water 


Particulate 
from Water 


Invertebrate 
from 


Particulate 
Model 
3 Fish 


Large 
mouth 
Bass a 


Model 
3 


Modeled 
Water 


Particulate 
from Water 


Invertebrate 
from 


Particulate 
Model 
3 Fish 


Largemouth 
Bass a 


Model 
3 


First Quarter 


Sacramento River Mile 
44 


0.09 0.54 1.50 1.81 6061 2.6 0.69 0.09 0.54 1.50 1.81 5945 1.5 1.25 0.09 0.54 1.50 1.81 5946 1.8 0.98 


Cache Slough at Ryer 
Island b 


0.10 0.54 1.50 1.82 5389 1.5 1.22 0.09 0.54 1.50 1.82 5783 1.7 1.05 0.09 0.54 1.50 1.81 5852 2.5 0.71 


San Joaquin River Potato 
Slough 


0.17 0.55 1.50 1.85 3229 1.4 1.36 0.14 0.54 1.52 1.84 3724 1.3 1.41 0.09 0.54 1.50 1.81 5819 2.5 0.73 


Franks Tract 0.19 0.55 1.53 1.85 2904 1.6 1.13 0.15 0.54 1.52 1.84 3724 1.1 1.61 0.09 0.54 1.50 1.82 5762 3.0 0.61 


Big Break 0.13 0.54 1.51 1.83 4295 1.6 1.18 0.11 0.54 1.51 1.82 4873 1.0 1.79 0.09 0.54 1.50 1.81 5850 2.8 0.64 


Middle River Bullfrog 0.31 0.56 1.56 1.88 1801 NA NA 0.46 0.56 1.57 1.90 1221 1.9 1.0 0.20 0.55 1.53 1.86 2773 2.1 0.87 


Old River near Paradise 
Cut 3 


0.73 0.57 1.60 1.93 780 NA NA 0.78 0.57 1.60 1.94 729 2.4 0.8 0.56 0.57 1.58 1.95 1007 NA NA 


Knights Landing 4 0.23 0.55 1.54 1.87 2394 NA NA 0.23 0.55 1.64 1.87 2394 2.2 0.8 0.23 0.55 1.54 1.87 2394 NA NA 


Vernalis 5 0.83 0.57 1.60 1.94 689 1.7 1.14 0.85 0.57 1.60 1.94 674 1.9 1.02 0.58 0.57 1.59 1.92 976 2.4 0.80 


Second Quarter 


Sacramento River Mile 
44 


0.09 0.54 1.50 1.81 5952 2.6 0.69 0.09 0.54 1.50 1.81 5947 1.5 1.25 0.09 0.54 1.50 1.81 5944 1.8 0.98 


Cache Slough at Ryer 
Island b 


0.11 0.54 1.51 1.83 4777 1.5 1.22 0.10 0.54 1.50 1.82 5538 1.7 1.05 0.10 0.54 1.50 1.82 5241 2.5 0.72 


San Joaquin River Potato 
Slough 


0.24 0.55 1.54 1.87 2309 1.4 1.38 0.36 0.56 1.56 1.89 1537 1.3 1.45 0.13 0.54 1.52 1.84 4020 2.5 0.74 


Franks Tract 0.27 0.55 1.55 1.87 2048 1.6 1.14 0.49 0.56 1.58 1.91 1159 1.1 1.67 0.14 0.54 1.52 1.84 3921 3.0 0.61 


Big Break 0.20 0.55 1.53 1.86 2800 1.6 1.20 0.30 0.55 1.55 1.88 1876 1.0 1.84 0.12 0.54 1.51 1.83 4645 2.8 0.64 


Middle River Bullfrog 0.61 0.57 1.59 1.92 928 NA NA 0.75 0.57 1.60 1.93 764 1.9 1.0 0.29 0.55 1.55 1.88 1896 2.1 0.9 


Old River near Paradise 
Cut c 


0.68 0.57 1.59 1.93 842 NA NA 0.84 0.57 1.60 1.94 682 2.4 0.8 0.43 0.56 1.57 1.90 1291 NA NA 


Knights Landing d 0.23 0.55 1.54 1.87 2394 NA NA 0.23 0.55 1.54 1.87 2394 2.2 0.8 0.23 0.55 1.54 1.87 2394 NA NA 


Vernalis e 0.83 0.57 1.60 1.94 689 1.7 1.14 0.85 0.57 1.60 1.94 674 1.9 1.02 0.58 0.57 1.59 1.92 976 2.4 0.80 


Third Quarter 


Sacramento River Mile 
44 


0.09 0.54 1.50 1.81 5947 2.6 0.69 0.09 0.54 1.50 1.81 5946 1.5 1.25 0.09 0.54 1.50 1.81 5946 1.8 0.98 


Cache Slough at Ryer 
Island b 


0.11 0.54 1.51 1.82 4942 1.5 1.22 0.09 0.54 1.50 1.81 5914 1.7 1.05 0.10 0.54 1.51 1.82 5184 2.5 0.72 


San Joaquin River Potato 
Slough 


0.10 0.54 1.50 1.82 5592 1.4 1.34 0.10 0.54 1.50 1.82 5523 1.3 1.39 0.10 0.54 1.50 1.82 5557 2.5 0.73 


Franks Tract 0.10 0.54 1.50 1.82 5412 1.6 1.10 0.11 0.54 1.51 1.82 5121 1.1 1.59 0.10 0.54 1.50 1.82 5393 3.0 0.61 


Big Break 0.10 0.54 1.50 1.82 5227 1.6 1.17 0.10 0.54 1.51 1.82 5159 1.0 1.79 0.10 0.54 1.50 1.82 5291 2.8 0.64 


Middle River Bullfrog 0.20 0.55 1.54 1.86 2688 NA NA 0.30 0.55 1.55 1.88 1868 1.9 1.0 0.12 0.54 1.51 1.83 4656 2.1 0.86 


Old River near Paradise 
Cut c 


0.75 0.57 1.60 1.93 757 NA NA 0.80 0.57 1.60 1.94 714 2.4 0.8 0.53 0.56 1.58 1.91 1061 NA NA 


Knights Landing d 0.23 0.55 1.54 1.87 2394 NA NA 0.23 0.55 1.54 1.87 2394 2.2 0.8 0.23 0.55 1.54 1.87 2394 NA NA 


Vernalis e 0.83 0.57 1.60 1.94 689 1.7 1.14 0.85 0.57 1.60 1.94 674 1.9 1.02 0.58 0.57 1.59 1.92 976 2.4 0.80 
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DSM2 Delta Water 
Location 


Year 2000 Year 2005 Year 2007 


Concentration 


Kd 


Measured 
Whole 


Fish-
to-


Bass 
Ratio Concentration 


Kd 


Measured 
Whole 


Fish-
to-


Bass 
Ratio Concentration 


Kd 


Measured 
Whole 


Fish-
to-


Bass 
Ratio 


Modeled 
Water 


Particulate 
from Water 


Invertebrate 
from 


Particulate 
Model 
3 Fish 


Large 
mouth 
Bass a 


Model 
3 


Modeled 
Water 


Particulate 
from Water 


Invertebrate 
from 


Particulate 
Model 
3 Fish 


Large 
mouth 
Bass a 


Model 
3 


Modeled 
Water 


Particulate 
from Water 


Invertebrate 
from 


Particulate 
Model 
3 Fish 


Largemouth 
Bass a 


Model 
3 


Fourth Quarter 


Sacramento River Mile 
44 


0.09 0.54 1.50 1.81 5948 2.6 0.69 0.09 0.54 1.50 1.82 5946 1.5 1.25 0.09 0.54 1.50 1.81 5947 1.8 0.98 


Cache Slough at Ryer 
Island b 


0.10 0.54 1.50 1.82 5261 1.5 1.22 0.09 0.54 1.50 1.81 5830 1.7 1.05 0.10 0.54 1.50 1.82 5345 2.5 0.71 


San Joaquin River Potato 
Slough 


0.09 0.54 1.50 1.82 5704 1.4 1.34 0.09 0.54 1.50 1.81 5885 1.3 1.39 0.09 0.54 1.50 1.82 5678 2.5 0.73 


Franks Tract 0.10 0.54 1.50 1.82 5621 1.6 1.10 0.09 0.54 1.50 1.81 5859 1.1 1.59 0.10 0.54 1.50 1.82 5678 3.0 0.61 


Big Break 0.10 0.54 1.50 1.82 5534 1.6 1.17 0.09 0.54 1.50 1.82 5809 1.0 1.78 0.10 0.54 1.50 1.82 5470 2.8 0.64 


Middle River Bullfrog 0.30 0.55 1.55 1.88 1859 NA NA 0.24 0.55 1.54 1.87 2283 1.9 1.0 0.17 0.55 1.53 1.85 3241 2.1 0.87 


Old River near Paradise 
Cut c 


0.81 0.57 1.60 1.94 704 NA NA 0.72 0.57 1.60 1.93 794 2.4 0.8 0.57 0.57 1.58 1.92 994 NA NA 


Knights Landing d 0.23 0.55 1.54 1.87 2394 NA NA 0.23 0.55 1.54 1.87 2394 2.2 0.8 0.23 0.55 1.54 1.87 2394 NA NA 


Vernalis e 0.83 0.57 1.60 1.94 689 1.7 1.14 0.85 0.57 1.60 1.94 676 1.9 1.02 0.58 0.57 1.59 1.92 976 2.4 0.80 


Equations from Presser and Luoma (2010a, 2010b) were used to calculate selenium concentrations for fish. Model 3 used the average selenium trophic transfer factors to aquatic insects (2.8) and fish (1.1 for all trophic levels).  
Model 3 = Model 2 (trophic level 4 fish-eating trophic level 3 fish) with Kd estimated using all years regression (log Kd = 2.76-0.97(logDSM2)) 
a Geometric mean calculated from whole largemouth bass data presented in Foe (2010).  
b Fish data collected at Rio Vista (Foe 2010) were used to calculate geometric mean whole largemouth bass and ratios. 
c Fish data collected at Old River near Tracy (Foe 2010) were used to calculate geometric mean whole largemouth bass and ratios. 
d Geometric mean of total selenium concentrations in water collected from years 2004, 2007, and 2008 (California Department of Water Resources 2009) was used to estimate selenium concentrations in particulates and biota. Fish data collected from Sacramento River at Veterans 
Bridge (Foe 2010) were used to calculate geometric mean whole largemouth bass and ratios.  
Kd = particulate concentration/water concentration ratio; 
NA = not available; bass not collected here. 
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Table 6B-35. Selenium Bioaccumulation from Water (in micrograms per liter) to Particulates and Fish (in micrograms per gram dry weight) Using Estimated Kd from Above Normal and Wet Years Regression for Model 4 and Dry Years 
Regression for Model 5 


DSM2 Delta Water Location 


Year 2000 Year 2005 Year 2007 


Concentration 


Kd 


Measured 
Whole 


Fish-to-
Bass 
Ratio Concentration 


Kd 


Measured 
Whole 


Fish-to-
Bass 
Ratio Concentration 


Kd 


Measured 
Whole 


Fish-to-
Bass Ratio 


Modeled 
Water 


Particulate 
from Water 


Invert. from 
Particulate 


Model 4 
Fish 


Large 
mouth 
Bass a Model 4 


Modeled 
Water 


Particulate 
from Water 


Invert. from 
Particulate 


Model 
4 Fish 


Large 
mouth 
Bass 1 Model 4 


Modeled 
Water 


Particulate 
from Water 


Invert. 
from 


Particulate 
Model 
5 Fish 


Large 
mouth 
Bass a Model 5 


First Quarter 


Sacramento River Mile 44 0.09 0.44 1.24 1.49 4997 2.6 0.57 0.09 0.44 1.24 1.50 4909 1.5 1.03 0.09 0.73 2.03 2.46 8063 1.8 1.33 


Cache Slough at Ryer Island b 0.10 0.45 1.25 1.51 4481 1.5 1.01 0.09 0.44 1.24 1.50 4784 1.7 0.87 0.09 0.73 2.03 2.46 7929 2.5 0.97 


San Joaquin River Potato Slough 0.17 0.47 1.32 1.59 2786 1.4 1.17 0.14 0.46 1.30 1.57 3260 1.3 1.20 0.09 0.73 2.03 2.46 7883 2.5 0.99 


Franks Tract 0.19 0.48 1.33 1.61 2525 1.6 0.98 0.15 0.46 1.30 1.57 3181 1.1 1.37 0.09 0.73 2.03 2.46 7802 3.0 0.82 


Big Break 0.13 0.46 1.28 1.55 3630 1.6 1.00 0.11 0.45 1.26 1.53 4082 1.0 1.50 0.09 0.73 2.03 2.46 7926 2.8 0.87 


Middle River Bullfrog 0.31 0.50 1.40 1.69 1621 NA NA 0.46 0.52 1.46 1.76 1130 1.9 0.90 0.20 0.71 2.00 2.42 3616 2.1 1.14 


Old River near Paradise Cut c 0.73 0.55 1.53 1.85 745 NA NA 0.78 0.55 1.54 1.86 700 2.4 0.80 0.56 0.70 1.96 2.37 1247 NA NA 


Knights Landing d 0.23 0.49 1.36 1.64 2111 NA NA 0.23 0.49 1.36 1.64 2111 2.2 0.70 0.23 0.71 1.99 2.41 3098 NA NA 


Vernalis e 0.83 0.52 1.55 1.87 665 1.7 1.10 0.85 0.55 1.55 1.87 651 1.9 0.99 0.58 0.70 1.96 2.37 1206 2.4 0.99 


Second Quarter 


Sacramento River Mile 44 0.09 0.44 1.24 1.50 4914 2.6 0.57 0.09 0.44 1.24 1.50 4910 1.5 1.03 0.09 0.73 2.03 2.46 8061 1.8 1.33 


Cache Slough at Ryer Island b 0.11 0.45 1.27 1.53 4007 1.5 1.03 0.10 0.45 1.25 1.51 4596 1.7 0.87 0.10 0.72 2.03 2.45 7061 2.5 0.96 


San Joaquin River Potato Slough 0.24 0.49 1.36 1.65 2041 1.4 1.22 0.36 0.51 1.42 1.72 1399 1.3 1.32 0.13 0.72 2.02 2.44 5343 2.5 0.98 


Franks Tract 0.27 0.49 1.38 1.67 1826 1.6 1.02 0.49 0.52 1.46 1.77 1077 1.1 1.55 0.14 0.72 2.02 2.44 5204 3.0 0.82 


Big Break 0.20 0.48 1.34 1.62 2441 1.6 1.04 0.30 0.50 1.39 1.69 1683 1.0 1.65 0.12 0.72 2.02 2.45 6220 2.8 0.86 


Middle River Bullfrog 0.61 0.54 1.50 1.81 876 NA NA 0.75 0.55 1.53 1.85 732 1.9 1.00 0.29 0.71 1.99 2.40 2424 2.1 1.1 


Old River near Paradise Cut c 0.68 0.54 1.51 1.83 801 NA NA 0.84 0.55 1.55 1.87 658 2.4 0.80 0.43 0.70 1.97 2.38 1617 NA NA 


Knights Landing d 0.23 0.49 1.36 1.64 2111 NA NA 0.23 0.49 1.36 1.64 2111 2.2 0.70 0.23 0.71 1.99 2.41 3098 NA NA 


Vernalis e 0.83 0.55 1.55 1.87 665 1.7 1.10 0.85 0.55 1.55 1.87 651 1.9 0.99 0.58 0.70 1.96 2.37 1206 2.4 0.99 


Third Quarter 


Sacramento River Mile 44 0.09 0.44 1.24 1.50 4910 2.6 0.57 0.09 0.44 1.24 1.50 4910 1.5 1.03 0.09 0.73 2.03 2.46 8064 1.8 1.33 


Cache Slough at Ryer Island b 0.11 0.45 1.26 1.53 4135 1.5 1.02 0.09 0.44 1.24 1.50 4885 1.7 0.87 0.10 0.72 2.03 2.45 6980 2.5 0.96 


San Joaquin River Potato Slough 0.10 0.44 1.25 1.51 4637 1.4 1.11 0.10 0.45 1.25 1.51 4584 1.3 1.15 0.10 0.72 2.03 2.46 7510 2.5 0.99 


Franks Tract 0.10 0.45 1.25 1.51 4499 1.6 0.92 0.11 0.45 1.26 1.52 4274 1.1 1.33 0.10 0.72 2.03 2.45 7276 3.0 0.82 


Big Break 0.10 0.45 1.25 1.52 4356 1.6 0.98 0.10 0.45 1.26 1.52 4304 1.0 1.49 0.10 0.72 2.03 2.45 7131 2.8 0.87 


Middle River Bullfrog 0.20 0.48 1.34 1.63 2350 NA NA 0.30 0.50 1.39 1.69 1677 1.9 0.90 0.12 0.72 2.02 2.45 6235 2.1 1.15 


Old River near Paradise Cut c 0.75 0.55 1.53 1.85 725 NA NA 0.80 0.55 1.54 1.86 687 2.4 0.80 0.53 0.70 1.96 2.37 1317 NA NA 


Knights Landing d 0.23 0.49 1.36 1.64 2111 NA NA 0.23 0.49 1.36 1.64 2111 2.2 0.70 0.23 0.71 1.99 2.41 3098 NA NA 


Vernalis e 0.83 0.55 1.55 1.87 665 1.7 1.10 0.85 0.55 1.55 1.87 651 1.9 0.99 0.58 0.70 1.96 2.37 1206 2.4 0.99 


Fourth Quarter 


Sacramento River Mile 44 0.09 0.44 1.24 1.50 4911 2.6 0.57 0.09 0.44 1.24 1.50 4909 1.5 1.03 0.09 0.73 2.03 2.46 8064 1.8 1.33 


Cache Slough at Ryer Island b 0.10 0.45 1.25 1.52 4383 1.5 1.02 0.09 0.44 1.24 1.50 4820 1.7 0.87 0.10 0.72 2.03 2.45 7209 2.5 0.96 


San Joaquin River Potato Slough 0.09 0.44 1.24 1.50 4723 1.4 1.11 0.09 0.44 1.24 1.50 4862 1.3 1.15 0.09 0.73 2.03 2.46 7682 2.5 0.99 


Franks Tract 0.10 0.44 1.24 1.51 4660 1.6 0.91 0.09 0.44 1.24 1.50 4843 1.1 1.31 0.10 0.73 2.03 2.46 7564 3.0 0.82 
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DSM2 Delta Water Location 


Year 2000 Year 2005 Year 2007 


Concentration 


Kd 


Measured 
Whole 


Fish-to-
Bass 
Ratio Concentration 


Kd 


Measured 
Whole 


Fish-to-
Bass 
Ratio Concentration 


Kd 


Measured 
Whole 


Fish-to-
Bass Ratio 


Modeled 
Water 


Particulate 
from Water 


Invert. from 
Particulate 


Model 4 
Fish 


Large 
mouth 
Bass a Model 4 


Modeled 
Water 


Particulate 
from Water 


Invert. from 
Particulate 


Model 
4 Fish 


Large 
mouth 
Bass 1 Model 4 


Modeled 
Water 


Particulate 
from Water 


Invert. 
from 


Particulate 
Model 
5 Fish 


Large 
mouth 
Bass a Model 5 


Big Break 0.10 0.45 1.25 1.51 4593 1.6 0.97 0.09 0.44 1.24 1.50 4804 1.0 1.47 0.10 0.72 2.03 2.46 7386 2.8 0.87 


Middle River Bullfrog 0.30 0.50 1.40 1.69 1669 NA NA 0.24 0.49 1.37 1.65 2020 1.9 0.90 0.17 0.72 2.01 2.43 4260 2.1 1.14 


Old River near Paradise Cut c 0.81 0.55 1.54 1.87 678 NA NA 0.72 0.54 1.52 1.84 759 2.4 0.80 0.57 0.70 1.96 2.37 1229 NA NA 


Knights Landing d 0.23 0.49 1.36 1.64 2111 NA NA 0.23 0.49 1.36 1.64 2111 2.2 0.70 0.23 0.71 1.99 2.41 3098 NA NA 


Vernalis e 0.83 0.55 1.55 1.87 665 1.27 1.10 0.85 0.55 1.55 1.87 651 1.9 0.99 0.58 0.70 1.96 2.37 1206 2.4 0.99 


Equations from Presser and Luoma (2010a, 2010b) were used to calculate selenium concentrations for fish. Models 4 and 5 used the average selenium trophic transfer factors to aquatic insects (2.8) and fish (1.1 for all trophic levels).  
Model 4 = Model 2 (trophic level 4 fish eating trophic level 3 fish) with Kd estimated using normal and wet years regression (log Kd = 2.75-0.90(logDSM2)) 
Model 5 = Model 2 (trophic level 4 fish eating trophic level 3 fish) with Kd estimated using dry years (2007) regression (log Kd = 2.84-1.02(logDSM2)) 
a Geometric mean calculated from whole largemouth bass data presented in Foe (2010).  
b Fish data collected at Rio Vista (Foe 2010) were used to calculate geometric mean whole largemouth bass and ratios. 
c Fish data collected at Old River near Tracy (Foe 2010) were used to calculate geometric mean whole largemouth bass and ratios. 
d Geometric mean of total selenium concentrations in water collected from years 2004, 2007, and 2008 (California Department of Water Resources 2009) was used to estimate selenium concentrations in particulates and biota (DSM2 data were not available). Fish data collected 
from Sacramento River at Veterans Bridge (Foe 2010) were used to calculate geometric mean whole largemouth bass and ratios.  
Kd = particulate concentration/water concentration ratio 
NA = not available; bass not collected here 
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Figure 6B.3-1. Ratios of Predicted Selenium Concentrations in Fish Models 1 through 5 to Observed 
Selenium Concentrations in Largemouth Bass 
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Figure 6B.3-2. Log-Log Regression Relation of Estimated Kd to Water Column Selenium Concentration 
for Model 3 in All Years (Based on Years 2000, 2005, and 2007) 


To predict the Kd (y) from water concentrations using the regression equation, take the log of the 


water concentration (x), multiply it by the slope (-1.01), which gives a positive number for x<1 (i.e., 


water column selenium concentrations less than 1 µg/L); then add this number to the intercept 


(2.72) and take the antilog. 







CA Department of Water Resources 


 Appendix 6B 
Water Quality 


 


 


Delta Conveyance Project, Biological Assessment  
6B-77 


May 2024 
ICF 103653 


 


 


Figure 6B.3-3. Log-Log Regression Relation of Estimated Kd to Water Column Selenium Concentration 
for Model 4 in Above Normal/Wet Years (Based on Years 2000 and 2005) 


To predict the Kd (y) from water concentrations using the regression equation, take the log of the 


water concentration (x), multiply it by the slope (-0.95), which gives a positive number for x<1 (i.e., 


water column selenium concentrations less than 1 µg/L); then add this number to the intercept 


(2.71) and take the antilog. 
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Figure 6B.3-4. Log-Log Regression Relation of Estimated Kd to Water Column Selenium Concentration 
for Model 5 in Below Normal, Dry, and Critical Years (Based on Year 2007) 


To predict the Kd (y) from water concentrations using the regression equation, take the log of the 


water concentration (x), multiply it by the slope (-1.02), which gives a positive number for x<1 (i.e., 


water column selenium concentrations less than 1 µg/L); then add this number to the intercept 


(2.84) and take the antilog. 
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Figure 6B.3-5. Distribution of Data for Selenium Concentrations in Largemouth Bass Relative to Water Column Selenium for Model 3 
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Figure 6B.3-6. Distribution of Data for Selenium Concentrations in Largemouth Bass Relative to Water Column Selenium for Model 4 and 
Mode 5 
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6B.3.2.4 Source Water Concentrations 


An input to the mass-balance calculation of selenium concentrations in water at the Delta 


assessment locations is the concentrations in the primary source waters to the Delta: Sacramento 


River, San Joaquin River, San Francisco Bay, eastside tributaries (i.e., the Cosumnes, Mokelumne, and 


Calaveras Rivers), Delta agricultural return waters, and Yolo Bypass. Table 6B-36 provides summary 


statistics for the primary source water concentrations of dissolved selenium, as well as information 


on the source of the data. Due to data availability, Yolo Bypass concentrations were set equal to 


Sacramento River concentrations, which is a primary source of flows to the Yolo Bypass.  


Both dissolved and total selenium are suitable for purposes of selenium modeling in this assessment 


because they typically do not differ greatly in the Delta. However, recent data at the source water 


locations (e.g., since 2011 in the San Joaquin River at Vernalis) were only available for dissolved 


selenium. These recent data are most appropriate for this assessment because detection limits have 


decreased in recent decades and concentrations in the San Joaquin River have decreased due to 


implementation of selenium TMDLs and the Grasslands Bypass Project (U.S. Environmental 


Protection Agency 2015:5; San Francisco Bay Regional Water Quality Control Board 2008:2-6). 


Figure 6B.3-7 presents selenium concentrations in the San Joaquin River at Vernalis over time. 


 


Figure 6B.3-7. Measured Selenium Concentrations (total and dissolved in micrograms per liter) in the 
San Joaquin River at Vernalis 
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Table 6B-36. Source Water Dissolved Selenium Concentrations (in micrograms per liter) 


Data 
Parameter 


Sacramento 
River 


San Joaquin 
River San Francisco Bay 


Eastside 
Tributaries 


Delta 
Agriculture 


Return 
Waters 


Average 0.090 0.370 0.116 0.055 0.110 


Minimum 0.040 0.050 0.068 0.030 - 


Maximum 0.220 1.50 0.214 0.180 - 


75th percentile 0.100 0.460 0.140 0.050 - 


99th percentile 0.198 1.21 0.211 0.168 - 


Data source U.S. 
Geological 


Survey 2020 


U.S. 
Geological 


Survey 2020 


CEDEN 2020 U.S. 
Geological 


Survey 2020 


Lucas and 
Stewart 


2007:182 


Station(s) Sacramento 
River at 
Freeport 


San Joaquin 
River at 
Vernalis 


Suisun Bay (SU029W, 
SU034W, SU040W, 
SU047W, Su050W, 
SU054W, SU056W) 


Cosumnes 
River at 


Michigan Bar 


Mildred 
Island 


Date range 2007–2020 2000–2020 2008–2019 2012–2015 2000 


Non-detect 
results replaced 
with reporting 
limit for 
statistics 


Yes Yes No Yes - 


Data omitted None None 15 Values from 
Sacramento River at 


Mallard Island all 
below a high 


detection limit (1 
µg/L) 


None - 


Number of data 
points 


174 198 7 17 - 


CEDEN = California Environmental Data Exchange Network. 


Source water data for the Sacramento River and San Joaquin River were evaluated to determine 


whether the primary source water concentration should be represented by a single value or as 


different values for each month. Analysis of the Sacramento River (ANOVA; p<0.05) and San Joaquin 


River, (ANOVA; p<0.05) data indicated significantly different concentrations by month. Therefore, 


monthly average concentrations were used for these locations in the mass-balance calculations. 


There were insufficient data for this analysis at the other source water locations; thus, selenium 


concentrations in San Francisco Bay, eastside tributaries, and Delta agriculture return water are 


represented by a single average of the entire dataset in the mass-balance calculations. Tables 6B-37 


and 6B-38 provide the monthly average dissolved selenium concentrations for the Sacramento River 


and San Joaquin River. 
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Table 6B-37. Monthly Average Source Water Dissolved Selenium Concentrations for the Sacramento 
River (in micrograms per liter) 


Data Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Average 
Concentration  


0.104 0.111 0.107 0.093 0.083 0.084 0.071 0.078 0.077 0.073 0.065 0.077 


Number of data 
points 


24 26 13 11 21 19 9 14 3 12 2 20 


 


Table 6B-38. Monthly Average Source Water Dissolved Selenium Concentrations for the San Joaquin 
River (in micrograms per liter) 


Data Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Average 
Concentration  


0.574 0.514 0.535 0.195 0.159 0.306 0.231 0.276 0.252 0.215 0.265 0.478 


Number of data 
points 


24 26 16 12 17 17 15 16 9 11 10 25 


 


Selenium data from agricultural return drains in the Delta were queried from the DWR Water Data 


Library (California Department of Water Resources 2020). These 356 sample results, collected 


between 1985 and 1997 from locations distributed around the Delta, were either below the 


detection limit of 1 µg/L or near the detection limit, ranging from 1 µg/L to 4 µg/L. Given the 


relatively high detection limit for these analyses and detected concentrations near the reporting 


limit, these data were not considered sufficiently reliable to use for estimating source water 


concentrations. Instead, more recent estimates of selenium in agricultural return water from Lucas 


and Stewart (2007:182) were used to represent these source waters in Table 6B-37 and in modeling 


calculations. 


6B.3.2.5 Applicable Water Quality Criteria/Objectives 


Applicable water quality criteria and objectives for selenium are included in the Water Quality 


Control Plans (WQCP) for the Central Valley Regional Water Quality Control Board and San 


Francisco Bay Regional Water Quality Control Board, as well as the National Toxics Rule (NTR) and 


California Toxics Rule (CTR). 


• The Central Valley Regional Water Quality Control Board WQCP objectives for total selenium 


include 12 µg/L (maximum concentration) and 5 µg/L (4-day average) concentration for the San 


Joaquin River, mouth of the Merced River to Vernalis (Central Valley Regional Water Quality 


Control Board 2018:3-5). 


• The San Francisco Bay Regional Water Quality Control Board WQCP refers to total selenium 


criteria of 5 µg/L (4-day average) and 20 µg/L (1-hour average) promulgated for all San 


Francisco Bay/Delta waters in the NTR. The NTR criteria specifically apply to San Francisco Bay 


upstream to and including Suisun Bay and Delta (San Francisco Bay Regional Water Quality 


Control Board 2019:Table 3-4). In addition, the North San Francisco Bay selenium TMDL 


includes a target of 0.5 µg/L as dissolved selenium applicable to a portion of the Delta (within 


the San Francisco Bay region), Suisun Bay, Carquinez Strait, San Pablo Bay, North Bay, and the 


Central Bay (San Francisco Bay Regional Water Quality Control Board 2019:7-53). 
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• The CTR freshwater criteria for selenium consist of a 5 µg/L chronic criterion (4-day average) 


and a 20 µg/l maximum concentration (1-hour average) (Federal Register Vol. 65, No. 97, 


31682–31717). 


In addition to water column criteria and objectives, the following tissue benchmarks were used in 


the analysis of modeled data for the purpose of making impact determinations.  


• Whole-body fish for the Delta-wide model were compared to the Level of Concern of 4 mg/kg 


dw (Beckon 2017:133) and the North San Francisco Bay TMDL target of 8 mg/kg dw (San 


Francisco Bay Regional Water Quality Control Board 2019:7-53). The EPA (2016:xv) 


recommended freshwater selenium ambient chronic water quality criterion for the protection of 


aquatic life and the proposed criterion for California (U.S. Environmental Protection Agency 


2018:xi) also include a whole-body fish tissue concentration of 8.5 mg/kg dw. 


• Modeled bird egg selenium concentrations were compared to Level of Concern of 6 mg/kg dw 


and Toxicity Level of 10 mg/kg dw from Beckon (2017:133). The EPA (2018:xi) proposed 


selenium ambient chronic water quality criterion for the protection of aquatic life and aquatic-


dependent wildlife also includes a bird egg selenium concentration of 11.2 mg/kg dw. 


• Fish fillet data were compared to the Advisory Tissue Level of 2.5 mg/kg ww for human 


consumption of fish (Office of Environmental Health Hazard Assessment 2017:61) and the North 


San Francisco Bay TMDL target of 11.3 mg/kg dw (San Francisco Bay Regional Water Quality 


Control Board 2019:7-53). The EPA (2016:xv) recommended freshwater selenium ambient 


chronic water quality criterion for the protection of aquatic life and the proposed criterion for 


California (U.S. Environmental Protection Agency 2018:xi) also include a fish tissue 


concentration of 11.3 mg/kg dw in skinless, boneless fillets.  


6B.3.3 Modeling Results 


This section present modeling output for selenium concentrations in water and biota.  


Water diverted at the north Delta intakes would be conveyed directly to Bethany Reservoir, the 


upstream terminus of the California Aqueduct into which Banks Pumping Plant water is pumped. 


Under the proposed action, both the north Delta intakes and Banks Pumping Plant will be operated 


conjunctively to deliver water to the California Aqueduct, depending on environmental and 


regulatory conditions. The modeling results are actually for water delivered to Bethany Reservoir 


from both the north Delta intakes and Banks Pumping Plant, and the term “California Aqueduct” is 


used to label the concentrations exported to the California Aqueduct from both north Delta intakes 


and Banks Pumping Plant. 


6B.3.3.1 Water Column Concentrations 


Modeled concentrations of dissolved selenium in water are presented in tables on the following 


pages. The tables present the average dissolved selenium concentrations for water years 1923 to 


2015, and average concentrations by water year type (i.e., wet, above normal, below normal, dry, 


critical), for existing conditions and the proposed action. Differences between the proposed action 


and existing conditions also are presented.  


At most locations and most water year types, modeled selenium concentrations in water under the 


proposed action did not change from existing conditions. Negligibly small modeled changes from 
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existing conditions up to a 0.02 µg/L decrease occurred at California Aqueduct in all water year 


types but dry years and critical years, which had no change from existing conditions.  


Table 6B-39. Dissolved Selenium Concentrations in Water (in micrograms per liter), Existing Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 0.09 0.09 0.09 0.09 0.09 0.09 


Sacramento River at Emmaton 0.09 0.09 0.09 0.09 0.09 0.09 


San Joaquin River at Antioch 0.10 0.10 0.10 0.09 0.09 0.09 


Sacramento River at Mallard Island 0.10 0.10 0.10 0.10 0.10 0.10 


South Fork Mokelumne River at 
Terminous 


0.08 0.08 0.08 0.08 0.08 0.08 


San Joaquin River at Empire Tract 0.13 0.17 0.14 0.13 0.11 0.11 


Contra Costa Water District Pumping 
Plant #1 


0.11 0.13 0.11 0.10 0.09 0.09 


Old River at State Route 4 0.12 0.15 0.12 0.11 0.10 0.10 


Victoria Canal 0.15 0.19 0.16 0.14 0.12 0.12 


California Aqueduct 0.14 0.18 0.14 0.13 0.11 0.11 


Jones Pumping Plant 0.21 0.24 0.22 0.20 0.18 0.18 


 


Table 6B-40. Dissolved Selenium Concentrations in Water (in micrograms per liter), Proposed Action 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 0.09 0.09 0.09 0.09 0.09 0.09 


Sacramento River at Emmaton 0.09 0.09 0.09 0.09 0.09 0.09 


San Joaquin River at Antioch 0.10 0.10 0.10 0.09 0.09 0.09 


Sacramento River at Mallard Island 0.10 0.10 0.10 0.10 0.10 0.10 


South Fork Mokelumne River at 
Terminous 


0.08 0.08 0.08 0.08 0.08 0.08 


San Joaquin River at Empire Tract 0.13 0.17 0.14 0.13 0.11 0.11 


Contra Costa Water District Pumping 
Plant #1 


0.11 0.13 0.11 0.10 0.09 0.09 


Old River at State Route 4 0.12 0.15 0.12 0.11 0.10 0.11 


Victoria Canal 0.15 0.19 0.16 0.14 0.12 0.12 


California Aqueduct 0.13 0.16 0.13 0.12 0.11 0.11 


Jones Pumping Plant 0.21 0.24 0.22 0.20 0.18 0.18 


 







CA Department of Water Resources 


 Appendix 6B 
Water Quality 


 


 


Delta Conveyance Project, Biological Assessment  
6B-86 


May 2024 
ICF 103653 


 


Table 6B-41. Dissolved Selenium Concentrations in Water (in micrograms per liter), Proposed Action 
minus Existing Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 0.00 0.00 0.00 0.00 0.00 0.00 


Sacramento River at Emmaton 0.00 0.00 0.00 0.00 0.00 0.00 


San Joaquin River at Antioch 0.00 0.00 0.00 0.00 0.00 0.00 


Sacramento River at Mallard Island 0.00 0.00 0.00 0.00 0.00 0.00 


South Fork Mokelumne River at 
Terminous 


0.00 0.00 0.00 0.00 0.00 0.00 


San Joaquin River at Empire Tract 0.00 0.00 0.00 0.00 0.00 0.00 


Contra Costa Water District Pumping 
Plant #1 


0.00 0.00 0.00 0.00 0.00 0.00 


Old River at State Route 4 0.00 0.00 0.00 0.00 0.00 0.00 


Victoria Canal 0.00 0.00 0.00 0.00 0.00 0.00 


California Aqueduct -0.01 -0.02 -0.01 -0.01 0.00 0.00 


Jones Pumping Plant 0.00 0.00 0.00 0.00 0.00 0.00 


 


6B.3.3.2 Whole-Body Fish 


Modeled concentrations of selenium in whole-body fish are presented in Tables 6B-42 and 6B-43. 


The tables present the average selenium concentrations for water years 1923 to 2015, and average 


concentrations by water year type (i.e., wet, above normal, below normal, dry, critical), for existing 


conditions and the proposed action. Differences between the proposed action and existing 


conditions also are presented in Table 6B-44.  


At most locations and most water year types, modeled selenium concentrations in fish under the 


proposed action did not change from existing conditions. Negligibly small modeled changes from a 


0.01 µg/L decrease to 0.01 µg/L increase occurred at California Aqueduct and Jones Pumping Plant 


in above normal, below normal, and critical years.  
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Table 6B-42. Selenium Concentrations in Whole-Body Fish (in milligrams per kilogram, dry weight), 
Existing Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 1.82 1.54 1.54 2.46 2.46 2.46 


Sacramento River at Emmaton 1.82 1.54 1.54 2.46 2.46 2.46 


San Joaquin River at Antioch 1.82 1.55 1.54 2.46 2.46 2.46 


Sacramento River at Mallard Island 1.82 1.55 1.55 2.45 2.45 2.45 


South Fork Mokelumne River at 
Terminous 


1.82 1.53 1.53 2.47 2.46 2.46 


San Joaquin River at Empire Tract 1.81 1.59 1.57 2.44 2.45 2.45 


Contra Costa Water District Pumping 
Plant #1 


1.82 1.57 1.55 2.46 2.46 2.46 


Old River at State Route 4 1.82 1.58 1.56 2.45 2.45 2.45 


Victoria Canal 1.81 1.60 1.58 2.44 2.44 2.44 


California Aqueduct 1.81 1.59 1.58 2.44 2.45 2.45 


Jones Pumping Plant 1.81 1.62 1.61 2.42 2.43 2.43 


 


Table 6B-43. Selenium Concentrations in Whole-Body Fish (in milligrams per kilogram, dry weight), 
Proposed Action 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 1.82 1.54 1.54 2.46 2.46 2.46 


Sacramento River at Emmaton 1.82 1.54 1.54 2.46 2.46 2.46 


San Joaquin River at Antioch 1.82 1.55 1.54 2.46 2.46 2.46 


Sacramento River at Mallard Island 1.82 1.55 1.55 2.45 2.45 2.45 


South Fork Mokelumne River at 
Terminous 


1.82 1.53 1.53 2.47 2.46 2.46 


San Joaquin River at Empire Tract 1.81 1.59 1.57 2.44 2.45 2.45 


Contra Costa Water District Pumping 
Plant #1 


1.82 1.57 1.55 2.46 2.46 2.46 


Old River at State Route 4 1.82 1.58 1.56 2.45 2.45 2.45 


Victoria Canal 1.81 1.60 1.58 2.44 2.44 2.44 


California Aqueduct 1.81 1.59 1.57 2.45 2.45 2.45 


Jones Pumping Plant 1.81 1.62 1.61 2.42 2.43 2.42 
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Table 6B-44. Selenium Concentrations in Whole-Body Fish (in milligrams per kilogram, dry weight), 
Proposed Action minus Existing Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 0.00 0.00 0.00 0.00 0.00 0.00 


Sacramento River at Emmaton 0.00 0.00 0.00 0.00 0.00 0.00 


San Joaquin River at Antioch 0.00 0.00 0.00 0.00 0.00 0.00 


Sacramento River at Mallard Island 0.00 0.00 0.00 0.00 0.00 0.00 


South Fork Mokelumne River at 
Terminous 


0.00 0.00 0.00 0.00 0.00 0.00 


San Joaquin River at Empire Tract 0.00 0.00 0.00 0.00 0.00 0.00 


Contra Costa Water District Pumping 
Plant #1 


0.00 0.00 0.00 0.00 0.00 0.00 


Old River at State Route 4 0.00 0.00 0.00 0.00 0.00 0.00 


Victoria Canal 0.00 0.00 0.00 0.00 0.00 0.00 


California Aqueduct 0.00 0.00 -0.01 0.01 0.00 0.00 


Jones Pumping Plant 0.00 0.00 0.00 0.00 0.00 -0.01 


6B.3.3.3 Bird Eggs: Invertebrate Diet 


Modeled concentrations of selenium in eggs of birds with an invertebrate diet are presented in 


tables 6B-45 and 6B-46. The tables present the average selenium concentrations for water years 


1923 to 2015, and average concentrations by water year type (i.e., wet, above normal, below normal, 


dry, critical), for existing conditions and the proposed action. Differences between the proposed 


action and existing conditions also are presented in Table 6B-47. 


At most locations and most water year types, modeled selenium concentrations in eggs of birds with 


invertebrate diets under the proposed action did not change from existing conditions. Negligibly 


small modeled changes from a 0.02 µg/L decrease to 0.01 µg/L increases occurred at several 


locations in most water year types. 
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Table 6B-45. Selenium Concentrations in Bird Eggs, Invertebrate Diet (in milligrams per kilogram, dry 
weight), Existing Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 2.71 2.29 2.29 3.66 3.66 3.66 


Sacramento River at Emmaton 2.71 2.29 2.29 3.66 3.66 3.66 


San Joaquin River at Antioch 2.71 2.31 2.30 3.66 3.66 3.66 


Sacramento River at Mallard Island 2.71 2.30 2.30 3.65 3.65 3.65 


South Fork Mokelumne River at 
Terminous 


2.71 2.27 2.28 3.67 3.67 3.66 


San Joaquin River at Empire Tract 2.70 2.36 2.34 3.64 3.65 3.65 


Contra Costa Water District Pumping 
Plant #1 


2.71 2.33 2.31 3.65 3.66 3.66 


Old River at State Route 4 2.70 2.35 2.33 3.64 3.65 3.65 


Victoria Canal 2.70 2.38 2.35 3.63 3.64 3.64 


California Aqueduct 2.70 2.37 2.35 3.63 3.64 3.64 


Jones Pumping Plant 2.69 2.41 2.39 3.60 3.61 3.61 


 


Table 6B-46. Selenium Concentrations in Bird Eggs, Invertebrate Diet (in milligrams per kilogram, dry 
weight), Proposed Action 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 2.71 2.29 2.29 3.66 3.66 3.66 


Sacramento River at Emmaton 2.71 2.29 2.29 3.66 3.66 3.66 


San Joaquin River at Antioch 2.71 2.31 2.30 3.66 3.66 3.66 


Sacramento River at Mallard Island 2.71 2.30 2.30 3.65 3.65 3.65 


South Fork Mokelumne River at 
Terminous 


2.71 2.27 2.28 3.67 3.67 3.66 


San Joaquin River at Empire Tract 2.70 2.37 2.34 3.63 3.65 3.65 


Contra Costa Water District Pumping 
Plant #1 


2.70 2.34 2.31 3.65 3.66 3.66 


Old River at State Route 4 2.70 2.35 2.33 3.64 3.65 3.65 


Victoria Canal 2.70 2.38 2.36 3.63 3.64 3.64 


California Aqueduct 2.70 2.36 2.33 3.64 3.65 3.64 


Jones Pumping Plant 2.69 2.41 2.39 3.60 3.61 3.61 
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Table 6B-47. Selenium Concentrations in Bird Eggs, Invertebrate Diet (in milligrams per kilogram, dry 
weight), Proposed Action minus Existing Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 0.00 0.00 0.00 0.00 0.00 0.00 


Sacramento River at Emmaton 0.00 0.00 0.00 0.00 0.00 0.00 


San Joaquin River at Antioch 0.00 0.00 0.00 0.00 0.00 0.00 


Sacramento River at Mallard Island 0.00 0.00 0.00 0.00 0.00 0.00 


South Fork Mokelumne River at 
Terminous 


0.00 0.00 0.00 0.00 0.00 0.00 


San Joaquin River at Empire Tract 0.00 0.01 0.00 -0.01 0.00 0.00 


Contra Costa Water District Pumping 
Plant #1 


-0.01 0.01 0.00 0.00 0.00 0.00 


Old River at State Route 4 0.00 0.00 0.00 0.00 0.00 0.00 


Victoria Canal 0.00 0.00 0.01 0.00 0.00 0.00 


California Aqueduct 0.00 -0.01 -0.02 0.01 0.01 0.00 


Jones Pumping Plant 0.00 0.00 0.00 0.00 0.00 0.00 


 


6B.3.3.4 Bird Eggs: Fish Diet 


Modeled concentrations of selenium in eggs of birds with a fish diet are presented in tables 6B-48 


and 6B-49. The tables present the average selenium concentrations for water years 1923 to 2015, 


and average concentrations by water year type (i.e., wet, above normal, below normal, dry, critical), 


for existing conditions and the proposed action. Differences between the proposed action and 


existing conditions also are presented in Table 6B-50. 


At most locations and most water year types, modeled selenium concentrations in eggs of birds with 


fish diets under the proposed action did not change from existing conditions. Negligibly small 


modeled changes from a 0.01 µg/L decrease to 0.02 µg/L increase occurred at California Aqueduct 


and Jones Pumping Plant in above normal, below normal, and critical years. 
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Table 6B-48. Selenium Concentrations in Bird Eggs, Fish Diet (in milligrams per kilogram, dry weight), 
Existing Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 3.28 2.77 2.77 4.43 4.43 4.43 


Sacramento River at Emmaton 3.28 2.77 2.77 4.43 4.43 4.43 


San Joaquin River at Antioch 3.28 2.79 2.77 4.43 4.43 4.43 


Sacramento River at Mallard Island 3.28 2.79 2.79 4.41 4.41 4.41 


South Fork Mokelumne River at 
Terminous 


3.28 2.75 2.75 4.45 4.43 4.43 


San Joaquin River at Empire Tract 3.26 2.86 2.83 4.39 4.41 4.41 


Contra Costa Water District Pumping 
Plant #1 


3.28 2.83 2.79 4.43 4.43 4.43 


Old River at State Route 4 3.28 2.84 2.81 4.41 4.41 4.41 


Victoria Canal 3.26 2.88 2.84 4.39 4.39 4.39 


California Aqueduct 3.26 2.86 2.84 4.39 4.41 4.41 


Jones Pumping Plant 3.26 2.92 2.90 4.36 4.37 4.37 


 


Table 6B-49. Selenium Concentrations in Bird Eggs, Fish Diet (in milligrams per kilogram, dry weight), 
Proposed Action 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 3.28 2.77 2.77 4.43 4.43 4.43 


Sacramento River at Emmaton 3.28 2.77 2.77 4.43 4.43 4.43 


San Joaquin River at Antioch 3.28 2.79 2.77 4.43 4.43 4.43 


Sacramento River at Mallard Island 3.28 2.79 2.79 4.41 4.41 4.41 


South Fork Mokelumne River at 
Terminous 


3.28 2.75 2.75 4.45 4.43 4.43 


San Joaquin River at Empire Tract 3.26 2.86 2.83 4.39 4.41 4.41 


Contra Costa Water District Pumping 
Plant #1 


3.28 2.83 2.79 4.43 4.43 4.43 


Old River at State Route 4 3.28 2.84 2.81 4.41 4.41 4.41 


Victoria Canal 3.26 2.88 2.84 4.39 4.39 4.39 


California Aqueduct 3.26 2.86 2.83 4.41 4.41 4.41 


Jones Pumping Plant 3.26 2.92 2.90 4.36 4.37 4.36 
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Table 6B-50. Selenium Concentrations in Bird Eggs, Fish Diet (in milligrams per kilogram, dry weight), 
Proposed Action minus Existing Conditions 


Assessment Location 
All 


Years 
Wet  


Years 


Above 
Normal 
Years 


Below 
Normal 
Years 


Dry  
Years 


Critical 
Years 


Barker Slough at North Bay Aqueduct 0.00 0.00 0.00 0.00 0.00 0.00 


Sacramento River at Emmaton 0.00 0.00 0.00 0.00 0.00 0.00 


San Joaquin River at Antioch 0.00 0.00 0.00 0.00 0.00 0.00 


Sacramento River at Mallard Island 0.00 0.00 0.00 0.00 0.00 0.00 


South Fork Mokelumne River at 
Terminous 


0.00 0.00 0.00 0.00 0.00 0.00 


San Joaquin River at Empire Tract 0.00 0.00 0.00 0.00 0.00 0.00 


Contra Costa Water District Pumping 
Plant #1 


0.00 0.00 0.00 0.00 0.00 0.00 


Old River at State Route 4 0.00 0.00 0.00 0.00 0.00 0.00 


Victoria Canal 0.00 0.00 0.00 0.00 0.00 0.00 


California Aqueduct 0.00 0.00 -0.01 0.02 0.00 0.00 


Jones Pumping Plant 0.00 0.00 0.00 0.00 0.00 -0.01 


6B.3.4 Selenium Effects Analysis and Conclusions 


6B.3.4.1 Operations 


Modeled average water column selenium concentrations were below the 5 µg/L freshwater chronic 


CTR criterion (60 FR 2228 [May 4, 1995]; 65 FR 3162 [May 18, 2000]; 66 FR 9960 [February 13, 


2001]) at all Delta locations and water year types and differed negligibly from existing conditions 


and total selenium concentrations (Section 6B.3.3.1, Water Colum Concentrations). Similarly, 


modeled whole-body fish tissue selenium concentrations, used as a surrogate for giant garter snake 


dietary exposure, were below the No Effect threshold for whole-body fish of 4 mg/kg dry weight 


from Beckon (2017:133) or the EPA (2016:xv; 2018:xi) water quality criterion of 8.5 mg/kg dry 


weight at any Delta location for any water year type and changed by less than 0.01 mg/kg dry 


weight as averages over the full simulation period and in all water year types at all Delta assessment 


locations, relative to existing conditions and (Section 6B.3.3.2, Whole-Body Fish). Modeled selenium 


concentrations in the eggs of birds consuming invertebrates or fish, such as California least tern, 


western yellow-billed cuckoo, and least Bell’s vireo, were below the No Effect threshold for bird eggs 


of 6 mg/kg dry weight from Beckon (2017:133) and did not change by more than 0.02 mg/kg dry 


weight as averages, relative to existing conditions (Section 6B.3.3.3, Bird Eggs: Invertebrate Diet and 


Section 6B.3.3.4, Bird Eggs: Fish Diet). 


Because modeled selenium concentrations in fish tissue and bird eggs differed negligibly from 


existing conditions, it is expected that exposure to selenium to California least tern, western yellow-


billed cuckoo, least Bell’s vireo, and giant garter snake would also not change. Therefore, operation 


of the north Delta intakes is not anticipated to substantially increase the risk of selenium toxicity in 


these species. 
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6B.3.4.2 Compensatory Mitigation Plan 


Bouldin Island and I-5 Ponds 


Creation and enhancement of wetlands on Bouldin Island and at the I-5 ponds is not expected to 


increase the risk of selenium exposure to wildlife species using these habitats because existing 


selenium concentrations in the Sacramento River watershed are low (Central Valley Regional Water 


Quality Control Board 1988:14) and, therefore, existing selenium in sediments at Bouldin Island or 


the I-5 ponds are expected to be low. Also, existing land use at the wetland creation and 


enhancement sites includes seasonally flooded agricultural fields at Bouldin Island and created 


ponds at the I-5 ponds, which likely already produce conditions that could mobilize selenium in 


sediments. Finally, modeled selenium concentrations in water, fish tissue, and bird eggs under 


existing conditions were well below levels of concern (Section 6B.3.3 Modeling Results). Therefore, 


wetland creation and enhancement on Bouldin Island and at the I-5 ponds would not be expected to 


increase the bioavailability of selenium, relative to existing conditions, and is not likely to result in 


selenium exposure that would result in significant adverse effects on western yellow-billed cuckoo, 


least Bell’s vireo, and giant garter snake, if these species are present. 


Tidal Habitat Mitigation Framework 


Implementation of tidal habitat creation as part of the CMP that would be hydrodynamically 


connected to Delta channels could create new areas with slower water velocities and associated 


increases in water residence times that, if sufficiently large, promote greater selenium uptake and 


recycling by plants, algae, and microorganisms. In algae, less-bioaccumulative dissolved forms of 


selenium, such as selenate, are biotransformed into the more bioaccumulative organoselenium. An 


increase in more bioavailable forms of particulate selenium could result in increased selenium 


concentrations in California least tern, western yellow-billed cuckoo, least Bell’s vireo, and giant 


garter snake through dietary uptake. 


The locations and sizes of the new tidal habitat are currently undetermined and would be selected in 


accordance with the tidal habitat mitigation framework in Appendix 3B. Because locations and sizes 


of the CMP tidal habitat are currently undetermined, the extent that water residence times within 


the created tidal habitats would differ from that of adjacent Delta waters is unknown. However, the 


tidal habitat is expected to be predominantly sited in the northern Delta, and its area is expected to 


be less than 1% of the total acres of the Delta’s wetted habitat. Therefore, any potential increases in 


selenium bioaccumulation would occur in a very small geographic area of the Delta even if some 


tidal habitat resulted in longer residence times that are conducive to greater bioaccumulation of 


selenium.  


Implementation of the CMP tidal habitat is not expected to cause substantial additional 


bioaccumulation of selenium in California least tern, western yellow-billed cuckoo, least Bell’s vireo, 


and giant garter snake, if these species are in and near the created habitats, for several reasons. 


First, the CMP tidal habitats would not involve actions that increase selenium loading, and thus 


would not substantially increase selenium concentrations in the study area waterbodies. Second, 


modeled water and fish tissue selenium concentrations are below levels of concern. Third, the CMP 


tidal habitats would contain a very small fraction of all Delta primary production, and thus would 


have little, likely immeasurable, effects on average selenium levels in phytoplankton or aquatic-


dependent wildlife and fish throughout the Delta. Fourth, it is not certain that the magnitude of 


greater residence time in the new tidal habitats would result in measurably higher (i.e., significantly 
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greater) average selenium bioaccumulation into phytoplankton within the tidal habitats as 


compared to other wetted habitats throughout the Delta. Nor is it certain that changes to selenium 


forms or concentrations in algae, should they occur in the tidal habitats, would result in statistically 


significant increases in average selenium concentrations in aquatic-dependent wildlife and fish in 


those habitats. Even if this were to occur at some of the tidal habitats where tidal water exchange 


rates were low, their total acreage would not be of sufficient magnitude or geographic extent to 


affect average selenium levels in phytoplankton or aquatic-dependent wildlife and fish within the 


northern Delta, or across the Delta. Furthermore, the tidal habitats would have tidal exchange of 


water and are unlikely to have such substantially increased residence times compared to adjacent 


habitats such that there would be measurably higher bioaccumulation into phytoplankton within 


the tidal habitats.  


Based on the above discussion, the CMP would result in negligible, if any, change in selenium in 


action area waterbodies relative to existing conditions. Because selenium concentrations are not 


expected to increase substantially, the CMP would not cause long-term increase of selenium in study 


area waterbodies that would result in substantially increased risk for adverse effects on California 


least tern, western yellow-billed cuckoo, least Bell’s vireo, and giant garter snake. Furthermore, the 


CMP would not increase selenium concentrations by frequency, magnitude, and geographic extent 


such that it would cause measurably higher body burdens of selenium in aquatic organisms that 


result in substantially increasing the health risks to California least tern, western yellow-billed 


cuckoo, least Bell’s vireo, and giant garter snake consuming those organisms.  


6B.4 Surface Water Flows 
This section describes potential changes to surface water flows and water levels from operation of 


the proposed action that could result in adverse effects on riparian vegetation that could be used by 


western yellow-billed cuckoo and least Bell’s vireo. Habitat creation and enhancement actions 


implemented as part of the CMP would not affect surface water.  


The surface water study area comprises the Sacramento River Basin and the Delta—located at the 


confluence of the Sacramento and San Joaquin Rivers. Specifically, this chapter examines the Trinity, 


Sacramento, Feather, and American Rivers (and relevant, associated reservoirs) in the Sacramento 


River Basin. These surface waters represent the geographic areas where potential changes could 


occur to surface waters as a result of the operation of new diversion and conveyance facilities for the 


State Water Project (SWP) and, potentially, the Central Valley Project (CVP) identified in the 


proposed action.  


6B.4.1 Background and Existing Conditions 


The Delta is a complex network of over 700 miles of tidally influenced channels and sloughs. Four 


strong forcing mechanisms drive circulation, transport, and mixing of water in the Delta: 


(1) freshwater river flow from drainages to the Delta; (2) tides from the west propagating from the 


Pacific Ocean through San Francisco Bay; (3) SWP/CVP water supply facilities operating in the Delta; 


and (4) collective effects of in-Delta agricultural diversions. Operation of the proposed action has the 


potential to change surface water flows, relative to existing conditions, which could result in adverse 


effects on individual Mason’s lilaeopsis plants or their habitat if the changes caused sustained drying 


or inundation that substantially reduced habitat suitability. 
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A more detailed description of the existing hydrologic conditions in the Delta is included in Chapter 


4, Action Area and Environmental Baseline, Section 4.3.2, Physical Environment, and a description of 


Mason’s lilaeopsis habitat requirements is found in Chapter 2, Covered Species. 


6B.4.2 Assessment Methodology 


This section describes the qualitative and quantitative methods used to evaluate surface water-


related changes associated with the proposed action within the action area. These changes would be 


associated with construction, operation, and maintenance of the project, and implementation of the 


compensatory mitigation plan (Appendix 3B, Compensatory Mitigation Plan for Special-Status Species 


and Aquatic Resources). 


The qualitative and quantitative analyses discussed in this section assess the magnitude of project 


related changes in relation to the existing conditions, (which includes existing facilities and ongoing 


programs that existed as of January 15, 2020 [i.e., the publication date of the CEQA Notice of 


Preparation]).  


SWP/CVP operations for the existing conditions were determined in accordance with federal and 


state regulations—including the 2019 Biological Assessment on the coordinated long-term 


operation of the CVP and SWP (Bureau of Reclamation 2019), the 2019 Biological Opinions (BiOps) 


from the National Marine Fisheries Service and the U.S. Fish and Wildlife Service (USFWS) on the 


long-term operations of the CVP and SWP (U.S. Fish and Wildlife Service 2019; National Marine 


Fisheries Service 2019), and the 2020 Incidental Take Permit (ITP) from the CFDW for long-term 


operations of the SWP (California Department of Fish and Wildlife 2020).  


Potential changes in water levels that could affect Mason’s lilaeopsis habitat were assessed using the 


analysis of riparian and wetland bench inundation provided in Appendix 5A, Bay-Delta Methods and 


Results, Section 5A.6, Riparian and Wetland Bench Inundation. 


6B.4.2.1 Methods to Identify Potential Changes to Surface Water 


This section describes the changes to surface water resources within the action area associated with 


construction and operation of the project. Specifically, the following potential changes were 


assessed by evaluating the proposed action’s potential to: 


• Result in changes to Trinity, Sacramento, Feather, and American River flows.  


• Result in changes to SWP or CVP reservoir storage levels. 


Modeling tools were used to identify these potential changes to use as the basis for impact 


assessment. While no changes are being proposed in operational rules and water supply allocation 


procedures for the SWP/CVP system, operation of the proposed north Delta intakes (as part of a 


dynamic system) could result in changes in simulated river flows and reservoir storage levels. 


CalSim 3 is a monthly reservoir-river basin planning model developed by DWR and Bureau of 


Reclamation to simulate the operation of the SWP and CVP over a range of different hydrologic 


conditions. Inputs to CalSim 3 include water demands (including the pertinent terms and conditions 


of associated water rights), stream accretions and depletions, reservoir inflows, irrigation 


efficiencies, and parameters to calculate return flows, nonrecoverable losses, and groundwater 


hydrology. Model outputs include river flows, reservoir storage, Delta outflow, and diversions 
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including Delta exports. CalSim 3 uses the Sacramento Valley and tributary rim basin hydrology with 


an adjusted historical sequence of monthly stream flows over a 94-year period (1922 to 2015).  


CalSim 3 was used to simulate SWP/CVP operations—providing information about the surface 


water flows and reservoir storage. It should be noted that CalSim 3 results are not indicative of daily 


real-time operations decisions, especially for extreme conditions. Instead, model results and 


potential changes approximate operational conditions on a monthly average basis and should 


always be evaluated in a comparative manner. 


Under extreme hydrologic and operational conditions when there is not enough surface water to 


meet all requirements, CalSim 3 utilizes a series of operating rules to reach a solution to allow for 


the continuation of the simulation. These operating rules are a simplified version of the complex 


decision processes that SWP and CVP operators would use in actual extreme conditions. Such 


extreme operational conditions are infrequent in CalSim 3 simulations but can occur during critical 


operational periods. 


As an example, CalSim 3 results show very infrequent simulated occurrences of extremely low 


storage conditions at SWP and CVP reservoirs during critical drought periods, when reservoir 


storage is at “dead pool” levels (below the elevation of the lowest river outlet). When reservoir 


storage is at dead pool levels, there may be instances in the simulation results in which flow 


conditions fall short of minimum flow criteria, salinity conditions may exceed salinity standards, 


diversion conditions fall short of allocated diversion amounts, and operating agreements are not 


met. During real-life operations, operators would use allowable real-time adjustments in operation 


to satisfy regulatory, legal, and contractual requirements given the current conditions and 


hydrologic constraints—as has always been the case in the past. In some cases, certain voluntary 


extraordinary water conservation and changes in regulatory requirements for water rights or for 


flow and water quality requirements may be imposed to accommodate extreme conditions, such as 


during the drought emergency of 2012 to 2016. These conditions are not simulated in CalSim 3. 


6B.4.2.2 Evaluation of Operations 


The project would provide an additional conveyance facility for transporting water from the north 


Delta for SWP/CVP export without changing the operational rules of other SWP/CVP facilities or the 


procedures for specifying the overall water supply allocations for their corresponding contractors. 


However, as part of a dynamic system, the opportunities for using the north Delta intakes for 


diversion of additional water supplies could result in changes in corresponding simulated river 


flows and reservoir storage levels even without any change in operational rules and procedures. 


Unless stated otherwise, changes are relative to 2020 (i.e., existing conditions). 


Changes to Sacramento River Basin flows at several key locations that can depict the SWP/CVP 


system operation were examined, including Sacramento River at Freeport (i.e., upstream of the 


proposed north Delta intakes) and Sacramento River just south of Hood (i.e., downstream of the 


proposed north Delta intakes), which represent changes within the proposed project area. For 


comparative analyses, the simulated monthly flows from CalSim 3 are summarized on a long-term 


average basis and are also averaged by water year type (i.e., wet, above normal, below normal, dry, 


critical, and dry/critical years) for existing conditions and the proposed action. The project is not 


expected to affect San Joaquin River flows; therefore, locations on the San Joaquin River were not 


evaluated further.  
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6B.4.2.3 Comparison of the Proposed Action with Existing Conditions 


This section provides the simulated river and storage conditions for the proposed action, compared 


with existing conditions. As described in Chapter 3, Description of the Proposed Action, the proposed 


action includes the proposed construction of new north Delta conveyance facilities capable of 


conveying up to 6,000 cfs in total directly to Bethany Reservoir through new tunnels. The north 


Delta conveyance could provide additional opportunities for transporting water across the Delta for 


south-of-Delta export; however, there are no additional changes in other SWP/CVP facilities, 


operation rules, or water allocation for the SWP/CVP system. As a dynamic system, the additional 


opportunities for water conveyance could result in changes to the simulated SWP/CVP operation 


including river flows and storage conditions.  


The proposed north Delta intakes would operate in conjunction with the existing SWP/CVP intakes 


in the south Delta. Operation of the proposed north Delta intakes would remain consistent with 


existing regulatory requirements and any additional requirements that result from project 


permitting. In addition, diversions at the proposed north Delta intakes would be governed by new 


operational criteria specific to these intakes, such as the fish screen approach velocity requirements, 


bypass flow requirements, and pulse protection. The proposed north Delta intakes would augment 


the ability to capture excess flows and improve the flexibility of the SWP operations for meeting the 


State Water Resources Control Board D-1641 Delta salinity requirements. 


During the winter and spring, when there are excess flows in the system, the proposed north Delta 


intakes would be used to capture additional excess flows when south Delta exports are limited and 


unable to capture those flows. During the late spring, summer, and fall—when the SWP and CVP are 


typically operating to meet the D-1641 salinity requirements in the Delta—both the existing south 


Delta intakes and the proposed north Delta intakes would be operated together to meet the D-1641 


salinity requirements. Use of the proposed north Delta intakes, particularly in July through 


December, can be used to reduce carriage water requirements—which are necessary to move 


exports through the south Delta when D-1641 salinity requirements are controlling. The resulting 


carriage water savings can then be exported or retained in upstream reservoirs, since the water no 


longer needs to be released. In the CalSim 3 model, increasing exports is always prioritized; 


however, these savings would remain in storage when sufficient export capacity does not exist. 


Carriage water savings from operation of the proposed north Delta intakes benefits both the SWP 


and CVP under proposed action in accordance with the provisions of the Coordinated Operations 


Agreement.  


6B.4.3 Modeling Results 


6B.4.3.1 Summary Comparison of Changes by Location 


Table 6B-51 provides a summary comparison of changes to surface water resources for the 


proposed action at select locations. This table provides information on the magnitude of the most 


pertinent changes to Sacramento River Basin flows and SWP/CVP reservoir storages that are 


expected to result from implementation of the proposed action. Existing regulations, operational 


rules, and water supply allocation procedures governing SWP and CVP system operations would not 


change because of operation of the proposed action. However, because of the effect that integration 


of the proposed north Delta intakes has on the overall system, their operation could lead to changes 


in river flows and upstream storages. 
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Generally, long-term average monthly flows for the proposed action are similar to existing 


conditions for all locations examined. However, there are consistent decreases in long-term average 


flows for all months on the Sacramento River just south of Hood (i.e., downstream of the proposed 


north Delta intakes) due to the diversions of excess water at the proposed north Delta intakes.  


Table 6B-51. Comparison of Surface Water Flows Under the Proposed Action to Existing 
Conditions 


Surface Water Flows 
Existing 


Conditions 
Proposed 


Action 


Sacramento River Basin Flows, Sacramento River at Freeport (Long-
Term Annual Average a [cfs]) 


21,218 21,220 


Sacramento River Basin Flows, Sacramento River Just South of Hood 
(Long-Term Annual Average a [cfs]) 


21,522 20,444 


SWP and CVP Reservoir Storage, San Luis Reservoir (End-of-
September Storage; Long-Term Average a [TAF]) 


580 634 


SWP and CVP Reservoir Storage, San Luis Reservoir (End-of-
September Storage; Dry/Critical Years b [TAF]) 


350 324 


cfs = cubic feet per second; TAF = thousand acre-feet. 
a Long-term average is the average annual flow or storage for the period October 1921–September 2015 simulated in 
CalSim 3. 
b Water year types are State Water Resources Control Board Water Right Decision 1641 40-30-30 water year types 
as computed in CalSim 3 for the period October 1921–September 2015. Dry/critical year averages are for those two 
water year types combined. 


6B.4.3.2 Sacramento River at Freeport, Upstream of Proposed North Delta 
Intakes 


In general, operation of the proposed action would result in small to no change in surface water 


flows in the Sacramento River at Freeport, upstream of the proposed north Delta intakes, relative to 


existing conditions. Table 6B-52 presents the flow modeling results at Sacramento River at Freeport 


under existing conditions. Table 6B-53 presents the percent change of the proposed action from 


existing conditions. Long-term average flows would have no change from existing conditions in most 


months, and small changes of a 1% increase in October and 1% decreases in July, August, and 


September. Similarly, in wet years the project would result in small to no change in flows from 


existing conditions. In above normal years, there would be no change from December through June, 


increases up to 4% in October and November, and decreases up to 2% in July through September. In 


below normal years, the proposed action would not change from existing conditions in October, 


November, January, February, March, and May; a 1% increase in flow in April and June, and up to 4% 


decrease in flows in December, July, August, and September. In dry years, the proposed action would 


result in up to 3% increase in flows in October, November, January, March, April, and August, a 1% 


decrease in flows in July, and no change from existing conditions in the remaining months. In critical 


years, the proposed action could result in flow increases up to 2% in December, February, April, and 


August, a 1% decrease in flows in November, and no change in flows in all other months. 
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Table 6B-52. Sacramento River at Freeport (Upstream of Proposed North Delta Intakes), Mean 
Monthly Flow under Existing Conditions  


Statistic 


Sacramento River at Freeport (Upstream of North Delta Diversion), Mean Monthly Flow (cfs) 


Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 


Average 


Long-Term 
Average a 


11,293 13,562 22,637 30,220 36,637 32,330 22,617 20,606 16,907 18,089 14,716 14,303 


Water Year Types 


Wet Years 13,378 18,176 37,641 50,377 59,125 51,372 39,498 32,887 23,421 20,108 17,047 18,866 


Above 
Normal 
Years 


11,365 12,709 20,152 38,521 43,056 39,245 22,527 25,489 19,074 20,498 18,210 17,974 


Below 
Normal 
Years 


10,937 12,928 17,577 20,647 26,152 23,879 15,614 15,189 13,581 20,093 16,491 13,670 


Dry Years 10,372 11,128 12,133 14,212 23,221 19,660 12,265 11,656 13,497 16,859 11,327 9,365 


Critical 
Years 


8,374 8,182 12,573 13,251 14,757 13,356 9,359 8,847 10,214 9,951 7,809 8,019 


Dry/ 
Critical 
Years b 


9,439 9,753 12,338 13,764 19,271 16,718 10,909 10,345 11,965 13,636 9,685 8,737 


CalSim 3 output variable: C_SAC049.  
cfs = cubic feet per second. 
a Long-Term Average is the average monthly flow for the period of October 1921 through September 2015 simulated in 
CalSim 3. 
b Water year types are State Water Resources Control Board Water Right Decision 1641 40-30-30 water year types as 
computed in CalSim 3 for the period October 1921–September 2015. Dry/critical year averages are for those two water 
year types combined. 


Table 6B-53. Proposed Action, Percent Change from Existing Conditions for Sacramento River at 
Freeport (Upstream of Proposed North Delta Intakes), Mean Monthly Flow 


Statistic 


Percent Change from Existing Conditions 


Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 


Average 


Long-Term 
Average a 


1% 0% 0% 0% 0% 0% 0% 0% 0% -1% -1% -1% 


Water Year Types 


Wet Years 1% 0% 0% 0% 0% 0% 0% 0% 0% -1% -1% 0% 


Above Normal 
Years 


3% 4% 0% 0% 0% 0% 0% 0% 0% -2% -2% -1% 


Below Normal 
Years 


0% 0% -1% 0% 0% 0% 1% 0% 1% -2% -1% -4% 


Dry Years 3% 1% 0% 2% 0% 1% 1% 0% 0% -1% 3% 0% 


Critical Years 0% -1% 1% 0% 1% 0% 2% 0% 0% 0% 2% 0% 


Dry/Critical 
Years b 


2% 0% 1% 1% 1% 1% 1% 0% 0% 0% 2% 0% 


CalSim 3 output variable: C_SAC049.  
a Long-Term Average is the average monthly flow for the period of October 1921 through September 2015 simulated in 
CalSim 3. 
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b Water year types are State Water Resources Control Board Water Right Decision 1641 40-30-30 water year types as 
computed in CalSim 3 for the period October 1921–September 2015. Dry/critical year averages are for those two water 
year types combined. 


6B.4.3.3 Sacramento River Just South of Hood, Downstream of the Proposed 
North Delta Intakes 


In general, operation of the proposed action would result in small to no change in surface water 


flows in the Sacramento River south of Hood, downstream of the proposed north Delta intakes, 


relative to existing conditions. Table 6B-54 presents the flow modeling results at Sacramento River 


south of Hood under existing conditions. Table 6B-55 presents the percent change of the proposed 


action from existing conditions. Long-term average flows would decrease up to 7% in November 


through March, and July; modeled flows would decrease by 1% to 5% in October, April, May, June, 


August, and September. The project would result in similar decreases in flows from existing 


conditions. In above normal years, the proposed action would result in no change from existing 


conditions in October, decreases up to 4% in April, May, August, and September, and decreases up to 


10% in November through March, June, and July. In below normal years, the proposed action would 


result in decreases up to 3% in October, April, May June, and August, 9% decreases in November, 


January, and February, and decreases up to 14% in March, July, and September. In dry years, the 


proposed action would result in up to 2% increase in flows in October, April, and August, up to 5% 


decrease in flows in November through March, July, and September, and no change from existing 


conditions in May and June. In critical years, the proposed action could result in flow increases up to 


2% in April and August, up to 4% decrease in flows in November, July, and September, 7% decrease 


in January through March, and no change in flows in all other months. 


Table 6B-54. Sacramento River at Hood (Near the Proposed North Delta Intakes), Mean Monthly Flow 
under Existing Condition  


Statistic 


Sacramento River at Hood (Downstream of North Delta Diversion), Mean Monthly Flow (cfs) 


Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 


Average 


Long-Term 
Average a 


11,567 13,833 23,010 30,632 37,168 32,710 22,922 20,835 17,119 18,288 14,933 14,549 


Water Year Types 


Wet Years 13,673 18,509 38,106 50,948 59,731 51,815 39,851 33,121 23,635 20,310 17,265 19,111 


Above 
Normal 
Years 


11,640 12,975 20,541 38,982 43,664 39,609 22,806 25,712 19,288 20,696 18,428 18,217 


Below 
Normal 
Years 


11,201 13,188 17,922 20,975 26,619 24,239 15,902 15,416 13,790 20,292 16,708 13,923 


Dry Years 10,634 11,360 12,402 14,529 23,715 20,001 12,559 11,881 13,705 17,058 11,541 9,607 


Critical 
Years 


8,635 8,389 12,896 13,517 15,203 13,696 9,621 9,075 10,427 10,147 8,024 8,259 


Dry/ 
Critical 
Years b 


9,701 9,973 12,632 14,057 19,743 17,059 11,188 10,572 12,175 13,833 9,900 8,978 


CalSim 3 output variable: C_SAC041.  
cfs = cubic feet per second. 
a Long-Term Average is the average monthly flow for the period of October 1921 through September 2015 simulated in 
CalSim 3. 
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b Water year types are State Water Resources Control Board Water Right Decision 1641 40-30-30 water year types as 
computed in CalSim 3 for the period October 1921–September 2015. Dry/critical year averages are for those two water 
year types combined. 


Table 6B-55. Proposed Action, Percent Change from Existing Conditions for Sacramento River at Hood 
(Near the Proposed North Delta Intakes), Mean Monthly Flow 


Statistic 


Percent Change from Existing Conditions 


Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 


Average 


Long-Term 
Average a 


-2% -6% -6% -7% -6% -6% -1% -3% -4% -6% -2% -5% 


Water Year Types 


Wet Years -3% -6% -7% -6% -4% -3% -2% -3% -6% -5% -2% -2% 


Above 
Normal Years 


0% -6% -7% -10% -9% -9% -3% -4% -10% -10% -3% -1% 


Below 
Normal Years 


-2% -9% -6% -9% -9% -13% 1% -1% -1% -11% -3% -14% 


Dry Years 2% -5% -4% -7% -8% -9% 1% 0% 0% -1% 2% -5% 


Critical Years -2% -3% -4% -8% -4% -5% 2% 0% 0% 0% 2% 0% 


Dry/Critical 
Years b 


0% -4% -4% -7% -7% -7% 1% 0% 0% -1% 2% -3% 


CalSim 3 output variable: C_SAC041.  
a Long-Term Average is the average monthly flow for the period of October 1921 through September 2015 simulated in 
CalSim 3. 
b Water year types are State Water Resources Control Board Water Right Decision 1641 40-30-30 water year types as 
computed in CalSim 3 for the period October 1921–September 2015. Dry/critical year averages are for those two water 
year types combined. 


6B.4.4 Surface Water Flow Effects Analysis and Conclusions 


As demonstrated in the modeling results presented in Section 6B.4.3, long-term average monthly 


flows for the proposed action are generally similar to existing conditions, with some minor 


differences described below. Differences vary by water year type and are sometimes more extreme 


and/or more concentrated in certain month and water year type combinations. 


There are consistent, small decreases in long-term average flows for all months on the Sacramento 


River just south of Hood (i.e., downstream of the proposed north Delta intakes). These decreases 


occur in most water year type and month combinations, although the decreases are smaller or 


nonexistent in the summer of drier years. During the winter and spring in most years, and in wetter 


years when the Delta is in excess, these decreases are due to diversions of excess flows at the 


proposed north Delta intakes.  


In the summer and early fall, the decreases on the Sacramento River just south of Hood (i.e., 


downstream of the proposed north Delta intakes) are due to two reasons. First, releases for exports 


from upstream reservoirs can be lower in these months because San Luis Reservoir is fuller entering 


the summer; this is due to the diversions of excess water at the proposed north Delta intakes 


previously discussed. Second, in months when carriage water requirements are lower because of the 


use of the proposed north Delta intakes (and this carriage water savings cannot be exported), 


reservoir releases are reduced, which decreases downstream flows.  
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Analysis of riparian and wetland bench inundation indicates that the proposed action would result 


in modeled decreases in existing riparian and wetland bench inundation of 0% to 22% compared to 


existing conditions, depending on location, season, and water year type (Chapter 5, Effects Analysis 


for Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale, Section 5.6.2, Far-


Field Effects). The analysis indicates potential short-term decreases in water levels at many locations 


in the Delta, which could result in changes in water levels adjacent to riparian habitat.  


Overall, surface water flows would not change substantially, relative to existing conditions. 


Decreases in modeled surface water flows and water levels downstream of the north Delta intakes 


in some month and water year-type combinations could result in short-term reduced inundation of 


existing riparian habitat within the action area. However, short-term reduction in inundation is not 


expected to decrease the availability of riparian habitat, relative to existing conditions. Therefore, 


operation of the proposed action is not expected to reduce habitat availability that could result in 


adverse effects on western yellow-billed cuckoo or least Bell’s vireo if the species are present in the 


action area.  
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Attachment 6B.1 
Water Quality Modeling Data 


This attachment contains modeling data tables and figures for cyanobacterial harmful algal blooms 


(CHABs) and surface water flows referenced in Appendix 6B.1, Water Quality for analysis of 


potential effects on terrestrial listed species. Of note, this modeling was completed for the Delta 


Conveyance Project Final Environmental Impact Report (EIR) (California Department of Water 


Resources 2023), thus, the terms Alt 5 and Alternative 5 are utilized in the tables and figures and are 


assumed to be equitable to the proposed action. 


6B.1.1.1 CHABs 


6B.1.1.1.1 Temperature 


Table 6B.1-1 through Table 6B.1-12 show modeled average temperature under existing conditions, 


the proposed action, and the change between existing conditions and the proposed action for the 


nine Delta assessment locations.  


Table 6B.1-1. Brannan Island, Monthly Average Temperature (in degrees Fahrenheit), Full 
Simulation Period 


Alternative(s) Jun Jul Aug Sep Oct Nov 


Existing Conditions 66.1 69.5 68.7 66.2 61.3 55.2 


Proposed action 66.1 69.5 68.7 66.2 61.3 55.2 


Change 0.0 0.0 0.0 0.0 0.0 0.0 


Table 6B.1-2. San Joaquin River at Jersey Point, Monthly Average Temperature (in degrees 
Fahrenheit), Full Simulation Period 


Alternative(s) Jun Jul Aug Sep Oct Nov 


Existing Conditions 65.9 69.3 68.5 66.0 61.2 55.3 


Proposed action 65.9 69.3 68.5 66.0 61.2 55.4 


Change 0.0 0.0 0.0 0.0 0.0 0.1 


Table 6B.1-3. Old River at Rock Slough, Monthly Average Temperature (in degrees Fahrenheit), 
Full Simulation Period 


Alternative(s) Jun Jul Aug Sep Oct Nov 


Existing Conditions 66.3 69.7 68.8 66.1 61.0 55.0 


Proposed action 66.3 69.7 68.8 66.1 61.0 55.0 


Change 0.0 0.0 0.0 0.0 0.0 0.0 
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Table 6B.1-4. Channels around Franks Tract, Monthly Average Temperature (in degrees 
Fahrenheit), Full Simulation Period 


Alternative(s) Jun Jul Aug Sep Oct Nov 


Existing Conditions 66.2 69.5 68.6 66.0 60.9 54.9 


Proposed action 66.2 69.5 68.6 66.0 60.9 54.9 


Change 0.0 0.0 0.0 0.0 0.0 0.0 


Table 6B.1-5. Franks Tract, Monthly Average Temperature (in degrees Fahrenheit), Full Simulation 
Period 


Alternative Jun Jul Aug Sep Oct Nov 


Existing Conditions 66.3 69.6 68.6 65.9 60.6 54.6 


Proposed action 66.3 69.6 68.6 65.8 60.6 54.6 


Change 0.0 0.0 0.0 -0.1 0.0 0.0 


Table 6B.1-6. Victoria Canal, Monthly Average Temperature (in degrees Fahrenheit), Full 
Simulation Period 


Alternative Jun Jul Aug Sep Oct Nov 


Existing Conditions 66.4 69.7 68.8 66.1 60.9 55.1 


Proposed action 66.4 69.7 68.8 66.1 60.9 55.1 


Change 0.0 0.0 0.0 0.0 0.0 0.0 


Table 6B.1-7. Stockton Deep Water Ship Channel, Monthly Average Temperature (in degrees 
Fahrenheit), Full Simulation Period 


Alternative Jun Jul Aug Sep Oct Nov 


Existing Conditions 67.5 70.4 69.3 66.7 62.1 55.4 


Proposed action 67.5 70.4 69.3 66.7 62.1 55.4 


Change 0.0 0.0 0.0 0.0 0.0 0.0 


Table 6B.1-8. Mildred Island, Monthly Average Temperature (in degrees Fahrenheit), Full 
Simulation Period 


Alternative Jun Jul Aug Sep Oct Nov 


Existing Conditions 66.1 69.6 68.7 66.1 61.1 55.3 


Proposed action 66.1 69.6 68.7 66.1 61.1 55.3 


Change 0.0 0.0 0.0 0.0 0.0 0.0 


Table 6B.1-9. San Joaquin Near Venice Cut, Monthly Average Temperature (in degrees 
Fahrenheit), Full Simulation Period 


Alternative Jun Jul Aug Sep Oct Nov 


Existing Conditions 66.5 69.8 69.0 66.4 61.4 55.2 


Proposed action 66.5 69.8 69.0 66.4 61.4 55.3 


Change 0.0 0.0 0.0 0.0 0.0 0.1 
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Table 6B.1-10. Mokelumne River, Monthly Average Temperature (in degrees Fahrenheit), Full 
Simulation Period 


Alternative Jun Jul Aug Sep Oct Nov 


Existing Conditions 66.3 69.6 68.9 66.5 61.6 55.3 


Proposed action 66.4 69.6 68.9 66.5 61.6 55.4 


Change 0.1 0.0 0.0 0.0 0.0 0.1 


Table 6B.1-11. Sacramento River at I Street Bridge, Monthly Average Temperature (in degrees 
Fahrenheit), Full Simulation Period 


Alternative Jun Jul Aug Sep Oct Nov 


Existing Conditions 68.4 70.4 70.0 68.1 62.9 54.9 


Proposed action 68.4 70.4 70.0 68.1 62.9 54.9 


Change 0.0 0.0 0.0 0.0 0.0 0.0 


Table 6B.1-12. Sacramento River at Freeport, Monthly Average Temperature (in degrees 
Fahrenheit), Full Simulation Period 


Alternative Jun Jul Aug Sep Oct Nov 


Existing Conditions 68.1 70.3 69.8 67.8 62.7 54.9 


Proposed action 68.1 70.3 69.8 67.8 62.7 54.9 


Change 0.0 0.0 0.0 0.0 0.0 0.0 


 


 


Figure 6B.1-1. Brannan Island, Daily Average Temperature (in degrees Fahrenheit), June 
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Figure 6B.1-2. Brannan Island, Daily Average Temperature (in degrees Fahrenheit), July 


 


Figure 6B.1-3. Brannan Island, Daily Average Temperature (in degrees Fahrenheit), August 
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Figure 6B.1-4. Brannan Island, Daily Average Temperature (in degrees Fahrenheit), September 


 


Figure 6B.1-5. Brannan Island, Daily Average Temperature (in degrees Fahrenheit), October 
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Figure 6B.1-6. Brannan Island, Daily Average Temperature (in degrees Fahrenheit), November 


 


Figure 6B.1-7. San Joaquin River at Jersey Point, Daily Average Temperature (in degrees Fahrenheit), 
June 
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Figure 6B.1-8. San Joaquin River at Jersey Point, Daily Average Temperature (in degrees Fahrenheit), 
July 


 


Figure 6B.1-9. San Joaquin River at Jersey Point, Daily Average Temperature (in degrees Fahrenheit), 
August 
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Figure 6B.1-10. San Joaquin River at Jersey Point, Daily Average Temperature (in degrees Fahrenheit), 
September 


 


Figure 6B.1-11. San Joaquin River at Jersey Point, Daily Average Temperature (in degrees Fahrenheit), 
October 
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Figure 6B.1-12. San Joaquin River at Jersey Point, Daily Average Temperature (in degrees Fahrenheit), 
November 


 


Figure 6B.1-13. Old River at Rock Slough, Daily Average Temperature (in degrees Fahrenheit), June 
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Figure 6B.1-14. Old River at Rock Slough, Daily Average Temperature (in degrees Fahrenheit), July 


 


Figure 6B.1-15. Old River at Rock Slough, Daily Average Temperature (in degrees Fahrenheit), August 
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Figure 6B.1-16. Old River at Rock Slough, Daily Average Temperature (in degrees Fahrenheit), 
September 


 


Figure 6B.1-17. Old River at Rock Slough, Daily Average Temperature (in degrees Fahrenheit), October 
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Figure 6B.1-18. Old River at Rock Slough, Daily Average Temperature (in degrees Fahrenheit), 
November 


 


Figure 6B.1-19. Channels around Franks Tract, Daily Average Temperature (in degrees Fahrenheit), 
June 
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Figure 6B.1-20. Channels around Franks Tract, Daily Average Temperature (in degrees Fahrenheit), 
July 


 


Figure 6B.1-21. Channels around Franks Tract, Daily Average Temperature (in degrees Fahrenheit), 
August 







CA Department of Water Resources 


 Attachment 6B.1 
Water Quality Modeling Data 


 


 


Delta Conveyance Project, Biological Assessment 
6B.1-14 


May 2024 
ICF 103653 


 


 


Figure 6B.1-22. Channels around Franks Tract, Daily Average Temperature (in degrees Fahrenheit), 
September 


 


Figure 6B.1-23. Channels around Franks Tract, Daily Average Temperature (in degrees Fahrenheit), 
October 
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Figure 6B.1-24. Channels around Franks Tract, Daily Average Temperature (in degrees Fahrenheit), 
November 


 


Figure 6B.1-25. Franks Tract, Daily Average Temperature (in degrees Fahrenheit), June 
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Figure 6B.1-26. Franks Tract, Daily Average Temperature (in degrees Fahrenheit), July 


 


Figure 6B.1-27. Franks Tract, Daily Average Temperature (in degrees Fahrenheit), August 
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Figure 6B.1-28. Franks Tract, Daily Average Temperature (in degrees Fahrenheit), September 


 


Figure 6B.1-29. Franks Tract, Daily Average Temperature (in degrees Fahrenheit), October 
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Figure 6B.1-30. Franks Tract, Daily Average Temperature (in degrees Fahrenheit), November 


 


Figure 6B.1-31. Victoria Canal, Daily Average Temperature (in degrees Fahrenheit), June 
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Figure 6B.1-32. Victoria Canal, Daily Average Temperature (in degrees Fahrenheit), July 


 


Figure 6B.1-33. Victoria Canal, Daily Average Temperature (in degrees Fahrenheit), August 
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Figure 6B.1-34. Victoria Canal, Daily Average Temperature (in degrees Fahrenheit), September 


 


Figure 6B.1-35. Victoria Canal, Daily Average Temperature (in degrees Fahrenheit), October 
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Figure 6B.1-36. Victoria Canal, Daily Average Temperature (in degrees Fahrenheit), November 


 


Figure 6B.1-37. Stockton Deep Water Ship Channel, Daily Average Temperature (in degrees 
Fahrenheit), June 
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Figure 6B.1-38. Stockton Deep Water Ship Channel, Daily Average Temperature (in degrees 
Fahrenheit), July 


 


Figure 6B.1-39. Stockton Deep Water Ship Channel, Daily Average Temperature (in degrees 
Fahrenheit), August 
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Figure 6B.1-40. Stockton Deep Water Ship Channel, Daily Average Temperature (in degrees 
Fahrenheit), September 


 


Figure 6B.1-41. Stockton Deep Water Ship Channel, Daily Average Temperature (in degrees 
Fahrenheit), October 
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Figure 6B.1-42. Stockton Deep Water Ship Channel, Daily Average Temperature (in degrees 
Fahrenheit), November 


 


Figure 6B.1-43. Mildred Island, Daily Average Temperature (in degrees Fahrenheit), June 







CA Department of Water Resources 


 Attachment 6B.1 
Water Quality Modeling Data 


 


 


Delta Conveyance Project, Biological Assessment 
6B.1-25 


May 2024 
ICF 103653 


 


 


Figure 6B.1-44. Mildred Island, Daily Average Temperature (in degrees Fahrenheit), July 


 


Figure 6B.1-45. Mildred Island, Daily Average Temperature (in degrees Fahrenheit), August 
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Figure 6B.1-46. Mildred Island, Daily Average Temperature (in degrees Fahrenheit), September 


 


Figure 6B.1-47. Mildred Island, Daily Average Temperature (in degrees Fahrenheit), October 
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Figure 6B.1-48. Mildred Island, Daily Average Temperature (in degrees Fahrenheit), November 


 


Figure 6B.1-49. San Joaquin River near Venice Cut, Daily Average Temperature (in degrees 
Fahrenheit), June 
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Figure 6B.1-50. San Joaquin River near Venice Cut, Daily Average Temperature (in degrees 
Fahrenheit), July 


 


Figure 6B.1-51. San Joaquin River near Venice Cut, Daily Average Temperature (in degrees 
Fahrenheit), August 
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Figure 6B.1-52. San Joaquin River near Venice Cut, Daily Average Temperature (in degrees 
Fahrenheit), September 


 


Figure 6B.1-53. San Joaquin River near Venice Cut, Daily Average Temperature (in degrees 
Fahrenheit), October 
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Figure 6B.1-54. San Joaquin River near Venice Cut, Daily Average Temperature (in degrees 
Fahrenheit), November 


 


Figure 6B.1-55. Mokelumne River, Daily Average Temperature (in degrees Fahrenheit), June 
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Figure 6B.1-56. Mokelumne River, Daily Average Temperature (in degrees Fahrenheit), July 


 


Figure 6B.1-57. Mokelumne River, Daily Average Temperature (in degrees Fahrenheit), August 
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Figure 6B.1-58. Mokelumne River, Daily Average Temperature (in degrees Fahrenheit), September 


 


Figure 6B.1-59. Mokelumne River, Daily Average Temperature (in degrees Fahrenheit), October 
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Figure 6B.1-60. Mokelumne River, Daily Average Temperature (in degrees Fahrenheit), November 


 


Figure 6B.1-61. Sacramento River at I Street Bridge, Daily Average Temperature (in degrees 
Fahrenheit), June 
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Figure 6B.1-62. Sacramento River at I Street Bridge, Daily Average Temperature (in degrees 
Fahrenheit), July 


 


Figure 6B.1-63. Sacramento River at I Street Bridge, Daily Average Temperature (in degrees 
Fahrenheit), August 
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Figure 6B.1-64. Sacramento River at I Street Bridge, Daily Average Temperature (in degrees 
Fahrenheit), September 


 


Figure 6B.1-65. Sacramento River at I Street Bridge, Daily Average Temperature (in degrees 
Fahrenheit), October 







CA Department of Water Resources 


 Attachment 6B.1 
Water Quality Modeling Data 


 


 


Delta Conveyance Project, Biological Assessment 
6B.1-36 


May 2024 
ICF 103653 


 


 


Figure 6B.1-66. Sacramento River at I Street Bridge, Daily Average Temperature (in degrees 
Fahrenheit), November 


 


Figure 6B.1-67. Sacramento River at Freeport, Daily Average Temperature (in degrees Fahrenheit), 
June 
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Figure 6B.1-68. Sacramento River at Freeport, Daily Average Temperature (in degrees Fahrenheit), July 


 


Figure 6B.1-69. Sacramento River at Freeport, Daily Average Temperature (in degrees Fahrenheit), 
August 
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Figure 6B.1-70. Sacramento River at Freeport, Daily Average Temperature (in degrees Fahrenheit), 
September 


 


Figure 6B.1-71. Sacramento River at Freeport, Daily Average Temperature (in degrees Fahrenheit), 
October 
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Figure 6B.1-72. Sacramento River at Freeport, Daily Average Temperature (in degrees Fahrenheit), 
November 


  







CA Department of Water Resources 


 Attachment 6B.1 
Water Quality Modeling Data 


 


 


Delta Conveyance Project, Biological Assessment 
6B.1-40 


May 2024 
ICF 103653 


 


6B.1.1.1.2 Velocity 


Figure 6B.1-73 through Figure 6B.1-138 show monthly 15-minute absolute velocity (in feet per 


second) for existing conditions and the proposed action (Alt 5) for 9 Delta assessment locations. 


 


Figure 6B.1-73. Brannan Island, 15-Minute Absolute Velocity (in feet per second), June 


 


Figure 6B.1-74. Brannan Island, 15-Minute Absolute Velocity (in feet per second), July 
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Figure 6B.1-75. Brannan Island, 15-Minute Absolute Velocity (in feet per second), August 


 


Figure 6B.1-76. Brannan Island, 15-Minute Absolute Velocity (in feet per second), September 
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Figure 6B.1-77. Brannan Island, 15-Minute Absolute Velocity (in feet per second), October 


 


Figure 6B.1-78. Brannan Island, 15-Minute Absolute Velocity (in feet per second), November 
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Figure 6B.1-79. San Joaquin River at Jersey Point, 15-Minute Absolute Velocity (in feet per second), 
June 


 


Figure 6B.1-80. San Joaquin River at Jersey Point, 15-Minute Absolute Velocity (in feet per second), 
July 
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Figure 6B.1-81. San Joaquin River at Jersey Point, 15-Minute Absolute Velocity (in feet per second), 
August 


 


Figure 6B.1-82. San Joaquin River at Jersey Point, 15-Minute Absolute Velocity (in feet per second), 
September 
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Figure 6B.1-83. San Joaquin River at Jersey Point, 15-Minute Absolute Velocity (in feet per second), 
October 


 


Figure 6B.1-84. San Joaquin River at Jersey Point, 15-Minute Absolute Velocity (in feet per second), 
November 
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Figure 6B.1-85. Franks Tract, 15-Minute Absolute Velocity (in feet per second), June 


 


Figure 6B.1-86. Franks Tract, 15-Minute Absolute Velocity (in feet per second), July 
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Figure 6B.1-87. Franks Tract, 15-Minute Absolute Velocity (in feet per second), August 


 


Figure 6B.1-88. Franks Tract, 15-Minute Absolute Velocity (in feet per second), September 
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Figure 6B.1-89. Franks Tract, 15-Minute Absolute Velocity (in feet per second), October 


 


Figure 6B.1-90. Franks Tract, 15-Minute Absolute Velocity (in feet per second), November 
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Figure 6B.1-91. Old River at Rock Slough, 15-Minute Absolute Velocity (in feet per second), June 


 


Figure 6B.1-92. Old River at Rock Slough, 15-Minute Absolute Velocity (in feet per second), July 
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Delta Conveyance Project, Biological Assessment 
6B.1-50 


May 2024 
ICF 103653 


 


 


Figure 6B.1-93. Old River at Rock Slough, 15-Minute Absolute Velocity (in feet per second), August 


 


Figure 6B.1-94. Old River at Rock Slough, 15-Minute Absolute Velocity (in feet per second), September 







CA Department of Water Resources 


 Attachment 6B.1 
Water Quality Modeling Data 


 


 


Delta Conveyance Project, Biological Assessment 
6B.1-51 


May 2024 
ICF 103653 


 


 


Figure 6B.1-95. Old River at Rock Slough, 15-Minute Absolute Velocity (in feet per second), October 


 


Figure 6B.1-96. Old River at Rock Slough, 15-Minute Absolute Velocity (in feet per second), November 
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Delta Conveyance Project, Biological Assessment 
6B.1-52 


May 2024 
ICF 103653 


 


 


Figure 6B.1-97. Victoria Canal, 15-Minute Absolute Velocity (in feet per second), June 


 


Figure 6B.1-98. Victoria Canal, 15-Minute Absolute Velocity (in feet per second), July 
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Delta Conveyance Project, Biological Assessment 
6B.1-53 


May 2024 
ICF 103653 


 


 


Figure 6B.1-99. Victoria Canal, 15-Minute Absolute Velocity (in feet per second), August 


 


Figure 6B.1-100. Victoria Canal, 15-Minute Absolute Velocity (in feet per second), September 
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Delta Conveyance Project, Biological Assessment 
6B.1-54 


May 2024 
ICF 103653 


 


 


Figure 6B.1-101. Victoria Canal, 15-Minute Absolute Velocity (in feet per second), October 


 


Figure 6B.1-102. Victoria Canal, 15-Minute Absolute Velocity (in feet per second), November 
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Delta Conveyance Project, Biological Assessment 
6B.1-55 


May 2024 
ICF 103653 


 


 


Figure 6B.1-103. Stockton Deep Water Ship Channel, 15-Minute Absolute Velocity (in feet per second), 
June 


 


Figure 6B.1-104. Stockton Deep Water Ship Channel, 15-Minute Absolute Velocity (in feet per second), 
July 
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Delta Conveyance Project, Biological Assessment 
6B.1-56 


May 2024 
ICF 103653 


 


 


Figure 6B.1-105. Stockton Deep Water Ship Channel, 15-Minute Absolute Velocity (in feet per second), 
August 


 


Figure 6B.1-106. Stockton Deep Water Ship Channel, 15-Minute Absolute Velocity (in feet per second), 
September 
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Delta Conveyance Project, Biological Assessment 
6B.1-57 


May 2024 
ICF 103653 


 


 


Figure 6B.1-107. Stockton Deep Water Ship Channel, 15-Minute Absolute Velocity (in feet per second), 
October 


 


Figure 6B.1-108. Stockton Deep Water Ship Channel, 15-Minute Absolute Velocity (in feet per second), 
November 
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Delta Conveyance Project, Biological Assessment 
6B.1-58 


May 2024 
ICF 103653 


 


 


Figure 6B.1-109. Mildred Island, 15-Minute Absolute Velocity (in feet per second), June 


 


Figure 6B.1-110. Mildred Island, 15-Minute Absolute Velocity (in feet per second), July 
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Delta Conveyance Project, Biological Assessment 
6B.1-59 


May 2024 
ICF 103653 


 


 


Figure 6B.1-111. Mildred Island, 15-Minute Absolute Velocity (in feet per second), August 


 


Figure 6B.1-112. Mildred Island, 15-Minute Absolute Velocity (in feet per second), September 
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Delta Conveyance Project, Biological Assessment 
6B.1-60 


May 2024 
ICF 103653 


 


 


Figure 6B.1-113. Mildred Island, 15-Minute Absolute Velocity (in feet per second), October 


 


Figure 6B.1-114. Mildred Island, 15-Minute Absolute Velocity (in feet per second), November 
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Delta Conveyance Project, Biological Assessment 
6B.1-61 


May 2024 
ICF 103653 


 


 


Figure 6B.1-115. San Joaquin near Venice Island, 15-Minute Absolute Velocity (in feet per second), 
June 


 


Figure 6B.1-116. San Joaquin near Venice Island, 15-Minute Absolute Velocity (in feet per second), July 
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Delta Conveyance Project, Biological Assessment 
6B.1-62 


May 2024 
ICF 103653 


 


 


Figure 6B.1-117. San Joaquin near Venice Island, 15-Minute Absolute Velocity (in feet per second), 
August 


 


Figure 6B.1-118. San Joaquin near Venice Island, 15-Minute Absolute Velocity (in feet per second), 
September 
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Delta Conveyance Project, Biological Assessment 
6B.1-63 


May 2024 
ICF 103653 


 


 


Figure 6B.1-119. San Joaquin near Venice Island, 15-Minute Absolute Velocity (in feet per second), 
October 


 


Figure 6B.1-120. San Joaquin near Venice Island, 15-Minute Absolute Velocity (in feet per second), 
November 
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Delta Conveyance Project, Biological Assessment 
6B.1-64 


May 2024 
ICF 103653 


 


 


Figure 6B.1-121. Mokelumne River, 15-Minute Absolute Velocity (in feet per second), June 


 


Figure 6B.1-122. Mokelumne River, 15-Minute Absolute Velocity (in feet per second), July 
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Delta Conveyance Project, Biological Assessment 
6B.1-65 


May 2024 
ICF 103653 


 


 


Figure 6B.1-123. Mokelumne River, 15-Minute Absolute Velocity (in feet per second), August 


 


Figure 6B.1-124. Mokelumne River, 15-Minute Absolute Velocity (in feet per second), September 
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Delta Conveyance Project, Biological Assessment 
6B.1-66 


May 2024 
ICF 103653 


 


 


Figure 6B.1-125. Mokelumne River, 15-Minute Absolute Velocity (in feet per second), October 


 


Figure 6B.1-126. Mokelumne River, 15-Minute Absolute Velocity (in feet per second), November 
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Delta Conveyance Project, Biological Assessment 
6B.1-67 


May 2024 
ICF 103653 


 


 


Figure 6B.1-127. Sacramento River at I Street Bridge, 15-Minute Absolute Velocity (in feet per second), 
June 


 


Figure 6B.1-128. Sacramento River at I Street Bridge, 15-Minute Absolute Velocity (in feet per second), 
July 
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Delta Conveyance Project, Biological Assessment 
6B.1-68 


May 2024 
ICF 103653 


 


 


Figure 6B.1-129. Sacramento River at I Street Bridge, 15-Minute Absolute Velocity (in feet per second), 
August 


 


Figure 6B.1-130. Sacramento River at I Street Bridge, 15-Minute Absolute Velocity (in feet per second), 
September 
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Delta Conveyance Project, Biological Assessment 
6B.1-69 


May 2024 
ICF 103653 


 


 


Figure 6B.1-131. Sacramento River at I Street Bridge, 15-Minute Absolute Velocity (in feet per second), 
October 


 


Figure 6B.1-132. Sacramento River at I Street Bridge, 15-Minute Absolute Velocity (in feet per second), 
November 
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Delta Conveyance Project, Biological Assessment 
6B.1-70 


May 2024 
ICF 103653 


 


 


Figure 6B.1-133. Sacramento River at Freeport, 15-Minute Absolute Velocity (in feet per second), June 


 


Figure 6B.1-134. Sacramento River at Freeport, 15-Minute Absolute Velocity (in feet per second), July 
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Delta Conveyance Project, Biological Assessment 
6B.1-71 


May 2024 
ICF 103653 


 


 


Figure 6B.1-135. Sacramento River at Freeport, 15-Minute Absolute Velocity (in feet per second), 
August 


 


Figure 6B.1-136. Sacramento River at Freeport, 15-Minute Absolute Velocity (in feet per second), 
September 
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Delta Conveyance Project, Biological Assessment 
6B.1-72 


May 2024 
ICF 103653 


 


 


Figure 6B.1-137. Sacramento River at Freeport, 15-Minute Absolute Velocity (in feet per second), 
October 


 


Figure 6B.1-138. Sacramento River at Freeport, 15-Minute Absolute Velocity (in feet per second), 
November 
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Delta Conveyance Project, Biological Assessment 
6B.1-73 


May 2024 
ICF 103653 


 


6B.1.1.1.3 Residence Time 


Depending on location and month, the proposed action would result in increases, decreases, or no 


change in modeled median residence time at specific locations for the full simulation period, relative 


to existing conditions. The proposed action would have little to no effect on median residence time 


for all locations with short residence time (Table 6B.1-13). At each of these locations, the median 


residence time was shown to increase by 2 hours or less. Residence times corresponding to the 25th, 


75th, and 90th percentiles also show that the proposed action would have little, if any, effect on 


residence times at various Delta locations, relative to existing conditions (Tables 6B.1-14 through 


6B.1-19).In areas where median residence times are relatively short (i.e., 72 hours or less), an 


increase of up to 2 hours would not provide enough additional time to allow substantial additional 


growth and accumulation and aggregation of cells, relative to existing conditions. Any negligible 


changes on growth and accumulation and aggregation of cells at these locations that may occur from 


such small increases in residence times would not be sufficiently large to cause effects on beneficial 


uses that would differ from those that would occur for existing conditions. This is true even if there 


is a 10% increase in residence time (e.g., an increase in median residence time from 8 to 9 hours at 


Victoria Canal in July) because the absolute magnitude of increase in residence time would not 


result in conditions substantially more conducive to CHABs, relative to existing conditions. 


Table 6B.1-13. Median residence time in hours modeled using DSM2 for existing conditions and 
alternatives for locations with short residence times (<=72 hours) 


Location/
Month 


Existing 
Conditions 


1 & 3  
(6,000 cfs) 


2a & 4a 
(7,500 cfs) 


2b & 4b 
(3,000 cfs) 


2c & 4c 
(4,500 cfs) 


5  
(6,000 cfs 
Bethany) 


Brannan Island 


June 3 3 (0) 3 (0) 3 (0) 3 (0) 3 (0) 


July 3 3 (0) 3 (0) 3 (0) 3 (0) 3 (0) 


August 2 2 (0) 2 (0) 2 (0) 2 (0) 2 (0) 


September 2 2 (0) 2 (0) 2 (0) 2 (0) 2 (0) 


October 2 2 (0) 2 (0) 2 (0) 2 (0) 2 (0) 


November 2 2 (0) 2 (0) 2 (0) 2 (0) 2 (0) 


Discovery Bay Channels 


June 51 52 (1) 52 (1) 52 (1) 52 (1) 52 (1) 


July 27 28 (1) 28 (1) 28 (1) 28 (1) 28 (1) 


August 25 25 (0) 25 (0) 25 (0) 25 (0) 25 (0) 


September 30 32 (2) 32 (2) 32 (2) 33 (3) 32 (2) 


October 41 41 (0) 41 (0) 39 (-2) 39 (-2) 41 (0) 


November 32 34 (2) 33 (1) 34 (2) 34 (2) 34 (2) 


Franks Tract Channels 


June 4 4 (0) 4 (0) 4 (0) 4 (0) 4 (0) 


July 3 3 (0) 3 (0) 3 (0) 3 (0) 3 (0) 


August 3 3 (0) 3 (0) 3 (0) 3 (0) 3 (0) 


September 3 3 (0) 3 (0) 3 (0) 3 (0) 3 (0) 


October 3 3 (0) 3 (0) 3 (0) 3 (0) 3 (0) 







CA Department of Water Resources 


 Attachment 6B.1 
Water Quality Modeling Data 


 


 


Delta Conveyance Project, Biological Assessment 
6B.1-74 


May 2024 
ICF 103653 


 


Location/
Month 


Existing 
Conditions 


1 & 3  
(6,000 cfs) 


2a & 4a 
(7,500 cfs) 


2b & 4b 
(3,000 cfs) 


2c & 4c 
(4,500 cfs) 


5  
(6,000 cfs 
Bethany) 


November 4 4 (0) 4 (0) 4 (0) 4 (0) 4 (0) 


Middle River from Woodward Island to Mildred Island 


June 31 32 (0) 32 (0) 31 (0) 32 (0) 32 (0) 


July 18 19 (1) 20 (2) 19 (1) 19 (1) 19 (1) 


August 21 21 (0) 21 (0) 20 (0) 21 (0) 21 (0) 


September 22 23 (1) 23 (1) 23 (1) 24 (2) 23 (1) 


October 24 25 (1) 25 (1) 25 (1) 25 (1) 25 (1) 


November 18 19 (1) 19 (1) 18 (0) 18 (0) 19 (1) 


Mildred Island Channels 


June 5 5 (0) 5 (0) 5 (0) 5 (0) 5 (0) 


July 5 5 (0) 5 (0) 5 (0) 5 (0) 5 (0) 


August 5 5 (0) 5 (0) 5 (0) 5 (0) 5 (0) 


September 4 4 (0) 4 (0) 4 (0) 4 (0) 4 (0) 


October 4 4 (0) 4 (0) 4 (0) 4 (0) 4 (0) 


November 5 5 (0) 5 (0) 5 (0) 5 (0) 5 (0) 


Mokelumne River 


June 6 6 (0) 6 (0) 6 (0) 6 (0) 6 (0) 


July 6 6 (0) 6 (0) 6 (0) 6 (0) 6 (0) 


August 6 6 (0) 6 (0) 6 (0) 6 (0) 6 (0) 


September 6 6 (0) 6 (0) 6 (0) 6 (0) 6 (0) 


October 8 7 (-1) 7 (-1) 8 (0) 8 (0) 7 (-1) 


November 8 9 (1) 8 (0) 9 (1) 9 (1) 9 (1) 


Old River at Rock Slough 


June 25 24 (-1) 25 (0) 24 (-1) 25 (0) 24 (-1) 


July 15 16 (1) 16 (1) 16 (1) 16 (1) 16 (1) 


August 17 18 (1) 18 (1) 18 (1) 18 (1) 18 (1) 


September 17 18 (1) 18 (1) 18 (1) 18 (1) 18 (1) 


October 17 17 (0) 17 (0) 17 (0) 17 (0) 17 (0) 


November 13 13 (0) 14 (1) 13 (0) 13 (0) 13 (0) 


San Joaquin River at Jersey Point 


June 4 4 (0) 4 (0) 4 (0) 4 (0) 4 (0) 


July 3 3 (0) 3 (0) 3 (0) 3 (0) 3 (0) 


August 3 3 (0) 3 (0) 3 (0) 3 (0) 3 (0) 


September 3 3 (0) 3 (0) 3 (0) 3 (0) 3 (0) 


October 3 3 (0) 3 (0) 3 (0) 3 (0) 3 (0) 


November 3 3 (0) 3 (0) 3 (0) 3 (0) 3 (0) 


Victoria Canal 


June 16 16 (0) 16 (0) 16 (0) 16 (0) 16 (0) 


July 8 9 (1) 9 (1) 9 (1) 9 (1) 9 (1) 
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Delta Conveyance Project, Biological Assessment 
6B.1-75 


May 2024 
ICF 103653 


 


Location/
Month 


Existing 
Conditions 


1 & 3  
(6,000 cfs) 


2a & 4a 
(7,500 cfs) 


2b & 4b 
(3,000 cfs) 


2c & 4c 
(4,500 cfs) 


5  
(6,000 cfs 
Bethany) 


August 10 10 (0) 10 (1) 10 (0) 10 (0) 10 (0) 


September 12 13 (1) 13 (1) 13 (1) 13 (1) 13 (1) 


October 14 15 (1) 15 (1) 15 (1) 14 (0) 15 (1) 


November 11 11 (0) 11 (0) 11 (0) 11 (0) 11 (0) 


Table 6B.1-14. Residence Time in Hours Modeled Using DSM2 for Existing Conditions and 
Proposed action, Stockton Deep Water Ship Channel 


Month 


Alternative 


Existing 
Conditions 


1, 3  
(6,000 cfs) 


2a, 4a  
(7,500 cfs) 


2b, 4b  
(3,000 cfs) 


2c, 4c  
(4,500 cfs) 


5  
(6,000 cfs 
Bethany) 


25th Percentile 


June 370 370 (0) 369 (-1) 369 (-1) 369 (-1) 370 (0) 


July 407 405 (-2) 405 (-2) 407 (0) 402 (-5) 405 (-2) 


August 455 455 (0) 455 (0) 458 (3) 455 (0) 455 (0) 


September 436 435 (-1) 436 (0) 435 (-1) 435 (-1) 435 (-1) 


October 393 394 (1) 394 (1) 394 (1) 394 (1) 394 (1) 


November 452 448 (-4) 447 (-5) 452 (0) 451 (-1) 448 (-4) 


50th (Median) Percentile 


June 414 412 (-2) 412 (-2) 412 (-2) 412 (-2) 412 (-2) 


July 496 480 (-16) 480 (-16) 484 (-12) 484 (-12) 480 (-16) 


August 541 530 (-11) 526 (-15) 534 (-7) 534 (-7) 530 (-11) 


September 477 471 (-6) 470 (-7) 471 (-6) 471 (-6) 471 (-6) 


October 419 420 (1) 420 (1) 418 (-1) 420 (1) 420 (1) 


November 487 479 (-8) 479 (-8) 484 (-3) 479 (-8) 479 (-8) 


75th Percentile 


June 465 465 (0) 465 (0) 468 (3) 467 (2) 465 (0) 


July 624 595 (-29) 586 (-37) 595 (-29) 595 (-29) 610 (-14) 


August 616 613 (-3) 616 (0) 616 (0) 614 (-2) 613 (-3) 


September 530 512 (-18) 508 (-22) 517 (-13) 512 (-18) 512 (-18) 


October 441 441 (0) 441 (0) 441 (0) 441 (0) 441 (0) 


November 555 528 (-27) 538 (-17) 536 (-19) 536 (-19) 528 (-27) 


90th Percentile 


June 544 524 (-20) 520 (-24) 530 (-14) 524 (-20) 524 (-20) 


July 844 805 (-39) 801 (-43) 831 (-13) 833 (-11) 805 (-39) 


August 731 729 (-2) 721 (-10) 738 (7) 731 (0) 731 (0) 


September 568 554 (-14) 554 (-14) 555 (-13) 555 (-13) 554 (-14) 


October 463 458 (-5) 458 (-5) 458 (-5) 456 (-7) 458 (-5) 


November 604 583 (-21) 581 (-23) 583 (-21) 583 (-21) 583 (-21) 


Note: Change in residence time in hours for the proposed action, relative to existing conditions, are in parentheses. 
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Delta Conveyance Project, Biological Assessment 
6B.1-76 


May 2024 
ICF 103653 


 


Table 6B.1-15. Residence Time in Hours Modeled Using DSM2 for Existing Conditions and 
Proposed action, Old River South of Clifton Court Forebay 


Month 


Alternative 


Existing 
Conditions 


1, 3  
(6,000 cfs) 


2a, 4a  
(7,500 cfs) 


2b, 4b  
(3,000 cfs) 


2c, 4c  
(4,500 cfs) 


5  
(6,000 cfs 
Bethany) 


25th Percentile 


June 68 (-3) 69 (-2) 68 (-3) 68 (-3) 68 (-3) 68 (-3) 


July 115 (7) 115 (7) 114 (6) 115 (7) 115 (7) 115 (7) 


August 135 (-1) 134 (-2) 135 (-1) 135 (-1) 135 (-1) 135 (-1) 


September 189 (-38) 201 (-26) 176 (-51) 176 (-51) 189 (-38) 189 (-38) 


October 50 (0) 50 (0) 50 (0) 50 (0) 50 (0) 50 (0) 


November 65 (0) 64 (-1) 64 (-1) 65 (0) 65 (0) 65 (0) 


50th (Median) Percentile 


June 184 182 (-2) 174 (-10) 180 (-4) 182 (-2) 180 (-4) 


July 368 333 (-35) 325 (-43) 339 (-29) 333 (-35) 333 (-35) 


August 342 340 (-2) 324 (-18) 335 (-7) 333 (-9) 340 (-2) 


September 318 310 (-8) 311 (-7) 314 (-4) 309 (-9) 310 (-8) 


October 74 74 (0) 73 (-1) 72 (-2) 73 (-1) 74 (0) 


November 83 84 (1) 83 (0) 82 (-1) 84 (1) 84 (1) 


75th Percentile 


June 417 392 (-25) 411 (-6) 413 (-4) 413 (-4) 392 (-25) 


July 593 553 (-40) 562 (-31) 581 (-12) 551 (-42) 553 (-40) 


August 654 641 (-13) 631 (-23) 642 (-12) 646 (-8) 641 (-13) 


September 332 337 (5) 334 (2) 337 (5) 336 (4) 337 (5) 


October 88 88 (0) 89 (1) 84 (-4) 84 (-4) 88 (0) 


November 170 194 (24) 187 (17) 193 (23) 193 (23) 193 (23) 


90th Percentile 


June 643 654 (11) 649 (6) 651 (8) 652 (9) 654 (11) 


July 693 676 (-17) 680 (-13) 668 (-25) 663 (-30) 676 (-17) 


August 718 716 (-2) 723 (5) 716 (-2) 716 (-2) 716 (-2) 


September 344 349 (5) 348 (4) 351 (7) 349 (5) 349 (5) 


October 118 112 (-6) 112 (-6) 113 (-5) 112 (-6) 112 (-6) 


November 368 320 (-48) 301 (-67) 353 (-15) 331 (-37) 319 (-49) 


Note: Change in residence time in hours for the proposed action, relative to existing conditions, are in parentheses. 
Increases of 24 hours or greater are bolded. 
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Delta Conveyance Project, Biological Assessment 
6B.1-77 


May 2024 
ICF 103653 


 


Table 6B.1-16. Residence Time in Hours Modeled Using DSM2 for Existing Conditions and 
Proposed action, San Joaquin River near Venice Island 


Month 


Alternative 


Existing 
Conditions 


1, 3  
(6,000 cfs) 


2a, 4a  
(7,500 cfs) 


2b, 4b  
(3,000 cfs) 


2c, 4c  
(4,500 cfs) 


5  
(6,000 cfs 
Bethany) 


25th Percentile 


June 90 88 (-2) 88 (-2) 88 (-2) 88 (-2) 88 (-2) 


July 71 79 (8) 79 (8) 79 (8) 79 (8) 79 (8) 


August 81 81 (0) 81 (0) 81 (0) 81 (0) 81 (0) 


September 92 96 (4) 94 (2) 96 (4) 96 (4) 96 (4) 


October 104 106 (2) 106 (2) 106 (2) 105 (1) 106 (2) 


November 82 82 (0) 82 (0) 82 (0) 82 (0) 82 (0) 


50th (Median) Percentile 


June 130 129 (-1) 129 (-1) 130 (0) 128 (-2) 129 (-1) 


July 87 98 (11) 98 (11) 98 (11) 98 (11) 98 (11) 


August 94 99 (5) 98 (4) 98 (4) 98 (4) 99 (5) 


September 115 129 (14) 128 (13) 128 (13) 128 (13) 129 (14) 


October 143 147 (4) 147 (4) 147 (4) 146 (3) 147 (4) 


November 105 104 (-1) 105 (0) 106 (1) 105 (0) 104 (-1) 


75th Percentile 


June 154 157 (3) 157 (3) 156 (2) 154 (0) 157 (3) 


July 104 121 (17) 122 (18) 117 (13) 122 (18) 121 (17) 


August 131 131 (0) 133 (2) 133 (2) 131 (0) 131 (0) 


September 159 160 (1) 160 (1) 159 (0) 160 (1) 160 (1) 


October 188 195 (7) 191 (3) 194 (6) 191 (3) 194 (6) 


November 165 181 (16) 197 (32) 182 (17) 181 (16) 181 (16) 


90th Percentile 


June 187 187 (0) 188 (1) 185 (-2) 186 (-1) 187 (0) 


July 170 166 (-4) 164 (-6) 164 (-6) 169 (-1) 166 (-4) 


August 197 205 (8) 206 (9) 202 (5) 204 (7) 205 (8) 


September 181 187 (6) 189 (8) 187 (6) 187 (6) 187 (6) 


October 234 227 (-7) 226 (-8) 228 (-6) 226 (-8) 226 (-8) 


November 225 229 (4) 231 (6) 228 (3) 230 (5) 229 (4) 


Note: Change in residence time in hours for the proposed action, relative to existing conditions, are in parentheses. 
Increases of 24 hours or greater are bolded. 
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Delta Conveyance Project, Biological Assessment 
6B.1-78 


May 2024 
ICF 103653 


 


Table 6B.1-17. Residence Time in Hours Modeled Using DSM2 for Existing Conditions and 
Proposed action, Mildred Island 


Month 


Alternative 


Existing 
Conditions 


1, 3  
(6,000 cfs) 


2a, 4a  
(7,500 cfs) 


2b, 4b  
(3,000 cfs) 


2c, 4c  
(4,500 cfs) 


5  
(6,000 cfs 
Bethany) 


25th Percentile 


June 283 281 (-2) 282 (-1) 283 (0) 282 (-1) 281 (-2) 


July 196 209 (13) 208 (12) 208 (12) 208 (12) 209 (13) 


August 204 207 (3) 206 (2) 206 (2) 206 (2) 207 (3) 


September 219 230 (11) 227 (8) 225 (6) 230 (11) 230 (11) 


October 240 243 (3) 243 (3) 243 (3) 241 (1) 245 (5) 


November 202 203 (1) 203 (1) 203 (1) 203 (1) 203 (1) 


50th (Median) Percentile 


June 289 287 (-2) 288 (-1) 288 (-1) 287 (-2) 287 (-2) 


July 210 218 (8) 218 (8) 217 (7) 219 (9) 218 (8) 


August 210 219 (9) 217 (7) 217 (7) 218 (8) 219 (9) 


September 245 256 (11) 257 (12) 255 (10) 256 (11) 256 (11) 


October 279 296 (17) 296 (17) 299 (20) 293 (14) 296 (17) 


November 226 228 (2) 227 (1) 229 (3) 228 (2) 228 (2) 


75th Percentile 


June 320 322 (2) 322 (2) 315 (-5) 321 (1) 322 (2) 


July 232 241 (9) 241 (9) 241 (9) 238 (6) 241 (9) 


August 278 264 (-14) 264 (-14) 265 (-13) 264 (-14) 264 (-14) 


September 296 303 (7) 308 (12) 297 (1) 300 (4) 303 (7) 


October 349 339 (-10) 342 (-7) 339 (-10) 332 (-17) 339 (-10) 


November 312 327 (15) 333 (21) 329 (17) 329 (17) 327 (15) 


90th Percentile 


June 408 421 (13) 421 (13) 416 (8) 416 (8) 421 (13) 


July 361 370 (9) 373 (12) 378 (17) 367 (6) 370 (9) 


August 420 398 (-22) 407 (-13) 411 (-9) 413 (-7) 398 (-22) 


September 335 340 (5) 338 (3) 336 (1) 342 (7) 339 (4) 


October 427 421 (-6) 421 (-6) 421 (-6) 421 (-6) 421 (-6) 


November 421 420 (-1) 427 (6) 427 (6) 419 (-2) 420 (-1) 


Note: Change in residence time in hours for proposed action, relative to existing conditions, are in parentheses. 
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Table 6B.1-18. Residence Time in Hours Modeled Using DSM2 for Existing Conditions and 
Proposed action, Franks Tract 


Month 


Alternative 


Existing 
Conditions 


1, 3  
(6,000 cfs) 


2a, 4a  
(7,500 cfs) 


2b, 4b  
(3,000 cfs) 


2c, 4c  
(4,500 cfs) 


5  
(6,000 cfs 
Bethany) 


25th Percentile 


June 289 288 (-1) 288 (-1) 288 (-1) 288 (-1) 288 (-1) 


July 273 280 (7) 280 (7) 278 (5) 280 (7) 280 (7) 


August 278 281 (3) 280 (2) 280 (2) 280 (2) 281 (3) 


September 283 289 (6) 289 (6) 289 (6) 289 (6) 289 (6) 


October 296 297 (1) 297 (1) 298 (2) 296 (0) 297 (1) 


November 268 268 (0) 268 (0) 269 (1) 268 (0) 268 (0) 


50th (Median) Percentile 


June 311 311 (0) 311 (0) 311 (0) 311 (0) 311 (0) 


July 283 287 (4) 287 (4) 286 (3) 286 (3) 287 (4) 


August 292 297 (5) 297 (5) 294 (2) 298 (6) 297 (5) 


September 303 305 (2) 305 (2) 305 (2) 305 (2) 305 (2) 


October 315 317 (2) 321 (6) 316 (1) 317 (2) 317 (2) 


November 290 293 (3) 293 (3) 293 (3) 293 (3) 293 (3) 


75th Percentile 


June 322 320 (-2) 320 (-2) 319 (-3) 319 (-3) 320 (-2) 


July 297 303 (6) 302 (5) 305 (8) 303 (6) 303 (6) 


August 332 338 (6) 337 (5) 337 (5) 337 (5) 338 (6) 


September 335 348 (13) 345 (10) 348 (13) 349 (14) 348 (13) 


October 362 362 (0) 361 (-1) 360 (-2) 360 (-2) 362 (0) 


November 325 343 (18) 346 (21) 341 (16) 344 (19) 343 (18) 


90th Percentile 


June 352 352 (0) 348 (-4) 353 (1) 348 (-4) 352 (0) 


July 351 351 (0) 353 (2) 353 (2) 350 (-1) 355 (4) 


August 381 378 (-3) 378 (-3) 377 (-4) 378 (-3) 378 (-3) 


September 377 382 (5) 384 (7) 381 (4) 381 (4) 382 (5) 


October 409 410 (1) 409 (0) 409 (0) 415 (6) 410 (1) 


November 391 391 (0) 393 (2) 386 (-5) 391 (0) 391 (0) 


Note: Change in residence time in hours for proposed action, relative to existing conditions, are in parentheses. 
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Table 6B.1-19. Residence Time in Hours Modeled Using DSM2 for Existing Conditions and 
Proposed action, Discovery Bay 


Month 


Alternative 


Existing 
Conditions 


1, 3  
(6,000 cfs) 


2a, 4a  
(7,500 cfs) 


2b, 4b  
(3,000 cfs) 


2c, 4c  
(4,500 cfs) 


5  
(6,000 cfs 
Bethany) 


25th Percentile 


June 619 615 (-4) 620 (1) 614 (-5) 615 (-4) 615 (-4) 


July 456 482 (26) 479 (23) 478 (22) 482 (26) 482 (26) 


August 472 478 (6) 478 (6) 477 (5) 478 (6) 478 (6) 


September 520 544 (24) 545 (25) 541 (21) 544 (24) 544 (24) 


October 568 570 (2) 570 (2) 574 (6) 570 (2) 574 (6) 


November 470 474 (4) 475 (5) 471 (1) 471 (1) 474 (4) 


50th (Median) Percentile 


June 629 628 (-1) 628 (-1) 628 (-1) 627 (-2) 628 (-1) 


July 482 507 (25) 508 (26) 502 (20) 515 (33) 513 (31) 


August 498 510 (12) 509 (11) 508 (10) 508 (10) 510 (12) 


September 575 608 (33) 597 (22) 605 (30) 609 (34) 605 (30) 


October 662 687 (25) 687 (25) 686 (24) 686 (24) 687 (25) 


November 539 551 (12) 551 (12) 540 (1) 551 (12) 551 (12) 


75th Percentile 


June 685 687 (2) 691 (6) 687 (2) 687 (2) 687 (2) 


July 533 570 (37) 573 (40) 577 (44) 555 (22) 570 (37) 


August 639 620 (-19) 623 (-16) 624 (-15) 620 (-19) 620 (-19) 


September 687 690 (3) 701 (14) 688 (1) 688 (1) 696 (9) 


October 759 760 (1) 758 (-1) 759 (0) 759 (0) 760 (1) 


November 689 733 (44) 736 (47) 732 (43) 733 (44) 733 (44) 


90th Percentile 


June 779 773 (-6) 783 (4) 773 (-6) 774 (-5) 773 (-6) 


July 763 761 (-2) 764 (1) 765 (2) 761 (-2) 761 (-2) 


August 832 815 (-17) 824 (-8) 806 (-26) 807 (-25) 815 (-17) 


September 764 775 (11) 772 (8) 772 (8) 775 (11) 775 (11) 


October 857 850 (-7) 849 (-8) 850 (-7) 833 (-24) 850 (-7) 


November 847 850 (3) 849 (2) 850 (3) 850 (3) 850 (3) 


Note: Change in residence time in hours for the proposed action, relative to existing conditions, are in parentheses. 
Increases of 24 hours or greater are bolded. 
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Table 6B.1-20. Brannan Island, Time (in hours) to Flush 90 Percent of Water from the Location, 
June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 3 3 3 3 3 3 


75th percentile 4 4 4 4 4 4 


90th percentile 5 5 5 5 5 5 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-21. Brannan Island, Time (in hours) to Flush 90 Percent of Water from the Location, 
July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 3 3 3 3 3 3 


75th percentile 4 4 4 4 4 4 


90th percentile 4 4 4 4 4 4 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-22. Brannan Island, Time (in hours) to Flush 90 Percent of Water from the Location, 
August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 2 2 2 2 2 2 


75th percentile 3 3 3 3 3 3 


90th percentile 4 4 4 4 4 4 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Table 6B.1-23. Brannan Island, Time (in hours) to Flush 90 Percent of Water from the Location, 
September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 2 2 2 2 2 2 


75th percentile 3 3 3 3 3 3 


90th percentile 4 4 4 4 4 4 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-24. Brannan Island, Time (in hours) to Flush 90 Percent of Water from the Location, 
October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 2 2 2 2 2 2 


75th percentile 4 4 4 4 4 4 


90th percentile 4 4 4 4 4 4 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-25. Brannan Island, Time (in hours) to Flush 90 Percent of Water from the Location, 
November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 2 2 2 2 2 2 


75th percentile 3 3 3 3 3 3 


90th percentile 4 4 4 4 4 4 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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6B.1-83 


May 2024 
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Table 6B.1-26. San Joaquin River at Jersey Point, Time (in hours) to Flush 90 Percent of Water from 
the Location, June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 3 3 3 3 3 3 


50th percentile (Median) 4 4 4 4 4 4 


75th percentile 5 5 5 5 5 5 


90th percentile 7 7 7 7 7 7 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-27. San Joaquin River at Jersey Point, Time (in hours) to Flush 90 Percent of Water from 
the Location, July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 3 3 3 3 3 3 


75th percentile 5 5 5 5 5 5 


90th percentile 6 6 6 6 6 6 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-28. San Joaquin River at Jersey Point, Time (in hours) to Flush 90 Percent of Water from 
the Location, August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 3 3 3 3 3 3 


75th percentile 5 5 5 5 5 5 


90th percentile 6 6 6 6 6 6 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Table 6B.1-29. San Joaquin River at Jersey Point, Time (in hours) to Flush 90 Percent of Water from 
the Location, September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 3 3 3 3 3 3 


75th percentile 5 5 5 5 5 5 


90th percentile 6 6 6 6 6 6 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-30. San Joaquin River at Jersey Point, Time (in hours) to Flush 90 Percent of Water from 
the Location, October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 3 3 3 3 3 3 


75th percentile 5 5 5 5 5 5 


90th percentile 5 5 5 5 5 5 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-31. San Joaquin River at Jersey Point, Time (in hours) to Flush 90 Percent of Water from 
the Location, November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 3 3 3 3 3 3 


75th percentile 5 5 5 5 5 5 


90th percentile 8 8 8 8 8 8 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Table 6B.1-32. Old River at Rock Slough, Time (in hours) to Flush 90 Percent of Water from the 
Location, June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 17 17 17 17 17 17 


50th percentile (Median) 25 24 25 24 25 24 


75th percentile 33 33 33 33 33 33 


90th percentile 47 45 45 44 45 45 


Median - Alternative minus Ex. Cond. - -1 0 -1 0 -1 


90th percentile - Alternative minus Ex. Cond. - -2 -2 -3 -2 -2 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-33. Old River at Rock Slough, Time (in hours) to Flush 90 Percent of Water from the 
Location, July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 10 11 11 11 11 11 


50th percentile (Median) 15 16 16 16 16 16 


75th percentile 19 19 19 20 19 20 


90th percentile 45 47 47 48 47 47 


Median - Alternative minus Ex. Cond. - 1 1 1 1 1 


90th percentile - Alternative minus Ex. Cond. - 2 2 3 2 2 


75th percentile - Alternative minus Ex. Cond. - 0 0 1 0 1 


25th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-34. Old River at Rock Slough, Time (in hours) to Flush 90 Percent of Water from the 
Location, August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 12 13 13 13 13 13 


50th percentile (Median) 17 18 18 18 18 18 


75th percentile 22 22 23 21 21 22 


90th percentile 42 39 41 41 41 39 


Median - Alternative minus Ex. Cond. - 1 1 1 1 1 


90th percentile - Alternative minus Ex. Cond. - -3 -1 -1 -1 -3 


75th percentile - Alternative minus Ex. Cond. - 0 1 -1 -1 0 


25th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Table 6B.1-35. Old River at Rock Slough, Time (in hours) to Flush 90 Percent of Water from the 
Location, September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 14 14 14 14 14 14 


50th percentile (Median) 17 18 18 18 18 18 


75th percentile 23 25 25 25 25 25 


90th percentile 30 30 32 30 30 30 


Median - Alternative minus Ex. Cond. - 1 1 1 1 1 


90th percentile - Alternative minus Ex. Cond. - 0 2 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 2 2 2 2 2 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-36. Old River at Rock Slough, Time (in hours) to Flush 90 Percent of Water from the 
Location, October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 13 14 14 14 14 14 


50th percentile (Median) 17 17 17 17 17 17 


75th percentile 24 23 24 23 23 23 


90th percentile 40 42 41 40 41 42 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 2 1 0 1 2 


75th percentile - Alternative minus Ex. Cond. - -1 0 -1 -1 -1 


25th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-37. Old River at Rock Slough, Time (in hours) to Flush 90 Percent of Water from the 
Location, November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 10 10 10 10 10 10 


50th percentile (Median) 13 13 14 13 13 13 


75th percentile 17 18 21 18 18 18 


90th percentile 39 40 40 41 40 40 


Median - Alternative minus Ex. Cond. - 0 1 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 1 1 2 1 1 


75th percentile - Alternative minus Ex. Cond. - 1 4 1 1 1 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Table 6B.1-38. Franks Tract, Time (in hours) to Flush 90 Percent of Water from the Location, June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 289 288 288 288 288 288 


50th percentile (Median) 311 311 311 311 311 311 


75th percentile 322 320 320 319 319 320 


90th percentile 352 352 348 353 348 352 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 -4 1 -4 0 


75th percentile - Alternative minus Ex. Cond. - -2 -2 -3 -3 -2 


25th percentile - Alternative minus Ex. Cond. - -1 -1 -1 -1 -1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-39. Franks Tract, Time (in hours) to Flush 90 Percent of Water from the Location, July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 273 280 280 278 280 280 


50th percentile (Median) 283 287 287 286 286 287 


75th percentile 297 303 302 305 303 303 


90th percentile 351 351 353 353 350 355 


Median - Alternative minus Ex. Cond. - 4 4 3 3 4 


90th percentile - Alternative minus Ex. Cond. - 0 2 2 -1 4 


75th percentile - Alternative minus Ex. Cond. - 6 5 8 6 6 


25th percentile - Alternative minus Ex. Cond. - 7 7 5 7 7 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-40. Franks Tract, Time (in hours) to Flush 90 Percent of Water from the Location, 
August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 278 281 280 280 280 281 


50th percentile (Median) 292 297 297 294 298 297 


75th percentile 332 338 337 337 337 338 


90th percentile 381 378 378 377 378 378 


Median - Alternative minus Ex. Cond. - 5 5 2 6 5 


90th percentile - Alternative minus Ex. Cond. - -3 -3 -4 -3 -3 


75th percentile - Alternative minus Ex. Cond. - 6 5 5 5 6 


25th percentile - Alternative minus Ex. Cond. - 3 2 2 2 3 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Table 6B.1-41. Franks Tract, Time (in hours) to Flush 90 Percent of Water from the Location, 
September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 283 289 289 289 289 289 


50th percentile (Median) 303 305 305 305 305 305 


75th percentile 335 348 345 348 349 348 


90th percentile 377 382 384 381 381 382 


Median - Alternative minus Ex. Cond. - 2 2 2 2 2 


90th percentile - Alternative minus Ex. Cond. - 5 7 4 4 5 


75th percentile - Alternative minus Ex. Cond. - 13 10 13 14 13 


25th percentile - Alternative minus Ex. Cond. - 6 6 6 6 6 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-42. Franks Tract, Time (in hours) to Flush 90 Percent of Water from the Location, 
October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 296 297 297 298 296 297 


50th percentile (Median) 315 317 321 316 317 317 


75th percentile 362 362 361 360 360 362 


90th percentile 409 410 409 409 415 410 


Median - Alternative minus Ex. Cond. - 2 6 1 2 2 


90th percentile - Alternative minus Ex. Cond. - 1 0 0 6 1 


75th percentile - Alternative minus Ex. Cond. - 0 -1 -2 -2 0 


25th percentile - Alternative minus Ex. Cond. - 1 1 2 0 1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-43. Franks Tract, Time (in hours) to Flush 90 Percent of Water from the Location, 
November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 268 268 268 269 268 268 


50th percentile (Median) 290 293 293 293 293 293 


75th percentile 325 343 346 341 344 343 


90th percentile 391 391 393 386 391 391 


Median - Alternative minus Ex. Cond. - 3 3 3 3 3 


90th percentile - Alternative minus Ex. Cond. - 0 2 -5 0 0 


75th percentile - Alternative minus Ex. Cond. - 18 21 16 19 18 


25th percentile - Alternative minus Ex. Cond. - 0 0 1 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-89 


May 2024 
ICF 103653 


 


Table 6B.1-44. Channels around Franks Tract, Time (in hours) to Flush 90 Percent of Water from 
the Location, June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 3 3 3 3 3 3 


50th percentile (Median) 4 4 4 4 4 4 


75th percentile 5 5 5 5 5 5 


90th percentile 8 8 8 8 8 8 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-45. Channels around Franks Tract, Time (in hours) to Flush 90 Percent of Water from 
the Location, July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 3 3 3 3 3 3 


50th percentile (Median) 3 3 3 3 3 3 


75th percentile 5 5 5 5 5 5 


90th percentile 6 7 7 7 7 7 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-46. Channels around Franks Tract, Time (in hours) to Flush 90 Percent of Water from 
the Location, August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 3 3 3 3 3 3 


75th percentile 5 5 5 5 5 5 


90th percentile 6 6 6 6 6 6 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-90 


May 2024 
ICF 103653 


 


Table 6B.1-47. Channels around Franks Tract, Time (in hours) to Flush 90 Percent of Water from 
the Location, September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 3 3 3 3 3 3 


75th percentile 5 5 5 5 5 5 


90th percentile 6 6 6 6 6 6 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-48. Channels around Franks Tract, Time (in hours) to Flush 90 Percent of Water from 
the Location, October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 3 3 3 3 3 3 


75th percentile 5 5 5 5 5 5 


90th percentile 6 6 6 6 6 6 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-49. Channels around Franks Tract, Time (in hours) to Flush 90 Percent of Water from 
the Location, November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 4 4 4 4 4 4 


75th percentile 5 5 5 5 5 5 


90th percentile 7 7 7 7 7 7 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-91 


May 2024 
ICF 103653 


 


Table 6B.1-50a. Victoria Canal, Time (in hours) to Flush 90 Percent of Water from the Location, 
June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 13 13 13 13 13 13 


50th percentile (Median) 16 16 16 16 16 16 


75th percentile 19 19 19 19 19 19 


90th percentile 32 31 30 30 30 30 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - -1 -2 -2 -2 -2 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-50b. Victoria Canal, Time (in hours) to Flush 90 Percent of Water from the Location, 
July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 7 8 8 8 8 8 


50th percentile (Median) 8 9 9 9 9 9 


75th percentile 11 13 13 13 13 13 


90th percentile 28 27 28 30 28 27 


Median - Alternative minus Ex. Cond. - 1 1 1 1 1 


90th percentile - Alternative minus Ex. Cond. - -1 0 2 0 -1 


75th percentile - Alternative minus Ex. Cond. - 2 2 2 2 2 


25th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-50c. Victoria Canal, Time (in hours) to Flush 90 Percent of Water from the Location, 
August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 8 8 8 9 9 8 


50th percentile (Median) 10 10 10 10 10 10 


75th percentile 15 15 15 15 15 15 


90th percentile 48 43 45 47 47 43 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - -5 -3 -1 -1 -5 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 1 1 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-92 


May 2024 
ICF 103653 


 


Table 6B.1-50d. Victoria Canal, Time (in hours) to Flush 90 Percent of Water from the Location, 
September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 10 11 11 11 11 11 


50th percentile (Median) 12 13 13 13 13 13 


75th percentile 16 17 17 17 17 17 


90th percentile 21 26 25 25 26 25 


Median - Alternative minus Ex. Cond. - 1 1 1 1 1 


90th percentile - Alternative minus Ex. Cond. - 5 4 4 5 4 


75th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


25th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-50e. Victoria Canal, Time (in hours) to Flush 90 Percent of Water from the Location, 
October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 11 12 12 12 12 12 


50th percentile (Median) 14 15 15 15 14 15 


75th percentile 19 19 19 19 18 19 


90th percentile 31 28 28 28 28 28 


Median - Alternative minus Ex. Cond. - 1 1 1 0 1 


90th percentile - Alternative minus Ex. Cond. - -3 -3 -3 -3 -3 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 -1 0 


25th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-50f. Victoria Canal, Time (in hours) to Flush 90 Percent of Water from the Location, 
November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 8 9 9 9 9 9 


50th percentile (Median) 11 11 11 11 11 11 


75th percentile 17 19 21 18 19 19 


90th percentile 42 42 42 42 42 42 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 2 4 1 2 2 


25th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-93 


May 2024 
ICF 103653 


 


Table 6B.1-51a. Stockton Deep Water Ship Channel, Time (in hours) to Flush 90 Percent of Water 
from the Location, June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 370 370 369 369 369 370 


50th percentile (Median) 414 412 412 412 412 412 


75th percentile 465 465 465 468 467 465 


90th percentile 544 524 520 530 524 524 


Median - Alternative minus Ex. Cond. - -2 -2 -2 -2 -2 


90th percentile - Alternative minus Ex. Cond. - -20 -24 -14 -20 -20 


75th percentile - Alternative minus Ex. Cond. - 0 0 3 2 0 


25th percentile - Alternative minus Ex. Cond. - 0 -1 -1 -1 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-51b. Stockton Deep Water Ship Channel, Time (in hours) to Flush 90 Percent of Water 
from the Location, July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 407 405 405 407 402 405 


50th percentile (Median) 496 480 480 484 484 480 


75th percentile 624 595 587 595 595 610 


90th percentile 844 805 801 831 833 805 


Median - Alternative minus Ex. Cond. - -16 -16 -12 -12 -16 


90th percentile - Alternative minus Ex. Cond. - -39 -43 -13 -11 -39 


75th percentile - Alternative minus Ex. Cond. - -29 -37 -29 -29 -14 


25th percentile - Alternative minus Ex. Cond. - -2 -2 0 -5 -2 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-51c. Stockton Deep Water Ship Channel, Time (in hours) to Flush 90 Percent of Water 
from the Location, August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 455 455 455 458 455 455 


50th percentile (Median) 541 530 526 534 534 530 


75th percentile 616 613 616 616 614 613 


90th percentile 731 729 721 738 731 731 


Median - Alternative minus Ex. Cond. - -11 -15 -7 -7 -11 


90th percentile - Alternative minus Ex. Cond. - -2 -10 7 0 0 


75th percentile - Alternative minus Ex. Cond. - -3 0 0 -2 -3 


25th percentile - Alternative minus Ex. Cond. - 0 0 3 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-94 


May 2024 
ICF 103653 


 


Table 6B.1-51d. Stockton Deep Water Ship Channel, Time (in hours) to Flush 90 Percent of Water 
from the Location, September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 436 435 436 435 435 435 


50th percentile (Median) 477 471 470 471 471 471 


75th percentile 530 512 508 517 512 512 


90th percentile 568 554 554 555 555 554 


Median - Alternative minus Ex. Cond. - -6 -7 -6 -6 -6 


90th percentile - Alternative minus Ex. Cond. - -14 -14 -13 -13 -14 


75th percentile - Alternative minus Ex. Cond. - -18 -22 -13 -18 -18 


25th percentile - Alternative minus Ex. Cond. - -1 0 -1 -1 -1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-51e. Stockton Deep Water Ship Channel, Time (in hours) to Flush 90 Percent of Water 
from the Location, October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 393 394 394 394 394 394 


50th percentile (Median) 419 420 420 418 420 420 


75th percentile 441 441 441 441 441 441 


90th percentile 463 458 458 458 456 458 


Median - Alternative minus Ex. Cond. - 1 1 -1 1 1 


90th percentile - Alternative minus Ex. Cond. - -5 -5 -5 -7 -5 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-51f. Stockton Deep Water Ship Channel, Time (in hours) to Flush 90 Percent of Water 
from the Location, November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 452 448 447 452 451 448 


50th percentile (Median) 487 479 479 484 479 479 


75th percentile 555 528 538 536 536 528 


90th percentile 604 583 581 583 583 583 


Median - Alternative minus Ex. Cond. - -8 -8 -3 -8 -8 


90th percentile - Alternative minus Ex. Cond. - -21 -23 -21 -21 -21 


75th percentile - Alternative minus Ex. Cond. - -27 -17 -19 -19 -27 


25th percentile - Alternative minus Ex. Cond. - -4 -5 0 -1 -4 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-95 


May 2024 
ICF 103653 


 


Table 6B.1-52a. Mildred Island, Time (in hours) to Flush 90 Percent of Water from the Location, 
June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 283 281 282 283 282 281 


50th percentile (Median) 289 287 288 288 287 287 


75th percentile 320 322 322 315 321 322 


90th percentile 408 421 421 416 416 421 


Median - Alternative minus Ex. Cond. - -2 -1 -1 -2 -2 


90th percentile - Alternative minus Ex. Cond. - 13 13 8 8 13 


75th percentile - Alternative minus Ex. Cond. - 2 2 -5 1 2 


25th percentile - Alternative minus Ex. Cond. - -2 -1 0 -1 -2 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-52b. Mildred Island, Time (in hours) to Flush 90 Percent of Water from the Location, 
July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 196 209 208 208 208 209 


50th percentile (Median) 210 218 218 217 219 218 


75th percentile 232 241 241 241 238 241 


90th percentile 361 370 373 378 367 370 


Median - Alternative minus Ex. Cond. - 8 8 7 9 8 


90th percentile - Alternative minus Ex. Cond. - 9 12 17 6 9 


75th percentile - Alternative minus Ex. Cond. - 9 9 9 6 9 


25th percentile - Alternative minus Ex. Cond. - 13 12 12 12 13 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-52c. Mildred Island, Time (in hours) to Flush 90 Percent of Water from the Location, 
August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 204 207 206 206 206 207 


50th percentile (Median) 210 219 217 217 218 219 


75th percentile 278 264 264 265 264 264 


90th percentile 420 398 407 411 413 398 


Median - Alternative minus Ex. Cond. - 9 7 7 8 9 


90th percentile - Alternative minus Ex. Cond. - -22 -13 -9 -7 -22 


75th percentile - Alternative minus Ex. Cond. - -14 -14 -13 -14 -14 


25th percentile - Alternative minus Ex. Cond. - 3 2 2 2 3 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-96 


May 2024 
ICF 103653 


 


Table 6B.1-52d. Mildred Island, Time (in hours) to Flush 90 Percent of Water from the Location, 
September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 219 230 227 225 230 230 


50th percentile (Median) 245 256 257 255 256 256 


75th percentile 296 303 308 297 300 303 


90th percentile 335 340 338 336 342 339 


Median - Alternative minus Ex. Cond. - 11 12 10 11 11 


90th percentile - Alternative minus Ex. Cond. - 5 3 1 7 4 


75th percentile - Alternative minus Ex. Cond. - 7 12 1 4 7 


25th percentile - Alternative minus Ex. Cond. - 11 8 6 11 11 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-52e. Mildred Island, Time (in hours) to Flush 90 Percent of Water from the Location, 
October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 240 243 243 243 241 245 


50th percentile (Median) 279 296 296 299 293 296 


75th percentile 349 339 342 339 332 339 


90th percentile 427 421 421 421 421 421 


Median - Alternative minus Ex. Cond. - 17 17 20 14 17 


90th percentile - Alternative minus Ex. Cond. - -6 -6 -6 -6 -6 


75th percentile - Alternative minus Ex. Cond. - -10 -7 -10 -17 -10 


25th percentile - Alternative minus Ex. Cond. - 3 3 3 1 5 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-52f. Mildred Island, Time (in hours) to Flush 90 Percent of Water from the Location, 
November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 202 203 203 203 203 203 


50th percentile (Median) 226 228 227 229 228 228 


75th percentile 312 327 333 329 329 327 


90th percentile 421 420 427 427 419 420 


Median - Alternative minus Ex. Cond. - 2 1 3 2 2 


90th percentile - Alternative minus Ex. Cond. - -1 6 6 -2 -1 


75th percentile - Alternative minus Ex. Cond. - 15 21 17 17 15 


25th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-97 


May 2024 
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Table 6B.1-53a. Channels around Mildred Island, Time (in hours) to Flush 90 Percent of Water 
from the Location, June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 5 5 5 5 5 5 


75th percentile 13 13 13 13 13 13 


90th percentile 15 15 15 15 15 15 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-53b. Channels around Mildred Island, Time (in hours) to Flush 90 Percent of Water 
from the Location, July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 2 2 2 2 2 2 


50th percentile (Median) 5 5 5 5 5 5 


75th percentile 12 11 12 11 12 11 


90th percentile 14 13 13 13 14 13 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - -1 -1 -1 0 -1 


75th percentile - Alternative minus Ex. Cond. - -1 0 -1 0 -1 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-53c. Channels around Mildred Island, Time (in hours) to Flush 90 Percent of Water from 
the Location, August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 3 3 3 3 3 3 


50th percentile (Median) 5 5 5 5 5 5 


75th percentile 11 9 11 11 11 9 


90th percentile 12 12 12 12 12 12 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - -2 0 0 0 -2 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-98 


May 2024 
ICF 103653 


 


Table 6B.1-53d. Channels around Mildred Island, Time (in hours) to Flush 90 Percent of Water 
from the Location, September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 3 3 3 3 3 3 


50th percentile (Median) 4 4 4 4 4 4 


75th percentile 7 6 6 6 6 6 


90th percentile 10 10 10 10 10 10 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - -1 -1 -1 -1 -1 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-53e. Channels around Mildred Island, Time (in hours) to Flush 90 Percent of Water 
from the Location, October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 3 3 3 3 3 3 


50th percentile (Median) 4 4 4 4 4 4 


75th percentile 6 6 6 6 6 6 


90th percentile 9 8 8 9 9 8 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - -1 -1 0 0 -1 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-53f. Channels around Mildred Island, Time (in hours) to Flush 90 Percent of Water from 
the Location, November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 3 3 3 3 3 3 


50th percentile (Median) 5 5 5 5 5 5 


75th percentile 6 6 6 6 6 6 


90th percentile 8 8 8 8 8 8 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-99 


May 2024 
ICF 103653 


 


Table 6B.1-54a. San Joaquin River near Venice Island, Time (in hours) to Flush 90 Percent of Water 
from the Location, June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 90 88 88 88 88 88 


50th percentile (Median) 130 129 129 130 128 129 


75th percentile 154 157 157 156 154 157 


90th percentile 187 187 188 185 186 187 


Median - Alternative minus Ex. Cond. - -1 -1 0 -2 -1 


90th percentile - Alternative minus Ex. Cond. - 0 1 -2 -1 0 


75th percentile - Alternative minus Ex. Cond. - 3 3 2 0 3 


25th percentile - Alternative minus Ex. Cond. - -2 -2 -2 -2 -2 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-54b. San Joaquin River near Venice Island, Time (in hours) to Flush 90 Percent of Water 
from the Location, July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 71 79 79 79 79 79 


50th percentile (Median) 87 98 98 98 98 98 


75th percentile 104 121 122 117 122 121 


90th percentile 170 166 164 164 169 166 


Median - Alternative minus Ex. Cond. - 11 11 11 11 11 


90th percentile - Alternative minus Ex. Cond. - -4 -6 -6 -1 -4 


75th percentile - Alternative minus Ex. Cond. - 17 18 13 18 17 


25th percentile - Alternative minus Ex. Cond. - 8 8 8 8 8 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-54c. San Joaquin River near Venice Island, Time (in hours) to Flush 90 Percent of Water 
from the Location, August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 81 81 81 81 81 81 


50th percentile (Median) 94 99 98 98 98 99 


75th percentile 131 131 133 133 131 131 


90th percentile 197 205 206 202 204 205 


Median - Alternative minus Ex. Cond. - 5 4 4 4 5 


90th percentile - Alternative minus Ex. Cond. - 8 9 5 7 8 


75th percentile - Alternative minus Ex. Cond. - 0 2 2 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


 







CA Department of Water Resources 


 Attachment 6B.1 
Water Quality Modeling Data 
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Table 6B.1-54d. San Joaquin River near Venice Island, Time (in hours) to Flush 90 Percent of Water 
from the Location, September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 92 96 94 96 96 96 


50th percentile (Median) 115 129 128 128 128 129 


75th percentile 159 160 160 159 160 160 


90th percentile 181 187 189 187 187 187 


Median - Alternative minus Ex. Cond. - 14 13 13 13 14 


90th percentile - Alternative minus Ex. Cond. - 6 8 6 6 6 


75th percentile - Alternative minus Ex. Cond. - 1 1 0 1 1 


25th percentile - Alternative minus Ex. Cond. - 4 2 4 4 4 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-54e. San Joaquin River near Venice Island, Time (in hours) to Flush 90 Percent of Water 
from the Location, October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 104 106 106 106 105 106 


50th percentile (Median) 143 147 147 147 146 147 


75th percentile 188 195 191 194 191 194 


90th percentile 234 227 226 228 226 226 


Median - Alternative minus Ex. Cond. - 4 4 4 3 4 


90th percentile - Alternative minus Ex. Cond. - -7 -8 -6 -8 -8 


75th percentile - Alternative minus Ex. Cond. - 7 3 6 3 6 


25th percentile - Alternative minus Ex. Cond. - 2 2 2 1 2 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-54f. San Joaquin River near Venice Island, Time (in hours) to Flush 90 Percent of Water 
from the Location, November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 82 82 82 82 82 82 


50th percentile (Median) 105 104 105 106 105 104 


75th percentile 165 181 197 182 181 181 


90th percentile 225 229 231 228 230 229 


Median - Alternative minus Ex. Cond. - -1 0 1 0 -1 


90th percentile - Alternative minus Ex. Cond. - 4 6 3 5 4 


75th percentile - Alternative minus Ex. Cond. - 16 32 17 16 16 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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6B.1-101 


May 2024 
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Table 6B.1-55a. Mokelumne River, Time (in hours) to Flush 90 Percent of Water from the Location, 
June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 6 6 6 6 6 6 


50th percentile (Median) 6 6 6 6 6 6 


75th percentile 7 7 7 7 7 7 


90th percentile 49 48 48 47 48 48 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - -1 -1 -2 -1 -1 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-55b. Mokelumne River, Time (in hours) to Flush 90 Percent of Water from the Location, 
July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 5 5 5 5 5 5 


50th percentile (Median) 6 6 6 6 6 6 


75th percentile 33 33 33 33 33 33 


90th percentile 43 44 44 48 44 44 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 1 1 5 1 1 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-55c. Mokelumne River, Time (in hours) to Flush 90 Percent of Water from the Location, 
August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 4 4 4 4 4 4 


50th percentile (Median) 6 6 6 6 6 6 


75th percentile 25 25 25 25 25 25 


90th percentile 47 52 52 50 52 52 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 5 5 3 5 5 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-102 


May 2024 
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Table 6B.1-55d. Mokelumne River, Time (in hours) to Flush 90 Percent of Water from the Location, 
September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 4 3 3 3 3 3 


50th percentile (Median) 6 6 6 6 6 6 


75th percentile 36 40 40 40 40 40 


90th percentile 52 52 52 52 52 52 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 4 4 4 4 4 


25th percentile - Alternative minus Ex. Cond. - -1 -1 -1 -1 -1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-55e. Mokelumne River, Time (in hours) to Flush 90 Percent of Water from the Location, 
October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 5 5 5 5 5 5 


50th percentile (Median) 8 7 7 8 8 7 


75th percentile 26 26 26 26 26 26 


90th percentile 56 60 60 60 60 60 


Median - Alternative minus Ex. Cond. - -1 -1 0 0 -1 


90th percentile - Alternative minus Ex. Cond. - 4 4 4 4 4 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-55f. Mokelumne River, Time (in hours) to Flush 90 Percent of Water from the Location, 
November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 6 6 6 6 6 6 


50th percentile (Median) 8 9 8 9 9 9 


75th percentile 13 15 19 19 18 15 


90th percentile 53 52 52 49 49 52 


Median - Alternative minus Ex. Cond. - 1 0 1 1 1 


90th percentile - Alternative minus Ex. Cond. - -1 -1 -4 -4 -1 


75th percentile - Alternative minus Ex. Cond. - 2 6 6 5 2 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-103 


May 2024 
ICF 103653 


 


Table 6B.1-56a. Discovery Bay, Time (in hours) to Flush 90 Percent of Water from the Location, 
June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 619 615 620 614 615 615 


50th percentile (Median) 629 628 628 628 627 628 


75th percentile 685 687 691 687 687 687 


90th percentile 779 773 783 773 774 773 


Median - Alternative minus Ex. Cond. - -1 -1 -1 -2 -1 


90th percentile - Alternative minus Ex. Cond. - -6 4 -6 -5 -6 


75th percentile - Alternative minus Ex. Cond. - 2 6 2 2 2 


25th percentile - Alternative minus Ex. Cond. - -4 1 -5 -4 -4 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-56b. Discovery Bay, Time (in hours) to Flush 90 Percent of Water from the Location, 
July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 456 482 479 478 482 482 


50th percentile (Median) 482 507 508 502 515 513 


75th percentile 533 570 573 577 555 570 


90th percentile 763 761 764 765 761 761 


Median - Alternative minus Ex. Cond. - 25 26 20 33 31 


90th percentile - Alternative minus Ex. Cond. - -2 1 2 -2 -2 


75th percentile - Alternative minus Ex. Cond. - 37 40 44 22 37 


25th percentile - Alternative minus Ex. Cond. - 26 23 22 26 26 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-56B. Discovery Bay, Time (in hours) to Flush 90 Percent of Water from the Location, 
August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 472 478 478 477 478 478 


50th percentile (Median) 498 510 509 508 508 510 


75th percentile 639 620 623 624 620 620 


90th percentile 832 815 824 806 807 815 


Median - Alternative minus Ex. Cond. - 12 11 10 10 12 


90th percentile - Alternative minus Ex. Cond. - -17 -8 -26 -25 -17 


75th percentile - Alternative minus Ex. Cond. - -19 -16 -15 -19 -19 


25th percentile - Alternative minus Ex. Cond. - 6 6 5 6 6 


Alt = Alternative, Ex. Cond. = existing conditions. 


 







CA Department of Water Resources 


 Attachment 6B.1 
Water Quality Modeling Data 
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Table 6B.1-56d. Discovery Bay, Time (in hours) to Flush 90 Percent of Water from the Location, 
September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 520 544 545 541 544 544 


50th percentile (Median) 575 608 597 605 609 605 


75th percentile 687 690 701 688 688 696 


90th percentile 764 775 772 772 775 775 


Median - Alternative minus Ex. Cond. - 33 22 30 34 30 


90th percentile - Alternative minus Ex. Cond. - 11 8 8 11 11 


75th percentile - Alternative minus Ex. Cond. - 3 14 1 1 9 


25th percentile - Alternative minus Ex. Cond. - 24 25 21 24 24 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-56e. Discovery Bay, Time (in hours) to Flush 90 Percent of Water from the Location, 
October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 568 570 570 574 570 574 


50th percentile (Median) 662 687 687 686 686 687 


75th percentile 759 760 758 759 759 760 


90th percentile 857 850 849 850 833 850 


Median - Alternative minus Ex. Cond. - 25 25 24 24 25 


90th percentile - Alternative minus Ex. Cond. - -7 -8 -7 -24 -7 


75th percentile - Alternative minus Ex. Cond. - 1 -1 0 0 1 


25th percentile - Alternative minus Ex. Cond. - 2 2 6 2 6 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-56f. Discovery Bay, Time (in hours) to Flush 90 Percent of Water from the Location, 
November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 470 474 475 471 471 474 


50th percentile (Median) 539 551 551 540 551 551 


75th percentile 689 733 736 732 733 733 


90th percentile 847 850 849 850 850 850 


Median - Alternative minus Ex. Cond. - 12 12 1 12 12 


90th percentile - Alternative minus Ex. Cond. - 3 2 3 3 3 


75th percentile - Alternative minus Ex. Cond. - 44 47 43 44 44 


25th percentile - Alternative minus Ex. Cond. - 4 5 1 1 4 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-105 


May 2024 
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Table 6B.1-57a. Channels around Discovery Bay, Time (in hours) to Flush 90 Percent of Water from 
the Location, June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 28 28 28 28 28 28 


50th percentile (Median) 51 52 52 52 52 52 


75th percentile 61 60 62 61 61 60 


90th percentile 69 70 71 68 71 70 


Median - Alternative minus Ex. Cond. - 1 1 1 1 1 


90th percentile - Alternative minus Ex. Cond. - 1 2 -1 2 1 


75th percentile - Alternative minus Ex. Cond. - -1 1 0 0 -1 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-57b. Channels around Discovery Bay, Time (in hours) to Flush 90 Percent of Water from 
the Location, July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 22 22 22 22 22 22 


50th percentile (Median) 27 28 28 28 28 28 


75th percentile 35 38 38 38 38 38 


90th percentile 41 44 43 43 44 44 


Median - Alternative minus Ex. Cond. - 1 1 1 1 1 


90th percentile - Alternative minus Ex. Cond. - 3 2 2 3 3 


75th percentile - Alternative minus Ex. Cond. - 3 3 3 3 3 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-57c. Channels around Discovery Bay, Time (in hours) to Flush 90 Percent of Water from 
the Location, August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 20 21 21 21 20 21 


50th percentile (Median) 25 25 25 25 25 25 


75th percentile 34 35 35 35 35 35 


90th percentile 56 48 47 46 46 48 


Median - Alternative minus Ex. Cond. - 0 0 0 0 0 


90th percentile - Alternative minus Ex. Cond. - -8 -9 -10 -10 -8 


75th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


25th percentile - Alternative minus Ex. Cond. - 1 1 1 0 1 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-106 


May 2024 
ICF 103653 


 


Table 6B.1-57d. Channels around Discovery Bay, Time (in hours) to Flush 90 Percent of Water from 
the Location, September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 21 22 23 22 22 22 


50th percentile (Median) 30 32 32 32 33 32 


75th percentile 48 52 52 52 52 52 


90th percentile 66 66 66 64 66 66 


Median - Alternative minus Ex. Cond. - 2 2 2 3 2 


90th percentile - Alternative minus Ex. Cond. - 0 0 -2 0 0 


75th percentile - Alternative minus Ex. Cond. - 4 4 4 4 4 


25th percentile - Alternative minus Ex. Cond. - 1 2 1 1 1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-57e. Channels around Discovery Bay, Time (in hours) to Flush 90 Percent of Water from 
the Location, October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 28 28 28 27 28 28 


50th percentile (Median) 41 41 41 39 39 41 


75th percentile 66 68 68 70 70 68 


90th percentile 84 79 78 79 79 79 


Median - Alternative minus Ex. Cond. - 0 0 -2 -2 0 


90th percentile - Alternative minus Ex. Cond. - -5 -6 -5 -5 -5 


75th percentile - Alternative minus Ex. Cond. - 2 2 4 4 2 


25th percentile - Alternative minus Ex. Cond. - 0 0 -1 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-57f. Channels around Discovery Bay, Time (in hours) to Flush 90 Percent of Water from 
the Location, November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 26 25 26 26 25 26 


50th percentile (Median) 32 34 33 34 34 34 


75th percentile 50 58 58 54 58 58 


90th percentile 75 82 83 83 81 82 


Median - Alternative minus Ex. Cond. - 2 1 2 2 2 


90th percentile - Alternative minus Ex. Cond. - 7 8 8 6 7 


75th percentile - Alternative minus Ex. Cond. - 8 8 4 8 8 


25th percentile - Alternative minus Ex. Cond. - -1 0 0 -1 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-107 


May 2024 
ICF 103653 


 


Table 6B.1-58a. Old River South of Clifton Court Forebay, Time (in hours) to Flush 90 Percent of 
Water from the Location, June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 71 68 69 68 68 68 


50th percentile (Median) 184 182 174 180 182 180 


75th percentile 417 392 411 413 413 392 


90th percentile 643 654 649 651 652 654 


Median - Alternative minus Ex. Cond. - -2 -10 -4 -2 -4 


90th percentile - Alternative minus Ex. Cond. - 11 6 8 9 11 


75th percentile - Alternative minus Ex. Cond. - -25 -6 -4 -4 -25 


25th percentile - Alternative minus Ex. Cond. - -3 -2 -3 -3 -3 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-58b. Old River South of Clifton Court Forebay, Time (in hours) to Flush 90 Percent of 
Water from the Location, July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 108 115 115 114 115 115 


50th percentile (Median) 368 333 325 339 333 333 


75th percentile 593 553 562 581 551 553 


90th percentile 693 676 680 668 663 676 


Median - Alternative minus Ex. Cond. - -35 -43 -29 -35 -35 


90th percentile - Alternative minus Ex. Cond. - -17 -13 -25 -30 -17 


75th percentile - Alternative minus Ex. Cond. - -40 -31 -12 -42 -40 


25th percentile - Alternative minus Ex. Cond. - 7 7 6 7 7 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-58c. Old River South of Clifton Court Forebay, Time (in hours) to Flush 90 Percent of 
Water from the Location, August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 136 135 134 135 135 135 


50th percentile (Median) 342 340 324 335 333 340 


75th percentile 654 641 631 642 646 641 


90th percentile 718 716 723 716 716 716 


Median - Alternative minus Ex. Cond. - -2 -18 -7 -9 -2 


90th percentile - Alternative minus Ex. Cond. - -2 5 -2 -2 -2 


75th percentile - Alternative minus Ex. Cond. - -13 -23 -12 -8 -13 


25th percentile - Alternative minus Ex. Cond. - -1 -2 -1 -1 -1 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-108 


May 2024 
ICF 103653 


 


Table 6B.1-58d. Old River South of Clifton Court Forebay, Time (in hours) to Flush 90 Percent of 
Water from the Location, September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 227 189 201 176 176 189 


50th percentile (Median) 318 310 311 314 309 310 


75th percentile 332 337 334 337 336 337 


90th percentile 344 349 348 351 349 349 


Median - Alternative minus Ex. Cond. - -8 -7 -4 -9 -8 


90th percentile - Alternative minus Ex. Cond. - 5 4 7 5 5 


75th percentile - Alternative minus Ex. Cond. - 5 2 5 4 5 


25th percentile - Alternative minus Ex. Cond. - -38 -26 -51 -51 -38 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-58e. Old River South of Clifton Court Forebay, Time (in hours) to Flush 90 Percent of 
Water from the Location, October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 50 50 50 50 50 50 


50th percentile (Median) 74 74 73 72 73 74 


75th percentile 88 88 89 84 84 88 


90th percentile 118 112 112 113 112 112 


Median - Alternative minus Ex. Cond. - 0 -1 -2 -1 0 


90th percentile - Alternative minus Ex. Cond. - -6 -6 -5 -6 -6 


75th percentile - Alternative minus Ex. Cond. - 0 1 -4 -4 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-58f. Old River South of Clifton Court Forebay, Time (in hours) to Flush 90 Percent of 
Water from the Location, November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 65 65 64 64 65 65 


50th percentile (Median) 83 84 83 82 84 84 


75th percentile 170 194 187 193 193 193 


90th percentile 368 320 301 353 331 319 


Median - Alternative minus Ex. Cond. - 1 0 -1 1 1 


90th percentile - Alternative minus Ex. Cond. - -48 -67 -15 -37 -49 


75th percentile - Alternative minus Ex. Cond. - 24 17 23 23 23 


25th percentile - Alternative minus Ex. Cond. - 0 -1 -1 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-109 


May 2024 
ICF 103653 


 


Table 6B.1-59a. Middle River from Woodward Island to Mildred Island, Time (in hours) to Flush 90 
Percent of Water from the Location, June 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 24 24 24 24 24 24 


50th percentile (Median) 31 32 32 31 32 32 


75th percentile 38 38 38 38 38 38 


90th percentile 58 52 57 52 52 52 


Median - Alternative minus Ex. Cond. - 1 1 0 1 1 


90th percentile - Alternative minus Ex. Cond. - -6 -1 -6 -6 -6 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-59b. Middle River from Woodward Island to Mildred Island, Time (in hours) to Flush 90 
Percent of Water from the Location, July 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 15 16 16 16 16 16 


50th percentile (Median) 18 19 20 19 19 19 


75th percentile 24 24 25 25 25 25 


90th percentile 51 51 54 51 51 51 


Median - Alternative minus Ex. Cond. - 1 2 1 1 1 


90th percentile - Alternative minus Ex. Cond. - 0 3 0 0 0 


75th percentile - Alternative minus Ex. Cond. - 0 1 1 1 1 


25th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-59c. Middle River from Woodward Island to Mildred Island, Time (in hours) to Flush 90 
Percent of Water from the Location, August 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 16 16 16 16 16 16 


50th percentile (Median) 21 21 21 20 21 21 


75th percentile 27 28 29 27 27 28 


90th percentile 52 55 61 55 54 55 


Median - Alternative minus Ex. Cond. - 0 0 -1 0 0 


90th percentile - Alternative minus Ex. Cond. - 3 9 3 2 3 


75th percentile - Alternative minus Ex. Cond. - 1 2 0 0 1 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Delta Conveyance Project, Biological Assessment 
6B.1-110 


May 2024 
ICF 103653 


 


Table 6B.1-59d. Middle River from Woodward Island to Mildred Island, Time (in hours) to Flush 90 
Percent of Water from the Location, September 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 17 18 18 18 18 18 


50th percentile (Median) 22 23 23 23 24 23 


75th percentile 28 31 31 31 31 31 


90th percentile 38 39 39 39 38 39 


Median - Alternative minus Ex. Cond. - 1 1 1 2 1 


90th percentile - Alternative minus Ex. Cond. - 1 1 1 0 1 


75th percentile - Alternative minus Ex. Cond. - 3 3 3 3 3 


25th percentile - Alternative minus Ex. Cond. - 1 1 1 1 1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-59e. Middle River from Woodward Island to Mildred Island, Time (in hours) to Flush 90 
Percent of Water from the Location, October 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 19 20 20 19 19 20 


50th percentile (Median) 24 25 25 25 25 25 


75th percentile 31 31 31 31 29 31 


90th percentile 45 49 48 48 47 49 


Median - Alternative minus Ex. Cond. - 1 1 1 1 1 


90th percentile - Alternative minus Ex. Cond. - 4 3 3 2 4 


75th percentile - Alternative minus Ex. Cond. - 0 0 0 -2 0 


25th percentile - Alternative minus Ex. Cond. - 1 1 0 0 1 


Alt = Alternative, Ex. Cond. = existing conditions. 


Table 6B.1-59f. Middle River from Woodward Island to Mildred Island, Time (in hours) to Flush 90 
Percent of Water from the Location, November 


Statistic 
Ex. 


Cond. Alts 1, 3 
Alts 2a, 


4a 
Alts 2b, 


4b 
Alts 2c, 


4c Alt 5 


25th percentile 13 13 13 13 13 13 


50th percentile (Median) 18 19 19 18 18 19 


75th percentile 24 29 30 28 29 29 


90th percentile 47 49 49 47 49 49 


Median - Alternative minus Ex. Cond. - 1 1 0 0 1 


90th percentile - Alternative minus Ex. Cond. - 2 2 0 2 2 


75th percentile - Alternative minus Ex. Cond. - 5 6 4 5 5 


25th percentile - Alternative minus Ex. Cond. - 0 0 0 0 0 


Alt = Alternative, Ex. Cond. = existing conditions. 
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Figure 6B.1-139. Brannan Island, Time (in hours) to Flush 90 Percent of Water from the Location by 
Month 


 


Figure 6B.1-140. San Joaquin River at Jersey Point, Time (in hours) to Flush 90 Percent of Water from 
the Location by Month 
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Figure 6B.1-141. Old River at Rock Slough, Time (in hours) to Flush 90 Percent of Water from the 
Location by Month 


 


Figure 6B.1-142. Franks Tract, Time (in hours) to Flush 90 Percent of Water from the Location by 
Month 
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Figure 6B.1-143. Channels around Franks Tract, Time (in hours) to Flush 90 Percent of Water from the 
Location by Month 


 


Figure 6B.1-144a. Victoria Canal, Time (in hours) to Flush 90 Percent of Water from the Location by 
Month 
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Figure 6B.1-144b. Victoria Canal, Time (in hours) to Flush 90 Percent of Water from the Location by 
Month Zoomed in to Show Scale without November Outliers 


 


Figure 6B.1-145. Stockton Deep Water Ship Channel, Time (in hours) to Flush 90 Percent of Water 
from the Location by Month 
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Figure 6B.1-146. Mildred Island, Time (in hours) to Flush 90 Percent of Water from the Location by 
Month 


 


Figure 6B.1-147. Channels around Mildred Island, Time (in hours) to Flush 90 Percent of Water from 
the Location by Month 
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Figure 6B.1-148. San Joaquin River near Venice Island, Time (in hours) to Flush 90 Percent of Water 
from the Location by Month 


 


Figure 6B.1-149. Mokelumne River, Time (in hours) to Flush 90 Percent of Water from the Location by 
Month 
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Figure 6B.1-150. Discovery Bay, Time (in hours) to Flush 90 Percent of Water from the Location by 
Month 


 


Figure 6B.1-151. Channels around Discovery Bay, Time (in hours) to Flush 90 Percent of Water from 
the Location by Month 
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Figure 6B.1-152. Old River South of Clifton Court Forebay, Time (in hours) to Flush 90 Percent of Water 
from the Location by Month 


 


Figure 6B.1-153. Middle River from Woodward Island to Mildred Island, Time (in hours) to Flush 90 
Percent of Water from the Location by Month 
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6B.1.1.2 Surface Water 


6B.1.1.2.1 Changes to Sacramento River Basin Flows 


 


Figure 6B.1-154. Long-Term Average of Monthly Flows at Yolo Bypass at Fremont Weir 
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Figure 6B.1-155. Long-Term Average of Monthly Flows at Sacramento River at Freeport, Upstream of 
Proposed North Delta Intakes 


 


Figure 6B.1-156. Long-Term Average of Monthly Flows at Sacramento River Just South of Hood, 
Downstream of the Proposed North Delta Intakes 
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Appendix 6C 
Operations and Maintenance Effects Analysis for Delta 


Smelt, Longfin Smelt, and Terrestrial Species 


This appendix includes analyses to describe effects of the proposed action on species under the 


jurisdiction of the U.S. Fish and Wildlife Service (USFWS). Specifically, this appendix includes 


operations and maintenance effect analyses to inform programmatic consultation under Section 


7(a)(1) of the Endangered Species Act. More information on the consultation strategy can be found 


in Section 1.7, Consultation Approach.  


6C.1 Effects on Delta Smelt 
Potential effects of the proposed action on delta smelt are discussed for operation activities and 


conservation measures. Cumulative effects are also discussed. Analyses were developed in 


consideration of habitat attributes believed to be of importance to the species based on existing 


conceptual models (e.g., Interagency Ecological Program Management, Analysis, and Synthesis Team 


2015; see summary by California Department of Water Resources 2020:4-119) and best-available 


methods (e.g., ICF International 2016a; U.S. Fish and Wildlife Service 2017). Potential effects were 


also evaluated for Water Facility Maintenance; Conservation Measures; Monitoring Activities; and 


Cumulative Effects. 


Throughout the delta smelt analysis, impacts based on life stage (migrating adults, spawning adults, 


eggs/embryos, larvae/young juveniles, and juveniles) are discussed. Details related to delta smelt 


life stage and occurrences can be found in Chapter 4, Action Area and Environmental Baseline, 


Section 4.4.7, Delta Smelt. Table 4.4.7-1 summarizes the average annual frequency of delta smelt 


occurrence by life stage and location, based on a review of historical monitoring data. 


6C.1.1 Effects of Water Facility Operations and Maintenance 
on Delta Smelt 


6C.1.1.1 Introduction 


Potential effects of the proposed action on delta smelt are discussed in terms of near-field effects 


(i.e., in the immediate proximity) of north Delta exports and south Delta exports (e.g., entrainment), 


in addition to far-field habitat effects (e.g., changes to food availability and other factors potentially 


linked to changes in water operations). Analyses were developed in consideration of habitat 


attributes believed to be of importance to the species, based on existing conceptual models (e.g., 


Interagency Ecological Program Management, Analysis, and Synthesis Team 2015; see summary by 


California Department of Water Resources 2020:4–119) and best-available methods (e.g., ICF 


International 2016a; U.S. Fish and Wildlife Service 2017; California Department of Water Resources 


2020). A summary of quantitative methods is provided in Appendix 5D, Bay-Delta Methods and 


Results. 
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6C.1.1.2 North Delta Exports 


The reach of the Sacramento River where the proposed intakes would be built is considered to be 


near the northern extent of where delta smelt occur. Surveys conducted within the Sacramento 


River reach of the proposed intake locations indicate few delta smelt are found in that vicinity. On 


one occasion, the species has been found as far upstream as Knights Landing (Vincik et al. 2012). 


Thus, there is the potential for negative effects to delta smelt at the proposed intake. For the effects 


analysis below, population-level effects were considered in light of survey data in the general 


vicinity of the proposed intakes that were examined to inform the extent of exposure of the species. 


Table 6C.1-1 illustrates number of delta smelt captured via beach seines relative to proposed intake 


locations. 
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Table 6C.1-1. Number of Delta Smelt Collected by Beach Seining in the Sacramento River between River Miles 12 and 80, January–June 
2012–2021, with Frequency of Years with Collection of at Least One Individual Compared to 1994–2014 


Station 


Location 
Relative to 
North Delta 
Intakes 2


0
1


2
 


2
0


1
3


 


2
0


1
4


 


2
0


1
5


 


2
0


1
6


 


2
0


1
7


 


2
0


1
8


 


2
0


1
9


 


2
0


2
0


 


2
0


2
1


 Frequency 
(2012–
2021) 


Frequency 
(1994–
2014) 


SR012W (Sandy Beach) Downstream 5 4 46 29 2 4 0 0 0 0 0.60 0.86 


SR014W (Rio Vista) Downstream 2 0 2 0 0 0 0 0 0 0 0.20 0.90 


SR017E (Isleton) Downstream 0 0 0 0 0 0 0 0 0 0 0.00 0.38 


SR024E (Koket) Downstream 3 0 0 0 0 0 0 0 0 0 0.10 0.62 


XC001N (Delta Cross Channel) Downstream 0 0 0 0 0 0 0 0 0 0 0.00 0.05 


GS010E (Georgiana Slough) Downstream 2 0 0 0 0 0 0 0 0 0 0.10 0.19 


SS011N (Steamboat Slough 
(mouth) 


Downstream 9 0 0 0 0 0 0 0 0 0 0.10 0.43 


SR043W (Clarksburg) Across river 
from Intake B 


9 0 11 0 0 0 0 0 0 0 0.20 0.71 


SR049E (Garcia Bend) Upstream 33 0 6 0 0 0 0 0 0 0 0.20 0.76 


SR055E (Sherwood Harbor) Upstream 0 0 0 0 0 0 0 0 0 0 0.00 0.00 


SR057E (Miller Park) Upstream 0 0 0 0 0 0 0 0 0 0 0.00 0.10 


SR060E (Discovery Park) Upstream 0 0 5 0 0 0 0 0 0 0 0.10 0.19 


AM001S (American River) Upstream 0 0 0 0 0 0 0 0 0 0 0.00 0.05 


SR062E (Sand Cove) Upstream 0 0 3 0 0 0 0 0 0 0 0.10 0.10 


SR071E (Elkhorn) Upstream 0 0 0 0 0 0 0 0 0 0 0.00 0.10 


SR080E (Verona) Upstream 0 0 0 0 0 0 0 0 0 0 0.00 0.10 


Sources: 2012–2021 data from U.S. Fish and Wildlife Service (2021; 1994–2014 frequency summary from U.S. Fish and Wildlife Service (2017:153). 
Note: Station codes on the Sacramento River indicate river miles upstream of the confluence the Sacramento and San Joaquin Rivers; the north Delta intakes are at 
approximately River Miles 37–41. 
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The analyses of the potential effects of north Delta exports on delta smelt that are presented in this 


section are limited to the near-field effects of the proposed intake (i.e., entrainment, impingement/ 


screen contact, and predation).  


Upstream Migration Effects and Predation 


The north Delta intakes could reduce the potential for migrating adult delta smelt to migrate 


upstream to spawning areas in the northern Delta based on replacement of low-velocity nearshore 


habitat at the north Delta intake locations with fish screens and associated structures. Previous 


analyses demonstrated that the tidal surfing behavior typically employed by adult delta smelt 


elsewhere in the Delta (Bennett and Burau 2015) would not allow passage upstream of the north 


Delta intakes because of the primarily downstream flow in the intake reach (ICF International 


2016a:6–75). More recent analyses exploring a variety of tidal migration and other behaviors also 


found that all investigated behaviors would result in minimal numbers of fish entering the 


Sacramento River above Rio Vista (Gross et al. 2021); therefore, active swimming is required. As 


described by USFWS (2017:318), for a delta smelt to swim upstream at all, river velocity must be 


less than delta smelt sustainable swimming speeds. Assuming that the river velocity at Freeport is 


representative of the river velocity near the north Delta intakes (which would be designed to have 


adequate sweeping velocity to meet downstream juvenile salmon-migration requirements), the 


distance that a delta smelt can swim over a sustainable swimming period of 1 hour can be calculated 


based on maximum sustainable swimming speed (0.91 ft/s; Swanson et al. 1998). Methods for the 


upstream migration analysis are described in more detail in Appendix 5D, Bay-Delta Methods and 


Results, Section 5D.9, Delta Smelt Upstream Migration Past North Delta Diversions. Note that the 


method is applicable to fish in close proximity to the screens under the assumption that fish are 


swimming along the screens; as discussed further below, areas of low velocity that occur near the 


river bottom or channel margins could also be used for migration. 


Based on the methods described in Appendix 5D, Section 5D.9, Delta Smelt Upstream Migration Past 


North Delta Diversions, historical water-velocity data during the main upstream migration period 


(December–March) indicate that downstream velocity would be sufficiently low for adult delta 


smelt to migrate upstream successfully within an hour past a single, approximately 30-foot 


cylindrical tee screen unit1 at Intakes B and C, just under 15% of the time and just under 10% of the 


time for a combined screen length of 900 feet (i.e., the approximate screen unit length of each of 


Intakes B and C with 3,000-cubic square feet [cfs] capacity). The results for the 900-foot screen unit 


lengths may also be representative of conditions along the vertical wall behind the cylindrical tee 


fish screens, should delta smelt occur in that area, rather than along the fish screens. 


Application of the results of laboratory investigations to velocity data from a relatively low-flow 


historical migration period (February 1991; see description in Appendix 5D, Section 5D.9, Delta 


Smelt Upstream Migration Past North Delta Diversions) suggest that adult delta smelt passing close to 


the north Delta intake screens when velocity is sufficiently low for upstream migration could contact 


the fish screens and result in somewhat-reduced survival (92%–93% survival for screen lengths of 


 
1 Calculations for a single fish screen were included to illustrate potential effects if fish only encountered one of the 
screens and not any others while swimming upstream (e.g., if they had otherwise occupied a different portion of 
the water column away from the fish screens). In combination with the full length of fish screens, this illustrates the 
range of potential effects for fish in close proximity to the screens. The cylindrical fish screen units would actually 
be 29.33 feet long and separated by a gap of 1 foot; each screen unit would include 7.66 feet of manifold between 
the two screens comprising each unit, so there actually would be 21.67 feet length of screen per screen unit. 
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30–900 feet; see Appendix 5D). Combined with the screen lengths that could be passed within a 1-


hour sustainable swimming period, the analysis suggests that adult delta smelt passing close to the 


intakes would have a passage probability of 9% for a single 30-foot screen, 7% for a combined 


screen length of 450 feet, and 5% for a combined screen length of 900 feet. These results primarily 


derive from the downstream river velocity combined with the screen length, as opposed to survival 


effects of screen contact, and have uncertain application to the proposed cylindrical fish screens 


because the foundational studies were based on flat-plate screens that fish were required to be in 


close proximity to at all times. The potential for reduction of upstream passage by the north Delta 


intakes may be proportional to the overall screen length and, therefore, the overall capacity of the 


proposed action. As such, the potential reduction in upstream passage may be less under the 


proposed action (6,000-cfs capacity). 


It is uncertain what proportion of upstream-migrating adult delta smelt occurring in the Sacramento 


River would experience the potential reduction in upstream passage by the north Delta intakes 


suggested by the above analysis. Although a suitably low velocity for upstream migration, based on 


Freeport channel velocity, may occur during a relatively low proportion of time, it is possible that 


upstream migration would be concentrated during these limited periods. In addition, 2D hydraulic 


modeling conducted to illustrate potential north Delta intake effects on river hydrodynamics shows 


that there is a considerable extent of sufficiently low-velocity habitat on the opposite (west/right) 


bank of the Sacramento River from the north Delta intakes, although the greatest extent is on the 


east/left bank (the same side as the proposed intakes), particularly during higher flows (Delta 


Conveyance Design and Construction Authority 2022d). USFWS (2017:318) considered that it is 


unlikely that delta smelt could exclusively use the west bank to migrate past the north Delta intakes 


because the Sacramento River makes six major bends between Isleton and Freeport. This would 


shunt the highest-velocity parts of the river cross section back and forth across the channel, 


requiring fish to change banks to avoid being swept downstream. In addition, USFWS (2017:318) 


considered that it seems unlikely that delta smelt could keep swimming up one bank of the river to 


areas upstream because they would eventually need to avoid a predator or be displaced off the 


shoreline at night, when they lose visual reference and become less active. Although these factors 


may increase the risk of passage delay by the north Delta intakes, the cylindrical tee fish screens and 


their associated manifolds, as well as the support piles for the log-boom structure, may provide 


velocity refuge for upstream-migrating adult delta smelt occurring near the intakes, thereby 


reducing the extent of the potential negative effect. Low-velocity habitat for migration may also 


occur near the riverbed, and field studies have shown delta smelt use of the bottom half of the water 


column, such as on ebb tides (Feyrer et al. 2013). In addition, if encountering high-velocity habitat at 


the proposed intakes, delta smelt could also switch banks to seek low-velocity habitat, thereby 


avoiding complete passage blockage and only perhaps resulting in some migration delay. Historical 


beach seine data at Clarksburg illustrate use of the opposite bank from Intake B (Table 6C.1-1). 


Statistical analysis of the Freeport Regional Water Authority intake in the north Delta did not find 


evidence that the intake reduced upstream occurrence of delta smelt during and following 


construction, in comparison to the preconstruction period (Appendix 5D, Section 5D.18, Delta Smelt 


Occurrence Upstream of Freeport Regional Water Authority Intake). Although the Freeport intake is 


shorter and has a different (i.e., flat-plate) screen design than the proposed north Delta intakes, the 


analysis suggests that delta smelt are able to pass this intake to migrate upstream. In addition, the 


statistical analysis of delta smelt occurrence upstream of Freeport did not find a significant 


relationship between mean December–March Sacramento River at Freeport flow and delta smelt 


probability of occurrence upstream of Freeport (Appendix 5D, Section 5D.18, Delta Smelt Occurrence 


Upstream of Freeport Regional Water Authority Intake). In their paper describing the occurrence of a 
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single delta smelt in the rotary screw trap at Knights Landing in March 2010, Vincik et al. (2012) 


suggested that the hydrologically dry water year could have driven delta smelt farther upstream in 


the system, but acknowledged that they could not ascertain exactly what conditions led to migration 


so far upstream. Thus, although in theory diversions at the north Delta intakes could enhance the 


far-field, riverscape scale potential for upstream migration by adult delta smelt occurring in the 


north Delta riverine reaches based on lower velocity, and decrease potential migration based on 


near-field effects from the fish screens, there is uncertainty in the extent to which either effect 


would occur. Uncertainty in the potential effects on upstream passage of adult delta smelt would be 


addressed by field studies involving methods such as beach seining or environmental DNA. 


The north Delta intakes may provide predatory fish with low-velocity ambush locations, given the 


association of some species with anthropogenic features (e.g., Sabal et al. 2016). This could increase 


exposure of delta smelt to predation risk, although the increase in in-water structure would be 


small, representing a relatively minor increase to the limited extent of in-water structures within the 


Delta (Lehman et al. 2019). Although not specific to delta smelt, and not within the Delta, studies in 


the Sacramento River have not provided evidence for statistically significant effects that either 


cylindrical tee fish screens (Demetras et al. 2013) or intake structures (Henderson et al. 2019) 


generally may have on the survival of migrating small fish. Field studies would be undertaken to 


assess predator association with the north Delta intakes and inform the need for adaptive 


management. 


Entrainment and Impingement 


The north Delta intakes would be screened to fishery agency standards, including 0.2-feet-per-


second approach velocities for delta smelt protection and 1.75-millimeter openings to limit the 


potential for entrainment or impingement. Delta smelt eggs and embryos are demersal and 


adhesive, attaching to substrates with an adhesive stalk formed by the outer layer of the egg 


(Bennett 2005), and therefore are not believed to be highly mobile following spawning (U.S. Fish 


and Wildlife Service 2019:100), so they generally would not be susceptible to entrainment or 


impingement.2 Based on delta smelt body-depth to body-length ratios, and using the screening 


effectiveness analysis described in Appendix 5D, the proposed north Delta intake screen opening of 


1.75 millimeters would prevent delta smelt greater than the standard length of around 20–21 


millimeters (approximately 90 days old; Hobbs et al. 2007) from being entrained through the fish 


screens. Therefore, only delta smelt smaller than 20–21 millimeters (i.e., larvae/early juveniles) 


would be vulnerable to entrainment. 0. 


The proportion of water diverted by the north Delta intakes during the months of young delta smelt 


vulnerability (i.e., March–June, especially April–May) provides a coarse indicator of entrainment/ 


impingement risks of the small proportion of delta smelt occurring near the north Delta intakes, 


assuming that the proportion of water diverted is proportional to intake exposure for young life 


stages moving downstream. CalSim modeling suggests that the median percentage of flow diverted 


would be 7% in March (range: 0%–21%), 0% in April (range: 0%–16%), 0% in May (range: 0%–


 
2 To the extent that delta smelt eggs attached to sand are resuspended by water flow, the assessment of percentage 
of flow diverted by the north Delta intakes for larvae provides some context for entrainment risk. Note, however, 
that there is no information about the probability of resuspended eggs surviving resuspension, which, based on 
inferences made for other smelt species, may be low because of displacement to areas of less-suitable habitat than 
those selected by spawning adults (Brown and Taylor 1995). Note also that the proportion of the total delta smelt 
population’s eggs that may be subject to entrainment risk would be low, based on the species’ distribution 
information provided earlier in this section. 







CA Department of Water Resources 


 Operations and Maintenance Effects Analysis for Delta 
Smelt, Longfin Smelt, and Terrestrial Species 


 


Delta Conveyance Project, Biological Assessment 
6C-7 


May 2024 
ICF 103653  


 


20%), and 0% in June (range: 0%–19%) (Table 6C.1-2). The percentage of young delta smelt being 


entrained or impinged on the north Delta intake screens likely would be less than these percentages 


because field studies in the Delta have shown that cylindrical tee fish screens may exclude a 


considerably greater proportion of delta smelt than would be expected based solely on theoretical 


calculations (Nobriga et al. 2004). Mechanisms contributing to these observations may include the 


hydraulic bypass effect created by moving water encountering the end of the cylindrical tee fish 


screens and forming a “bow wave,” which physically keeps organisms away from the screens, as well 


as detection and avoidance of the bow wave, as suggested for cylindrical screens in the Columbia 


River (Coutant 2021; albeit with the caveats previously described for winter-run Chinook salmon in 


Chapter 5, Effects Analysis for Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer 


Whale). The small, early life stages of delta smelt tend to be distributed off the bottom and are 


pelagic, mostly near the surface of the water column prior to swim-bladder development (Bennett 


2005:18; Wang 2007:7), whereas following swim-bladder development, there is evidence for 


changes in distribution from the upper to lower water column, depending on the time of the day 


(see summary by Bennett 2005:20, which notes that different studies have found different times of 


the day for occurrence in the upper water column). Occurrence in the upper half of the water 


column would result in potential exposure to the north Delta intakes much of the time for these 


individuals occurring near the intakes, based on the proportion of time that the tops of the screens 


would be in the upper half of the water column (Table 6C.1-3 and Table 6C.1-4). The overall 


proportion of the delta smelt population that could be exposed to such effects would be small, given 


that the main distribution of the species is farther downstream in the Delta and elsewhere (see the 


discussion in Chapter 6, Section 6.1.1, Effects of Construction Activities on Delta Smelt). 


Table 6C.1-2. Percentage of Sacramento River Flow Diverted by the North Delta Diversions, 
March–June 


Percentile 


Proposed Action 


March April May June 


Minimum 0% 0% 0% 0% 


10% 0% 0% 0% 0% 


20% 0% 0% 0% 0% 


30% 1% 0% 0% 0% 


40% 3% 0% 0% 0% 


50% 7% 0% 0% 0% 


60% 11% 0% 0% 0% 


70% 13% 0% 1% 2% 


80% 15% 0% 3% 5% 


90% 17% 7% 7% 12% 


Maximum 21% 16% 20% 19% 
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Table 6C.1-3. Water Column Position (U = Upper 50%; L = Lower 50%) of Top of Cylindrical Tee 
Screens at Intake B during Various Monthly Water Surface Elevation Exceedance Percentiles  


Month 1% 5% 25% 50% 75% 95% 99% 


Jan L L U U U U U 


Feb L L U U U U U 


Mar L L U U U U U 


Apr L L U U U U U 


May L U U U U U U 


Jun U U U U U U U 


Jul U U U U U U U 


Aug U U U U U U U 


Sep U U U U U U U 


Oct U U U U U U U 


Nov U U U U U U U 


Dec L U U U U U U 


Source: Based on elevation data in Table 12-33 and data sources in Delta Conveyance Design and Construction 
Authority (2022c). 
Note: Percentiles indicate water surface elevation that would be exceeded 1%, 5%, etc., of the time, so, for example, 
an “L” in the 5% column indicates that the top of the cylindrical tee screens would be in the lower 50% of the water 
column 5% of the time. 


Table 6C.1-4. Water Column Position (U = Upper 50%; L = Lower 50%) of Top of Cylindrical Tee 
Screens at Intake C during Various Monthly Water Surface Elevation Exceedance Percentiles 


Month 1% 5% 25% 50% 75% 95% 99% 


Jan L L L U U U U 


Feb L L L U U U U 


Mar L L L U U U U 


Apr L L L U U U U 


May L L L U U U U 


Jun L L U U U U U 


Jul L L U U U U U 


Aug L L U U U U U 


Sep L U U U U U U 


Oct U U U U U U U 


Nov L U U U U U U 


Dec L L L U U U U 


Source: Based on elevation data in Table 12-33 and data sources in Delta Conveyance Design and Construction 
Authority (2022c). 
Note: Percentiles indicate water surface elevation that would be exceeded 1%, 5%, etc., of the time, so, for example, 
an “L” in the 25% column indicates that the top of the cylindrical tee screens would be in the lower 50% of the water 
column 25% of the time. 


6C.1.1.3 South Delta Exports 


Old and Middle River flows are an important indicator of adult (December–March) and larval/early 


juvenile (March–June) delta smelt entrainment risk at the south Delta export facilities (Grimaldo et 
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al. 2009, 2021; U.S. Fish and Wildlife Service 2019:Appendix 2). As described in Chapter 3, 


Description of the Proposed Action, the existing facilities in the south Delta would be governed by 


applicable regulatory requirements, such as those specified under the State Water Resources 


Control Board Bay-Delta Water Quality Control Plan, federal BiOps (National Marine Fisheries 


Service 2019; U.S. Fish and Wildlife Service 2019), California Endangered Species Act Incidental 


Take Permit for State Water Project (SWP) (California Department of Fish and Wildlife 2020), and 


USACE Clifton Court diversion limits. The CalSim modeling for existing conditions and the proposed 


action includes representation of these requirements, although not all real-time requirements, such 


as those based on monitoring of fish presence, are represented. The risk of delta smelt entrainment 


under existing conditions and the proposed action would be minimized by the inclusion of the 


various existing regulatory requirements. Although there are some differences in modeled Old and 


Middle River flows between existing conditions and the proposed action, generally reflecting less 


south Delta exports under the proposed action because of north Delta exports, the magnitude and 


signs of the absolute estimates are similar sufficiently to suggest that there would be similar levels 


of delta smelt entrainment risk under the proposed action and existing conditions (Table 6C.1-5 


through Table 6C.1-11). 


Table 6C.1-5. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, 
December 


Water Year Type EC Proposed Action 


Wet -5,229 -5,035 (4%) 


Above normal -6,900 -6,527 (5%) 


Below normal -6,249 -6,064 (3%) 


Dry -5,666 -5,115 (10%) 


Critically dry -4,281 -4,182 (2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 6C.1-6. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, 
January 


Water Year Type EC Proposed Action 


Wet -2,972 -2,902 (2%) 


Above normal -4,274 -4,274 (0%) 


Below normal -4,393 -4,374 (0%) 


Dry -4,812 -4,680 (3%) 


Critically dry -4,303 -4,209 (2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 
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Table 6C.1-7. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, 
February 


Water Year Type EC Proposed Action 


Wet -3,029 -2,652 (12%) 


Above normal -3,712 -3,725 (0%) 


Below normal -4,460 -4,374 (2%) 


Dry -4,516 -4,658 (-3%) 


Critically dry -4,350 -4,266 (2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 6C.1-8. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, March 


Water Year Type EC Proposed Action 


Wet -1,289 -840 (35%) 


Above normal -2,916 -2,902 (0%) 


Below normal -3,383 -3,375 (0%) 


Dry -3,292 -3,293 (0%) 


Critically dry -3,001 -2,898 (3%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 6C.1-9. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, April 


Water Year Type EC Proposed Action 


Wet -951 -522 (45%) 


Above normal -1,531 -1,393 (9%) 


Below normal -1,715 -1,717 (0%) 


Dry -1,813 -1,826 (-1%) 


Critically dry -1,181 -1,212 (-3%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 6C.1-10. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, May 


Water Year Type EC Proposed Action 


Wet -1,555 -1,656 (-7%) 


Above normal -2,397 -2,445 (-2%) 


Below normal -1,882 -2,000 (-6%) 


Dry -2,028 -2,005 (1%) 


Critically dry -1,710 -1,672 (2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 
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Table 6C.1-11. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, June 


Water Year Type EC Proposed Action 


Wet -4,411 -4,404 (0%) 


Above normal -4,953 -4,942 (0%) 


Below normal -4,899 -4,920 (0%) 


Dry -4,750 -4,730 (0%) 


Critically dry -2,084 -2,102 (-1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Particle tracking modeling was used to provide additional assessment of potential delta smelt 


entrainment effects (for method, see Appendix 5D, Section 5D.14, Delta Smelt Larval Entrainment 


(DSM2 Particle Tracking Model)). The results of this modeling generally gave little difference 


between the proposed action and existing conditions (Table 6C.1-12), in agreement with the 


examination of Old and Middle River flows discussed above. 


Table 6C.1-12. Entrainment of Particles at the South Delta Export Facilities and North Bay 
Aqueduct from Delta Simulation Model II Particle Tracking Modeling, Weighted by Delta Smelt 
Larval/Early Juvenile Distribution 


Water 
Year Type 


March April May June 


EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action 


Wet 4.22 4.27 (1%) 3.82 3.55 (-7%) 7.82 8.52 (9%) 16.40 16.54 (1%) 


Above 
normal 


6.90 6.97 (1%) 6.44 6.58 (2%) 13.03 14.12 (8%) 27.00 26.80 (-1%) 


Below 
normal 


18.21 18.43 (1%) 9.55 9.45 (-1%) 10.26 10.80 (5%) 27.61 27.71 (0%) 


Dry 16.90 16.98 (1%) 9.19 9.23 (0%) 11.91 11.92 (0%) 27.91 27.87 (0%) 


Critically 
dry 


18.44 18.10 (-2%) 8.13 8.33 (2%) 12.73 12.50 (-2%) 13.13 13.29 (1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


6C.1.1.4 Habitat Effects 


Sediment Entrainment 


The Interagency Ecological Program Management, Analysis, and Synthesis Team (IEP MAST) 


(2015:87–89) conceptual model identifies predation risk as a habitat attribute affecting delta smelt 


survival; flows interact with erodible sediment supply to affect turbidity and, in general, greater 


turbidity is thought to lower the risk of predation on delta smelt (Bennett 2005; Moyle et al. 2016). 


Sandy sediment is also an important substrate for spawning (Lindberg et al. 2020). Large amounts 


of sediment enter the Delta from winter and spring storm runoff, with resuspension caused by tidal 


and wind action (Schoellhamer et al. 2014; Bever et al. 2016). Wright and Schoellhamer (2005) 


found that approximately 66% of the sediment entered the Delta from the Sacramento River. The 
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north Delta intakes would entrain sediment, with annual mean entrainment estimates of this 


suspended sediment otherwise destined to move downstream in the Sacramento River ranging from 


3% to 7% and an overall total during the 1922–2015 CalSim modeling period of 5% (Table 


6C.1-13).3 A recent analysis examining future climate scenarios predicts significant increases in 


large flow events and sediment loading to the Delta from the Sacramento River over the next 


century for two representative greenhouse gas concentration pathways, which may increase 


turbidity (Stern et al. 2020). The magnitude of the projected increases in sediment loading relative 


to existing conditions (+33%–38% by 2040–2069; +39%–69% by 2070–2099) is appreciably 


greater than the estimated reduction in sediment loading as a result of north Delta intake 


entrainment. In addition, the increase in sediment would have the potential to largely reverse the 


~50% reduction in sediment loading from the Sacramento River estimated to have occurred during 


the second half of the twentieth century (Wright and Schoellhamer 2004). The relatively small 


percentage of sediment entrained by the north Delta intakes indicates that the proposed action 


would likely have limited impacts on suspended sediment and turbidity for delta smelt. It is unlikely 


that water, and sediment, diversion would produce any immediate change in turbidity (or the 


concentration of suspended sediment), at or downstream of the intakes. Rather, the potential for an 


effect would be tied to the decrease in sediment load, which could be deposited and resuspended in 


areas delta smelt inhabit downstream of the intakes. Uncertainty in the potential for impacts, 


particularly in light of projected future trends in suspended sediment (Stern et al. 2020), would be 


addressed through AMM-15; the Sediment monitoring, Modeling, and Reintroduction Adaptive 


Management program (for more details see Appendix 3A, General Avoidance and Minimization 


Measures). 


Table 6C.1-13. Mean Annual Percentage of Suspended Sediment in the Sacramento River at 
Freeport Entrained by the North Delta Diversions by Water Year Type and Total Percentage 
Entrained over Full CalSim Modeling Period (Water Years 1922–2015) 


Water Year Type Proposed Action 


Wet 4% 


Above normal 7% 


Below normal 7% 


Dry 5% 


Critically dry 3% 


Total 5% 


Food Availability 


The IEP MAST (2015:88) conceptual model suggests that Delta exports of water could affect food 


availability for larval delta smelt. The mechanism for the impacts of Delta exports on food 


availability could be related to the hydrodynamic impacts of Delta outflow because a positive 


correlation exists between the density of the important delta smelt larval and juvenile zooplankton 


prey Eurytemora affinis in the LSZ and Delta outflow (as indexed by X2) during the spring (March–


May; Kimmerer 2002a; Greenwood 2018). Other analyses have also found positive correlations 


between outflow and delta smelt calanoid copepod prey in spring (Hamilton et al. 2020), whereas 


 
3 Estimates of suspended-sediment entrainment by the north Delta intakes were made by multiplying historical 
median monthly suspended-sediment concentration in the Sacramento River at Freeport (Delta Conveyance Design 
and Construction Authority 2022b Figure 3) by the CalSim-modeled monthly mean Sacramento River flow and 
north Delta intake diversions. 
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some other analyses have not found statistically significant relationships between spring outflow 


and biomass per unit of sampling effort for other delta smelt prey (Limnoithona tetraspina and 


Pseudodiaptomus forbesi; California Department of Water Resources and Bureau of Reclamation 


2021:2-11). To assess the magnitude of potential differences in E. affinis availability for 


larval/juvenile delta smelt, a regression of March–May X2 versus E. affinis density in the LSZ was 


used to compare existing conditions and the proposed action (see the methods description provided 


in Appendix 5D, Section 5D.11, Eurytemora affinis–X2 Analysis). This analysis suggested that the 


difference in E. affinis density in the LSZ between the proposed action and existing conditions would 


be small (1%–3%) (Table 6C.1-14). Such differences are much less than the range of the prediction 


intervals from this statistical model, which span several orders of magnitude (Table 5D.11 1) for 


results by individual year, including prediction intervals). This indicates very little potential for 


negative effects on delta smelt from the proposed action relative to existing conditions with respect 


to E. affinis food availability. 


Table 6C.1-14. Mean Eurytemora affinis Density (adults per cubic meter) in the Low Salinity Zone 
by Water Year Type 


Water Year Type EC Proposed Action 


Wet 185 183 (-1%) 


Above normal 159 155 (-3%) 


Below normal 121 118 (-3%) 


Dry 102 100 (-2%) 


Critically dry 79 78 (-1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. This table only includes mean responses and does not consider 
model uncertainty. Results are not predictions of actual values and are intended only to compare the proposed 
action. 
EC = existing conditions. 


In addition to the importance of food availability in spring as discussed above, the IEP MAST 


(2015:88–89) conceptual model describes food availability and quality as key components of the 


transition probability of juvenile and subadult delta smelt to subsequent life stages through growth 


and survival of individuals. Analyses have shown that summer and fall (July–September) Delta 


outflow correlated positively with the subsidy of the delta smelt zooplankton prey Pseudodiaptomus 


forbesi to the LSZ from the freshwater Delta (Kimmerer et al. 2018a). Other analyses have found 


largely nonlinear relationships between outflow and calanoid copepod biomass in the Delta and 


Suisun Marsh/Bay, with potential for negative effects of greater September/October outflow on 


delta smelt prey at several locations (Hamilton et al. 2020). Polansky et al. (2021) found that delta 


smelt postlarval survival during June–August (further shown by Smith et al. 2021) correlated 


positively with prey abundance4 and that prey abundance highly positively correlated with Delta 


outflow during these months. Detailed examination of a fall flow action in 2017 did not provide 


evidence for an increase in delta smelt prey with increased outflow resulting in X2 farther 


downstream (Schultz et al. 2019). The modeling results generally show similar or less Delta outflow 


under the proposed action than existing conditions during June–October (Table 6C.1-15 through 


 
4 As illustrated by plots of the predicted relationship with associated credible intervals from statistical modeling 
(Polansky et al. 2021:Figure C.1), there is appreciable statistical uncertainty in the relationship, which is based on 
annual mean values across water years. Life cycle modeling using the model developed by Smith et al. (2021) is 
presented in Section 6C.1.1.5, Life Cycle Modeling. 
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Table 6C.1-19) as a result of less outflow needed for meeting Delta salinity requirements under the 


proposed action. Given the range of relationships suggested by the available studies discussed above 


(Kimmerer et al. 2018b; Schultz et al. 2019; Hamilton et al. 2020), the extent to which differences in 


Delta outflow would result in changes in delta smelt prey is uncertain, but may be small relative to 


other factors, such as the high rate of foodweb material grazing by clams in the LSZ (Kayfetz and 


Kimmerer 2017; Kimmerer et al. 2019). In addition, an appreciable portion of delta smelt occur 


upstream of the LSZ (i.e., an average of 23% [range 2%–47%] during the 2005–2014 period [Bush 


2017]) and would not experience any effects on prey availability in the LSZ. Recent analyses by 


California Department of Water Resources 2020:4-149–4-151) suggest that lower San Joaquin River 


flow (QWEST) may be an indicator of P. forbesi spatial subsidy potential, given entrainment of P. 


forbesi (Kimmerer et al. 2019). QWEST flow, particularly the frequency of positive QWEST flow, 


generally is similar between existing conditions and the proposed action (Table 6C.1-20 through 


Table 6C.1-24), indicating that P. forbesi prey availability based on this hypothesized mechanism 


would be similar between existing conditions and the proposed action.  


Table 6C.1-15. Mean Delta Outflow (cubic feet per second) by Water Year Type, June 


Water Year Type EC Proposed Action 


Wet 22,071 20,750 (-6%) 


Above normal 14,252 12,245 (-14%) 


Below normal 6,679 6,527 (-2%) 


Dry 6,112 6,166 (1%) 


Critically dry 5,462 5,462 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 6C.1-16. Mean Delta Outflow (cubic feet per second) by Water Year Type, July 


Water Year Type EC Proposed Action 


Wet 9,821 9,423 (-4%) 


Above normal 8,038 7,230 (-10%) 


Below normal 6,397 5,520 (-14%) 


Dry 4,273 4,218 (-1%) 


Critically dry 3,566 3,544 (-1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 
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Table 6C.1-17. Mean Delta Outflow (cubic feet per second) by Water Year Type, August 


Water Year Type EC Proposed Action 


Wet 5,696 5,546 (-3%) 


Above normal 5,246 5,268 (0%) 


Below normal 3,391 3,402 (0%) 


Dry 3,139 3,144 (0%) 


Critically dry 2,573 2,573 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 6C.1-18. Mean Delta Outflow (cubic feet per second) by Water Year Type, September 


Water Year Type EC Proposed Action 


Wet 10,347 10,181 (-2%) 


Above normal 9,682 9,740 (1%) 


Below normal 3,515 3,032 (-14%) 


Dry 2,641 2,477 (-6%) 


Critically dry 2,608 2,609 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 6C.1-19. Mean Delta Outflow (cubic feet per second) by Water Year Type, October 


Water Year Type EC Proposed Action 


Wet 8,004 8,034 (0%) 


Above normal 6,084 6,167 (1%) 


Below normal 5,981 5,849 (-2%) 


Dry 5,168 5,209 (1%) 


Critically dry 4,068 3,974 (-2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 6C.1-20. Percentage of Years with Positive QWEST Flow, July–October 


Month EC Proposed Action 


July 28% 31% (12%) 


August 29% 26% (-11%) 


September 45% 49% (10%) 


October 47% 48% (2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions 
(these are percentage point differences as opposed to absolute percentage differences). Absolute and percentage 
values are rounded; as a result, differences between absolutes and differences between percentages may not always 
appear consistent. 
EC = existing conditions; QWEST = lower San Joaquin River flow. 
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Table 6C.1-21. Mean QWEST (cubic feet per second) by Water Year Type, July 


Water Year Type EC Proposed Action 


Wet 227 491 (116%) 


Above normal -1,903 -919 (52%) 


Below normal -2,779 -2,090 (25%) 


Dry -2,660 -2,579 (3%) 


Critically dry 1,240 1,222 (-1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions; QWEST = lower San Joaquin River flow. 


Table 6C.1-22. Mean QWEST (cubic feet per second) by Water Year Type, August 


Water Year Type EC Proposed Action 


Wet -1,656 -1,568 (5%) 


Above normal -2,926 -2,516 (14%) 


Below normal -3,568 -3,206 (10%) 


Dry -408 -549 (-34%) 


Critically dry 1,378 1,278 (-7%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions; QWEST = lower San Joaquin River flow. 


Table 6C.1-23. Mean QWEST (cubic feet per second) by Water Year Type, September 


Water Year Type EC Proposed Action 


Wet 729 784 (8%) 


Above normal 972 1,155 (19%) 


Below normal -2,511 -1,670 (33%) 


Dry -372 -209 (44%) 


Critically dry 447 542 (21%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions; QWEST = lower San Joaquin River flow. 


Table 6C.1-24. Mean QWEST (cubic feet per second) by Water Year Type, October 


Water Year Type EC Proposed Action 


Wet -148 -255 (-72%) 


Above normal 814 626 (-23%) 


Below normal -815 -377 (54%) 


Dry -88 -75 (14%) 


Critically dry -39 43 (211%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions; QWEST = lower San Joaquin River flow. 
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In situ production of phytoplankton carbon within the Delta is several times greater than inputs 


from freshwater inflow (Jassby et al. 2002) and is the dominant supply to the planktonic foodweb 


that includes delta smelt (Sobczak et al. 2002). Phytoplankton and zooplankton are the base of the 


foodweb supporting delta smelt. As highlighted by Arthur et al. (1996), Jassby and Cloern (2000), 


Jassby et al. (2002), and USFWS (2008:228), SWP and Central Valley Project water exports directly 


entrain phytoplankton and zooplankton. Recent analyses suggest that the combination of clam 


grazing and south Delta exports have negatively affected pelagic productivity in the San Francisco 


Estuary (Hammock et al. 2019)5. Entrainment of phytoplankton and zooplankton by the south Delta 


export facilities generally would be somewhat less under the proposed action, but the north Delta 


intakes would add a new source of loss along the Sacramento River under the proposed action. The 


impact of this was examined using an assessment of phytoplankton carbon entrained, based on 


chlorophyll, a concentration data for Hood (representing the load of entrained phytoplankton), in 


relation to the biomass of phytoplankton in the Delta (taken from Antioch chlorophylla data, 


multiplied up to the volume of the Delta). The methods for this analysis are presented in Appendix 


5D, Section 5D.12, Phytoplankton Carbon Entrainment by North Delta Diversions. This analysis 


essentially is an approximation of potential entrainment of phytoplankton carbon load that could be 


entrained by the north Delta intakes. Factors that could offset any potential effects to delta smelt 


include the in situ productivity of phytoplankton carbon within the Delta, which could be relatively 


large, and reduced entrainment of phytoplankton carbon by the south Delta export facilities under 


the proposed action. In addition, per the analysis by Hammock et al. (2019), increases in hydraulic 


residence time could affect phytoplankton production. These factors are discussed qualitatively 


below. 


The analysis of potential north Delta intake entrainment of phytoplankton carbon estimated that the 


proposed intake could entrain between 0% and just over 7% of the Delta standing stock of 


phytoplankton carbon; the upper estimates are during December under the assumption of a 


minimum Delta phytoplankton carbon stock size (Table 6C.1-25). Overall, the estimates of potential 


phytoplankton carbon entrained were low, and on the basis of the 95th percentiles, entrainment 


would rarely be more than 5% of the standing stock under the proposed action. This low level of 


entrainment of phytoplankton carbon entering the Delta, coupled with observations that in situ 


production of phytoplankton carbon within the Delta is several times greater than inputs from 


freshwater inflow (Jassby et al. 2002) and is the dominant supply to the planktonic foodweb that 


includes delta smelt (Sobczak et al. 2002), suggests that the potential for effects on delta smelt 


would be very limited, particularly given the larger scale of losses to the foodweb including clams 


(Jassby et al. 2002). In addition, less south Delta exports under the proposed action would allow a 


greater proportion of San Joaquin River water to reach the western Delta and Suisun Bay, which 


could result in an increase in productivity because San Joaquin River water entering the Delta has a 


much higher load of organic matter than the Sacramento River (Jassby and Cloern 2000), but this 


contribution likely would be small because San Joaquin River water generally comprises a very 


small proportion of the water in the portions of the Delta where delta smelt are more likely to 


 
5 Note that Hammock et al.’s (2019b) analysis simulated a scenario of historical water operations, including south 
Delta exports compared to scenarios of historical water operations and excluding south Delta exports or limiting 
south Delta exports to very low levels observed during the 1977 drought; however, the analysis did not account for 
other changes in water operations that would be associated with cessation or limitation of south Delta exports, in 
particular reductions in Delta inflow given ceased or limited demand for south Delta exports. Note also that 
Hammock et al. (2019b) focused more residence time effects as opposed to direct entrainment. 
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occur.6 Jassby et al. (2002) estimated that on average during spring through fall, the Delta produces 


44 metric tons per day of phytoplankton carbon and another 12 metric tons per day flows into the 


Delta from its tributaries. Of that 56 tons per day, the south Delta export facilities remove 


approximately 8 metric tons per day, or about 14% (Jassby et al. 2002). However, as noted above in 


relation to QWEST flows, differences between the proposed action and existing conditions would be 


small.  


Table 6C.1-25. Estimated 5th, 50th, and 95th Percentile Entrainment of Phytoplankton Carbon at 
the North Delta Diversions Based on Minimum and Maximum Delta Phytoplankton Carbon Stock 
Size, Proposed Action 


Month 


Min. Stock 
Size: 5th 


Percentile 
Entrainment 


Min. Stock 
Size: 50th 
Percentile 


Entrainment 


Min. Stock 
Size: 95th 
Percentile 


Entrainment 


Max. Stock 
Size: 5th 


Percentile 
Entrainment 


Max. Stock 
Size: 50th 
Percentile 


Entrainment 


Max. Stock 
Size: 95th 
Percentile 


Entrainment 


January 0.0% 0.7% 3.9% 0.0% 0.3% 1.7% 


February 0.0% 0.6% 3.3% 0.0% 0.3% 1.9% 


March 0.0% 0.5% 2.4% 0.0% 0.2% 1.1% 


April 0.0% 0.0% 1.6% 0.0% 0.0% 0.5% 


May 0.0% 0.0% 1.9% 0.0% 0.0% 0.4% 


June 0.0% 0.0% 1.8% 0.0% 0.0% 0.8% 


July 0.0% 0.0% 1.6% 0.0% 0.0% 0.7% 


August 0.0% 0.0% 0.4% 0.0% 0.0% 0.2% 


September 0.0% 0.0% 1.3% 0.0% 0.0% 0.4% 


October 0.0% 0.0% 0.9% 0.0% 0.0% 0.2% 


November 0.0% 0.0% 1.8% 0.0% 0.0% 0.7% 


December 0.0% 0.9% 7.4% 0.0% 0.2% 1.4% 


Note: Max. and min. stock size = maximum and minimum stock size based on multiplying observed maximum and 
minimum phytoplankton carbon density at Antioch by the volume of the Delta. Entrainment percentiles represent 
the range of entrainment based on modeled north Delta intake diversion rates (Appendix 5D, Section 5D.12, 
Phytoplankton Carbon Entrainment by North Delta Diversions). 


As previously noted, increases in residence time have been correlated with increases in 


phytoplankton, although this relationship may vary depending on the amount of Sacramento River 


flow (Hammock et al. 2019b). Lower Sacramento River flow downstream of the north Delta intakes 


under the proposed action would be expected to increase residence time relative to existing 


conditions, although the extent to which this might translate to increases in phytoplankton is 


uncertain. As shown in the Delta Conveyance Project Final Environmental Impact Report (Final EIR) 


Chapter 9, Water Quality, modeled increases in residence time (Table 9-47 in Chapter 9) were not 


determined to result in significant increases in cyanobacterial harmful algal blooms (CHABs) 


(California Department of Water Resources 2023). 


 
6 For example, the Delta Simulation Model II fingerprinting analysis used in the Selenium analysis described below 
had water year-type means of San Joaquin River percentage of water at Chipps Island ranging from a minimum of 
0.02% to a maximum of 7.5% for existing conditions; the proposed action had minima of 0.03% and maxima of 
7.8% during these periods, indicating that San Joaquin River water would be limited under existing conditions and 
the proposed action.  
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Summer–Fall Low-Salinity Habitat Extent and Related Factors 


The IEP MAST (2015) conceptual model posits that delta smelt abundance, survival, and growth are 


affected by the size and location of the LSZ during fall, with IEP MAST (2015:142) concluding: “The 


limited amount of available data provides some evidence in support of this hypothesis, but 


additional years of data and investigations are needed.” Others have found that LSZ habitat may not 


be a good predictor of delta smelt survival (ICF International 2017), with the recent life cycle 


modeling effort by Polansky et al. (2021 finding that the area of low-salinity habitat was not among 


the predictors with highest evidence for relationships to trends in delta smelt population-abundance 


indices. As described by DWR (2020:4-156), an additional argument in support of summer–fall 


habitat actions potentially being of importance to delta smelt is that having a broader distribution 


provides bet-hedging against the effects of environmental stressors. For example, if a species’ 


distribution is too constrained, the risk of a population not being able to persist is elevated 


compared to a broader distribution (Thorson et al. 2014). Hence, habitat actions that help support a 


broad distribution can have long-term population benefits. This logic is somewhat different from the 


goal of maximizing physical habitat area. The issue of the area of low-salinity habitat extent or 


related parameters, such as Delta outflow, and X2 and their relationship to delta smelt population 


dynamics is controversial and has been investigated by a number of authors (e.g., Feyrer et al. 2011; 


Miller et al. 2012; Manly et al. 2015; Feyrer et al. 2015; Murphy and Weiland 2019). Hamilton and 


Murphy’s (2018) review of prior studies noted that freshwater flow had not been found to have a 


direct association with delta smelt abundance. However, the recent state-space nonlinear modeling 


investigation by Polansky et al. (2021) found relatively strong statistical support for June–August 


Delta outflow being positively correlated to June–August survival (further shown by Smith et al. 


2021) and September–November X2 being negatively correlated to the subsequent year’s 


recruitment (adult to larval survival)7. Life cycle modeling using the model developed by Smith et al. 


(2021) is presented in Section 6C.1.1.5, Life Cycle Modeling. 


Existing conditions and the proposed action include structured decision-making to implement the 


Delta Smelt Summer–Fall Habitat Action (i.e., an assumed continuation of the existing program), 


which is intended to improve delta smelt food supply and habitat, thereby contributing to the 


recruitment, growth, and survival of the species. The potential effects of the Summer–Fall Habitat 


Action on delta smelt were recently analyzed by DWR (2020:5-123–5-125), which found that the 


extent of low-salinity habitat for delta smelt would not be lower under the adopted project than 


under the then existing condition (i.e., management to the 2008 USFWS BiOp [National Marine 


Fisheries Service 2008]). Continuation of the Delta Smelt Summer–Fall Habitat Action under the 


proposed action would continue the provision of low-salinity habitat to a similar extent as existing 


conditions. An additional indicator of delta smelt summer–fall habitat is provided by the frequency 


of occurrence of X2 less than 85 kilometers, indicating that low-salinity water (i.e., 0.5 to 6 parts per 


thousand salinity; Delta Modeling Associates 2014) would overlap larger habitat areas in Honker 


Bay (U.S. Fish and Wildlife Service 2017:307–317). CalSim modeling indicates that the frequency of 


occurrence of low-salinity water in Honker Bay under the proposed action generally would be 


similar to existing conditions, with minor (2%–5%) reductions in October–December (Table 


6C.1-26) caused by less outflow needed for meeting Delta salinity requirements under the proposed 


action.  


 
7 As illustrated by plots of the predicted relationship with associated credible intervals from statistical modeling 
(Polansky et al. 2021:Figures 1 and C.1), there is appreciable statistical uncertainty in the relationships, which are 
based on annual mean values across water years. 
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Table 6C.1-26. Percentage of Years with X2 Less than 85 kilometers (Low Salinity Zone within 
Honker Bay), June–December  


Month EC Proposed Action 


June 94% 94% (0%) 


July 77% 76% (-1%) 


August 45% 45% (0%) 


September 45% 45% (0%) 


October 49% 48% (-2%) 


November 41% 39% (-5%) 


December 50% 49% (-2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions 
(these are percentage point differences as opposed to absolute percentage differences). Absolute and percentage 
values are rounded; as a result, differences between absolutes and differences between percentages may not always 
appear consistent. 
EC = existing conditions. 


As previously described, the recent investigation by Polansky et al. (2021) found relatively strong 


statistical support for June–August Delta outflow being positively correlated to June–August survival 


and September–November X2 being negatively correlated to the subsequent year’s recruitment 


(adult to larval survival)8. As previously described in the analysis of food-availability effects, Delta 


outflow tends to be similar or lower under the proposed action compared to existing conditions 


(Table 6C.1-15, Table 6C.1-16, and Table 6C.1-17) as a result of less outflow needed for meeting 


Delta salinity requirements under the proposed action. Mean September–November X2 under the 


proposed action is similar to or up to 0.8 mile (1.3 kilometers) upstream of the proposed action 


relative to existing conditions (Table 6C.1-27), again as a result of less outflow needed for meeting 


Delta salinity requirements under the proposed action.  


Table 6C.1-27. Mean September–November X2 By Water Year Type 


Water Year Type EC Proposed Action 


Wet 79.0 79.3 (0.4) 


Above normal 80.5 80.6 (0.1) 


Below normal 87.6 88.3 (0.8) 


Dry 91.1 91.4 (0.3) 


Critically dry 93.1 93.2 (0.1) 


Note: Values in parentheses indicate differences of the proposed action compared to existing conditions. 
EC = existing conditions. 


Predation  


As previously noted above in the discussion of sediment entrainment, the IEP MAST conceptual 


model (Interagency Ecological Program Management, Analysis, and Synthesis Team 2015:87–89) 


suggests that the probability of delta smelt surviving to subsequent life stages is influenced by 


predation risk, which may involve different factors, such as turbidity, water temperature, and 


predators. With respect to turbidity, as discussed above, although the north Delta intakes would 


 
8 As previously noted and as illustrated by plots of the predicted relationship with associated credible intervals 
from statistical modeling (Polansky et al. 2021:Figures 1 and C.1), there is appreciable statistical uncertainty in the 
relationships, which are based on annual mean values across water years. 
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entrain sediment, effects may be limited by future increases in sediment entering the Delta relative 


to existing conditions. Water operations, such as reservoir releases or diversions, have limited 


potential to affect water temperature in the Delta (Kimmerer 2004; Wagner et al. 2011); see Table 


6C.1-28, Table 6C.1-29, and Table 6C.1-30), thereby resulting in differences in water operations 


between existing conditions and water temperature having limited potential to affect predation risk 


as a result of temperature effects. 


Table 6C.1-28. Mean Water Temperature (degrees Celsius) by Water Year Type and Month from 
Delta Simulation Model II-QUAL Modeling, Sacramento River Immediately Downstream of Intake 
C 


Water Year Type Month EC Proposed Action 


Wet Jan 9.4 9.4 (0.0) 


Wet Feb 10.8 10.8 (0.0) 


Wet Mar 12.6 12.6 (0.0) 


Wet Apr 14.7 14.7 (0.0) 


Wet May 17.7 17.7 (0.0) 


Wet Jun 19.5 19.5 (0.0) 


Wet Jul 20.9 20.9 (0.0) 


Wet Aug 20.7 20.7 (0.0) 


Wet Sep 19.6 19.6 (0.0) 


Wet Oct 16.5 16.5 (0.0) 


Wet Nov 12.7 12.7 (0.0) 


Wet Dec 10.0 10.0 (0.0) 


Above normal Jan 9.4 9.4 (0.0) 


Above normal Feb 10.6 10.6 (0.0) 


Above normal Mar 12.8 12.9 (0.0) 


Above normal Apr 15.0 15.0 (0.0) 


Above normal May 17.8 17.8 (0.0) 


Above normal Jun 19.6 19.6 (0.0) 


Above normal Jul 21.2 21.2 (0.0) 


Above normal Aug 20.7 20.7 (0.0) 


Above normal Sep 19.6 19.6 (0.0) 


Above normal Oct 16.8 16.8 (0.0) 


Above normal Nov 12.1 12.1 (0.0) 


Above normal Dec 9.4 9.4 (0.0) 


Below normal Jan 8.7 8.7 (0.0) 


Below normal Feb 10.3 10.3 (0.0) 


Below normal Mar 12.5 12.5 (0.0) 


Below normal Apr 15.1 15.1 (0.0) 


Below normal May 17.3 17.3 (0.0) 


Below normal Jun 19.7 19.7 (0.0) 


Below normal Jul 21.0 21.0 (0.0) 


Below normal Aug 20.5 20.5 (0.0) 
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Water Year Type Month EC Proposed Action 


Below normal Sep 19.3 19.3 (0.0) 


Below normal Oct 16.6 16.6 (0.0) 


Below normal Nov 12.4 12.4 (0.0) 


Below normal Dec 9.2 9.2 (0.0) 


Dry Jan 8.4 8.4 (0.0) 


Dry Feb 10.4 10.4 (0.0) 


Dry Mar 12.7 12.7 (0.0) 


Dry Apr 15.0 15.0 (0.0) 


Dry May 17.3 17.3 (0.0) 


Dry Jun 19.7 19.7 (0.0) 


Dry Jul 20.7 20.7 (0.0) 


Dry Aug 20.3 20.3 (0.0) 


Dry Sep 19.1 19.1 (0.0) 


Dry Oct 16.2 16.2 (0.0) 


Dry Nov 12.2 12.2 (0.0) 


Dry Dec 9.2 9.1 (0.0) 


Critically dry Jan 8.7 8.7 (0.0) 


Critically dry Feb 10.8 10.8 (0.0) 


Critically dry Mar 13.1 13.1 (0.0) 


Critically dry Apr 14.9 14.9 (0.0) 


Critically dry May 17.1 17.1 (0.0) 


Critically dry Jun 19.3 19.3 (0.0) 


Critically dry Jul 21.0 21.0 (0.0) 


Critically dry Aug 20.3 20.3 (0.0) 


Critically dry Sep 19.2 19.2 (0.0) 


Critically dry Oct 16.7 16.7 (0.0) 


Critically dry Nov 12.6 12.6 (0.0) 


Critically dry Dec 9.0 9.0 (0.0) 


Note: Values in parentheses indicate absolute differences of the proposed action compared to existing conditions. 
EC = existing conditions. 


Table 6C.1-29. Mean Water Temperature (degrees Celsius) by Water Year Type and Month from 
Delta Simulation Model II-QUAL Modeling, Sacramento River at Rio Vista 


Water Year Type Month EC Proposed Action 


Wet Jan 9.3 9.2 (0.0) 


Wet Feb 10.9 10.9 (0.0) 


Wet Mar 12.8 12.8 (0.0) 


Wet Apr 14.7 14.7 (0.0) 


Wet May 17.4 17.4 (0.0) 


Wet Jun 19.1 19.1 (0.0) 


Wet Jul 20.8 20.8 (0.0) 


Wet Aug 20.5 20.5 (0.0) 
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Water Year Type Month EC Proposed Action 


Wet Sep 19.2 19.2 (0.0) 


Wet Oct 16.1 16.1 (0.0) 


Wet Nov 12.8 12.8 (0.0) 


Wet Dec 9.8 9.8 (0.0) 


Above normal Jan 9.1 9.1 (0.0) 


Above normal Feb 10.6 10.6 (0.0) 


Above normal Mar 13.1 13.1 (0.0) 


Above normal Apr 14.9 14.9 (0.0) 


Above normal May 17.4 17.4 (0.0) 


Above normal Jun 19.1 19.1 (0.0) 


Above normal Jul 21.2 21.2 (0.0) 


Above normal Aug 20.5 20.5 (0.0) 


Above normal Sep 19.2 19.2 (0.0) 


Above normal Oct 16.6 16.7 (0.0) 


Above normal Nov 12.3 12.3 (0.0) 


Above normal Dec 9.0 9.0 (0.0) 


Below normal Jan 8.1 8.1 (0.0) 


Below normal Feb 10.2 10.2 (0.0) 


Below normal Mar 12.7 12.7 (0.0) 


Below normal Apr 14.8 14.8 (0.0) 


Below normal May 16.6 16.6 (0.0) 


Below normal Jun 19.2 19.2 (0.0) 


Below normal Jul 20.9 20.9 (0.0) 


Below normal Aug 20.3 20.2 (0.0) 


Below normal Sep 19.0 18.9 (0.0) 


Below normal Oct 16.3 16.3 (0.0) 


Below normal Nov 12.6 12.6 (0.0) 


Below normal Dec 8.9 8.8 (0.0) 


Dry Jan 7.6 7.6 (0.0) 


Dry Feb 10.2 10.2 (0.0) 


Dry Mar 12.9 12.9 (0.0) 


Dry Apr 14.8 14.8 (0.0) 


Dry May 16.6 16.6 (0.0) 


Dry Jun 19.1 19.1 (0.0) 


Dry Jul 20.4 20.4 (0.0) 


Dry Aug 19.9 19.9 (0.0) 


Dry Sep 18.7 18.6 (0.0) 


Dry Oct 15.8 15.8 (0.0) 


Dry Nov 12.4 12.4 (0.0) 


Dry Dec 8.8 8.8 (0.0) 


Critically dry Jan 8.1 8.0 (0.0) 
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Water Year Type Month EC Proposed Action 


Critically dry Feb 10.7 10.7 (0.0) 


Critically dry Mar 13.5 13.5 (0.0) 


Critically dry Apr 14.5 14.5 (0.0) 


Critically dry May 16.5 16.5 (0.0) 


Critically dry Jun 18.8 18.8 (0.0) 


Critically dry Jul 21.2 21.2 (0.0) 


Critically dry Aug 20.5 20.5 (0.0) 


Critically dry Sep 19.2 19.2 (0.0) 


Critically dry Oct 16.6 16.6 (0.0) 


Critically dry Nov 12.9 12.9 (0.0) 


Critically dry Dec 8.6 8.6 (0.0) 


Note: Values in parentheses indicate absolute differences of the proposed action compared to existing conditions. 
EC = existing conditions. 


Table 6C.1-30. Mean Water Temperature (degrees Celsius) by Water Year Type and Month from 
Delta Simulation Model II-QUAL Modeling, San Joaquin River at Jersey Point 


Water Year Type Month EC Proposed Action 


Wet Jan 8.9 8.9 (0.0) 


Wet Feb 10.9 10.9 (0.0) 


Wet Mar 13.1 13.1 (0.0) 


Wet Apr 14.8 14.8 (0.0) 


Wet May 17.2 17.1 (0.0) 


Wet Jun 18.9 18.9 (0.0) 


Wet Jul 20.6 20.6 (0.0) 


Wet Aug 20.5 20.5 (0.0) 


Wet Sep 19.0 19.0 (0.0) 


Wet Oct 16.0 16.0 (0.0) 


Wet Nov 13.1 13.1 (0.0) 


Wet Dec 9.8 9.8 (0.0) 


Above normal Jan 8.7 8.7 (0.0) 


Above normal Feb 10.5 10.4 (0.0) 


Above normal Mar 13.4 13.5 (0.0) 


Above normal Apr 14.8 14.8 (0.0) 


Above normal May 17.0 17.0 (0.0) 


Above normal Jun 18.8 18.8 (0.0) 


Above normal Jul 21.0 21.0 (0.0) 


Above normal Aug 20.5 20.5 (0.0) 


Above normal Sep 18.9 18.9 (0.0) 


Above normal Oct 16.7 16.7 (0.0) 


Above normal Nov 12.7 12.7 (0.0) 


Above normal Dec 8.9 8.9 (0.0) 


Below normal Jan 7.6 7.6 (0.0) 
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Water Year Type Month EC Proposed Action 


Below normal Feb 9.7 9.7 (0.0) 


Below normal Mar 12.8 12.8 (0.0) 


Below normal Apr 14.6 14.6 (0.0) 


Below normal May 16.3 16.3 (0.0) 


Below normal Jun 18.9 18.9 (0.0) 


Below normal Jul 20.8 20.8 (0.0) 


Below normal Aug 20.1 20.1 (0.0) 


Below normal Sep 18.9 18.9 (0.0) 


Below normal Oct 16.3 16.3 (0.0) 


Below normal Nov 12.9 12.9 (0.0) 


Below normal Dec 8.9 8.9 (0.0) 


Dry Jan 7.0 7.0 (0.0) 


Dry Feb 9.8 9.8 (0.0) 


Dry Mar 13.0 13.0 (0.0) 


Dry Apr 14.8 14.8 (0.0) 


Dry May 16.3 16.3 (0.0) 


Dry Jun 18.9 18.9 (0.0) 


Dry Jul 20.3 20.3 (0.0) 


Dry Aug 19.9 19.9 (0.0) 


Dry Sep 18.6 18.6 (0.0) 


Dry Oct 15.8 15.8 (0.0) 


Dry Nov 12.8 12.8 (0.0) 


Dry Dec 8.9 8.9 (0.0) 


Critically dry Jan 7.5 7.4 (0.0) 


Critically dry Feb 10.2 10.2 (0.0) 


Critically dry Mar 13.6 13.6 (0.0) 


Critically dry Apr 14.5 14.5 (0.0) 


Critically dry May 16.3 16.3 (0.0) 


Critically dry Jun 18.6 18.6 (0.0) 


Critically dry Jul 21.2 21.2 (0.0) 


Critically dry Aug 20.6 20.6 (0.0) 


Critically dry Sep 19.2 19.2 (0.0) 


Critically dry Oct 16.6 16.6 (0.0) 


Critically dry Nov 13.2 13.2 (0.0) 


Critically dry Dec 8.7 8.7 (0.0) 


Note: Values in parentheses indicate absolute differences of the proposed action compared to existing conditions. 
EC = existing conditions. 


Detection of predation on delta smelt embryos and larvae is rare, which reduces the certainty of any 


conclusions for analyses of predation, although Mississippi silversides (Menidia beryllina) have been 


found with delta smelt DNA in their guts during the delta smelt larval period (Schreier et al. 2016). 


Two recent statistical examinations found support for Mississippi silverside abundance negatively 


affecting delta smelt survival and abundance (Hamilton and Murphy 2018; Polansky et al. 2021). For 
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this impact assessment, inference of potential effects from the proposed action on Mississippi 


silversides is made using multivariate relationships identified by Mahardja et al. (2016), which 


showed summer (June–September) Delta inflow and spring (March–May) south Delta exports had 


the strongest correlations with Mississippi silverside cohort strength. Both relationships were 


negative. Mahardja et al. (2016:12) cautioned that the relationships are not meant to imply 


causality, given that the mechanisms could not be identified, and that further investigation is 


merited. Nonetheless, March–May south Delta exports under the proposed action generally would 


be similar or slightly lower (in wet years) than under existing conditions (Table 6C.1-31), which 


could result in similar or slightly higher Mississippi silverside cohort strength than existing 


conditions, based on the results of Mahardja et al. (2016). June–September Delta inflow under the 


proposed action is similar to existing conditions (Table 6C.1-32). Differences in south Delta exports 


may have the potential to increase Mississippi silverside cohort strength under the proposed action 


relative to existing conditions in wet years, although, as noted above, there is appreciable 


uncertainty given that the relationship is correlative, rather than causal, and the differences in 


outflow are not very large; higher-flow conditions during sampling could have caused lower-capture 


efficiency or a shift of the species downstream, out of the sampling area, rather than lower 


population abundance, for example (Mahardja et al. 2016:12–13). If there were increases in 


Mississippi silversides as a result of changes in south Delta exports under the proposed action, this 


could also affect prey for delta smelt, given the overlap in prey between delta smelt and Mississippi 


silversides (e.g., E. affinis; Cohen and Bollens 2008). 


Table 6C.1-31. Mean South Delta Exports (cubic feet per second) by Water Year Type, March–May 


Water Year Type EC Proposed Action 


Wet 7,104 6,831 (-4%) 


Above normal 5,309 5,277 (-1%) 


Below normal 4,229 4,274 (1%) 


Dry 3,673 3,675 (0%) 


Critically dry 3,024 2,986 (-1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 6C.1-32. Mean Delta Inflow (cubic feet per second) by Water Year Type, June–September 


Water Year Type EC Proposed Action 


Wet 25,915 25,809 (0%) 


Above normal 22,444 22,182 (-1%) 


Below normal 18,053 17,806 (-1%) 


Dry 14,306 14,372 (0%) 


Critically dry 10,061 10,112 (1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The Sacramento River flow term in the Delta inflow calculation is 
downstream of the proposed intake. 
EC = existing conditions. 
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Cyanobacteria Harmful Algal Blooms 


The IEP MAST (2015:88–89) conceptual model posits a linkage between various factors (nutrients, 


summer hydrology, and air temperature) and toxicity from CHABs to delta smelt and their prey. 


Analyses conducted for Impact WQ-14: Effects on Cyanobacteria Harmful Algal Blooms Resulting 


from Facility Operations and Maintenance in the Final EIR Chapter 9 showed that operational 


changes in CHABs are concluded to be less than significant and, therefore, would not significantly 


affect delta smelt or their prey (California Department of Water Resources 2023). 


Selenium 


The increase in the proportion of San Joaquin River water entering the Delta because of fewer south 


Delta exports under the proposed action relative to existing conditions would be expected to 


increase the selenium concentration in Delta water because the San Joaquin River is relatively high 


in selenium (see additional discussion of selenium in the Final EIR Chapter 9 [California Department 


of Water Resources 2023]). The potential for this change to affect delta smelt through body 


deformities resulting from feeding on contaminated prey was investigated using the results of Delta 


Simulation Model II volumetric fingerprinting estimates, Delta water source selenium-input 


concentrations, conversions of water selenium concentration to particulate selenium concentration, 


and trophic transfer factors to estimate the concentration of selenium from delta smelt copepod 


prey to delta smelt tissue (see method description in Appendix 5D, Section 5D.13, Delta Smelt 


Selenium Bioaccumulation). As described in Appendix 5D, this analysis has a number of assumptions 


leading to uncertainty in the results, including that the selenium toxicity threshold for Sacramento 


splittail (7.2 micrograms per gram [μg/g] selenium whole-body tissue concentration; Rigby et al. 


(2010) is representative of delta smelt and the uncertainty around the concentration of selenium in 


the diet that results in toxic effects. 


The results of the analysis indicated that although there could be very minor increases in selenium 


body tissue concentration as a result of the proposed action (e.g., differences in mean tissue 


concentration of less than 0.01 μg/g), there would be no exceedances of the 7.2-μg/g selenium 


whole-body tissue concentration used to assess the potential for deformities. The maximum 


estimated selenium concentration at the conservatively high selenium particulate to water ratio (Kd) 


of 6,000 resulted in maximum whole-body selenium concentration for existing conditions and the 


proposed action ranging from 1.5 μg/g in the San Joaquin River at Antioch to 2.0 μg/g at Cache 


Slough at Ryer Island, indicating that even maximum selenium tissue estimates were several times 


lower than the threshold for potential deformities to occur. This indicates very little potential for 


negative effects on delta smelt. 


6C.1.1.5 Life Cycle Modeling 


The Delta Smelt Life Cycle Model with Entrainment (LCME), as described by Smith et al. (2021), was 


applied to compare delta smelt population growth rate under the proposed action to the population 


growth rate under existing conditions. As described further in Attachment 5D.4, Delta Smelt Life 


Cycle Modeling, the LCME includes five OMR covariates representing entrainment risk’s effect on 


probability of transition to the next life stage for five different life stages covering the period from 


early subadults in December–January to late postlarvae in June. The LCME also includes June–


August Delta outflow, representing a general indicator of outflow-related habitat influencing the 


transition from postlarval to juvenile life stages. 
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The results of the LCME modeling are described in detail in Attachment 5D.4 and showed that 


median population growth rate generally ranged from similar to 8% lower under the proposed 


action compared to existing conditions, with the proportion of the proposed action population 


growth rate posterior distribution that was lower than existing conditions generally being close to 


0.500. Such differences were largely caused by differences in June–August Delta outflow 


(Attachment 5D.4, Table 5D.4-3) previously discussed above in the context of food availability 


(Section 6C.1.1.4, Habitat Effects, under Food Availability, Table 6C.1-15, Table 6C.1-16, and Table 


6C.1-17), which generally reflect less outflow being needed to meet Delta salinity requirements 


under the proposed action than existing conditions.  


6C.1.1.6 Maintenance Effects 


Maintenance of the north Delta intake facilities for the proposed action would have very limited 


effects on the adjacent aquatic environment and, hence, very little potential for effects on delta 


smelt. According to the Intakes Operations and Maintenance Equipment and Facility Needs 


Technical Memorandum (Delta Conveyance Design and Construction Authority 2022a:11), for 


cleaning purposes, the cylindrical tee screens would be lifted out of the water with the intake’s 


gantry crane and may be fixed at the top of the guide rail before being washed with a high-pressure, 


mobile-power washer. This process would occur approximately every 6 months and last 


approximately 15 days at each 3,000-cfs intake, with approximately 1 hour of washing for each 


screen at each intake. This washing process may cause removed sediment and aquatic growth or 


vegetation to reenter the river, resulting in redistribution by river currents, and minimal effects to 


the river and species such as delta smelt because of the very small amount of material compared to 


the size of the receiving waterbody. In general, the velocity through the cylindrical tee screen system 


and piping should be sufficient to keep diverted sediment moving until it reaches the settling basins 


(Delta Conveyance Design and Construction Authority 2022a:13). Sediment jetting would only be 


required at the base of the screen structure to help keep sediment from accumulating beneath the 


screens; this jetting would be performed frequently (hourly to daily, depending on needs), thereby 


resulting in minimal changes to suspended sediment/turbidity, with sediment jetted from the 


screen dispersing rapidly within the river channel and, therefore, having very limited or no effects 


on any delta smelt occurring in the vicinity. Before the screen units are lifted up to the deck for 


cleaning, solid panels would be installed behind the screen in the back guide rail for the unit being 


cleaned. These panels would seal off that unit’s intake area from diversions, so there would be no 


potential to divert water through an unscreened area while the screen is being cleaned and, 


therefore, no risk of fish entrainment. 


6C.1.2 Effects of Water Facility Operations and Maintenance 
on Delta Smelt Critical Habitat 


The assessment of effects from water facility operations and maintenance on delta smelt critical 


habitat presented in this section follows the basic structure of the analyses of Individual-Level and 


Population-Level effects presented in Sections 6.1.2, Effects of Construction Activities on Delta Smelt 


Critical Habitat, and 6C.1.1, Effects of Water Facility Operations and Maintenance on Delta Smelt. 
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6C.1.2.1 North Delta Exports 


PCE 1: Physical Habitat (Spawning Substrate) 


The potential effect of north Delta exports on spawning substrate could occur only if Intakes B and C 


remove enough sand from the inflowing sediment load (over several decades of operation) to 


significantly change the location or quantity of existing sandy beaches, as discussed further in PCE 3: 


River Flow (Facilitiating Movement), below. The ability of migrating adult delta smelt to access 


spawning substrate upstream of the proposed intakes could be affected by changes in river 


flow/velocity near the proposed intakes, although as noted above in the Upstream Migration Effects 


and Predation discussion of Section 6C.1.1.2, North Delta Exports, 2D hydraulic modeling conducted 


to illustrate potential north Delta intake effects on river hydrodynamics shows that there is a 


considerable extent of sufficiently low-velocity habitat on the opposite (west/right) bank of the 


Sacramento River from the north Delta intakes. As also previous discussed, the cylindrical tee fish 


screens and their associated manifolds, as well as the support piles for the log-boom structure, may 


provide velocity refuge for upstream-migrating adult delta smelt occurring near the intakes, thereby 


reducing the extent of the potential negative effect. As previously discussed, another possible factor 


reducing the potential for negative effects is migration close to the riverbed where velocity is lower. 


PCE 2: Water (Quality) 


Water that otherwise would be of suitable quality for delta smelt may be affected by the loss of low-


velocity habitat near Intakes B and C, which make delta smelt susceptible to injury or death by 


entrainment, impingement, or screen contact, and could affect access to habitat at and upstream of 


the new intakes. This is discussed further in relation to PCE 3. In addition, enhanced predation along 


the new intakes could affect the function of PCE 2, although as noted above in the Upstream 


Migration Effects and Predation discussion of Section 6C.1.1.2, such effects would be small. Potential 


effects to other aspects of PCE 2, such as sediment removal (potentially influencing water clarity by 


removal of sediment that could otherwise subsequently be resuspended and increase turbidity) and 


entrainment of foodweb materials, are discussed in detail in Section 6C.1.1.4. For sediment removal, 


the relatively small percentage of sediment entrained by the north Delta intakes indicates that the 


proposed action would likely have limited impacts on suspended sediment and turbidity for delta 


smelt (Table 6C.1-13). Uncertainty in the potential for sediment impacts, particularly in light of 


projected future trends in suspended sediment (Stern et al. 2020), would be addressed through 


AMM-15; the Sediment Monitoring, Modeling, and Reintroduction Adaptive Management program 


(for more details see Appendix 3A). In regard to entrainment of foodweb effects, the analysis 


suggested that the difference in E. affinis density in the LSZ between the proposed action and 


existing conditions would be small (1%–3%) (Table 6C.1-14). This indicates limited potential for 


negative effects on delta smelt from the proposed action relative to existing conditions with respect 


to E. affinis food availability. 


PCE 3: River Flow (Facilitating Movement) 


The proposed intakes would affect the river flow PCE 3 by changing water velocity in the vicinity of 


the north Delta intake fish screens, potentially making delta smelt susceptible to entrainment 


(smaller life stages), impingement, or screen contact, which could, in turn, result in injury or death, 


although the potential for delta smelt to occur in the vicinity of Intakes B and C in appreciable 


numbers is very low. Any effects would be avoided and minimized by the location of the intakes 


(upstream from locations where most delta smelt are found), as well as by screen design and 
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operational criteria (e.g., 0.2-feet per second approach velocity), with final design subject to review 


and approval by the fish and wildlife agencies (i.e., USFWS, NMFS, and CDFW). As assessed in Section 


6C.1.1.2, the higher velocity habitat along the screens of the proposed intakes has the potential to 


reduce, along the eastern bank of the Sacramento River, the probability of migrating adult delta 


smelt accessing upstream designated critical habitat, which for delta smelt extends to the upstream 


boundary of the statutory Delta at the I Street Bridge in Sacramento. 2D hydraulic modeling 


conducted to illustrate potential north Delta intake effects on river hydrodynamics shows that there 


is a considerable extent of sufficiently low-velocity habitat on the opposite (west/right) bank of the 


Sacramento River from the north Delta intakes and, as previously noted, the screen design 


(cylindrical screens with manifolds) and potential delta smelt behavior (e.g., migration near the 


riverbed in lower-velocity water) have the potential to limit negative effects to PCE 3. Due to these 


considerations, the proposed action is considered to have limited potential for negative effects to 


PCE 3.  


PCE 4: Salinity (Low Salinity Zone) 


The location and extent of the LSZ is determined by Delta outflow, which would be affected by north 


and south Delta exports combined. In summary, the proposed action is not expected to affect the 


LSZ. Existing conditions and the proposed action include decision-making to implement the Delta 


Smelt Summer–Fall Habitat Action. The potential effects of this action on delta smelt were recently 


analyzed by DWR (2020:5-123–5-125), which found that the extent of low-salinity habitat for delta 


smelt would not be lower under the adopted project than under the then existing condition (i.e., 


management to the 2008 USFWS BiOp). Continuation of the Delta Smelt Summer–Fall Habitat Action 


under the proposed action would continue the provision of low-salinity habitat to a similar extent as 


existing conditions. An additional indicator of delta smelt summer–fall habitat is provided by the 


frequency of occurrence of X2 less than 85 kilometers, indicating that low-salinity water (i.e., 0.5 to 


6 parts per thousand salinity; Delta Modeling Associates 2014) would be overlapping physically 


larger habitat areas in Honker Bay (U.S. Fish and Wildlife Service 2017:307–317). CalSim modeling 


indicates that the frequency of occurrence of low-salinity water in Honker Bay under the proposed 


action generally would be similar to existing conditions, with minor (2%–5%) reductions in 


October–December (Table 6C.1-26) caused by less outflow needed for meeting Delta salinity 


requirements under the proposed action. See the detailed discussion related to PCE 4 in Section 


6C.1.1.4, under Summer–Fall Low-Salinity Habitat Extent and Related Factors. 


6C.1.2.2 South Delta Exports 


PCE 1: Physical Habitat (Spawning Substrate) 


Spawning substrate would not be affected by operations of the south Delta export facilities. 


PCE 2: Water (Quality) 


Entrainment is expected to be similar under the proposed action and existing conditions and would 


not affect PCE 2. The risk of delta smelt entrainment under existing conditions and the proposed 


action would be minimized by the inclusion of the various existing regulatory requirements (see 


discussion in Section 6C.1.1.3, South Delta Exports). There would be similar levels of delta smelt 


entrainment risk under the proposed action and existing conditions (Table 6C.1-5 through Table 


6C.1-7). 
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PCE 3: River Flow (Facilitating Movement) 


As discussed under PCE 2, Old and Middle River flows are not expected to change significantly from 


the proposed action compared to existing conditions. 


PCE 4: Salinity (Low Salinity Zone) 


The location and extent of the LSZ is determined by Delta outflow, which would be affected by north 


and south Delta exports combined. See the discussion related to PCE 4 in Section 6C.1.2.1, North 


Delta Exports, under PCE 4: Salinity (Low Salinity Zone). 


6C.1.2.3 Habitat Effects 


PCE 1: Physical Habitat (Spawning Substrate) 


As previously described above in Section 6C.1.2.1, sandy spawning substrate would only be modified 


by water operations if water operations remove enough sand from the inflowing sediment load 


(over several decades of operation) to change the location or quantity of existing sandy beaches 


significantly. Whether this would happen cannot be accurately estimated without use of a full 


suspended sediment model. As described in Section 6C.1.1.4, under Sediment Entrainment, the 


intakes would entrain a relatively small percentage of total sediment entrained by the north Delta 


intakes, and the proposed action likely would have limited impacts on suspended sediment and 


turbidity for delta smelt. Uncertainty in the potential for impacts, particularly in light of projected 


future trends in suspended sediment (Stern et al. 2020), would be addressed through AMM-15: 


Sediment Monitoring, Modeling, and Reintroduction Adaptive Management program (for more details 


see Appendix 3A). 


PCE 2: Water (Quality) 


Water operations, such as reservoir releases or diversions, have limited potential to affect water 


temperature in the Delta (Kimmerer 2004; Wagner et al. 2011). Delta Simulation Model II-QUAL 


modeling shows no difference from the proposed action and existing conditions (Table 6C.1-28, 


Table 6C.1-29, and Table 6C.1-30). 


Water transparency is a key habitat attribute for delta smelt. Thus, any reduction in sediment 


entering the Delta because of entrainment at the intakes that is sufficient to increase water clarity 


(by reducing sediment load for subsequent resuspension) would affect PCE 2. As noted for PCE 1, 


the intakes would entrain a small percentage of sediment, and AMM-15 would address uncertainty 


in potential effects. 


Greater prevalence of CHABs due to the proposed action was analyzed. The analyses (Impact WQ-


14: Effects on Cyanobacteria Harmful Algal Blooms Resulting from Facility Operations and 


Maintenance in the Final EIR,  Chapter 9 [California Department of Water Resources 2023]) showed 


that operational changes in CHABs are concluded to not be significant and, therefore, would not 


significantly affect delta smelt or their prey; therefore, they would not affect PCE 2. 


Analyses suggested that the difference in E. affinis density in the LSZ as a result of differences in 


Delta outflow/X2 between the proposed action and existing conditions would be small (1%–3%) 


(Table 6C.1-14). This indicates little potential for negative effects on delta smelt from the proposed 


action relative to existing conditions with respect to E. affinis food availability. 
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PCE 3: River Flow (Facilitating Movement) 


The potential effects to PCE 3 with respect to the winter/spring periods during which time delta 


smelt may be susceptible to entrainment, impingement, and other effects from north and south 


Delta exports were presented in Sections 6C.1.2.1, under PCE 3: River Flow (Facilitating Movement), 


and 6.1.2.2, South Delta Exports. 


PCE 4: Salinity (Low Salinity Zone) 


The location and extent of the LSZ is determined by Delta outflow, which would be affected by north 


and south Delta exports combined. See the discussion related to PCE 4 in Section 6C.1.2.1, under PCE 


4: Salinity (Low Salinity Zone). 


6C.1.3 Effects of Conservation Measures on Delta Smelt 


Implementation of the compensatory mitigation plan could result in impacts on delta smelt as 


analyzed in this section. Restoration of tidal perennial habitat or channel margin habitat as 


compensatory mitigation has the potential to affect delta smelt. 


Following completion of compensatory mitigation, restored tidal habitat areas would have positive 


effects on delta smelt. Such effects include greater habitat extent (e.g., as shown for Liberty Island in 


the north Delta; Sommer and Mejia (2013) and greater food availability on-site or in nearby areas 


(Hammock et al. 2019a), but not at larger spatial scales, such as in other regions of the Delta 


(Herbold et al. 2014; Hartman et al. 2017; Kimmerer et al. 2018a). Efficacy monitoring would assess 


the degree to which positive effects occur and inform adjustment to sites, as necessary, to increase 


positive effects. Although monitoring activities at restoration sites have not been determined, they 


are not expected to include in-water work with any potential to harm delta smelt or any other listed 


fishes. 


Other avoidance and mitigation measures proposed would have no impact on delta smelt during 


operations and maintenance of water conveyance facilities because these avoidance and mitigation 


measures would be limited to temporary activities during the construction phase. Refer to Chapter 


3, Section 3.6, Conservation Measures, and Appendix 3A, that would be implemented if maintenance 


repairs require in-water construction. Therefore, implementation of avoidance and mitigation 


measures is unlikely to impact delta smelt during operation and maintenance, and there would be 


no effect. 


6C.1.3.1 Effects of Conservation Measures on Delta Smelt Critical Habitat 


PCE 1: Physical Habitat (Spawning Substrate) 


Although minimal, if any, effects to spawning substrate are anticipated, restoration of tidal habitat 


and channel margin habitat would have the potential to offset losses in spawning substrate and 


other shallow-water habitat, as well as losses of tidal perennial habitat. 


PCE 2: Water (Quality) 


Construction-related effects to water quality (e.g., increases in suspended sediment during earth-


moving activities) from conservation measures would be of similar nature to the construction-


related effects described above, but would be limited in duration, occur during work windows to 
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minimize exposure of delta smelt, and be minimized with standard AMMs. Therefore, there would 


be limited effects on PCE 2. 


Sediment disturbance and releases of contaminants (e.g., fuel spills) during construction/removal 


activities have the potential to result in effects on the PCE 2 (e.g., by liberating contaminants), but 


the implementation of AMMs and the limited duration of the work would minimize effects on this 


PCE, as concluded for the pilot projects (U.S. Fish and Wildlife Service 2011, 2014). 


PCE 3: River Flow (Facilitating Movement) 


None of the conservation measures would affect river flow. 


PCE 4: Salinity (Low Salinity Zone) 


None of the conservation measures would affect salinity. 


6C.1.4 Cumulative Effects on Delta Smelt 


Cumulative effects include the effects of future state, tribal, local, or private actions that are 


reasonably certain to occur in the action area (50 Code of Federal Regulations § 402.02). Future 


federal actions that are unrelated to the proposed action are not considered in this section because 


they require separate consultation pursuant to Section 7 of the federal Endangered Species Act.  


6C.1.4.1 Water Diversions 


Water diversions for irrigated agriculture, municipal, and industrial use and managed wetlands are 


found throughout the Delta, and many of them remain unscreened. Depending on the size, location, 


and season of operation, these unscreened diversions have the potential to entrain and kill many life 


stages of aquatic species, including delta smelt. However, the vast majority of private unscreened 


diversions in the Delta are small pipes in large channels that do not operate every day of the year. As 


a result, even where they do regularly co-occur with these diversions, delta smelt appear to have 


low vulnerability to entrainment (Nobriga et al. 2004). Most of the 370 water diversions operating 


in Suisun Marsh are likewise unscreened (Herren and Kawasaki 2001). However, the two major 


Suisun Marsh distribution systems, both part of the SWP, divert most of the water into the marsh 


that is subsequently redistributed further by the many smaller diversions. Of the two SWP 


distribution systems, Roaring River is screened, but Morrow Island is not. Delta smelt entrainment 


into the Morrow Island Distribution system is very low due to high salinity in western Suisun Marsh 


(Enos et al. 2007). 


New municipal water diversions in the Delta are screened routinely per various biological opinions. 


Private irrigation diversions in the Delta are mostly unscreened, but the total amount of water 


diverted to Delta farms has remained very stable for decades (Culberson et al. 2008), so the 


cumulative impact should remain similar to baseline. Ongoing nonfederal diversions of water within 


the action area (e.g., municipal and industrial uses, as well as diversions through intakes serving 


numerous small, private agricultural lands) are not likely to entrain very many delta smelt, based on 


the results of a study by Nobriga et al. (2004), which reasoned that the littoral location and low-flow 


operational characteristics of these diversions reduced their risk of entraining delta smelt. A study 


of the Morrow Island Distribution System by DWR produced similar results, with one demersal 


species and one species that associates with structural environmental features, together accounting 
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for 97%–98% of entrainment; only one delta smelt was observed to be entrained during the 2 years 


of the study (Enos et al. 2007). 


6C.1.4.2 Agricultural Practices 


Farming occurs throughout the Delta, adjacent to waterways used by delta smelt. Agricultural 


practices introduce nitrogen, ammonium, and other nutrients into the watershed, which then flow 


into receiving waters, adding to other inputs, such as wastewater treatment (Lehman et al. 2014); 


however, wastewater treatment provides the bulk of ammonium loading (Jassby 2008). Stormwater 


and irrigation discharges related to both agricultural and urban activities contain numerous 


pesticides and herbicides that may negatively affect delta smelt reproductive success and survival 


rates (Dubrovsky et al. 1998; Kuivila and Moon 2004; Scholz et al. 2012). Discharges occurring 


outside the action area that flow into the action area also contribute to cumulative effects of 


contaminant exposure. 


6C.1.4.3 Increased Urbanization 


The Delta Protection Commission’s Economic Sustainability Plan for the Delta reported an urban 


growth rate of about 54% within the statutory Delta between 1990 and 2010, as compared with a 


25% growth rate statewide during the same period (Delta Protection Commission 2012). The report 


also indicated that population growth had occurred in the Secondary Zone of the Delta, but not in 


the Primary Zone, and that population in the central and south Delta areas had decreased since 


2000. Growth projections through 2050 indicate that all counties overlapping the Delta are 


projected to grow at a faster rate than the state as a whole. Total population in the Delta counties is 


projected to grow at an average annual rate of 1.2% through 2030 (California Department of 


Finance 2012). Table 6C.1-33 illustrates past, current, and projected population trends. As of 2010, 


the combined population of the Delta counties was approximately 3.8 million. Sacramento County 


contributed 37.7% of the population of the Delta counties, and Contra Costa County contributed 


27.8%. Yolo County had the smallest population (200,849 or 5.3%) of all the Delta counties. 


Table 6C.1-33. Population by County and Area, 2010–2060 


Area 


2010 
Population 
(millions) 


2019  
Population 
(millions) 


2030 
Projected 


Population 
(millions) 


2035 
Projected 


Population 
(millions) 


2060 
Projected 


Population 
(millions) 


Delta Region 5.30 5.82 6.37 6.61 7.43 


Alameda County 1.52 1.67 1.83 1.90 2.16 


Contra Costa County 1.05 1.15 1.25 1.30 1.45 


Sacramento County 1.42 1.55 1.70 1.75 1.94 


San Joaquin County 0.69 0.77 0.88 0.92 1.09 


Solano County 0.41 0.44 0.47 0.48 0.52 


Yolo County 0.20 0.22 0.24 0.25 0.28 


South Bay Area a 1.85 2.02 2.17 2.25 2.51 


San Benito County 0.06 0.06 0.07 0.08 0.09 


Santa Clara County 1.79 1.96 2.09 2.17 2.42 


San Joaquin Valley 3.14 3.42 3.77 3.92 4.46 


Stanislaus County 0.52 0.56 0.61 0.63 0.73 
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Area 


2010 
Population 
(millions) 


2019  
Population 
(millions) 


2030 
Projected 


Population 
(millions) 


2035 
Projected 


Population 
(millions) 


2060 
Projected 


Population 
(millions) 


Merced County 0.26 0.28 0.33 0.35 0.46 


Fresno County 0.93 1.02 1.12 1.16 1.29 


Tulare County 0.44 0.48 0.52 0.53 0.56 


Kings County 0.15 0.15 0.17 0.18 0.20 


Kern County 0.84 0.92 1.02 1.06 1.21 


Central Coast 0.69 0.73 0.77 0.79 0.85 


San Luis Obispo County 0.27 0.28 0.28 0.29 0.29 


Santa Barbara County 0.42 0.45 0.49 0.50 0.56 


Southern California 21.04 22.33 23.28 23.62 23.68 


Ventura County 0.83 0.85 0.86 0.86 0.78 


Los Angeles County 9.85 10.26 10.38 10.39 9.61 


Orange County 3.02 3.22 3.39 3.47 3.70 


San Diego County 3.10 3.36 3.53 3.60 3.74 


San Bernardino County 2.05 2.20 2.40 2.47 2.68 


Riverside County 2.20 2.44 2.72 2.84 3.18 


California 37.37 39.96 42.26 43.20 45.30 


Source: California Department of Finance 2020. 
a The population estimates for the South Bay Area do not include Alameda County because this is included in the 
Delta region total. 


Table 6C.1-34 presents more detailed information about populations of individual communities in 


the Delta.  


Table 6C.1-34. Statutory Delta Communities Population, 2010 and 2018 


Community 2010 2018 
Average Annual Growth 


Rate 2010–2018 


Alameda County 


Incorporated Cities and Towns 


Livermore a 80,968 89,027 1.24% 


Contra Costa County 


Incorporated Cities and Towns 


Antioch 102,372 110,730 1.02% 


Brentwood 51,481 60,446 2.18% 


Oakley 35,432 40,669 1.85% 


Pittsburg 63,264 70,492 1.43% 


Small or Unincorporated Communities 


Bay Point 21,349 25,165 2.23% 


Bethel Island 2,137 2,010 -0.74% 


Byron 1,277 1,348 0.69% 


Discovery Bay 13,352 15,981 2.46% 


Knightsen 1,568 1,500 -0.54% 
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Community 2010 2018 
Average Annual Growth 


Rate 2010–2018 


Alameda County 


Incorporated Cities and Towns 


Livermore a 80,968 89,027 1.24% 


Sacramento County 


Incorporated Cities and Towns 


Isleton 804 583 -3.44% 


Sacramento 466,488 495,011 0.76% 


Small or Unincorporated Communities 


Courtland 355 537 6.41% 


Freeport 38 81 14.14% 


Hood 271 303 1.48% 


Walnut Grove 1,542 1,300 -1.96% 


San Joaquin County 


Incorporated Cities and Towns 


Lathrop 18,023 21,393 2.34% 


Stockton 291,707 306,283 0.62% 


Tracy 82,922 88,806 0.89% 


Small or Unincorporated Communities 


Mountain House 9,675 15,645 7.71% 


Terminous 381 411 0.98% 


Solano County 


Incorporated Cities and Towns 


Rio Vista 7,360 8,618 2.14% 


Yolo County 


Incorporated Cities and Towns 


West Sacramento 48,744 52,826 1.05% 


Small or Unincorporated Communities 


Clarksburg 418 442 0.72% 


Sources: U.S. Census Bureau 2011, 2018. 
a Livermore is not in the statutory Delta but included because it is the closest community in Alameda County. 


Increases in urbanization and housing developments can affect habitat by altering watershed 


characteristics and changing both water use and stormwater runoff patterns. Increased growth 


would place additional burdens on resource allocations, including natural gas, electricity, and water, 


as well as on infrastructure such as wastewater sanitation plants, roads and highways, and public 


utilities. Some of these actions would not require federal permits and, thus, would not undergo 


review through the Section 7 consultation process. 


Adverse effects on delta smelt and their critical habitat may result from urbanization-induced point- 


and nonpoint-source chemical-contaminant discharges within the action area. These contaminants 


include, but are not limited to, ammonia and free ammonium ion, numerous pesticides and 


herbicides, and oil- and gasoline-product discharges. Increased urbanization also is expected to 


result in increased recreational activities in the region. 
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6C.1.4.4 Wastewater Treatment Plants 


Two wastewater treatment plants (one located on the Sacramento River near Freeport and the other 


on the San Joaquin River near Stockton) have received special attention because of the magnitude of 


their discharge of ammonia. The Sacramento Regional Wastewater Treatment Plant, in order to 


comply with Order R5-2013-0124, implemented compliance measures to reduce ammonia 


discharges. There were concerns that these discharges could be associated with direct ammonia 


toxicity to delta smelt and other species, prompting various studies (e.g., Werner et al. 2009). In 


addition to concerns about direct toxicity of ammonia to delta smelt, another important concern was 


that ammonium inputs affected the delta smelt foodweb by suppressing diatom blooms in the Delta 


and Suisun Bay (see summary of relevant literature by IEP MAST [2015:71]), although a recent 


study did not find evidence supporting this mechanism (Strong et al. 2021). To the extent that such 


direct (toxicity) and indirect (foodweb suppression) effects were previously occurring, the recent 


completion of upgrades at the Sacramento Regional Wastewater Treatment Plant largely eliminated 


ammonia discharge and, therefore, the potential for negative effects. Ammonia discharge concerns 


have also been expressed with respect to the City of Stockton Regional Water Quality Control Plant, 


but its remoteness from the parts of the estuary frequented by delta smelt and its recent upgrades 


suggest that it is more a potential issue for migrating salmonids than for delta smelt. 


6C.1.4.5 Other Activities 


Other future, nonfederal actions within the action area that are likely to occur and may adversely 


affect delta smelt and their critical habitat include: dumping of domestic and industrial garbage that 


decreases water quality; oil and gas development and production that may affect aquatic habitat and 


may introduce pollutants into the water; and state or local levee maintenance that may also destroy 


or adversely affect habitat and interfere with natural, long-term habitat-maintaining processes. 


However, these projects are likely to include BMPs and are regulated to avoid impacts on aquatic 


habitat. 


6C.1.4.6 Climate Change 


The anticipated effects of climate change on the San Francisco Estuary and watershed, such as 


warmer water temperatures, greater salinity intrusion, lesser snowpack contribution to spring 


outflows from the Delta, and the potential for frequent extreme drought (Knowles and Cayan 2002; 


Dettinger 2005), indicate challenges to maintaining a sustainable delta smelt population (Brown et 


al. 2013, 2016). Climate change is expected to affect delta smelt habitat and prey availability. The 


projected increase in sediment entering the Delta over time from future climate change has the 


potential to result in more sediment entering the Delta than existing conditions. Given the 


importance of sediment as a component of delta smelt habitat (particularly when resuspended to 


create greater turbidity), this may be beneficial to delta smelt. Climate change-related reductions in 


spring Delta outflow and sea level rise result in predictions of lower smelt zooplankton prey E. 


affinis than existing conditions. Water temperature would be higher, reflecting climate change 


assumptions, and would decrease habitat suitability for delta smelt (e.g., mean July temperature at 


Rio Vista at 2040 modeled climate would be more often above the 21.9°C threshold dividing 


adequate and unsuitable habitat per the affinity analysis of Hamilton and Murphy [2020]). More 


information on 2040 modeled climate can be found in Appendix 5E, Fish and Aquatic Resources 2040 


Analysis (for the summary of analysis specific to delta smelt see Table 5E.1-58) 







CA Department of Water Resources 


 Operations and Maintenance Effects Analysis for Delta 
Smelt, Longfin Smelt, and Terrestrial Species 


 


Delta Conveyance Project, Biological Assessment 
6C-38 


May 2024 
ICF 103653  


 


6C.2 Effects on Longfin Smelt 
As with delta smelt, potential effects are discussed in terms of near-field effects of north Delta 


exports and south Delta exports (e.g., entrainment), in addition to far-field habitat effects (i.e., 


changes to food availability and Delta outflow-abundance effects). Analyses were developed in 


consideration of factors assessed to be of importance to the species based on available literature, 


including conceptual models (e.g., Baxter et al. 2010) and best available methods (e.g., ICF 


International 2016b; California Department of Water Resources 2020).  


6C.2.1 Effects of Water Facility Operations and Maintenance 
on Longfin Smelt 


6C.2.1.1 North Delta Exports 


Longfin smelt could experience somewhat similar effects from the north Delta intakes as previously 


discussed for delta smelt, that is, reduction in potential to migrate upstream, predation, 


entrainment, and impingement leading to death or injury. (Longfin smelt adults are larger than delta 


smelt adults, however, and therefore probably would be less susceptible to reduction in upstream 


migration potential because of greater swimming ability.) However, should such effects occur, they 


would affect an even smaller proportion of the longfin smelt population than delta smelt because the 


species occurs farther downstream than delta smelt. The beach seine sampling discussed previously 


for delta smelt (Table 6C.1-3) collected only two longfin smelt during December–June 2012–2021, 


both at the farthest downstream station (SR012W [Sandy Beach]). This is consistent with previous 


analyses showing that longfin smelt have been infrequently collected in the vicinity of the north 


Delta intakes based on available sampling (ICF International 2016b:4-269–4-272).  


6C.2.1.2 South Delta Exports 


There is the potential for adult longfin smelt entrainment to occur at the south Delta export facilities 


under existing conditions and the proposed action, although take of adults is very limited relative to 


other life stages. Grimaldo et al. (2009) found that adult longfin smelt salvage at the south Delta 


export facilities was significantly negatively related to mean December–February OMR flows, but 


not to X2 (or other variables that were examined). As previously noted for delta smelt, modeled 


OMR flows are generally similar between existing conditions and the proposed action, suggesting 


generally similar longfin smelt entrainment risk (Table 6C.1-5 through Table 6C.1-7). Existing 


conditions and the proposed action include OMR management from December 1 through February 


28, during which time additional real-time consideration of adult longfin smelt entrainment risk is 


undertaken by DWR in association with CDFW and the Water Operations Management Team to 


provide entrainment protection for adult longfin smelt under the CDFW ITP for the SWP (California 


Department of Fish and Wildlife 2020). 


Larval longfin smelt entrainment by the south Delta export facilities and other diversions could 


occur under existing conditions and the project alternatives, and winter (January–March) is of 


particular concern. A DSM2-PTM (particle tracking model) analysis was undertaken using the 


methods provided in Appendix 5D, Section 5D.14, Longfin Smelt Larval Entrainment (DSM2 Particle 


Tracking Model). Staff observations from preliminary longfin smelt culture efforts at the UC Davis 


Fish Conservation and Culture Laboratory have suggested that larvae may not be buoyant in 


freshwater, but field studies found that they are buoyant in brackish water (California Department 
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of Water Resources 2020:4-181), which may add some uncertainty to the results from PTM analysis. 


Analysis of surface and neutrally buoyant particles provides information on two plausible behaviors, 


recognizing that the estimates are only order-of-magnitude comparisons that are best used in a 


relative fashion to compare different operational scenarios. 


The DSM2-PTM results suggested that there would be relatively minor differences in the potential 


for entrainment of longfin smelt larvae between existing conditions and the proposed action (Table 


6C.2-35 and Table 6C.2-36). Flux of particles into the south Delta was also generally similar, with 


larger relative differences arising in February in above normal wet years and March in below 


normal years, because of the overall low absolute number of particles entering the south Delta 


(Table 6C.2-37 and Table 6C.2-38). Such differences in particle entrainment primarily reflect 


hydrodynamic differences between the proposed action and existing conditions in south Delta 


exports and Sacramento River inflow. Passage of particles past Chipps Island was also similar 


between the proposed action and existing conditions (Table 6C.2-39 and Table 6C.2-40). Real-time 


operational measures required under the CDFW ITP for the SWP (California Department of Fish and 


Wildlife 2020:81–84) are included in the existing conditions and the proposed action that manage 


OMR flows for the protection of longfin smelt. Although the estimates of entrainment are primarily 


intended to be used comparatively, the weightings applied in the modeling are intended to 


represent a realistic distribution of larvae in the Delta and downstream and therefore may provide 


some perspective on the magnitude of larval population loss, which is generally a low single-digit 


percentage (Table 6C.2-35 and Table 6C.2-36). Note that these estimates may overestimate 


entrainment loss in very wet years because the Smelt Larval Survey weighting for particle starting 


distributions does not sample the full extent of downstream areas where the species is occurring 


(Appendix 5D, Section 5D.14.3, Note on Proportion of Larval Population outside the Delta and Suisun 


Marsh and Bay). 


Table 6C.2-35. Entrainment of Neutrally Buoyant Particles at the South Delta Export Facilities and 
North Bay Aqueduct from DSM2 Particle Tracking Modeling, Weighted by Longfin Smelt Larval 
Distribution 


Water Year Type 


EC Proposed Action EC Proposed Action EC Proposed Action 


January February March 


Wet 1.76 1.85 (6%) 1.23 1.25 (1%) 0.82 0.82 (0%) 


Above normal 3.17 3.33 (5%) 2.14 2.31 (8%) 1.25 1.37 (10%) 


Below normal 5.97 6.22 (4%) 3.73 3.81 (2%) 2.32 2.49 (8%) 


Dry 8.72 8.90 (2%) 4.28 4.74 (11%) 2.97 3.08 (4%) 


Critically dry 8.47 8.61 (2%) 5.25 5.20 (-1%) 3.22 3.16 (-2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 
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Table 6C.2-36. Entrainment of Surface-Oriented Particles at the South Delta Export Facilities and 
North Bay Aqueduct from DSM2 Particle Tracking Modeling, Weighted by Longfin Smelt Larval 
Distribution 


Water Year Type 


EC Proposed Action EC Proposed Action EC Proposed Action 


January February March 


Wet 1.86 1.99 (7%) 1.27 1.31 (3%) 0.87 0.89 (2%) 


Above normal 3.35 3.67 (9%) 2.26 2.51 (11%) 1.32 1.47 (12%) 


Below normal 6.58 6.90 (5%) 4.01 4.25 (6%) 2.50 2.81 (13%) 


Dry 9.53 9.90 (4%) 4.68 5.29 (13%) 3.28 3.50 (7%) 


Critically dry 9.71 9.58 (-1%) 5.83 5.90 (1%) 3.51 3.68 (5%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 6C.2-37. South Delta Flux of Neutrally Buoyant Particles from DSM2 Particle Tracking 
Modeling, Weighted by Longfin Smelt Larval Distribution 


Water Year Type 


EC Proposed Action EC Proposed Action EC Proposed Action 


January February March 


Wet -0.43 -0.33 (23%) -0.97 -0.95 (2%) -1.24 -1.23 (0%) 


Above normal 0.96 1.13 (18%) -0.07 0.12 (279%) -0.79 -0.67 (15%) 


Below normal 3.89 4.13 (6%) 1.67 1.77 (5%) 0.34 0.54 (60%) 


Dry 6.57 6.78 (3%) 2.35 2.83 (20%) 1.18 1.30 (10%) 


Critically dry 7.00 7.14 (2%) 3.84 3.80 (-1%) 1.97 1.91 (-3%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 6C.2-38. South Delta Flux of Surface-Oriented Particles from DSM2 Particle Tracking 
Modeling, Weighted by Longfin Smelt Larval Distribution 


Water Year Type 


EC Proposed Action EC Proposed Action EC Proposed Action 


January February March 


Wet -0.32 -0.19 (41%) -0.92 -0.88 (5%) -1.18 -1.16 (1%) 


Above normal 1.15 1.47 (28%) 0.07 0.32 (393%) -0.71 -0.56 (22%) 


Below normal 4.49 4.81 (7%) 1.96 2.21 (13%) 0.53 0.87 (64%) 


Dry 7.36 7.75 (5%) 2.76 3.38 (22%) 1.52 1.74 (15%) 


Critically dry 8.19 8.11 (-1%) 4.41 4.52 (2%) 2.28 2.51 (10%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 
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Table 6C.2-39. Passage Past Chipps Island of Neutrally Buoyant Particles from DSM2 Particle 
Tracking Modeling, Weighted by Longfin Smelt Larval Distribution 


Water Year Type 


EC Proposed Action EC Proposed Action EC Proposed Action 


January February March 


Wet 47.25 47.09 (0%) 47.97 47.94 (0%) 47.70 47.68 (0%) 


Above normal 44.60 43.83 (-2%) 46.95 46.72 (0%) 47.08 46.95 (0%) 


Below normal 39.03 38.45 (-1%) 43.27 42.76 (-1%) 45.35 45.22 (0%) 


Dry 33.90 33.15 (-2%) 41.06 40.22 (-2%) 43.86 43.55 (-1%) 


Critically dry 32.84 31.69 (-4%) 37.06 36.23 (-2%) 39.70 39.08 (-2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 6C.2-40. Passage Past Chipps Island of Surface-Oriented Particles from DSM2 Particle 
Tracking Modeling, Weighted by Longfin Smelt Larval Distribution 


Water Year Type 


EC Proposed Action EC Proposed Action EC Proposed Action 


January February March 


Wet 47.74 47.72 (0%) 48.58 48.78 (0%) 48.33 48.54 (0%) 


Above normal 44.90 44.09 (-2%) 47.32 47.28 (0%) 47.57 47.64 (0%) 


Below normal 38.94 38.37 (-1%) 43.57 42.96 (-1%) 45.81 45.57 (-1%) 


Dry 33.59 32.63 (-3%) 41.22 40.28 (-2%) 44.12 43.84 (-1%) 


Critically dry 32.77 31.41 (-4%) 36.96 36.16 (-2%) 39.92 39.13 (-2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Grimaldo et al. (2009) found that juvenile longfin smelt salvage principally occurred in the months 


of April and May and was significantly negatively related to mean April–May OMR flow (and was not 


related to other factors such as X2). For this impacts analysis, an evaluation of potential differences 


in entrainment between the proposed action and existing conditions was evaluated by recreating 


and applying the Grimaldo et al. (2009) relationship between salvage and OMR flows (Appendix 5D). 


This analysis suggested that entrainment under the proposed action generally could be similar to or 


less than under existing conditions (Table 6C.2-41) as a result of less south Delta exports under the 


proposed action. As previously noted above, real-time operational measures required under the 


CDFW ITP for the SWP (California Department of Fish and Wildlife 2020:81–84) are included in the 


existing conditions and the proposed action; these operational measures manage OMR flows for the 


protection of longfin smelt. Entrainment of juvenile longfin smelt is likely to represent a low 


percentage of the overall juvenile longfin smelt population because a very small percentage of the 


juvenile population was estimated to have been entrained in recent years (2009 onward) (California 


Department of Water Resources 2020:4-187). Juvenile longfin smelt entrainment loss under existing 


conditions and the proposed action likely represents a low percentage of the overall juvenile longfin 


smelt population because the species is widely distributed in the San Francisco Bay and its 


tributaries, including the Napa and Petaluma Rivers, and South Bay tributaries (California 


Department of Water Resources 2020:5-144). 







CA Department of Water Resources 


 Operations and Maintenance Effects Analysis for Delta 
Smelt, Longfin Smelt, and Terrestrial Species 


 


Delta Conveyance Project, Biological Assessment 
6C-42 


May 2024 
ICF 103653  


 


Table 6C.2-41. Mean Juvenile Longfin Smelt April–May Salvage at the South Delta Export Facilities 
by Water Year Type, as Estimated by the Regression Including Mean Old and Middle River Flows 


Water Year Type EC Proposed Action 


Wet 2,712 2,494 (-8%) 


Above normal 3,252 3,209 (-1%) 


Below normal 3,403 3,415 (0%) 


Dry 3,567 3,566 (0%) 


Critically dry 2,220 2,158 (-3%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty (see Table 6C.2-42in Appendix 5D for results by individual year, including prediction intervals). Results 
are not future predictions and are intended only to compare the proposed action. 
EC = existing conditions. 


6C.2.1.3 Habitat Effects 


Food Availability 


As described in Chapter 4, Section 4.4.8.2, Life History and Habitat Requirements, during the first few 


months of life (January–May), longfin smelt prey on calanoid copepods including E. affinis and P. 


forbesi, before switching to mysid prey when they are large enough (see also Jungbluth et al. 2021; 


Barros et al. 2022; California Department of Water Resources 2023:Appendix 12A). As discussed for 


delta smelt above, a regression of March–May X2 versus E. affinis density in the low salinity zone 


was used to compare the existing conditions and the proposed action (see the methods description 


provided in Appendix 5D, Section 5D.11.1, Methods). This analysis suggested that the difference in E. 


affinis density in the low salinity zone between the proposed action and existing conditions would 


be small (0%–3%). Such differences are much less than the range of the prediction intervals from 


this statistical model, which span several orders of magnitude (Table 5D.11-1in Appendix 5D). 


Mysid density is positively correlated with spring Delta outflow and negatively correlated with 


spring X2 (Mac Nally et al. 2010), although with a changing relationship to May–October X2 for the 


mysid Neomysis mercedis (negative prior to 1987, positive following 1987; Kimmerer 2002a). 


Collectively, this information suggests that there is very little potential for negative effects on longfin 


smelt from the proposed action relative to existing conditions with respect to food availability. 


Delta Outflow-Abundance 


For longfin smelt, focus on estuarine flow has centered on the positive relationship found between 


winter and spring outflow and juvenile abundance during the fall (Rosenfield and Baxter 2007; 


Kimmerer et al. 2009). Specifically, as X2 shifts downstream during the winter and spring, the 


abundance index of longfin smelt in the following Fall Midwater Trawl Survey increases (Kimmerer 


2002b; Kimmerer et al. 2009). The potential mechanisms underlying this relationship have been 


hypothesized but their relative importance is poorly understood; however, the significant X2-


abundance relationship suggests that higher outflow (lower X2) or wetter hydrology produce 


conditions that enhance recruitment to juvenile life stages. Hypotheses about underlying 


mechanisms to this X2-abundance relationship include transport of larval longfin smelt out of the 


Delta to downstream rearing habitats (Moyle 2002; Rosenfield and Baxter 2007); increased extent 


of rearing habitat as X2 moves seaward (Kimmerer et al. 2009); retention of larvae in suitable 


rearing habitats (Kimmerer et al. 2009); increased food abundance under higher flows (Kimmerer 
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2002b); and tributary flows leading to greater spawning/recruitment in wetter years (Lewis et al. 


2020; Grimaldo et al. 2020). Note that analyses relying on surveys such as the Fall Midwater Trawl 


index do not fully encompass the range of longfin smelt and do not reflect potential changes in 


catchability over time because of factors such as increased water clarity and gear avoidance (Latour 


2016; Peterson and Barajas 2018) that are the subject of ongoing investigations. 


With respect to habitat size for early life stages, new information indicates that the distribution of 


spawning and early life stages may be broader than previously thought, including areas with salinity 


ranging from 2 to 12 parts per thousand (Grimaldo et al. 2017). It has also been recognized that 


abundance of adults (spawners) is an important factor driving longfin smelt population dynamics 


(Baxter et al. 2010), with recent studies examining this link in detail (Maunder et al. 2015; Nobriga 


and Rosenfield 2016). A state-space modeling study by Maunder et al. (2015) found that multiple 


factors (i.e., flow, ammonium concentration, and water temperature) and density dependence were 


correlated to the survival of longfin smelt (represented by Bay Study abundance indices during 


1980–2009). The flow factors included in their best models (i.e., Sacramento River October–July 


unimpaired runoff and Napa River runoff), however, cannot be affected by Delta water operations 


because of their geographic position in the watersheds. Nobriga and Rosenfield (2016) found that 


December–May Delta outflow had a positive association with recruits per spawner and that juvenile 


recruitment from age 0 to age 2 was density-dependent (lower survival with greater numbers of 


juveniles), but cautioned that the density-dependence in the model may be too strong; both recruits 


per spawner and juvenile recruitment were based on Bay Study sampling.  


To assess potential effects of the proposed action, a population dynamics model estimating Fall 


Midwater Trawl index as a function of December–May Delta outflow (accounting for changes in this 


relationship because of the Potamocorbula clam invasion and the Pelagic Organism Decline) and 


parental stock size (the Fall Midwater Trawl index 2 years earlier) was developed. The model was 


used to compare the proposed action to existing conditions, using Delta outflow outputs from 


CalSim; additional detail on the method is provided in Appendix 5D, Section 5D.16, Longfin Smelt 


Delta Outflow–Abundance Index Analysis. 


Existing conditions and the proposed action include export curtailments for spring (April 1–May 31) 


outflow per the requirements from the CDFW SWP ITP (California Department of Fish and Wildlife 


2020:102–106), which limit Delta outflow differences in spring. There is generally less Delta outflow 


under the proposed action than existing conditions during December–March (see, for example, 


Tables 5A-B3.4.1.1 and B.4.1.5 in the Final EIR, Appendix 5A, Modeling Technical Appendix, Section B, 


Attachment 3, CalSim 3 Model Results for Existing Condition and Alternatives at 2020 [California 


Department of Water Resources 2023]), which is reflected in the results of the Delta outflow–


abundance index based on the December–May averaging period (California Department of Water 


Resources 2023). The results of the Delta outflow–abundance index analysis showed that 


differences in predicted Fall Midwater Trawl abundance index between existing conditions and the 


proposed action were very small relative to the variability in the predicted values, which spans 


several orders of magnitude (Figure 6C.1-1 and Figure 6C.2-1). Differences in mean estimates of Fall 


Midwater Trawl abundance index by water year type ranged from 1% to 9% less under the 


proposed action compared to existing conditions (Table 6C.2-43). The modeling results showed that 


the variability in Fall Midwater Trawl index predictions within each scenario was considerably 


greater than the differences between the scenarios. The mean probability of the Fall Midwater Trawl 


index being less under the proposed action than existing conditions was not greatly different from 


0.500, i.e., close to an equal probability of the index being smaller or larger than existing conditions 


(Table 6C.2-41). The variability in abundance index predictions reflects the uncertainty in 







CA Department of Water Resources 


 Operations and Maintenance Effects Analysis for Delta 
Smelt, Longfin Smelt, and Terrestrial Species 


 


Delta Conveyance Project, Biological Assessment 
6C-44 


May 2024 
ICF 103653  


 


parameter estimates, which in turn results in uncertainty in the extent to which operations-related 


differences in Delta outflow could affect longfin smelt. Specifically, variability in Delta outflow 


associated with overall hydrologic conditions (i.e., different water year types) is substantially larger 


than the relatively minor differences in Delta outflow associated with changes in water operations 


resulting from the proposed action. As described previously, Maunder et al. (2015) found that 


general hydrological conditions in the Sacramento River watershed and Napa River were a better 


explanation of population dynamics than Delta outflow. Compensatory mitigation consisting of tidal 


perennial habitat (Appendix 3B) is proposed to mitigate the effects of differences in Delta outflow 


under the proposed action. 


 


 
Note: Alt = alternative; EC = existing conditions. Alt 5 = proposed action. 


Figure 6C.2-1. Time Series Plots of Predicted Longfin Smelt Fall Midwater Trawl Index from Application 
of the Delta Outflow-Abundance Index Method 
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Table 6C.2-43. Predicted Mean Longfin Smelt Fall Midwater Trawl Index Averaged by Water Year 
Type, Based on Delta Outflow-Abundance Index Method 


Water Year Type EC Proposed Action 


Wet 382 358 (-6%) 


Above normal 109 99 (-9%) 


Below normal 62 58 (-6%) 


Dry 56 54 (-5%) 


Critically dry 44 43 (-2%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty.  
Results are not future predictions and are intended only to compare the proposed action.  
EC = existing conditions. 


Table 6C.2-44. Probability of Longfin Smelt Fall Midwater Trawl Index Smaller than Existing 
Conditions Averaged by Water Year Type, Based on Delta Outflow–Abundance Index Method 


Water Year Type Proposed Action 


Wet 0.557 


Above normal 0.584 


Below normal 0.550 


Dry 0.535 


Critically dry 0.519 


Note: Probability of 0.500 indicates equal probability of Fall Midwater Trawl index being smaller or larger than 
existing conditions.  


6C.2.1.4 Maintenance Effects 


As described in more detail above for delta smelt (Section 6C.1.2, Effects of Water Facility Operations 


and Maintenance on Delta Smelt Critical Habitat), maintenance of the north Delta intake facilities for 


the proposed action would have very limited effects on the adjacent aquatic environment and hence 


very little potential for effects on longfin smelt. Screen pressure washing and sediment jetting would 


have very small impacts at the riverscape scale based on redistribution of sediment or accumulated 


vegetation and other materials. 


6C.2.2 Effects of Conservation Measures on Longfin Smelt 


The Compensatory Mitigation Plan could result in impacts on longfin smelt as analyzed under 


Section 6C.2.1, Effects of Water Facility Operations and Maintenance on Longfin Smelt. Following 


completion of compensatory mitigation, restored tidal habitat areas would have positive effects on 


longfin smelt such as increased habitat extent or greater food availability; relatively high abundance 


of longfin smelt has been observed in various restored habitats in the lower San Francisco Estuary 


(Lewis et al. 2020). 


6C.2.3 Cumulative Effects on Longfin Smelt 


Cumulative effects on longfin smelt would be the same as those for delta smelt discussed in Section 


6C.1.4, Cumulative Effects on Delta Smelt (i.e., water diversions, agricultural practices, increased 
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urbanization, and climate change). Operational and maintenance effects related to other programs, 


projects, and policies could combine with the effects of operations and maintenance of the proposed 


action. For example, projects diverting water from the Sacramento River could affect fish and 


aquatic species in an analogous manner to that analyzed for the proposed action, e.g., by reducing 


river flow, thereby potentially affecting abundance of longfin smelt through-Delta, outflow-


abundance relationships. Operational effects of many of the existing programs, projects, or policies 


are included in the modeling undertaken to assess the project alternatives, whereas others (e.g., 


Sites Reservoir Project) are not included in the modeling. 


6C.3 Effects on San Joaquin Kit Fox 
Appendix 6A, Terrestrial Effects Analysis Methods, describes the definitions, methods, and 


assumptions used to analyze the effects of the proposed action on terrestrial species, including 


impact categories, effect mechanisms, and habitat model development. Chapter 4, Section 4.4.9.6, 


Suitable Habitat Definition, and Section 4.4.9.7, Species Habitat Suitability Model, define suitable 


habitat and describe the habitat model for San Joaquin kit fox. Refer to Chapter 6, Effects Analysis for 


Delta Smelt, Longfin Smelt, and Terrestrial Species, Section 6.3, Effects on San Joaquin Kit Fox, for 


more information.  


6C.3.1 Field Investigations 


There would be no ongoing operations and maintenance associated with the field investigation 


activities; therefore, there would be no effect on San Joaquin kit fox. 


6C.3.2 North Delta Intakes  


The north Delta intake construction area does not overlap with San Joaquin kit fox modeled habitat 


and this activity would not have an adverse effect on the species (Figure 6.6-2).  


6C.3.3 Tunnels 
The tunnel alignment from the north Delta intakes to the Bethany Complex does not overlap with 


San Joaquin kit fox habitat. 


6C.3.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 


alignment, and at the Bethany Complex. One reception shaft within the Bethany Reservoir surge 


basin overlaps with modeled San Joaquin kit fox habitat. That impact is discussed along with other 


construction-related impacts under Section 6C.7.6, Bethany Complex, below.  


6C.3.5 Reusable Tunnel Material  


RTM areas would not overlap with San Joaquin kit fox modeled habitat. 
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6C.3.6 Bethany Complex 


Vehicles and heavy equipment used for operations and maintenance activities, including 


inspections, mowing, and vegetation removal, could injure or kill San Joaquin kit fox if individuals 


are present within the Bethany Complex right-of-way. Permanent facility lighting could spill over 


into adjacent habitats, potentially disrupting movement patterns or other typical behaviors such as 


foraging or breeding.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 10 mph and traffic control structures on non-


public, unpaved DWR facility access roads and 30 mph on non-public, paved roads. Permanent 


lighting at project facilities would be motion activated and therefore permanent facilities would 


remain dark the majority of the time at night. Permanent facility lighting would also be downcast, 


cut-off type fixtures with non-glare finishes (Chapter 3, Section 3.2.13, Fencing and Lighting) and 


thus, when lit, would minimize lighting habitat adjacent to the DWR facility. Maintenance activities 


would generally be conducted during the day, except for emergency maintenance, and would 


therefore not require additional lighting. 


Refer to Chapter 6, Section 6.3.6, Bethany Complex, for more information.  


6C.3.7 Access Roads 


All access roads created or improved to support construction have potential to be used in support of 


operational and maintenance activities. Most access roads would also be used by the public, as they 


were in the existing condition. Operational activities on access roads include vehicular and 


equipment traffic and maintenance activities include grading, repaving, and vegetation removal.  


Vehicular traffic, especially at night, could injure or kill San Joaquin kit fox moving across the road; 


however, operations traffic at night would be low and maintenance activities would occur primarily 


during daylight hours. Maintenance activities could produce noise, which could disrupt normal 


behaviors and result in increased energy expenditures. Permanent lighting installed at intersections 


or along roads could disrupt normal behaviors of San Joaquin kit fox if lighting spills over into 


adjacent habitats.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires posted speed limits of 10 mph and traffic control structures on 


non-public, unpaved DWR facility access roads; 30 mph speed limit on non-public, paved roads; and 


posted wildlife crossing signs on new or widened access roads that overlap with San Joaquin kit fox 


habitat. AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance 


Activities, would reduce the potential effects of injury or mortality due to vehicles and equipment or 


disruption of behaviors by requiring spill prevention and containment plans; conducting a 


preconstruction environmental review; requiring preconstruction surveys, environmental resources 


work awareness training, and a biological monitor when appropriate; and implementing 


appropriate non-disturbance buffers, where applicable. Maintenance activities would generally be 


conducted during the day, except for emergency maintenance, and would therefore not require 


additional lighting. 


Refer to Chapter 6, Section 6.3.7, Access Roads, for more information.  
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6C.3.8 Electrical and SCADA Facilities 


DWR is not responsible for the operations and maintenance of electrical facilities. Operation and 


maintenance of electrical facilities would be the responsibility of the electrical providers—SMUD, 


WAPA, and PG&E. These companies would own and maintain their respective electrical facilities.  


DWR is responsible for operation and maintenance activities associated with SCADA facilities; 


however, SCADA facilities do not have any associated operational activities. Vegetation management 


along SCADA line sections would not be required because underground SCADA lines occur within 


roadway rights-of-way (that are not vegetated) and aboveground SCADA lines all occur on existing 


poles that are being managed from vegetation in the existing conditions.  


Maintenance activities on SCADA facilities would include emergency repair of underground or 


aboveground SCADA lines. There is potential for injury or mortality to San Joaquin kit fox where the 


temporary use and staging of vehicles and equipment and ground disturbance (including trenching) 


are necessary to maintain or repair a SCADA line. The potential effects of injury or mortality due to 


collisions with operations- and maintenance-related vehicles would be minimized through AMM-18: 


Avoid and Minimize Operational Traffic Impacts on Wildlife, which requires speed limits of 10 miles 


per hour and traffic control structures on non-public, unpaved DWR facility access roads and on 


non-public, paved roads during nighttime between November 1 and March 31. Otherwise, speed 


limits would be30 miles per hour on non-public paved roads (as described in Appendix 3A). 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential.  


6C.3.9 Compensatory Mitigation Plan 


6C.3.9.1 Channel Margin Enhancements 


The channel margin creation and enhancement sites under the CMP do not overlap with San Joaquin 


kit fox modeled habitat; therefore, these activities would not have an adverse effect on the species.  


6C.3.9.2 Tidal Perennial/Emergent Wetland Restoration 


The tidal wetland creation and enhancement sites under the CMP do not overlap with San Joaquin 


kit fox modeled habitat; therefore, these activities would not have an adverse effect on the species.  


6C.3.9.3 Site Protection Instruments 


Site protection instruments for the following special-status species covered in EIR would primarily 


consist of the protection and management of agricultural areas but may also include protection and 


management of natural communities (e.g., grasslands or vernal pool complex) in the action area: 


greater sandhill crane, Swainson’s hawk, and tricolored blackbird (Appendix 3F, Compensatory 


Mitigation Plan for Special-Status Species and Aquatic Resources, Section 3F.4.2.2, Site Protection 


Instruments, and Attachment 3F.1, Compensatory Mitigation Design Parameters, Table 3F.1-3, CMP-


18: Sandhill Crane Roosting Habitat CMP-19: Swainson’s Hawk Nesting Habitat and Foraging Habitat, 


CMP-22: Tricolored Blackbird Nesting  of the Final EIR [California Department of Water Resources 


2023]). The need for a site protection instrument is not yet known. Nor is the location of the 


protection known. However, these beneficial activities could occur in areas with suitable habitat for 


San Joaquin kit fox. 
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Land management activities associated with site protection instruments could include ground 


disturbance, require some vehicle traffic and use of heavy equipment, and use of contaminants such 


as fuels, oils, and herbicides, which could result in the injury, mortality, and disruption of normal 


behaviors of San Joaquin kit fox. The potential effects of injury or mortality due to vehicle collisions 


would be minimized through AMM-18: Avoid and Minimize Operational Traffic Impacts on Wildlife, 


which requires speed limits of 15 miles per hour and traffic control structures on unpaved access 


roads (as described in Appendix 3A). Implementation of AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would reduce the potential for injury or 


mortality from contaminant spills by requiring spill prevention and containment plans. AMM-17 


would also minimize impacts from land management activities by requiring a preconstruction 


environmental review, preconstruction surveys, a biological monitor when appropriate, and non-


disturbance buffers using construction fencing where applicable (Appendix 3A). Overall, the adverse 


effects of operations and maintenance activities at site protection instruments are expected to be 


very low, and the beneficial effects of protection are expected to be very high, for San Joaquin kit fox. 


6C.4 Effects on California Least Tern 
Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Section 4.4.10.6, Suitable Habitat Definition, and Section 4.4.10.7, 


Species Habitat Suitability Model, define suitable habitat and describe the habitat model for San 


Joaquin kit fox. Refer to Chapter 6, Section 6.4, Effects on California Least Tern, for more information.  


6C.4.1 Field Investigations 


There would be no ongoing operations and maintenance associated with field investigations; 


therefore, there would be no effect on California least tern.  


6C.4.2 North Delta Intakes 


6C.4.2.1 Operations 


Operational noise and presence of humans at the north Delta intakes could alter typical foraging 


behaviors. Because foraging habits are not limited and readily available, individual foraging birds 


are not expected to be affected by the loss of a small foraging area.  


The potential for effects from increased exposure to methylmercury, CHABs, and selenium due to 


operation of the north Delta intakes is discussed in Appendix 6B, Water Quality. This analysis found 


that while modeling may predict some negligible increases in toxin concentrations over existing 


conditions, these increases are not large enough to result in a measurable adverse effect to 


California least tern individuals or the population. For the rationale and assumptions that support 


this finding, see Appendix 6B.  


Given these reasons, the potential for adverse effects on foraging California least terns are extremely 


unlikely to occur and therefore insignificant. 
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6C.4.2.2 Maintenance 


Maintenance activities would generate noise and require the periodic presence of staff and vehicle 


traffic, which could disturb California least tern foraging behavior. Maintenance-related 


contaminants, such as gas, oil, pesticides, and herbicides, could accidentally be discharged into 


foraging habitat from near-water maintenance activities.  


Foraging habits are not limited and readily available and therefore individual foraging birds are not 


expected to be affected by the temporary loss of a small foraging area during maintenance activities. 


Implementation of AMM-2: Develop and Implement Hazardous Materials Management Plan and 


AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans (Appendix 3A) 


would minimize the potential for spills and contamination. Given these reasons, the potential for 


adverse effects on foraging California least terns are extremely unlikely to occur and therefore 


insignificant. 


6C.4.3 Tunnels 


Operations and maintenance associated with tunnels would either be subsurface or at the tunnel 


shafts, which are discussed in the section directly below; therefore, there would be no effect on 


California least tern.  


6C.4.4 Tunnel Shafts  


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 


alignment, and at the Bethany Complex. California least tern modeled habitat does not overlap with 


any tunnel shaft locations. Operations and maintenance for these facilities would not affect the 


species. 


6C.4.5 Reusable Tunnel Material 


RTM areas do not overlap with California least tern modeled habitat. Operations and maintenance 


for these facilities would not affect the species. 


6C.4.6 Bethany Complex 


The operational components of the Bethany Complex include the Bethany Reservoir Pumping Plant, 


aqueduct, and Bethany Reservoir Discharge Structure. Pumping plant operations would occur 


within an underground facility, and the aqueduct and discharge structure would be operated 


aboveground within the Bethany Complex. Operation of the Bethany Complex would involve 


periodic presence of humans and vehicle travel on access roads during day and night. The Bethany 


Complex includes the surface lands above the tunnel portion of the aqueduct that runs from the 


pumping plant facility to Bethany Reservoir. Maintenance of the pumping plant, surge basin, 


aqueduct, discharge structure, and associated facilities would involve periodic vegetation removal 


and repaving access roads within the Bethany Complex facilities every 15 years.  


Use of vehicles and equipment for operations and maintenance activities could result in the injury, 


mortality, and disruption of normal behaviors of least tern typical foraging behaviors. Because 
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foraging habits is not limited and readily available, individual foraging birds are not expected to be 


affected by the loss of a small foraging area. 


Maintenance activities could also expose least tern to contaminants such as fuels, oils, and 


herbicides, which could result in injury and mortality. Maintenance-related contaminants, such as 


gas, oil, steering fluid, herbicides, and pesticides, could accidentally be discharged into foraging 


habitat from near-water activities. 


While these effect mechanisms would exist at the Bethany Complex, the likelihood of effects is 


minimal because California least tern is unlikely to be present because nesting habitat is over 25 


miles from the Bethany Complex. Noise, visual disturbance, and contaminant effects from 


maintenance activities would be minimized with implementation of AMM-17: Avoid and Minimize 


Impacts on Terrestrial Biological Resources from Maintenance Activities (Appendix 3A). In addition, 


foraging habits are readily available and thus individual foraging birds are not expected to be 


affected by the temporary loss of a small patch of foraging area. Given these reasons, the potential 


for adverse effects on foraging California least tern is extremely unlikely to occur and therefore 


insignificant. 


6C.4.7 Access Roads 


Operations and maintenance-related contaminants, such as gas, oil, steering fluid, herbicides, and 


pesticides, could accidentally be discharged into foraging habitat from near-water activities. New 


and widened roads could include an increased risk of maintenance-related noise, and presence of 


humans could alter typical behaviors.  


Nesting habitat is one mile from the nearest access road site and will not be affected. Noise, visual 


disturbance, and contaminant effects from maintenance activities on foraging habitat would be 


minimized with implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological 


Resources from Maintenance Activities (Appendix 3A). In addition, foraging habits are readily 


available and thus individual foraging birds are not expected to be affected by the temporary loss of 


a small patch of foraging area. Given these reasons, the potential for adverse effects on foraging 


California least terns are extremely unlikely to occur and therefore insignificant. 


6C.4.8 Electrical and SCADA Facilities 


DWR is not responsible for the operations and maintenance of electrical facilities. Operation and 


maintenance of electrical facilities would be the responsibility of the electrical providers—SMUD, 


WAPA, and PG&E. These companies would own and maintain their respective electrical facilities.  


DWR is responsible for any operation and maintenance activities associated with SCADA facilities; 


however, SCADA facilities do not have any associated operational activities. Maintenance activities 


on SCADA facilities would include emergency repair of underground or aboveground SCADA lines. 


Vegetation management along SCADA line sections would not be required because underground 


SCADA lines occur within roadway rights-of-way (that are not vegetated) and aboveground SCADA 


lines all occur on existing poles that are being managed from vegetation in the existing conditions. 


Refer to Chapter 6, Section 6.4.8, Electrical and SCADA Facilities, for more information.  


There is potential for injury or mortality to California least tern where the temporary use and 


staging of vehicles and equipment and ground disturbance (including trenching) are necessary to 


maintain or repair a SCADA line. The potential effects of injury or mortality due to collisions with 







CA Department of Water Resources 


 Operations and Maintenance Effects Analysis for Delta 
Smelt, Longfin Smelt, and Terrestrial Species 


 


Delta Conveyance Project, Biological Assessment 
6C-52 


May 2024 
ICF 103653  


 


operations- and maintenance-related vehicles would be minimized through AMM-18: Avoid and 


Minimize Operational Traffic Impacts on Wildlife, which requires speed limits of 15 miles per hour 


and traffic control structures on non-public, unpaved DWR facility access roads (Appendix 3A). 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality from contaminant spills by 


requiring spill prevention and containment plans (Appendix 3A).  


6C.4.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:9 concrete and CLSM 


batch plants and park-and-ride lots. None of these features overlap with the California least tern 


modeled habitat, thus operations and maintenance associated with these facilities are not expected 


to affect the species  


6C.4.10 Compensatory Mitigation Plan 


Construction of habitat creation and enhancement at Bouldin Island and the I-5 ponds under the 


CMP would not overlap with modeled California least tern foraging habitat, and this activity would 


not have an adverse effect on the species. 


6C.4.10.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


Construction of habitat creation and enhancement at Bouldin Island and the I-5 ponds under the 


CMP would not overlap with modeled California least tern foraging habitat and this activity would 


not have an adverse effect on the species.  


6C.4.10.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. Lands protected for these species does not overlap with California least tern habitat 


and therefore the tern would not be adversely affected by implementation of this action. 


6C.4.10.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.4.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down” consultation when site-specific information becomes 


available. A non-bank site would protect, enhance, and manage suitable vernal pool or alkali 


seasonal wetland habitat. These habitat types do not provide habitat for California least tern so the 


tern would not be adversely affected by implementation of non-bank site protection. 


 
9 As described in Appendix 6A, the project features evaluated in this section occur outside the primary construction 
locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road work areas 
included in Section 6.4.7, Access Roads, and Section 6.4.6, Bethany Complex, but the road work area described in this 
section occurs in a discreet location, outside a large project footprint.  
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6C.4.10.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands (e.g., 


grassland, vernal pool complex) that provide suitable habitat for species such as greater sandhill 


crane, Swainson’s hawk, and tricolored blackbird (see Section 6C.3.9.3, Site Protection Instruments, 


for details on these species). As these habitat types do not overlap with California least tern, the 


implementation of site protection instruments would not affect the species. 


6C.4.10.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids. While not the target of enhancement actions, California least tern also 


has the potential to benefit from the increase in shallow, slow-moving marsh habitat that would 


promote prey populations along levees in the central Delta. 


There are no operational actions associated with channel margin enhancements. Maintenance and 


management actions would be identified in a long-term management plan for each channel margin 


mitigation location and would include actions such as vegetation management, weed control, trash 


management, and road, levee, and channel maintenance. In addition, an adaptive management and 


monitoring plan would be prepared for each channel margin location and could include 


effectiveness monitoring and focused research projects, both of which could require on-site 


collection of water quality, vegetation cover, species occurrence, or other types of biological data. 


The long-term management and adaptive management and monitoring plans are described in 


Appendix 3B, Section 3B.6, Maintenance and Management, and Section 3B.7, Performance Standards 


and Monitoring.  


Maintenance and monitoring activities at channel margin enhancement sites would generate small 


levels of noise, require some vehicle traffic, and ground disturbance, and require the periodic 


presence of staff and vehicle traffic. Monitoring activities may even include some in-water sampling 


and boat traffic. Maintenance-related contaminants, such as gas, oil, pesticides, and herbicides, could 


accidentally be discharged into foraging habitat from near-water maintenance activities.  


Implementation of AMM-2: Develop and Implement Hazardous Materials Management Plan and 


AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans (Appendix 3A) 


would minimize the potential for spills and contamination. Given these measures and the 


infrequency with which these activities would occur, the potential for adverse effects on foraging 


California least terns is not likely. 


6C.4.10.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent 


wetland habitats provide important foraging and refugia habitat for listed fish species. The 


restoration of tidal perennial and wetland habitat, particularly complex wetland systems containing 


dendritic channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 
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biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


Complex will be prioritized as these areas would provide greater benefits for target fish species.  


Operations 


Tidal restoration could affect water quality in the Delta, namely levels of methylmercury, selenium, 


and CHABs such as Microcystis. Tidal restoration would be sited in the Cache Slough or Lower Yolo 


Bypass region and restoration in this area is not expected to increase the bioavailability of selenium 


or result in conditions conducive to CHABs. See Appendix 6B for rationale. The creation of tidal 


wetland habitats in this region could create conditions conducive to methylation of mercury and 


promote uptake and bioaccumulation of methylmercury in California least tern foraging adjacent to 


new tidal habitats.  


To minimize the effects of methylmercury on California least tern due to tidal habitat restoration, 


AMM-23: Develop and Implement a Mercury Management and Monitoring Plan (Appendix 3A) would 


require project-specific assessments of tidal wetland habitats, integration of design measures to 


minimize mercury methylation, site monitoring and reporting, and adaptive management. With 


these measures in place, California least tern is not likely to be adversely affected by tidal 


restoration. 


Maintenance 


Maintenance and monitoring activities would generate small levels of noise, require some vehicle 


traffic, and ground disturbance, and require the periodic presence of staff and vehicle traffic, which 


could disturb California least tern foraging behavior. Maintenance-related contaminants, such as 


gas, oil, pesticides, and herbicides, could accidentally be discharged into foraging habitat from near-


water maintenance activities.  


Foraging habit is not limited and readily available and therefore individual foraging birds are not 


expected to be affected by the temporary disturbance to a small foraging area during maintenance 


activities. Implementation of AMM-2: Develop and Implement Hazardous Materials Management Plan 


and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans (Appendix 


3A) would minimize the potential for spills and contamination. Given these reasons, the potential for 


adverse effects on foraging California least terns is not likely. 


6C.4.11 Effects on Critical Habitat 


Critical habitat has not been designated for the California least tern. 


6C.4.12 Cumulative Effects 


Refer to Chapter 6, Section 6.4.13, Cumulative Effects, for more information.  


6C.5 Effects on Least Bell’s Vireo 
Appendix 6A describes the methods and assumptions used to analyze the effects of the proposed 


action on terrestrial species. Chapter 4, Section 4.4.11.6, Suitable Habitat Definition, and Section 


4.4.11.7, Recolonization Habitat Suitability Model, define suitable habitat and describe the habitat 
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model for least Bell’s vireo. Refer to Chapter 6, Section 6.5, Effects on Least Bell’s Vireo, for more 


information.  


6C.5.1 Field Investigations 


There would be no ongoing operations and maintenance associated with the field investigations, 


resulting in no effect on least Bell’s vireo. 


6C.5.2 North Delta Intakes 


6C.5.2.1 Operation 


Operations activities at the north Delta intakes would generate small levels of noise, have 


permanent light sources, and require the periodic presence of staff and vehicle traffic. However, 


noise from the operation of the water conveyance facilities would not be discernably higher than 


existing conditions, and the periodic presence of staff would not be expected to affect least Bell’s 


vireo if present. Permanent facility lighting could extend into suitable least Bell’s vireo habitat and 


could affect the behavior of individuals if present within the illuminated habitat. However, 


permanent lighting at project facilities would be motion activated, downcast, cut-off type fixtures 


with non-glare finishes (Chapter 3, Section 3.2.13), and therefore permanent facilities would remain 


dark the majority of the time at night, which would minimize the potential for this effect. The 


potential for effects from increased exposure to methylmercury, CHABs, and selenium due to 


operation of the north Delta intakes is discussed in Appendix 6B. This analysis found that while 


modeling may predict some increases in toxin concentrations over existing conditions, these 


increases are not large enough to result in a measurable adverse effect to least Bell’s vireo 


individuals or the population. For the rationale and assumptions that support this finding, please see 


Appendix 6B.  


6C.5.2.2 Maintenance 


Maintenance activities would generate small levels of noise and require the periodic presence of 


staff and vehicle traffic, all of which could alter normal foraging or nesting behaviors. Vegetation 


control could result in injury or mortality to individuals and/or nests. Implementation of AMM-17: 


Avoid and Minimize Impacts on Biological Resources from Maintenance Activities, detailed in 


Appendix 3A, would require environmental review of the potential for maintenance to impact least 


Bell’s vireo; a preconstruction survey and biological monitor depending on site-specific conditions 


and timing; establishment of non-disturbance buffers if the species is present; and use of 


appropriate work windows.  


6C.5.3 Tunnels 


Tunnels would be constructed using subsurface horizontal tunnel boring machines (TBMs) and 


would not result in any surface disturbance from operations and maintenance to least Bell’s vireo 


modeled habitat; therefore, this activity would not have an adverse effect on the species.  


6C.5.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 
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alignment, and at the Bethany Complex. Least Bell’s vireo modeled habitat overlaps with tunnel 


shaft work area at Twin Cities Complex. Permanent facility lighting at the tunnel shaft may have the 


potential to affect least Bell’s vireo through changes in nighttime behaviors or to make vireos more 


vulnerable to night predators (e.g., owls, cats, racoons). However, the project was designed to 


require permanent facility lighting to be downcast and shielded, with the minimum intensity 


required to provide adequate strength for security, safety, and personnel access ( Chapter 3, Section 


3.2.13), to reduce light spilling over into adjacent habitats; therefore, permanent facility lighting is 


not expected to disrupt normal behaviors.  


Noise and visual disturbance from equipment and periodic presence of personnel during the nesting 


season could alter typical foraging and nesting behaviors. Maintenance-related contaminants such 


as gas, oil, or steering fluid could accidentally be discharged into recolonization habitat and could 


result in the injury or mortality of individuals and lead to the degradation of habitat.  


To minimize potential effects of noise, visual disturbance, and contaminants due to maintenance 


activities, AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance 


Activities (Appendix 3A) would be implemented. This measure would include site-specific 


environmental review of the potential for maintenance to impact sensitive resources; 


preconstruction surveys in suitable habitat; establishment of non-disturbance buffers; and usage of 


appropriate work windows.  


6C.5.5 Reusable Tunnel Material  


RTM areas do not overlap with least Bell’s vireo modeled habitat and therefore operations and 


maintenance activities at these facilities would not affect the species.  


6C.5.6 Bethany Complex  


Permanent facility lighting and operations and maintenance-related noise could alter typical 


foraging behaviors. Herbicide or pesticides used to control vegetation and rodents could result in 


the injury or mortality of individuals if exposed to the chemicals and/or indirect effects if least Bell’s 


vireo ingest prey items exposed to the chemical.  


To minimize the potential effects of operations and maintenance of the Bethany Complex on least 


Bell’s vireo, permanent facility lighting would be designed to require lights to be downcast and 


shielded, with the minimum intensity required to provide adequate strength for security, safety, and 


personnel access, to reduce light spilling over into adjacent habitats as described in Chapter 3, 


Section 3.2.13. Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological 


Resources from Maintenance Activities would further reduce the potential for injury and mortality by 


including site-specific environmental review of the potential for maintenance to impact sensitive 


resources, preconstruction surveys, establishment of non-disturbance buffers, usage of appropriate 


work windows, and conducting Worker Awareness Training and monitoring. With these measures 


in effect, and maintenance activities occurring infrequently, potential maintenance effects on the 


species are expected to be negligible and are not expected to result in take of the species.  


Refer to Chapter 6, Section 6.5.6, Bethany Complex, for more information.  
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6C.5.7 Access Roads 


Operational and maintenance vehicle and equipment traffic on access roads would generate noise, 


light, and strike potential. Operations and maintenance activities could also expose least Bell’s vireo 


to contaminants such as fuels, oils, herbicides, and pesticides, which could result in injury and 


mortality. Maintenance-related noise could also disrupt normal behaviors and result in increased 


energy expenditures.  


Noise and light generated from occasional nighttime traffic would occur infrequently is not expected 


to decrease baseline conditions such that adverse effects would be expected. The potential effects of 


injury or mortality due to collisions with operations and maintenance-related vehicles would be 


minimized through AMM-18: Avoid and Minimize Operational Traffic Impacts on Wildlife (Appendix 


3A), which requires speed limits of 15 miles per hour and traffic control structures on non-public, 


unpaved DWR facility access roads.  


To minimize potential effects of noise, visual disturbance, and contaminants due to maintenance 


activities, AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance 


Activities (Appendix 3A) would be implemented. This measure would include site-specific 


environmental review of the potential for maintenance to impact sensitive resources; 


preconstruction surveys in suitable habitat; establishment of non-disturbance buffers; and usage of 


appropriate work windows.  


Refer to Chapter 6, Section 6.5.7, Access Roads, for more information.  


6C.5.8 Electrical and SCADA Facilities 


DWR is not responsible for the operations and maintenance of electrical facilities. Operation and 


maintenance of electrical facilities would be the responsibility of the electrical providers—SMUD, 


WAPA, and PG&E. These companies would own and maintain their respective electrical facilities.  


DWR is responsible for any operation and maintenance activities associated with SCADA facilities; 


however, SCADA facilities do not have any associated operational activities. Maintenance activities 


on SCADA facilities would include emergency repair of underground or aboveground SCADA lines. 


Vegetation management along SCADA line sections would not be required because underground 


SCADA lines occur within roadway rights-of-way (that are not vegetated) and aboveground SCADA 


lines all occur on existing poles that are being managed from vegetation in the existing conditions. 


There is potential for injury or mortality to least Bell’s vireo where the temporary use and staging of 


vehicles and equipment and ground disturbance (including trenching) are necessary to maintain or 


repair a SCADA line. The potential effects of injury or mortality due to collisions with operations- 


and maintenance-related vehicles would be minimized through AMM-18: Avoid and Minimize 


Operational Traffic Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic 


control structures on non-public, unpaved DWR facility access roads (Appendix 3A). 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality from contaminant spills by 


requiring spill prevention and control plans (Appendix 3A). Refer to Chapter 6, Section 6.5.8, 


Electrical and SCADA Facilities,  for more information.  
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6C.5.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections10: concrete batch plants 


and park-and-ride lots. None of these features overlap with least Bell’s vireo modeled habitat, thus 


operations and maintenance activities associated with these facilities are not expected to affect the 


species.  


6C.5.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with least Bell’s vireo 


modeled habitat. Operations and maintenance activities in this area are not expected to adversely 


affect the species.  


6C.5.11 Compensatory Mitigation Plan 


The CMP would offset the permanent loss of sensitive natural communities and habitat for special-


status species, including least Bell’s vireo, by creating and enhancing habitat on Bouldin Island and 


the I-5 ponds, and tidal habitat restoration and managing these areas in perpetuity. The habitat 


creation and enhancement sites would overlap with modeled least Bell’s vireo recolonization 


habitat.  


Operation and maintenance of CMP habitat enhancement and creation sites would require general 


site maintenance (i.e., site visits, trash removal, maintenance of signs, fences, and gates), vegetation 


management (i.e., mowing, controlled burns, grazing, discing), levee and channel maintenance (i.e., 


levee inspection, dredging, road repairs, grading, rodent abatement), and monitoring. These 


activities would require the use of vehicles and/or boats, heavy equipment, and periodic presence of 


personnel. Specific long-term management plans would be developed for each site. Maintenance 


activities would take place during daylight hours. 


6C.5.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


Riparian creation and enhancement at Bouldin Island would offset the permanent loss of sensitive 


natural communities and habitat for special-status species, including least Bell’s vireo. Site 


construction would include ground disturbance, grading, vegetation removal, the use of heavy 


equipment, and presence of personnel. Construction would take several years to construct and 


would not require night lighting.  


Operation and maintenance of CMP habitat enhancement and creation sites would require general 


site maintenance (i.e., site visits, trash removal, maintenance of signs, fences, and gates), vegetation 


management (i.e., mowing, controlled burns, grazing, discing), levee and channel maintenance (i.e., 


levee inspection, dredging, road repairs, grading, rodent abatement), and monitoring. These 


activities would require the use of vehicles and/or boats, heavy equipment, and periodic presence of 


personnel. Specific long-term management plans would be developed for each site as described in 


Section 3B.6. Maintenance activities would take place during daylight hours. 


 
10 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations such as the north Delta intakes and Bethany Complex. For example, there are impacts from 
road work areas included in Section 6.5.7, Access Roads, and Section 6.5.6, but the road work area described in this 
section occurs in a discreet location, outside a large project footprint. 
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Operational and maintenance vehicles on access roads would generate noise, light, and strike 


potential. Operations and maintenance activities could also expose least Bell’s vireo to contaminants 


such as fuels, oils, herbicides, and pesticides, which could result in injury and mortality. 


Maintenance-related noise could also disrupt normal behaviors and result in increased energy 


expenditures.  


Noise and light generated from occasional nighttime traffic would occur infrequently and is not 


expected to decrease baseline conditions such that adverse effects would be expected. The potential 


effects of injury or mortality due to collisions with operations and maintenance-related vehicles 


would be minimized through AMM-18: Avoid and Minimize Operational Traffic Impacts on Wildlife 


(Appendix 3A), which requires speed limits of 15 miles per hour and traffic control structures on 


non-public, unpaved DWR facility access roads.  


To minimize potential effects of noise, visual disturbance, and contaminants due to maintenance 


activities, AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance 


Activities (Appendix 3A) would be implemented. This measure would include site-specific 


environmental review of the potential for maintenance to impact sensitive resources; 


preconstruction surveys in suitable habitat; establishment of non-disturbance buffers; and usage of 


appropriate work windows.  


The creation and enhancement of wetlands have the potential to increase bioavailability of 


contaminants such as methylmercury, CHABs, and selenium by creating conditions favorable for the 


formation of these contaminants. These contaminants have been known to transfer from aquatic to 


adjacent terrestrial food webs and accumulate in other songbird species (Cristol et al. 2008:335; 


Moy et al. 2016: A, Ohlendorf and Heinz 2011: 689) (Appendix 6B).  


Potential for increased methylmercury exposure, relative to existing conditions, is low at Bouldin 


Island and the I-5 ponds for the following reasons (see Appendix 6B, Section 6B.1, Mercury, for more 


information).  


⚫ Both areas contain existing wetlands with conditions that allow mercury in the soil to be 


transformed into methylmercury.  


⚫ Perennial wetlands and seasonal wetlands would not have the frequent wetting and drying 


cycles associated with the highest methylmercury production. 


⚫ The I-5 ponds are in areas that were not historically connected to Delta waters, therefore it is 


unlikely that little, if any, mercury was deposited in soils at these locations.  


⚫ Bouldin Island was historically tidal marsh and mercury deposition likely occurred at this site; 


however, much of Bouldin Island consists of agricultural crops that are managed to flood 


seasonally, which creates existing conditions that promote mercury methylation.  


In addition, mercury monitoring and adaptive management would be implemented at the Bouldin 


Island and I-5 ponds as described in AMM-23: Develop and Implement a Mercury Monitoring and 


Management Plan (Appendix 3A).  


As described in Appendix 6B, Section 6B.2, Cyanobacterial Harmful Algal Blooms, the likelihood of 


CHAB formation is low at the I-5 ponds because they are not tidally connected and would contain 


ambient water that would not contain Microystis. However, Bouldin Island wetland sites have the 


potential to result in increased CHAB formation. To reduce the potential for incidental take, CHAB 


monitoring and adaptive management would be implemented at the Bouldin Island site to meet 
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specific performance criteria as part of the site-specific maintenance and management plans 


described in Appendix 3B, Sections 3B.6 and 3B.7. 


Creation and enhancement of wetlands on Bouldin Island and at the I-5 ponds is not expected to 


increase the risk of selenium exposure to least Bell’s vireo using these habitats because existing 


selenium concentrations in the Sacramento River watershed are low (Central Valley Regional Water 


Quality Control Board 1988:14) and, therefore, existing selenium in sediments at Bouldin Island or 


the I-5 ponds are expected to be low (Appendix 6B, Section 6B.3, Selenium). Also, existing land use at 


the Bouldin Island and I-5 ponds includes seasonally flooded agricultural fields. Modeled selenium 


concentrations in water, fish tissue, and bird eggs in the existing condition near this location have 


selenium levels far below levels of concern (Appendix 6B, Section 6B.3.3). Therefore, wetland 


creation and enhancement on Bouldin Island and at the I-5 ponds would not be expected to increase 


the bioavailability of selenium, relative to existing conditions, and are not likely to adversely affect 


least Bell’s vireo. 


6C.5.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. The vernal pool, pond, and grassland communities that would be protected for these 


species does not overlap with least Bell’s vireo habitat and therefore the vireo would not be 


adversely affected by operations and maintenance activities associated with this action. 


6C.5.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.5.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down” consultation when site-specific information becomes 


available. A non-bank site would protect, enhance, and manage suitable vernal pool or alkali 


seasonal wetland habitat. These habitat types do not overlap with least Bell’s vireo habitat so the 


species would not be adversely affected by operations and maintenance activities associated with 


non-bank site protection. 


6C.5.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (see Section 6C.3.9.3, Site Protection Instruments, for details on 


these species; Wood and Martin 2016). Examples include conservation easements, deed restrictions, 


transfer of title, or other documents such as Conservation Land Use Agreements. Because actions 


associated with site protection instruments are expected to be beneficial, consultation under the 


ESA is not expected to be necessary. However, if consultation is required, it would occur in the 


future when site-specific information is available. 


Site protection instruments for greater sandhill crane, Swainson’s hawk, and tricolored blackbird 


would primarily consist of the protection and management of agricultural areas but may also 


include protection and management of natural communities in the action area (see Section 6C.3.9.3 


for details on these species). Site protection instruments could include riparian edge habitat that 
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could be suitable least Bell’s vireo habitat through protection and management. However, there is 


some potential for injury and mortality from management and maintenance activities including 


vehicle traffic, use of heavy equipment, and use of contaminants such as fuels, oils, and herbicides.  


The potential effects of injury or mortality due to vehicle collisions would be minimized through 


AMM-18: Avoid and Minimize Operational Traffic Impacts on Wildlife, which requires speed limits of 


15 miles per hour and traffic control structures on unpaved access roads (Appendix 3A). 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality from contaminant spills by 


requiring spill prevention and control plans. AMM-17 would also minimize impacts from land 


management activities by requiring a preconstruction environmental review, preconstruction 


surveys, a biological monitor when appropriate, and non-disturbance buffers using construction 


fencing where applicable (Appendix 3A). With these measures in place and the potential for 


protection of riparian edge habitat on these agricultural sites, site protection instruments are not 


likely to adversely affect the species.  


6C.5.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP(Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for listed fish species that would benefit from 


enhancement actions.  


There are no operational activities associated with channel margin habitat. Maintenance activities 


would generate small levels of noise and require the periodic presence of staff and vehicle traffic, all 


of which could alter normal foraging or nesting behaviors. Vegetation control could result in injury 


or mortality to individuals and/or nests. Implementation of AMM-17: Avoid and Minimize Impacts on 


Biological Resources from Maintenance Activities, detailed in Appendix 3A, would require 


environmental review of the potential for maintenance to impact least Bell’s vireo; a 


preconstruction survey and biological monitor depending on site-specific conditions and timing; 


establishment of non-disturbance buffers if the species is present; and use of appropriate work 


windows. With this measure in place, maintenance activities are not likely to adversely affect least 


Bell’s vireo. 


6C.5.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent 


wetland habitats provide important foraging and refugia habitat for listed fish species. The 


restoration of tidal perennial and wetland habitat, particularly complex wetland systems containing 


dendritic channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 
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biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


Complex will be prioritized as these areas would provide greater benefits for target fish species.  


There are no operational actions associated with tidal wetland restoration locations. Maintenance 


and management actions would be identified in a long-term management plan for each tidal 


restoration location and would include actions such as vegetation management, weed control, and 


trash management, and facilities maintenance and management. In addition, an adaptive 


management and monitoring plan would be prepared for each channel margin location and could 


include effectiveness monitoring and focused research projects, both of which could require on-site 


collection of water quality, vegetation cover, species occurrence, or other types of biological data. 


The long-term management and adaptive management and monitoring plans are described in 


Appendix 3B, Sections 3B.6 and 3B.7. 


Operations 


Tidal restoration could affect water quality in the Delta, namely levels of methylmercury, selenium, 


and CHABs such as Microcystis. Tidal restoration would be sited in the Cache Slough or Lower Yolo 


Bypass region and this area is not expected to increase the bioavailability of selenium or result in 


conditions conducive to CHABs. See Appendix 6B for rationale. The creation of tidal wetland habitats 


in this region could create conditions conducive to methylation of mercury and promote uptake and 


bioaccumulation of methylmercury in least Bell’s vireo by transfer to riparian foodwebs through 


consumption of aquatic invertebrates (Cristol et al. 2008:335).  


To minimize the effects of methylmercury on least Bell’s vireo due to tidal habitat restoration, AMM-


23: Develop and Implement a Mercury Management and Monitoring Plan (Appendix 3A) would 


require project-specific assessments of tidal wetland habitats, integration of design measures to 


minimize mercury methylation, site monitoring and reporting, and adaptive management. With this 


measure in place, the least Bell’s vireo is not likely to be adversely affected by tidal restoration. 


Maintenance 


Maintenance and monitoring activities would generate small levels of noise and require the periodic 


presence of staff and vehicle traffic, all of which could alter normal foraging or nesting behaviors. 


Vegetation control could result in injury or mortality to individuals and/or nests. Implementation of 


AMM-17: Avoid and Minimize Impacts on Biological Resources from Maintenance Activities, detailed in 


Appendix 3A, would require environmental review of the potential for maintenance to impact least 


Bell’s vireo; a preconstruction survey and biological monitor depending on site-specific conditions 


and timing; establishment of non-disturbance buffers if the species is present; and use of 


appropriate work windows. With this measure in place, the least Bell’s vireo is not likely to be 


adversely affected by maintenance of the tidal restoration site. 


6C.5.12 Effects on Critical Habitat 


There is no designated critical habitat for least Bell’s vireo in the action area. 


6C.5.13 Cumulative Effects 


Refer to Chapter 6, Section 6.5.13, Cumulative Effects, for more information.  
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6C.6 Effects on Western Yellow-Billed Cuckoo 
Appendix 6A describes the methods and assumptions used to analyze the effects of the proposed 


action on terrestrial species. Chapter 4, Section 4.4.12.6, Suitable Habitat Definition, and Section 


4.4.12.7, Migratory Habitat Suitability Model, define suitable habitat and describe the habitat model 


for western yellow-billed cuckoo. Refer to Chapter 6, Section 6.6, Effects on Western Yellow-Billed 


Cuckoo, for more information.  


6C.6.1 Field Investigations 


There would be no ongoing operations and maintenance associated with the field investigations; 


therefore, there would be no effect on western yellow-billed cuckoo. 


6C.6.2 North Delta Intakes 


The operational components of the north Delta intakes include intakes, fish screens, sedimentation 


basins and drying lagoons, and associated facilities. Permanent facility lighting would be motion 


activated, downcast, cut-off type fixtures with non-glare finishes (Chapter 3, Section 3.2.13), and 


therefore permanent facilities would remain dark the majority of the time at night. Operations 


activities would generate small levels of noise and require the periodic presence of staff and vehicle 


traffic. Operation of the intakes also has the potential to change water quality parameters around 


the Delta. 


Maintenance activities at the north Delta intakes would include semiannual general and ground 


maintenance (e.g., mowing, vegetation trimming, herbicide application), fish screen maintenance, 


annual sediment and debris removal at intakes, and periodic maintenance of the intake gates and 


associated structures approximately every 1 to 5 years. Access roads within the intake facilities 


would be repaved every 15 years. Maintenance activities would generally be conducted during the 


day, except for emergency maintenance, and would therefore not require additional lighting. Refer 


to Chapter 6, Section 6.6.2 (North Delta Intakes) for more information.  


6C.6.2.1 Operation 


Operations activities would generate small levels of noise, have permanent light sources, and 


require the periodic presence of staff and vehicle traffic. However, noise from the operation of the 


water conveyance facilities would not be discernably higher than existing conditions, and the 


periodic presence of staff would not be expected to affect western yellow-billed cuckoo if present. 


Permanent facility lighting could extend into suitable western yellow-billed habitat and could affect 


the behavior of individuals if present within the illuminated habitat. Night lighting could alter 


normal nesting and foraging behavior. However, permanent lighting at project facilities would be 


motion activated, downcast, cut-off type fixtures with non-glare finishes (Chapter 3, Section 3.2.13), 


and therefore permanent facilities would remain dark the majority of the time at night, which would 


minimize the potential for this effect. The potential for effects from increased exposure to 


methylmercury, CHABs, and selenium due to operation of the north Delta intakes is discussed in 


Appendix 6C6B, Water Quality6B. This analysis found that while modeling may predict some 


negligible increases in toxin concentrations over existing conditions, these increases are not large 


enough to result in a measurable adverse effect to western yellow-billed cuckoo individuals or the 


population. For the rationale and assumptions that support this finding, please see Appendix 6B. 
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6C.6.2.2 Maintenance 


Maintenance activities at the north Delta intakes would include semiannual general and ground 


maintenance (e.g., mowing, vegetation trimming, herbicide application), annual sediment and debris 


removal at intakes, and periodic maintenance of the intake gates and associated structures 


approximately every 1 to 5 years. Maintenance activities would generally be conducted during the 


day, except for emergency maintenance, and would therefore not require additional lighting.  


Maintenance activities would generate noise and require the periodic presence of staff and vehicle 


traffic, all of which could alter normal foraging or migratory behaviors. Vegetation control could 


result in injury or mortality of individuals. Implementation of AMM-17: Avoid and Minimize Impacts 


on Biological Resources from Maintenance Activities, detailed in Appendix 3A, would require 


environmental review of the potential for maintenance to impact western yellow-billed cuckoo; a 


preconstruction survey and biological monitor depending on site-specific conditions and timing; 


establishment of non-disturbance buffers if the species is present; and use of appropriate work 


windows.  


6C.6.3 Tunnels 


Tunnel operations and maintenance would be subsurface so there would be no surface-related 


operations and maintenance effects to western yellow-billed cuckoo modeled habitat; therefore, this 


activity would not have an adverse effect on the species.  


6C.6.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 


alignment, and at the Bethany Complex. Western yellow-billed cuckoo modeled habitat overlaps 


with tunnel shaft work areas at Twin Cities Complex. 


 Tunnel shaft sites would have permanent facility lighting. Permanent facility lighting would be 


motion activated, downcast, cut-off type fixtures with non-glare finishes (Chapter 3, Section 3.2.13), 


and therefore permanent facilities would remain dark the majority of the time at night. Maintenance 


during project operations could include inspection and maintenance of tunnel shafts, maintenance 


of the constructed water conveyance tunnel, vegetation control around tunnel shafts, and require 


periodic presence of staff and vehicle traffic. Maintenance activities at launch and maintenance 


shafts would include semiannual general and ground maintenance (e.g., mowing, vegetation 


trimming, herbicide application), and daily inspections by vehicle. Maintenance activities would 


generally be conducted during the day, except for emergency maintenance, and would therefore not 


require additional lighting. 


Permanent facility lighting may also have the potential to affect western yellow-billed cuckoo 


through changes in nighttime behaviors or to make cuckoos more vulnerable to night predators 


(e.g., owls, cats, racoons). However, the project was designed to require permanent facility lighting 


to be downcast and shielded, with the minimum intensity required to provide adequate strength for 


security, safety, and personnel access (Section 3.4.13), to reduce light spilling over into adjacent 


habitats; therefore, permanent facility lighting is not expected to disrupt normal behaviors.  


Noise, vibration, and visual disturbance from equipment and periodic presence of personnel during 


the nesting season could alter typical migratory behaviors. Maintenance-related contaminants, such 
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as gas, oil, or steering fluid, could accidentally be discharged into migratory habitat and could result 


in the injury or mortality of individuals and lead to the degradation of habitat.  


To minimize potential effects of noise, visual disturbance, and contaminants due to maintenance 


activities, AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance 


Activities (Appendix 3A) would be implemented. This measure would include site-specific 


environmental review of the potential for maintenance to impact sensitive resources; 


preconstruction surveys in suitable habitat; establishment of non-disturbance buffers; and usage of 


appropriate work windows. 


6C.6.5 Reusable Tunnel Material  


There are no operations and maintenance activities associated with the RTM sites and therefore no 


effects to western yellow-billed cuckoo.  


6C.6.6 Bethany Complex 


The operational components of the Bethany Complex include the Bethany Reservoir Pumping Plant, 


Bethany Reservoir Aqueduct, and Bethany Reservoir Discharge Structure. All aboveground portions 


of these features would have permanent facility lighting. Permanent outdoor facility lighting would 


be motion-activated and therefore would only be lit for a short time when activated (which is 


expected to occur infrequently). To further minimize impacts from permanent lighting, the fixtures 


would also be downcast, cut-off types with non-glare finishes (Chapter 3, Section 3.2.13). Because 


permanent facilities would have motion-detected lights, they are not expected to contribute to 


ambient nighttime light.  


The Bethany Reservoir Pumping Plant operations are not expected to generate noise that would 


substantially alter the existing environment. The pumping plant would be within an underground 


facility, and therefore operational light and noise would not be expected to affect species. The 


Bethany Reservoir Aqueduct has aboveground and below-ground sections; the Bethany Reservoir 


Aqueduct would contain moving water but this is not expected to be a substantial source of noise 


because the aboveground sections would be backfilled with approximately 6 feet of soil and the 


tunneled portions would be below the ground surface. The Bethany Reservoir Discharge Structure 


would contain large volumes of flowing water at times and would be a source of noise in the areas 


adjacent to the structure.  


Maintenance of the pumping plant, surge basin, aqueduct, discharge structure, and the right-of-way 


would require vegetation removal. Access roads within the Bethany Complex would be repaved 


every 15 years. Maintenance activities would generally be conducted during the day, except for 


emergency maintenance, and would therefore not require additional lighting. 


Permanent facility lighting and operations and maintenance-related noise could alter typical 


foraging behaviors. Herbicide or pesticides used to control vegetation and rodents could result in 


the injury or mortality of individuals, if exposed to the chemicals, and/or indirect effects, if cuckoos 


ingest prey items exposed to the chemical.  


To minimize the potential effects of operations and maintenance of the Bethany Complex on western 


yellow-billed cuckoo in the event that the species uses habitat near these facilities during migration, 


permanent facility lighting would be designed to require lights to be downcast and shielded, with 


the minimum intensity required to provide adequate strength for security, safety, and personnel 
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access, to reduce light spilling over into adjacent habitats as described in Chapter 3, Section 3.2.13. 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would further reduce the potential for injury and mortality by including site-


specific environmental review of the potential for maintenance to impact sensitive resources, 


preconstruction surveys, establishment of non-disturbance buffers, usage of appropriate work 


windows, and conducting Worker Awareness Training and monitoring. With these measures in 


effect, and maintenance activities occurring infrequently, potential maintenance effects on the 


species are expected to be negligible and are not expected to result in take of the species.  


Refer to Chapter 6, Section 6.6.6, Bethany Complex, for more information.  


6C.6.7 Access Roads 


Operational activities on access roads include vehicles and equipment traveling to, from, and within 


the project facilities. Some access roads would have permanent night-lighting, which would be 


downcast (Chapter 3, Section 3.2.13). Maintenance of access roads would include grading, repaving, 


and vegetation removal. Maintenance activities would generally be conducted during the day, except 


for emergency maintenance, and would therefore not require additional lighting. Maintenance 


would not be conducted by DWR on public access roads, such as SR 160.  


Operational and maintenance vehicle and equipment traffic on access roads would generate noise, 


light, and strike potential. Operations and maintenance activities could also expose western yellow-


billed cuckoo to contaminants such as fuels, oils, herbicides, and pesticides, which could result in 


injury and mortality. Maintenance-related noise could also disrupt normal behaviors and result in 


increased energy expenditures.  


Noise and light generated from occasional nighttime traffic would occur infrequently is not expected 


to decrease baseline conditions such that adverse effects would be expected. The potential effects of 


injury or mortality due to collisions with operations and maintenance-related vehicles would be 


minimized through AMM-18: Avoid and Minimize Operational Traffic Impacts on Wildlife (Appendix 


3A), which requires speed limits of 15 miles per hour and traffic control structures on non-public, 


unpaved DWR facility access roads.  


To minimize potential effects of noise, visual disturbance, and contaminants due to maintenance 


activities, AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance 


Activities (Appendix 3A) would be implemented. This measure would include site-specific 


environmental review of the potential for maintenance to impact sensitive resources; 


preconstruction surveys in suitable habitat; establishment of non-disturbance buffers; and usage of 


appropriate work windows.  


Refer to Chapter 6, Section 6.6.7, Access Roads, for more information.  


6C.6.8 Electrical and SCADA Facilities 


DWR is not responsible for the operations and maintenance of electrical facilities. Operation and 


maintenance of electrical facilities would be the responsibility of the electrical providers—SMUD, 


WAPA, and PG&E. These companies would own and maintain their respective electrical facilities.  


DWR is responsible for any operation and maintenance activities associated with SCADA facilities; 


however, SCADA facilities do not have any associated operational activities. Maintenance activities 


on SCADA facilities would include emergency repair of underground or aboveground SCADA lines. 
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Vegetation management along SCADA line sections would not be required because underground 


SCADA lines occur within roadway rights-of-way (that are not vegetated) and the new aboveground 


SCADA line occurs on existing poles that are being managed from vegetation in the existing 


conditions. 


There is potential for injury or mortality to western yellow-billed cuckoo where the temporary use 


and staging of vehicles and equipment and ground disturbance (including trenching) are necessary 


to maintain or repair a SCADA line. The potential effects of injury or mortality due to collisions with 


operations- and maintenance-related vehicles would be minimized through AMM-18: Avoid and 


Minimize Operational Traffic Impacts on Wildlife, which requires speed limits of 15 miles per hour 


and traffic control structures on non-public, unpaved DWR facility access roads (Appendix 3A). 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality from contaminant spills by 


requiring spill prevention and control plans (Appendix 3A).  


6C.6.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:11 concrete and CLSM 


batch plants and park-and-ride lots. None of these features overlap with western yellow-billed 


cuckoo modeled habitat, thus operations and maintenance activities associated with these facilities 


are not expected to affect the species. 


6C.6.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with western yellow-billed 


cuckoo modeled habitat. Operations and maintenance activities in this area would not adversely 


affect the species.  


6C.6.11 Compensatory Mitigation Plan 


The CMP would offset the loss of sensitive natural communities and habitat for special-status 


species, including western yellow-billed cuckoo, by creating and enhancing habitat on Bouldin 


Island and the I-5 ponds, and tidal habitat restoration and managing these areas in perpetuity. The 


habitat creation and enhancement sites would overlap with modeled western yellow-billed cuckoo 


habitat.  


Operation and maintenance of CMP habitat enhancement and creation sites would require general 


site maintenance (i.e., site visits, trash removal, maintenance of signs, fences, and gates), vegetation 


management (i.e., mowing, controlled burns, grazing, discing), levee and channel maintenance (i.e., 


levee inspection, dredging, road repairs, grading, rodent abatement), and monitoring. Specific long-


term management plans would be developed for each site. These activities would require the use of 


vehicles or boats, heavy equipment, and periodic presence of personnel. Maintenance activities 


would take place during daylight hours. 


 
11 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road 
work areas included in Section 6.6.7, Access Roads, and Section 6.6.6, Bethany Complex, but the road work area 
described in this section occurs in a discreet location, outside a large project footprint.  
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6C.6.11.1 Initial Mitigation Sites: Bouldin Island and the I-5 Ponds 


Riparian creation and enhancement at Bouldin Island would offset the permanent loss of sensitive 


natural communities and habitat for special-status species, including western yellow-billed cuckoo. 


Site construction would include ground disturbance, grading, vegetation removal, the use of heavy 


equipment, and presence of personnel. Construction would take several years to construct and 


would not require night lighting.  


Operation and maintenance of CMP habitat enhancement and creation sites would require general 


site maintenance (i.e., site visits, trash removal, maintenance of signs, fences, and gates), vegetation 


management (i.e., mowing, controlled burns, grazing, discing), levee and channel maintenance (i.e., 


levee inspection, dredging, road repairs, grading, rodent abatement), and monitoring. These 


activities would require the use of vehicles and/or boats, heavy equipment, and periodic presence of 


personnel. Specific long-term management plans would be developed for each site as described in 


Section 3B.6. Maintenance activities would take place during daylight hours. 


Operational and maintenance vehicle and equipment traffic on access roads would generate noise, 


light, and strike potential. Operations and maintenance activities could also expose western yellow-


billed cuckoo to contaminants such as fuels, oils, herbicides, and pesticides, which could result in 


injury and mortality. Maintenance-related noise could also disrupt normal behaviors and result in 


increased energy expenditures.  


Noise and light generated from occasional nighttime traffic would occur infrequently is not expected 


to decrease baseline conditions such that adverse effects would be expected. The potential effects of 


injury or mortality due to collisions with operations and maintenance-related vehicles would be 


minimized through AMM-18: Avoid and Minimize Operational Traffic Impacts on Wildlife (Appendix 


3A), which requires speed limits of 15 miles per hour and traffic control structures on non-public, 


unpaved DWR facility access roads.  


To minimize potential effects of noise, visual disturbance, and contaminants due to maintenance 


activities, AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance 


Activities (Appendix 3A) would be implemented. This measure would include site-specific 


environmental review of the potential for maintenance to impact sensitive resources; 


preconstruction surveys in suitable habitat; establishment of non-disturbance buffers; and usage of 


appropriate work windows.  


The creation and enhancement of wetlands have the potential to increase bioavailability of 


contaminants such as methylmercury, CHABs, and selenium by creating conditions favorable for the 


formation of these contaminants. These contaminants have been known to transfer from aquatic to 


adjacent terrestrial food webs and accumulate in other songbird species (Cristol et al. 2008:335, 


Moy et al. 2016:A, Ohlendorf and Heinz 2011:689) (Appendix 6B).  


Potential for increased methylmercury exposure, relative to existing conditions, is likely low at 


Bouldin Island and the I-5 ponds for the following reasons.  


⚫ Both areas contain existing wetlands with conditions that allow mercury in the soil to be 


transformed into methylmercury.  


⚫ Perennial wetlands and seasonal wetlands would not have the frequent wetting and drying 


cycles associated with the highest methylmercury production. 







CA Department of Water Resources 


 Operations and Maintenance Effects Analysis for Delta 
Smelt, Longfin Smelt, and Terrestrial Species 


 


Delta Conveyance Project, Biological Assessment 
6C-69 


May 2024 
ICF 103653  


 


⚫ The I-5 ponds are in areas that were not historically connected to Delta waters, therefore it is 


unlikely that little, if any, mercury was deposited in soils at these locations.  


⚫ Bouldin Island was historically tidal marsh and mercury deposition likely occurred at this site; 


however, much of Bouldin Island consists of agricultural crops that are managed to flood 


seasonally, which creates existing conditions that promote mercury methylation.  


In addition, mercury monitoring and adaptive management would be implemented at the Bouldin 


Island and I-5 ponds as described in AMM-23: Develop and Implement a Mercury Monitoring and 


Management Plan (Appendix 3A).  


As described in Appendix 6B, Section 6B.2, the likelihood of CHAB formation is low at the I-5 ponds 


because they are not tidally connected and would contain ambient water that would not contain 


Microystis. However, Bouldin Island wetland sites have the potential to result in increased CHAB 


formation. To reduce the potential for incidental take, CHAB monitoring and adaptive management 


would be implemented at the Bouldin Island site to meet specific performance criteria as part of the 


site-specific maintenance and management plans described in Appendix 3B, Sections 3B.6 and 3B.7.  


Creation and enhancement of wetlands on Bouldin Island and at the I-5 ponds is not expected to 


increase the risk of selenium exposure to western yellow-billed cuckoo using these habitats because 


existing selenium concentrations in the Sacramento River watershed are low (Central Valley 


Regional Water Quality Control Board 1988:14) and, therefore, existing selenium in sediments at 


Bouldin Island or the I-5 ponds are expected to be low (Appendix 6B, Section 6B.3). Also, existing 


land use at the Bouldin Island and I-5 ponds includes seasonally flooded agricultural fields. Modeled 


selenium concentrations in water, fish tissue, and bird eggs in the existing condition near this 


location have selenium levels far below levels of concern (Appendix 6B, Section 6B.3.3). Therefore, 


wetland creation and enhancement on Bouldin Island and at the I-5 ponds would not be expected to 


increase the bioavailability of selenium, relative to existing conditions, and are not likely to 


adversely affect western yellow-billed cuckoo. 


6C.6.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. The vernal pool, pond, and grassland communities that would be protected for these 


species do not overlap with western yellow-billed cuckoo habitat and therefore the cuckoo would 


not be adversely affected by operations and maintenance activities associated with this action. 


6C.6.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.6.11.5, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. A non-bank site would protect, enhance, and manage 


suitable vernal pool or alkali seasonal wetland habitat. These habitat types do not overlap with 


western yellow-billed cuckoo habitat so the species would not be adversely affected by operations 


and maintenance associated with implementation of non-bank site protection. 


6C.6.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 
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blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (see Section 6C.3.9.3 for details on these species; Wood and 


Martin 2016). Examples include conservation easements, deed restrictions, transfer of title, or other 


documents such as Conservation Land Use Agreements. Because actions associated with site 


protection instruments are expected to be beneficial, consultation under the ESA is not expected to 


be necessary. However, if consultation is required, it would occur in the future when site-specific 


information is available. 


Site protection instruments for greater sandhill crane, Swainson’s hawk, and tricolored blackbird 


would primarily consist of the protection and management of agricultural areas but may also 


include protection and management of natural communities in the action area (see Section 6C.3.9.3 


for details on these species). Site protection instruments could include riparian edge habitat that 


could be suitable western yellow-billed cuckoo habitat through protection and management. 


However, there is some potential for injury and mortality from management and maintenance 


activities including vehicle traffic, use of heavy equipment, and use of contaminants such as fuels, 


oils, and herbicides.  


The potential effects of injury or mortality due to vehicle collisions would be minimized through 


AMM-18: Avoid and Minimize Operational Traffic Impacts on Wildlife, which requires speed limits of 


15 miles per hour and traffic control structures on unpaved access roads (Appendix 3A). 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality from contaminant spills by 


requiring spill prevention and control plans. AMM-17 would also minimize impacts from land 


management activities by requiring a preconstruction environmental review, preconstruction 


surveys, a biological monitor when appropriate, and non-disturbance buffers using construction 


fencing where applicable (Appendix 3A). With these measures in place and the potential for 


protection of riparian edge habitat on these agricultural sites, site protection instruments are not 


likely to adversely affect western yellow-billed cuckoo.  


6C.6.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP(Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids. While not the target of enhancement actions, western yellow-billed 


cuckoo also has the potential to benefit from the increase in riparian habitat along levees in the 


central Delta. 


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for listed fish species that would benefit from 


enhancement actions.  


There are no operational activities associated with channel margin habitat. Maintenance activities 


would generate small levels of noise and require the periodic presence of staff and vehicle traffic, all 


of which could alter normal behaviors and result in increased energy expenditures. Implementation 


of AMM-17: Avoid and Minimize Impacts on Biological Resources from Maintenance Activities, detailed 


in Appendix 3A, would require environmental review of the potential for maintenance to impact 


western yellow-billed cuckoo; a preconstruction survey and biological monitor depending on site-
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specific conditions and timing; establishment of non-disturbance buffers if the species is present; 


and use of appropriate work windows. With this measure in place, maintenance activities are not 


likely to adversely affect western yellow-billed cuckoo. 


6C.6.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent wetland 


habitats provide important foraging and refugia habitat for listed fish species. The restoration of 


tidal perennial and wetland habitat, particularly complex wetland systems containing dendritic 


channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 


biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


Complex will be prioritized as these areas would provide greater benefits for target fish species.  


There are no operational actions associated with tidal wetland restoration locations. Maintenance 


and management actions would be identified in a long-term management plan for each tidal 


restoration location and would include actions such as vegetation management, weed control, and 


trash management, and facilities maintenance and management. In addition, an adaptive 


management and monitoring plan would be prepared for each channel margin location and could 


include effectiveness monitoring and focused research projects, both of which could require on-site 


collection of water quality, vegetation cover, species occurrence, or other types of biological data. 


The long-term management and adaptive management and monitoring plans are described in 


Appendix 3B, Sections 3B.6 and 3B.7. 


Operations 


Tidal restoration could affect water quality in the Delta, namely levels of methylmercury, selenium, 


and CHABs such as Microcystis. Tidal restoration would be sited in the Cache Slough or Lower Yolo 


Bypass region and this area is not expected to increase the bioavailability of selenium or result in 


conditions conducive to CHABs. See Appendix 6B for rationale. The creation of tidal wetland habitats 


in this region could create conditions conducive to methylation of mercury and promote uptake and 


bioaccumulation of methylmercury in western yellow-billed cuckoo by transfer to riparian 


foodwebs through consumption of aquatic invertebrates (Cristol et al. 2008:335).  


To minimize the effects of methylmercury on western yellow-billed cuckoo due to tidal habitat 


restoration, AMM-23: Develop and Implement a Mercury Management and Monitoring Plan 


(Appendix 3A) would require project-specific assessments of tidal wetland habitats, integration of 


design measures to minimize mercury methylation, site monitoring and reporting, and adaptive 


management. With this measure in place, the western yellow-billed cuckoo is not likely to be 


adversely affected by tidal restoration. 


Maintenance 


Maintenance activities would generate small levels of noise and require the periodic presence of 


staff and vehicle traffic, all of which could alter normal behaviors and result in increased energy 


expenditures. Implementation of AMM-17: Avoid and Minimize Impacts on Biological Resources from 


Maintenance Activities, detailed in Appendix 3A, would require environmental review of the 


potential for maintenance to impact western yellow-billed cuckoo; a preconstruction survey and 
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biological monitor depending on site-specific conditions and timing; establishment of non-


disturbance buffers if the species is present; and use of appropriate work windows. With this 


measure in place, the western yellow-billed cuckoo is not likely to be adversely affected by 


maintenance activities at tidal restoration site(s). 


6C.6.12 Effects on Critical Habitat 


There is no designated critical habitat for western yellow-billed cuckoo in the action area. 


6C.6.13 Cumulative Effects 


Refer to Chapter 6, Section 6.6.13, Cumulative Effects, for more information.  


6C.7 Effects on California Red-Legged Frog 
Appendix 6A describes the methods and assumptions used to analyze the effects of the proposed 


action on terrestrial species. Chapter 4, Section 4.4.13.6, Suitable Habitat Definition, and Section 


4.4.13.7, Habitat Suitability Model, define suitable habitat and describe the habitat model for 


California red-legged frog. Refer to Chapter 6, Section 6.7, Effects on California Red-Legged Frog, for 


more information.  


6C.7.1 Field Investigations 


There would be no ongoing operations and maintenance associated with the field investigation 


activities; therefore, there would be no effect on California red-legged frog. 


6C.7.2 North Delta Intakes  


The north Delta intake construction area does not overlap with California red-legged frog modeled 


habitat and this activity would not have an adverse effect on the species (Figure 6.6-2).  


6C.7.3 Tunnels 
The tunnel alignment from the north Delta intakes to the Bethany Complex is subsurface and there 


are no surface operations and maintenance activities that would overlap with California red-legged 


frog modeled aquatic or upland habitat. 


6C.7.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 


alignment, and at the Bethany Complex. One reception shaft within the Bethany Reservoir surge 


basin overlaps with modeled California red-legged frog dispersal habitat. That impact is discussed 


along with other construction-related impacts under Section 6C.7.6.  
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6C.7.5 Reusable Tunnel Material  


RTM areas would not overlap with California red-legged frog modeled habitat; thus, RTM area 


operations and maintenance would not affect California red-legged frog. 


6C.7.6 Bethany Complex 


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and operations within the Bethany 


Complex footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level. Operations and maintenance actions are described and evaluated 


programmatically and will be subject to future, “step down” consultations when site-specific detail is 


available. 


The operational components of the Bethany Complex include the Bethany Reservoir Pumping Plant, 


Bethany Reservoir Aqueduct, and Bethany Reservoir Discharge Structure. All aboveground portions 


of these features would have permanent facility lighting. Permanent outdoor facility lighting would 


be motion-activated and therefore would only be lit for a short time when activated (which is 


expected to occur infrequently). To further minimize impacts from permanent lighting, the fixtures 


would also be downcast, cut-off types with non-glare finishes (Chapter 3, Section 3.2.13). Because 


permanent facilities would have motion-detected lights, they are not expected to contribute to 


ambient nighttime light.  


The tunneled portion of the Bethany Reservoir Aqueduct would not include any surface 


maintenance activities, such as mowing or vegetation clearing, within the conservation easement; all 


maintenance activities for the aqueduct would be conducted from inside the tunnel, except in 


emergency situations, and the inside of the tunnel would be accessed from the surface portions of 


the tunnel, which are located outside of the conservation easement boundary. 


The Bethany Reservoir Pumping Plant operations are not expected to generate noise that would 


substantially alter the existing environment. The pumping plant would be within an underground 


facility, and therefore operational light and noise would not be expected to affect species. The 


Bethany Reservoir Aqueduct has aboveground and below-ground sections; the Bethany Reservoir 


Aqueduct would contain moving water but this is not expected to be a substantial source of noise 


because the aboveground sections would be backfilled with approximately 6 feet of soil and the 


tunneled portions would be below the ground surface. The Bethany Reservoir Discharge Structure 


would contain large volumes of flowing water at times and would be a source of noise in the areas 


adjacent to the structure.  


Maintenance of the pumping plant, surge basin, aqueduct, discharge structure, and the right-of-way 


would require vegetation removal. Access roads within the Bethany Complex would be repaved 


every 15 years. Maintenance activities would generally be conducted during the day, except for 


emergency maintenance, and would therefore not require additional lighting. Refer to Chapter 6, 


Section 6.7.6, Bethany Complex, for more information.  


Vehicles and heavy equipment used for operations and maintenance activities, including 


inspections, mowing, and vegetation removal, could injure or kill California red-legged frog if 


individuals are present within the Bethany Complex right-of-way. Operations and maintenance-


related contaminants such as gas, oil, steering fluid, herbicides, and pesticides could accidentally be 
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discharged into California red-legged frog habitat. Permanent facility lighting could spill over into 


adjacent habitats, potentially disrupting foraging and breeding activities.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public, DWR facility access roads. AMM-17: Avoid and Minimize Impacts on Terrestrial 


Biological Resources from Maintenance Activities would reduce the potential effects of injury or 


mortality due to vehicles and equipment, contaminant spills, or disruption of behaviors from 


operations and maintenance activities by requiring spill prevention and control plans, conducting a 


preconstruction environmental review, requiring preconstruction surveys and a biological monitor 


when appropriate, and implementing appropriate non-disturbance buffers using construction 


fencing, where applicable. Permanent lighting at project facilities would be motion activated and 


therefore permanent facilities would remain dark the majority of the time at night. Permanent 


facility lighting would also be downcast, cut-off type fixtures with non-glare finishes (Chapter 3, 


Section 3.2.13) and thus, when lit, would minimize lighting habitat adjacent to the DWR facility. 


Maintenance activities would generally be conducted during the day, except for emergency 


maintenance, and would therefore not require additional lighting. 


6C.7.7 Access Roads 


The construction of new roads and improvements to existing roads are necessary to support project 


construction. New access roads would be either gravel or paved and would be built to connect 


existing roads to construction areas. Existing roads would be widened and improved to support the 


construction-related traffic, and existing roads in the vicinity of the intakes and shafts would be 


repaved every 15 years. The access roads that overlap with California red-legged frog modeled 


habitat are those that are in service to, but occur outside of, the Bethany Complex. Impacts from 


access road construction within the Bethany Complex are described above in Section 6.7.6. 


Operational activities on access roads include vehicles and equipment traveling to, from, and within 


the project facilities. Some access roads would have permanent facility lighting, which would be 


downcast (Chapter 3, Section 3.2.13). Maintenance of access roads would include periodic grading, 


repaving, and vegetation removal. Maintenance activities would generally be conducted during the 


day, except for emergency maintenance, and would therefore not require additional lighting. Refer 


to Chapter 6, Section 6.7.7, for more information about maintenance of access roads.  


All access roads created or improved to support construction have potential to be used in support of 


operational and maintenance activities. Most access roads would also be used by the public, as they 


were in the existing condition. Operational activities on access roads include vehicular and 


equipment traffic and maintenance activities include grading, repaving, and vegetation removal.  


Vehicular traffic at nighttime during the rainy season (generally October – April) could injure or kill 


California red-legged frog moving across the road; however, operations traffic at night would be low 


and maintenance activities would occur primarily during daylight hours. Operations and 


maintenance-related contaminants such as gas, oil, steering fluid, herbicides, and pesticides could 


accidentally be discharged into California red-legged frog habitat. Maintenance activities could 


produce noise, which could disrupt normal behaviors and cause California red-legged frogs to be 


more vulnerable to predation or result in increased energy expenditures. Permanent lighting 


installed at intersections or along roads could disrupt normal behaviors of California red-legged frog 


if lighting spills over into adjacent habitats.  
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The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires posted speed limits of 15 miles per hour and traffic control 


structures on non-public DWR facility access roads and posted wildlife crossing signs on new or 


widened access roads that overlap with California red-legged frog aquatic or upland habitat. AMM-


17: Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities 


would reduce the potential effects of injury or mortality due to vehicles and equipment, contaminant 


spills, or disruption of behaviors from operations and maintenance activities by requiring spill 


prevention and control plans; conducting a preconstruction environmental review; requiring 


preconstruction surveys, environmental resources work awareness training, and a biological 


monitor when appropriate; and implementing appropriate non-disturbance buffers, where 


applicable. Maintenance activities would generally be conducted during the day, except for 


emergency maintenance, and would therefore not require additional lighting. 


6C.7.8 Electrical and SCADA Facilities 


DWR is not responsible for the operations and maintenance of electrical facilities. Operation and 


maintenance of electrical facilities would be the responsibility of the electrical providers—SMUD, 


WAPA, and PG&E. These companies would own and maintain their respective electrical facilities.  


DWR is responsible for any operation and maintenance activities associated with SCADA facilities; 


however, SCADA facilities do not have any associated operational activities. Maintenance activities 


on SCADA facilities would include emergency repair of underground or aboveground SCADA lines. 


Vegetation management along SCADA line sections would not be required because underground 


SCADA lines occur within roadway rights-of-way (that are not vegetated) and the new aboveground 


SCADA line occurs on existing poles that are being managed from vegetation in the existing 


conditions.  


There is potential for injury or mortality to California red-legged frogs where the temporary use and 


staging of vehicles and equipment and ground disturbance (including trenching) are necessary to 


maintain or repair a SCADA line. The potential effects of injury or mortality due to collisions with 


operations- and maintenance-related vehicles would be minimized through AMM-18: Avoid and 


Minimize Operational Traffic Impacts on Wildlife, which requires speed limits of 15 miles per hour 


and traffic control structures on non-public DWR facility access roads (Appendix 3A). 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality from contaminant spills by 


requiring spill prevention and control plans (Appendix 3A).  


6C.7.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:12 concrete and CLSM 


batch plants and park-and-ride lots. None of these features overlap with the California red-legged 


frog modeled habitat. 


 
12 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, e.g., North Delta Intakes, Bethany Complex, etc. For example, there are impacts from road 
work areas included in Section 6.7.7, Access Roads, and Section 6.7.6, Bethany Complex, but the road work area 
described in this section occurs in a discreet location, outside those primary construction locations.  
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6C.7.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with California red-legged 


frog modeled habitat. Activities in this area would not have an adverse effect on the species.  


6C.7.11 Compensatory Mitigation Plan 


6C.7.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


The Bouldin Island and I-5 pond creation and enhancement sites do not overlap with California red-


legged frog modeled habitat; therefore, operations and maintenance activities would have no effect 


on the species.  


6C.7.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. Mitigation or conservation bank credits purchased for these species would be 


purchased at banks that have been approved by USFWS. Through the approval process, any 


potential impacts on California red-legged frog from restoration, creation, enhancement, 


management, maintenance, or monitoring would have been addressed by the USFWS through credit 


approval process. Because the approved bank would provide bank credits for California red-legged 


frog, the purchase is assumed to be beneficial for the species.  


6C.7.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.7.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down” consultation when site-specific information becomes 


available. A non-bank site would create or restore, protect, enhance, and manage suitable vernal 


pool or alkali seasonal wetland habitat. If non-bank sites are used for vernal pool or alkaline wetland 


creation or enhancement (Appendix 3B, Section 3B.3.2.4, Vernal Pools and Alkaline Wetlands), these 


activities could occur in areas where California red-legged frogs have potential to occur.  


Construction and management activities could include ground disturbance, require some vehicle 


traffic and use of heavy equipment, and use of contaminants such as fuels, oils, and herbicides, which 


could result in the injury, mortality, and disruption of normal behaviors of California red-legged 


frog. The California Reg-Legged Frog Avoidance and Minimization Measure described in Chapter 3, 


Section 3.6.2.5, would minimize impacts by requiring preconstruction surveys, requiring the 


presence of a qualified biological monitor, minimizing ground disturbing activities, minimizing 


nighttime construction, and avoiding initial ground disturbance work during periods of rainfall, 


implementing a relocation plan, installing exclusion fencing 14 days prior to construction to reduce 


effects of construction where California red-legged frog habitat is within 300 feet of construction 


activities. To reduce the potential effects of contamination from spills, AMM-2: Develop and 


Implement Hazardous Materials Management Plans, and AMM-3: Develop and Implement Spill 


Prevention, Control, and Countermeasure Plans (Appendix 3A) would require spill prevention and 


control plans be created and implemented. With these measures in place, and the long-term benefits 
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associated with protection and long-term management of California red-legged frog habitat, 


implementation of non-bank sites is not expected to adversely affect the species.  


6C.7.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (see Section 6C.3.9.3 for details on these species; Wood and 


Martin 2016). Examples include conservation easements, deed restrictions, transfer of title, or other 


documents such as Conservation Land Use Agreements. The site protection instrument would 


describe site ownership, management, and enforcement of any use restrictions. As with mitigation 


bank, conservation bank, or non-bank sites, the quantity and quality of acres proposed to be 


included in a site protection instrument would be determined, in coordination with USFWS and 


CDFW, during the preconstruction phase as described in Appendix 3B. Because actions associated 


with site protection instruments are expected to be beneficial, consultation under the ESA is not 


expected to be necessary. However, if consultation is required, it would occur in the future when 


site-specific information is available. 


Site protection instruments for greater sandhill crane, Swainson’s hawk, and tricolored blackbird 


would primarily consist of the protection and management of agricultural areas but may also 


include protection and management of natural communities (e.g., grasslands or vernal pool 


complex) in the action area (see Section 6C.3.9.3 for details on these species). The need for a site 


protection instrument is not yet known. Nor is the location of the protection known. However, these 


activities could occur in areas with suitable habitat for California red-legged frog. 


Land management activities associated with site protection instruments could include ground 


disturbance, some vehicle traffic and use of heavy equipment, and use of contaminants such as fuels, 


oils, and herbicides, which could result in the injury, mortality, and disruption of normal behaviors 


of California red-legged frog. The potential effects of injury or mortality due to vehicle collisions 


would be minimized through AMM-18: Avoid and Minimize Operational Traffic Impacts on Wildlife, 


which requires speed limits of 15 miles per hour and traffic control structures on unpaved access 


roads. AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance 


Activities would reduce the potential for injury or mortality from contaminant spills by requiring 


spill prevention and control plans. AMM-17 would also minimize impacts from land management 


activities by requiring a preconstruction environmental review, preconstruction surveys, a 


biological monitor when appropriate, and non-disturbance buffers using construction fencing where 


applicable (Appendix 3A). Overall, site protection instruments would benefit California red-legged 


frog by protecting and managing lands with suitable California red-legged frog habitat, limiting use 


of pesticides, and promoting habitat connectivity. 


6C.7.11.5 Channel Margin Enhancements 


Channel margin enhancements would take place in areas that do not provide habitat for California 


red-legged frog and would be outside of the species’ current range. Therefore, this activity would 


have no effect on California red-legged frog. 
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6C.7.11.6 Tidal Perennial/Emergent Wetland Restoration 


Tidal wetland restoration would take place in areas outside of the current California red-legged frog 


range. Therefore, this activity would have no effect on California red-legged frog. 


6C.7.12 Effects on Critical Habitat 


The Bethany Reservoir Aqueduct, Bethany Reservoir Discharge Structure, access road to the 


Bethany Reservoir Discharge Structure, and underground SCADA fiber routes overlap with critical 


habitat unit CCS-2B for California red-legged frog (50 CFR Part 17, 12816 – 12959). While 


construction of these project features has potential to affect California red-legged frog critical 


habitat, all operations and maintenance activities for these features will occur within the disturbed 


footprint so there is no potential for additional effects to critical habitat. Potential effects to critical 


habitat from construction are discussed in Section 6.7.12, Effects on Critical Habitat.  


6C.7.13 Cumulative Effects 


Refer to Chapter 6, Section 6.7.13, Cumulative Effects, for more information.  


6C.8 Effects on California Tiger Salamander 
Appendix 6A, Terrestrial Effects Analysis Methods, describes the methods and assumptions used to 


analyze the effects of the proposed action on terrestrial species. Chapter 4, Section 4.4.14.6, Suitable 


Habitat Definition, and Section 4.4.14.7, Habitat Suitability Model, define suitable habitat and 


describe the habitat model for California tiger salamander. Refer to Chapter 6, Section 6.8, Effects on 


California Tiger Salamander, for more information.  


6C.8.1 Field Investigations 


There would be no ongoing operations and maintenance associated with field investigations; 


therefore, there would be no effect on California tiger salamander. 


6C.8.2 North Delta Intakes 


The north Delta intake construction area does not overlap with California tiger salamander modeled 


habitat. Activities in this area would not affect the species.  


6C.8.3 Tunnels  


The tunnel alignment from the north Delta intakes to the Bethany Complex does not overlap with 


California tiger salamander modeled habitat. Activities in this area would not affect the species.  


6C.8.4 Tunnel Shafts  


California tiger salamander modeled habitat does not overlap with any tunnel shaft locations.  
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6C.8.5 Reusable Tunnel Material  


RTM areas do not overlap with California tiger salamander modeled habitat. Activities for these 


facilities would not affect the species. 


6C.8.6 Bethany Complex 


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and operations within the Bethany 


Complex footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level. Operations and maintenance actions are described and evaluated 


programmatically and will be subject to future, “step down” consultations when site-specific detail is 


available. The operational components of the Bethany Complex include the Bethany Reservoir 


Pumping Plant, Bethany Reservoir Aqueduct, and Bethany Reservoir Discharge Structure. All 


aboveground portions of these features would have permanent facility lighting. Permanent outdoor 


facility lighting would be motion-activated and therefore would only be lit for a short time when 


activated (which is expected to occur infrequently). To further minimize impacts from permanent 


lighting, the fixtures would also be downcast, cut-off types with non-glare finishes (Chapter 3, 


Section 3.2.13). Because permanent facilities would have motion-detected lights, they are not 


expected to contribute to ambient nighttime light.  


The Bethany Reservoir Pumping Plant operations are not expected to generate noise that would 


substantially alter the existing environment. The pumping plant would be within an underground 


facility, and therefore operational light and noise would not be expected to affect species. The 


Bethany Reservoir Aqueduct has aboveground and below-ground sections; the Bethany Reservoir 


Aqueduct would contain moving water but this is not expected to be a substantial source of noise 


because the aboveground sections would be backfilled with approximately 6 feet of soil and the 


tunneled portions would be below the ground surface. The Bethany Reservoir Discharge Structure 


would contain large volumes of flowing water at times and would be a source of noise in the areas 


adjacent to the structure.  


Maintenance of the pumping plant, surge basin, aqueduct, discharge structure, and the right-of-way 


would require vegetation removal. Access roads within the Bethany Complex would be repaved 


every 15 years. Maintenance activities would generally be conducted during the day, except for 


emergency maintenance, and would therefore not require additional lighting. Refer to Chapter 6, 


Section 6.8.6, Bethany Complex, for more information.  


Vehicles and heavy equipment used for operations and maintenance activities could injure or kill 


California tiger salamander. Operations- and maintenance-related runoff and contaminants such as 


gas, oil, steering fluid, herbicides, and pesticides could accidentally be discharged into California 


tiger salamander habitat and result in injury and mortality or habitat degradation. Permanent 


facility lighting could disrupt normal behaviors if lighting spills over into adjacent habitat.  


The Bethany Reservoir Aqueduct would not include any surface maintenance activities, such as 


mowing or vegetation clearing, within the boundary of the Bethany Reservoir Conservation 


Easement. Therefore, there would be no effects on California tiger salamander habitat in the 


conservation easement from maintenance activities. Maintenance activities for the aqueduct would 


be conducted from inside the tunnel and the inside of the tunnel would be accessed from the entry 


portals, which would be outside of the conservation easement boundary (Chapter 3, Section 3.2.6.3). 
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To limit injury and mortality from vehicles, AMM-18: Avoid and Minimize Operational Traffic Impacts 


on Wildlife would require speed limits of 15 miles per hour and traffic control structures on non-


public, unpaved DWR facility access roads (Appendix 3A). AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would further reduce the potential for 


injury or mortality due to vehicles and equipment, contaminant spills, or disruption of behaviors 


from operations and maintenance activities by requiring spill prevention and control plans, a 


preconstruction environmental review, preconstruction surveys, a biological monitor, and, when 


appropriate, and non-disturbance buffers using construction fencing, where applicable. Permanent 


lighting at project facilities would be motion activated and therefore permanent facilities would 


remain dark the majority of the time at night. Permanent facility lighting would also be downcast, 


cut-off type fixtures with non-glare finishes (Chapter 3, Section 3.2.13) and thus, when lit, would 


minimize lighting habitat adjacent to the DWR facility. Maintenance activities would generally be 


conducted during the day, except for emergency maintenance, and would therefore not require 


additional lighting. 


6C.8.7 Access Roads 


The construction of new access roads and improvements to existing roads are necessary to support 


project construction and project facilities. New access roads would be either gravel or paved and 


would be built to connect existing roads to construction and operations areas. Existing roads would 


be widened and improved to support the construction-related traffic, and existing access roads in 


the vicinity of intakes and shafts would be repaved every 15 years.  


Operational activities on access roads include vehicles and equipment traveling to, from, and within 


the project facilities. Some access roads would have permanent facility lighting, which would be 


downcast (Chapter 3, Section 3.2.13). Maintenance of access roads includes periodic grading, 


repaving, and vegetation removal. Maintenance activities would generally be conducted during the 


day, except for emergency maintenance, and would therefore not require additional lighting. Refer 


to Chapter 6, Section 6.8.7, Access Roads, for more information.  


Vehicles and heavy equipment used for operations and maintenance activities could injure or kill 


California tiger salamander. Vehicular traffic at nighttime during the rainy season (generally October 


through April) could injure or kill California tiger salamander moving across access roads; however, 


operations traffic at night would be low and maintenance activities would occur primarily during 


daylight hours. Operations- and maintenance-related runoff and contaminants such as gas, oil, 


steering fluid, herbicides, and pesticides could accidentally be discharged into California tiger 


salamander habitat and result in injury and mortality or habitat degradation.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which would require speed limits of 15 miles per hour and traffic control 


structures on non-public unpaved DWR facility access roads and posted wildlife crossing signs on 


new or widened access roads that overlap with California tiger salamander aquatic or upland 


habitat (Appendix 3A). AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality due to vehicles and 


equipment, contaminant spills, or disruption of behaviors from operations and maintenance 


activities by requiring spill prevention and control plans, a preconstruction environmental review, 


preconstruction surveys, environmental resources work awareness training, and a biological 


monitor, when appropriate, and non-disturbance buffers, where applicable (Appendix 3A). 
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Maintenance activities would generally be conducted during the day, except for emergency 


maintenance, and would therefore not require additional lighting. 


6C.8.8 Electrical and SCADA Facilities 


DWR is not responsible for the operations and maintenance of electrical facilities. Operation and 


maintenance of electrical facilities would be the responsibility of the electrical providers—SMUD, 


WAPA, and PG&E. These companies would own and maintain their respective electrical facilities.  


DWR is responsible for any operation and maintenance activities associated with SCADA facilities; 


however, SCADA facilities do not have any associated operational activities. Maintenance activities 


on SCADA facilities would include emergency repair of underground or aboveground SCADA lines. 


Vegetation management along SCADA line sections would not be required because underground 


SCADA lines occur within roadway rights-of-way (that are not vegetated) and aboveground SCADA 


lines all occur on existing poles that are being managed from vegetation in the existing conditions.  


There is potential for injury or mortality to California tiger salamander where the temporary use 


and staging of vehicles and equipment and ground disturbance (including trenching) are necessary 


to maintain or repair a SCADA line. The potential effects of injury or mortality due to collisions with 


operations- and maintenance-related vehicles would be minimized through AMM-18: Avoid and 


Minimize Operational Traffic Impacts on Wildlife, which requires speed limits of 15 miles per hour 


and traffic control structures on non-public, unpaved DWR facility access roads (Appendix 3A). 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality from contaminant spills by 


requiring spill prevention and control plans (Appendix 3A). 


6C.8.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:13 concrete and CLSM 


batch plants and park-and-ride lots. None of these features overlap with the California tiger 


salamander modeled habitat; thus, activities associated with these facilities are not expected to 


affect the species.  


6C.8.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with California tiger 


salamander modeled habitat. Activities in this area would not adversely affect the species.  


6C.8.11 Compensatory Mitigation 


The wetland creation and enhancement sites under the CMP do not overlap with California tiger 


salamander modeled habitat. Activities in this area would not affect the species.  


 
13 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road 
work areas included in Section 6.8.7, Access Roads, and Section 6.8.6, Bethany Complex, but the road work area 
described in this section occurs in a discreet location, outside a large project footprint.  
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6C.8.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


The Bouldin Island and I-5 pond creation and enhancement sites do not overlap with California tiger 


salamander modeled habitat; therefore, these activities would have no effect on the species.  


6C.8.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. Mitigation or conservation bank credits purchased for these species would be 


purchased at banks that have been approved by USFWS. Through the approval process, any 


potential impacts on California tiger salamander from restoration, creation, enhancement, 


management, maintenance, or monitoring would have been addressed by the USFWS through credit 


approval process. Because the approved bank would provide bank credits for California tiger 


salamander, the purchase is assumed to be beneficial to the species.  


6C.8.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.8.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down” consultation when site-specific information becomes 


available. A non-bank site would create or restore, protect, enhance, and manage suitable vernal 


pool or alkali seasonal wetland habitat. If non-bank sites are used for vernal pool or alkaline wetland 


creation or enhancement (Appendix 3B, Section 3B.3.2.4), these activities could occur in areas 


where California tiger salamander have potential to occur.  


Construction and management activities could include ground disturbance, require some vehicle 


traffic and use of heavy equipment, and use of contaminants such as fuels, oils, and herbicides, which 


could result in the injury, mortality, and disruption of normal behaviors of California tiger 


salamander. The California Tiger Salamander Avoidance and Minimization Measure described in 


Chapter 3, Section 3.6.2.6 would minimize impacts by requiring preconstruction surveys, requiring 


the presence of a qualified biological monitor, minimizing ground disturbing activities, minimizing 


nighttime construction, avoiding initial ground disturbance work during periods of rainfall, 


implementing a relocation plan, and installing exclusion fencing around the perimeter of 


construction sites where California tiger salamander habitat is within 300 feet of construction 


activities 14 days prior to construction to reduce effects of construction. To reduce the potential 


effects of contamination from spills, AMM-2: Develop and Implement Hazardous Materials 


Management Plans, and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would require spill prevention and control plans be created and implemented 


(Appendix 3A). With these measures in place, and the long-term benefits associated with protection 


and long-term management of California tiger salamander habitat, implementation of non-bank sites 


is not expected to adversely affect the species.  


6C.8.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (see Section 6C.3.9.3 for details on these species; Wood and 
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Martin 2016). Examples include conservation easements, deed restrictions, transfer of title, or other 


documents such as Conservation Land Use Agreements. The site protection instrument would 


describe site ownership, management, and enforcement of any use restrictions. As with mitigation 


bank, conservation bank, or non-bank sites, the quantity and quality of acres proposed to be 


included in a site protection instrument would be determined, in coordination with USFWS and 


CDFW, during the preconstruction phase as described in Appendix 3B. Because actions associated 


with site protection instruments are expected to be beneficial, consultation under the ESA is not 


expected to be necessary. However, if consultation is required, it would occur in the future when 


site-specific information is available. 


6C.8.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the waterside of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


The location(s) for channel margin enhancement is not known; however, locations in the Cache 


Slough complex are possible. Because California tiger salamanders are known to occur in the upland 


areas adjust to tidal sloughs where enhancements could occur, the species has potential to be 


affected. However, because all maintenance and operations activities would occur within the 


channel margin enhancement site, and the channel margin site would be subject to tidal action, 


California tiger salamanders are not expected to use the site and therefore would not be subject to 


potential effects from operations or maintenance activities.  


6C.8.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent 


wetland habitats provide important foraging and refugia habitat for listed fish species. The 


restoration of tidal perennial and wetland habitat, particularly complex wetland systems containing 


dendritic channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 


biological assessment.  


Tidal restoration will generally be achieved by reconnecting former wetland areas to adjacent tidal 


sloughs and rivers. Restoration would primarily occur through breaching or setback of levees, thereby 


restoring tidal fluctuation to land parcels currently isolated behind those levees. Where practicable 


and appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  


Because tidal restoration sites within the lower Yolo Bypass and Cache Slough Complex will be 


prioritized for tidal restoration, and California tiger salamander occur in the upland areas adjacent 


to tidal sloughs where restoration would occur, there is some potential for California tiger 


salamander to be affected by tidal restoration. However, there are no operational activities 


associated with tidal restoration that could affect California tiger salamander. And, any maintenance 


and monitoring activities would occur in areas that no longer provide suitable habitat for California 


tiger salamander; therefore, these activities would have no effect on the species. 
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6C.8.12 Effects on Critical Habitat 


The action area does not overlap with designated California tiger salamander critical habitat. 


6C.8.13 Cumulative Effects 


Refer to Chapter 6, Section 6.8.13, Cumulative Effects, for more information.  


6C.9 Effects on Giant Garter Snake 
Appendix 6A, Terrestrial Effects Analysis Methods, describes the methods and assumptions used to 


analyze the effects of the proposed action on terrestrial species. Chapter 4, Section 4.4.15.6, Suitable 


Habitat Definition, and Section 4.4.15.7, Habitat Suitability Model, define suitable habitat and 


describe the habitat model for giant garter snake. Refer to Chapter 6, Section 6.9, Effects on Giant 


Garter Snake, for more information.  


6C.9.1 Field Investigations 


There would be no ongoing operations or maintenance associated with field investigations; 


therefore, there would be no effect on giant garter snake. 


6C.9.2 North Delta Intakes 


The north Delta intakes would be constructed on the east bank of the Sacramento River upstream 


and downstream of Hood. Two intakes would divert water from the Sacramento River and include 


cylindrical fish screens, intake structures, sedimentation basins, sediment drying lagoons, flow 


control structures, intake outlet channel and shaft, embankments, and other appurtenant structures. 


Intakes would also include construction support facilities (e.g., emergency facilities, fuel station), 


electrical substations, switchyards, and access roads that fall within the north Delta intake facility 


footprints. The north Delta intakes would be surrounded by security fencing.  


The operational components of the north Delta intakes include intakes, fish screens, sedimentation 


basins and drying lagoons, and associated facilities. Permanent facility lighting would be motion 


activated, downcast, cut-off type fixtures with non-glare finishes (Chapter 3, Section 3.2.13), and 


therefore permanent facilities would remain dark the majority of the time at night. Operations 


activities would generate small levels of noise and require the periodic presence of staff and vehicle 


traffic.  


Maintenance activities at the north Delta intakes would include semiannual general and ground 


maintenance (e.g., mowing, vegetation trimming, herbicide application), fish screen maintenance, 


annual sediment and debris removal at intakes, and periodic maintenance of the intake gates and 


associated structures approximately every 1 to 5 years. Access roads within the intake facilities 


would be repaved every 15 years.  


6C.9.2.1 Operation 


Operations activities would generate small levels of noise, have permanent light sources, and 


require the periodic presence of staff and vehicle traffic that could disturb normal giant garter snake 
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behavior. However, noise from the operations of the water conveyance facilities would not be 


discernably higher than existing conditions, and the periodic presence of staff would not be 


expected to affect giant garter snake, if present. 


The potential for effects from increased exposure to methylmercury, CHABs, and selenium due to 


operation of the north Delta intakes is discussed in Appendix 6B. This analysis found that while 


modeling may predict some negligible increases in toxin concentrations over existing conditions, 


these increases are not large enough to result in a measurable adverse effect to giant garter snake 


individuals or the population. For the rationale and assumptions that support this finding, please see 


Appendix 6B, Section6B.1, Mercury. 


6C.9.2.2 Maintenance 


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of giant garter snake. Vehicle traffic traveling 


on access roads within the facilities during the active season (May 1 to September 30) could result in 


injury or mortality. Maintenance activities could also expose giant garter snake to contaminants 


such as fuels, oils, and herbicides, which could result in injury and mortality.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public, unpaved DWR facility access roads. AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would reduce the potential for injury or 


mortality from contaminant spills by requiring spill prevention and control plans. AMM-17 would 


also minimize impacts from maintenance-related activities by requiring a preconstruction 


environmental review, preconstruction surveys, a biological monitor when appropriate, and non-


disturbance buffers using construction fencing where applicable (Appendix 3A). 


 


6C.9.3 Tunnels 


Tunnel operations require periodic and sometimes continuous operation of water pumps and air 


handlers (used to circulate air) within the tunnels. While pumps and air handlers produce vibration, 


it would be at noticeable levels only within a localized area, generally less than 50 feet away from 


equipment.  


Operations and maintenance activities within the tunnels would produce low levels of vibration. 


Operations would produce periodic and sometimes continuous vibration; however, because of the 


depth of the tunnels (greater than 103 feet below surface), the vibration is very unlikely to be 


perceptible at the surface. Also, maintenance activities within the tunnel will be infrequent, and the 


infrequent and temporary nature of any vibration reaching the surface would not exceed existing 


background noise and vibration levels at the surface. As a result, operations and maintenance of the 


tunnels would not result in a measurable adverse effect on giant garter snake individuals. 


6C.9.4 Tunnel Shafts 


Maintenance during project operations could include inspection and maintenance of tunnel shafts, 


maintenance of the constructed water conveyance tunnel, vegetation control around tunnel shafts, 
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and periodic presence of staff and vehicle traffic. Maintenance activities at launch and maintenance 


shafts would include semiannual general and ground maintenance (e.g., mowing, vegetation 


trimming, herbicide application), burrow filling (for the purpose of rodent control), and daily 


inspections by vehicle.  


Maintenance during project operations could include inspection and maintenance of tunnel shafts, 


maintenance of the constructed water conveyance tunnel, vegetation control around tunnel shafts, 


and periodic presence of staff and vehicle traffic. Maintenance activities at launch and maintenance 


shafts would include semiannual general and ground maintenance (e.g., mowing, vegetation 


trimming, herbicide application), burrow filling (for the purpose of rodent control), and daily 


inspections by vehicle.  


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of giant garter snake. Vehicle traffic traveling 


on access roads within the facilities during the active season (May 1 to September 30) could result in 


injury or mortality. Maintenance activities could also expose giant garter snake to contaminants 


such as fuels, oils, and herbicides, which could result in injury and mortality.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife which requires speed limits of 15 miles per hour and traffic control structures on 


non-public, unpaved DWR facility access roads (Appendix 3A). Implementation of AMM-17: Avoid 


and Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities would reduce 


the potential for injury or mortality from contaminant spills by requiring spill prevention and 


control plans. AMM-17 would also minimize impacts from operations and maintenance activities 


during operations and maintenance activities by requiring a preconstruction environmental review, 


preconstruction surveys, a biological monitor when appropriate, and non-disturbance buffers using 


construction fencing where applicable (Appendix 3A). 


6C.9.5 Reusable Tunnel Material 


There are no operations and maintenance activities associated with the RTM sites and therefore no 


effects on giant garter snake.  


6C.9.6 Bethany Complex 


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and operations within the Bethany 


Complex footprint.  


The operational components of the Bethany Complex include the Bethany Reservoir Pumping Plant, 


Bethany Reservoir Aqueduct, and Bethany Reservoir Discharge Structure. All aboveground portions 


of these features would have permanent facility lighting. Permanent outdoor facility lighting would 


be motion-activated and therefore would only be lit for a short time when activated (which is 


expected to occur infrequently). To further minimize impacts from permanent lighting, the fixtures 


would also be downcast, cut-off types with non-glare finishes (Chapter 3, Section 3.2.13). Because 


permanent facilities would have motion-detected lights, they are not expected to contribute to 


ambient nighttime light.  
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The Bethany Reservoir Pumping Plant operations are not expected to generate noise that would 


substantially alter the existing environment. The pumping plant would be within an underground 


facility, and therefore operational light and noise would not be expected to affect species. The 


Bethany Reservoir Aqueduct has aboveground and below-ground sections; the Bethany Reservoir 


Aqueduct would contain moving water but this is not expected to be a substantial source of noise 


because the aboveground sections would be backfilled with approximately 6 feet of soil and the 


tunneled portions would be below the ground surface. The Bethany Reservoir Discharge Structure 


would contain large volumes of flowing water at times and would be a source of noise in the areas 


adjacent to the structure.  


Maintenance of the pumping plant, surge basin, aqueduct, discharge structure, and the right-of-way 


would require vegetation removal. Access roads within the Bethany Complex would be repaved 


every 15 years. Maintenance activities would generally be conducted during the day, except for 


emergency maintenance, and would therefore not require additional lighting. 


The operational components of the Bethany Complex include the Bethany Reservoir Pumping Plant, 


aqueduct, and Bethany Reservoir Discharge Structure. Pumping plant operations would occur 


within an underground facility, and the aqueduct and discharge structure would be operated 


aboveground within the Bethany Complex. Operation of the Bethany Complex would involve 


periodic presence of humans and vehicle travel on access roads during day and night. The Bethany 


Complex includes the surface lands above the tunnel portion of the aqueduct that runs from the 


pumping plant facility to Bethany Reservoir. Maintenance of the pumping plant, surge basin, 


aqueduct, discharge structure, and associated facilities would involve periodic vegetation removal 


and repaving access roads within the Bethany Complex facilities every 15 years.  


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of giant garter snake. Vehicle traffic traveling 


on access roads within the facilities during the active season (May 1 to September 30) could result in 


injury or mortality. Maintenance activities could also expose giant garter snake to contaminants 


such as fuels, oils, and herbicides, which could result in injury and mortality.  


While these effect mechanisms would exist at the Bethany Complex, the likelihood of effects is 


minimal because giant garter snake is unlikely to be present. As a result, impacts on giant garter 


snake from operations and maintenance activities are extremely unlikely to occur and therefore 


discountable. 


6C.9.7 Access Roads 


The construction of new access roads, a new access railroad spur on Lower Roberts Island, and 


improvements to existing roads are necessary to support project construction and project facilities. 


In addition to these road and railroad features, impacts from levee improvements on Lower Roberts 


Island are also evaluated in this section (as the levee improvements would be adjacent to the access 


road, have similar impacts on species, and occur at roughly the same time).  


Operational activities on access roads include vehicles and equipment traveling to, from, and within 


the project facilities. Some access roads would have permanent night-lighting, which would be 


downcast (Chapter 3, Section 3.2.13). Maintenance of access roads would include grading, repaving, 


and vegetation removal. Existing access roads in the vicinity of the intakes and shafts would be 


repaved every 15 years. Maintenance would not be conducted by DWR on public access roads, such 
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as SR 160 and SR 12. Maintenance activities would generally be conducted during the day, except for 


emergency maintenance, and would therefore not require additional lighting. 


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of giant garter snake. Vehicle traffic traveling 


on access roads during the active season (May 1 to September 30) could result in injury or mortality. 


Maintenance activities could also expose giant garter snake to contaminants such as fuels, oils, and 


herbicides, which could result in injury and mortality.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires posted speed limits of 15 miles per hour and traffic control 


structures on non-public, DWR facility access roads (Appendix 3A). Implementation of AMM-17: 


Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities would 


reduce the potential for injury or mortality from contaminant spills by requiring spill prevention 


and control plans. AMM-17 would also minimize impacts from operations and maintenance 


activities by requiring a preconstruction environmental review, preconstruction surveys, a 


biological monitor when appropriate, and non-disturbance buffers where applicable (Appendix 3A). 


Refer to Chapter 6, Section 6.9.7, Access Roads, for more information.  


6C.9.8 Electrical and SCADA Facilities 


The following discussion includes an analysis of electrical facility types (e.g., electrical powerlines, 


substation on Lower Roberts Island) where they occur outside one of the project feature footprints 


described in the above sections (e.g., north Delta intakes, Bethany Complex). Where the construction 


footprint of an electrical or SCADA facility type (e.g., switching station, substation) falls within a 


larger facility construction footprint, such as Bethany Complex, the effects associated with that 


facility type are discussed in the relative sections.  


DWR is not responsible for the operations and maintenance of electrical facilities. Operation and 


maintenance of electrical facilities would be the responsibility of the electrical providers—SMUD, 


WAPA, and PG&E. These companies would own and maintain their respective electrical facilities.  


DWR is responsible for any maintenance activities associated with SCADA facilities; SCADA facilities 


do not have any associated operational activities. Maintenance activities on SCADA facilities would 


include emergency repair of underground or aboveground SCADA lines. Vegetation management 


along SCADA line sections would not be required because underground SCADA lines occur within 


roadway rights-of-way (that are not vegetated) and the new aboveground SCADA line occurs on 


existing poles that are being managed from vegetation in the existing conditions.  


There is potential for injury or mortality to giant garter snakes where the temporary use and staging 


of vehicles and equipment and ground disturbance (including trenching) are necessary to maintain 


or repair a SCADA line. The potential effects of injury or mortality due to collisions with operations- 


and maintenance-related vehicles would be minimized through AMM-18: Avoid and Minimize 


Operational Traffic Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic 


control structures on non-public, unpaved DWR facility access roads (Appendix 3A). 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality from contaminant spills by 


requiring spill prevention and control plans (Appendix 3A). 
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6C.9.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:14 concrete and CLSM 


batch plants and park-and-ride lots. None of these features overlap with giant garter snake modeled 


habitat, thus activities associated with these facilities are not expected to affect the species. 


6C.9.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facilities would be constructed to deliver water from the Union Island 


tunnel shaft to the existing CCWD Middle River Pipeline on Victoria Island. DWR would be 


responsible for operations and maintenance of the interconnection pump station and 


interconnection pipeline between the Union Island tunnel shaft and the existing CCWD pumping 


plant. CCWD would be responsible for operations and maintenance of the interconnection valve 


within the CCWD facility. Operations and maintenance of the interconnection pump station would 


be similar to those at the Union Island tunnel shaft and take place within the shaft’s permanent 


footprint. Inspections of the interconnection pump station and pipeline would occur at regular 


intervals, and annual mowing of the pipeline right-of-way would occur as needed.  


The operational components of the CCWD interconnection pump station and interconnection valve 


would take place within the permanent footprints of the Union Island tunnel shaft and CCWD 


pumping plant, which would no longer contain suitable giant garter snake habitat. There is potential 


for injury or mortality to giant garter snakes where the temporary use and staging of vehicles and 


equipment and ground disturbance (including trenching) are necessary to maintain or repair the 


CCWD interconnection pipeline. Use of vehicles and heavy equipment for operations and 


maintenance activities could result in the injury, mortality, and disruption of normal behaviors of 


giant garter snake. Maintenance activities could also expose giant garter snake to contaminants such 


as fuels, oils, and herbicides, which could result in injury and mortality.  


The potential effects of injury or mortality due to collisions with operations- and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires posted speed limits of 15 miles per hour and traffic control 


structures on non-public, unpaved project facility access roads (Appendix 3A). AMM-17: Avoid and 


Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities would reduce the 


potential for injury or mortality from contaminant spills by requiring spill prevention and control 


plans. AMM-17 would also minimize impacts by requiring a preconstruction environmental review, 


preconstruction surveys, a biological monitor when appropriate, and non-disturbance buffers where 


applicable (Appendix 3A). Maintenance activities would generally be conducted during the day, 


except for emergency maintenance, and would therefore not require additional lighting. Refer to 


Chapter 6, Section 6.9.10, Contra Costa Water District Interconnection Facilities, for more 


information.  


 
14 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, e.g., such as north Delta intakes and Bethany Complex. For example, there are impacts from 
road work areas included in Section 6.9.7, Access Roads, and Section 6.9.6, Bethany Complex, but the road work area 
described in this section occurs in a discreet location, outside a large project footprint.  
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6C.9.11 Compensatory Mitigation 


6C.9.11.1 Initial Mitigation Sites: Bouldin Island and the I-5 Ponds 


The CMP (Appendix 3B) would offset the permanent loss of wetlands and habitat for special-status 


species, including giant garter snake, by creating and enhancing habitat on Bouldin Island and I-5 


ponds and managing these areas in perpetuity. The habitat creation and enhancement sites would 


overlap with modeled giant garter snake habitat.  


Operation and maintenance of CMP created and enhanced habitat would require general site 


maintenance (i.e., site visits, trash removal, maintenance of signs, fences, and gates), vegetation 


management (i.e., mowing, controlled burns, grazing, discing), levee and channel maintenance (i.e., 


levee inspection, dredging, road repairs, grading, rodent abatement), and monitoring. These 


activities would require the use of vehicles and/or boats, heavy equipment, and periodic presence of 


personnel. Specific long-term management plans would be developed for each site. Maintenance 


activities would take place during daylight hours. 


Operations 


The creation and enhancement of wetlands have the potential to increase bioavailability of 


contaminants such as methylmercury, CHABs, and selenium by creating conditions favorable for the 


formation of these contaminants. These contaminants have been known to transfer from aquatic to 


adjacent terrestrial food webs (Cristol et al. 2008:335) (Appendix 6B) and elevated methylmercury 


concentrations have been documented in snakes suggesting these species could be at risk for 


adverse effects of mercury contamination (Haskins et al. 2019:144). 


Potential for increased methylmercury exposure, relative to existing conditions, is likely low at 


Bouldin Island and the I-5 ponds for the following reasons (see Appendix 6B, Section 6B.1 for more 


information).  


⚫ Both areas contain existing wetlands with conditions that allow mercury in the soil to be 


transformed into methylmercury.  


⚫ Perennial wetlands and seasonal wetlands would not have the frequent wetting and drying 


cycles associated with the highest methylmercury production. 


⚫ The I-5 ponds are in areas that were not historically connected to Delta waters, therefore it is 


unlikely that little, if any, mercury was deposited in soils at these locations.  


⚫ Bouldin Island was historically tidal marsh and mercury deposition likely occurred at this site; 


however, much of Bouldin Island consists of agricultural crops that are managed to flood 


seasonally, which creates existing conditions that promote mercury methylation.  


In addition, mercury monitoring and adaptive management would be implemented at the Bouldin 


Island and I-5 ponds as described in AMM-23: Develop and Implement a Mercury Monitoring and 


Management Plan (Appendix 3A).  


As described in Appendix 6B, Section 6B.2, the likelihood of CHAB formation is low at the I-5 ponds 


because they are not tidally connected and would contain ambient water that would not contain 


Microystis. However, Bouldin Island wetland sites have the potential to result in increased CHAB 


formation. To reduce the potential for incidental take, CHAB monitoring and adaptive management 
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would be implemented at the Bouldin Island site to meet specific performance criteria as part of the 


site-specific maintenance and management plans described in Appendix 3B, Sections 3B.6 and 3B.7.  


Creation and enhancement of wetlands on Bouldin Island and at the I-5 ponds is not expected to 


increase the risk of selenium exposure to giant garter snake using these habitats because existing 


selenium concentrations in the Sacramento River watershed are low (Central Valley Regional Water 


Quality Control Board 1988:14) and, therefore, existing selenium in sediments at Bouldin Island or 


the I-5 ponds are expected to be low (Appendix 6B, Section 6B.3). Also, modeled selenium 


concentrations in water, fish tissue, and bird eggs in the existing condition near this location have 


selenium levels far below levels of concern (Appendix 6B, Section 6B.3.3). Therefore, wetland 


creation and enhancement on Bouldin Island and at the I-5 ponds would not be expected to increase 


the bioavailability of selenium, relative to existing conditions, and are not likely to adversely affect 


giant garter snake. 


Maintenance 


Maintenance and monitoring activities would generate small levels of noise, require some vehicle 


traffic, and require the periodic presence of staff and vehicle traffic that could disturb normal giant 


garter snake behavior. Monitoring activities may include some in-water sampling, including small 


boat or kayak-based sampling and monitoring.  


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of giant garter snake. Vehicle traffic traveling 


on access roads within the facilities during the active season (April 16 to September 30) could result 


in injury or mortality. Maintenance activities could also expose giant garter snake to contaminants 


such as fuels, oils, and herbicides, which could result in injury and mortality.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public DWR facility access roads (Appendix 3A). Implementation of AMM-17: Avoid and 


Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities would reduce the 


potential for injury or mortality from contaminant spills by requiring spill prevention and control 


plans. AMM-17 would also minimize impacts from operations and maintenance activities by 


requiring a preconstruction environmental review, preconstruction surveys, a biological monitor 


when appropriate, and non-disturbance buffers using construction fencing where applicable 


(Appendix 3A). 


6C.9.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be purchased to meet compensatory mitigation 


requirements for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, 


vernal pool tadpole shrimp, alkali seasonal wetland, and vernal pool habitat. Mitigation or 


conservation bank credits for these species or wetlands would be purchased at banks that have been 


approved by USFWS, and would have measures to avoid, minimize, and offset any effects to listed 


species. In addition, mitigation bank credits would be purchased within recovery units for these 


species in areas that are not likely to provide suitable giant garter snake habitat. Therefore, the 


purchase of mitigation or conservation bank credits for special-status species would not result in 


additional adverse effects on giant garter snake.  
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6C.9.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.9.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. A non-bank site would protect, enhance, and manage 


suitable vernal pool or alkali seasonal wetland habitat. Vernal pool and alkali seasonable wetland 


habitat is not suitable for giant garter snake and therefore this activity would have no effect on giant 


garter snake.  


6C.9.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (see Section 6C.3.9.3 for details on these species; Wood and 


Martin 2016). Examples include conservation easements, deed restrictions, transfer of title, or other 


documents such as Conservation Land Use Agreements. The site protection instrument would 


describe site ownership, management, and enforcement of any use restrictions. As with mitigation 


bank, conservation bank, or non-bank sites; the quantity and quality of acres proposed to be 


included in a site protection instrument would be determined, in coordination with the USFWS, 


during the preconstruction phase as described in Appendix 3B. Because actions associated with site 


protection instruments are expected to be beneficial, consultation under the ESA is not expected to 


be necessary. However, if consultation is required, it would occur in the future when site-specific 


information is available. 


6C.9.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for migrating salmonids that would benefit from 


enhancement actions. 


There are no operational actions associated with channel margin enhancements. Maintenance and 


management actions would be identified in a long-term management plan for each channel margin 


mitigation location and would include actions such as vegetation management, weed control, trash 


management, and road, levee, and channel maintenance. In addition, an adaptive management and 


monitoring plan would be prepared for each channel margin location and could include 


effectiveness monitoring and focused research projects, both of which could require on-site 


collection of water quality, vegetation cover, species occurrence, or other types of biological data. 


The long-term management and adaptive management and monitoring plans are described in 


Appendix 3B, Sections 3B.6 and 3B.7.  


There are no operational activities associated with channel margin habitat. Maintenance and 


monitoring activities would generate small levels of noise, require some vehicle traffic, and ground 
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disturbance, and require the periodic presence of staff and vehicle traffic that could disturb normal 


giant garter snake behavior. Monitoring activities may even include some in-water sampling, boat 


traffic, and trapping.  


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of giant garter snake. Vehicle traffic traveling 


on levee roads in the channel margin enhancement area during the active season (May 1 to October 


1) could result in injury or mortality. Maintenance activities could also expose giant garter snake to 


contaminants such as fuels, oils, and herbicides, which could result in injury and mortality. 


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public DWR facility access roads (Appendix 3A). Implementation of AMM-17: Avoid and 


Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities would reduce the 


potential for injury or mortality from contaminant spills by requiring spill prevention and control 


plans. AMM-17 would also minimize impacts from operations and maintenance activities by 


requiring a preconstruction environmental review, preconstruction surveys, a biological monitor 


when appropriate, and non-disturbance buffers using construction fencing where applicable 


(Appendix 3A). With these measures in place, channel margin enhancement maintenance actions are 


not likely to adversely affect giant garter snake. 


6C.9.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and emergent wetland habitats 


provide important foraging and refugia habitat for listed fish species. The restoration of tidal 


perennial and wetland habitat, particularly complex wetland systems containing dendritic channels 


and shallow subtidal areas, is intended to support improved survival and growth (including food 


production) of one or more life stages of each listed fish species addressed in the biological 


assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough Complex, where 


giant garter snakes have potential to occur, will be prioritized. Because tidal restoration locations 


have potential to provide aquatic habitat for giant garter snake, there is potential for operations and 


maintenance activities to affect giant garter snake.  


Operations 


Tidal restoration could affect water quality in the Delta, namely levels of methylmercury, selenium, 


and CHABs such as Microcystis. Based on the proposed location of restoration sites in the lower Yolo 


Bypass and Cache Slough Complex, tidal restoration is not expected to increase the bioavailability of 


selenium or result in conditions conducive to CHABs that could result in adverse effects on giant 


garter snake, relative to existing conditions. For the rationale and assumptions that support this 


finding, see Appendix 6B. However, I creation of tidal wetland habitats could create conditions 


conducive to methylation of mercury and promote uptake and bioaccumulation of methylmercury in 


giant garter snakes within and adjacent to new tidal habitats. 


To minimize the effects of methylmercury on giant garter snake due to tidal habitat restoration, 


AMM-23: Develop and Implement a Mercury Management and Monitoring Plan for Wetland Creation 


and Enhancement Sites would involve the development of a Mercury Management and Monitoring 
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Plan (MMMP) to guide tidal habitat design (Appendix 3A). The MMMP would require project-


specific assessments of tidal wetland habitats, integration of design measures to minimize mercury 


methylation, site monitoring and reporting, and adaptive management.  


Maintenance 


Maintenance and monitoring activities would generate small levels of noise, require some vehicle 


traffic, and ground disturbance, and require the periodic presence of staff and vehicle traffic that 


could disturb normal giant garter snake behavior. Water quality monitoring and habitat assessment 


activities may include in-water disturbance and boat traffic.  


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of giant garter snake. Vehicle traffic traveling 


on levee roads in and around the tidal restoration area during the active season (May 1 to October 


1) could result in injury or mortality. Maintenance activities could also expose giant garter snake to 


contaminants such as fuels, oils, and herbicides, which could result in injury and mortality.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public DWR facility access roads (Appendix 3A). Implementation of AMM-17: Avoid and 


Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities would reduce the 


potential for injury or mortality from contaminant spills by requiring spill prevention and control 


plans. AMM-17 would also minimize impacts from operations and maintenance activities by 


requiring a preconstruction environmental review, preconstruction surveys, a biological monitor 


when appropriate, and non-disturbance buffers using construction fencing where applicable 


(Appendix 3A). 


6C.9.12 Effects on Critical Habitat 


Critical habitat has not been designated for giant garter snake. 


6C.9.13 Cumulative Effects 


Refer to Chapter 6, Section 6.9.13, Cumulative Effects, for more information.  


6C.10 Delta Green Ground Beetle 
Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Section 4.4, Section 4.4.16.6, Species Habitat Suitability Model, define 


suitable habitat and describe the habitat model for Delta green ground beetle. Refer to Chapter 6, 


Section 6.10, Effects on Delta Green Ground Beetle, for more information.  


6C.10.1 Field Investigations 


Field investigations would not overlap with modeled Delta green ground beetle habitat; therefore, 


this activity would not have an adverse effect on the species. 
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6C.10.2 North Delta Intakes 


The north Delta intakes would not overlap with modeled Delta green ground beetle habitat; 


therefore, this activity would not have an adverse effect on the species. 


6C.10.3 Tunnels 


The tunnel alignment would not overlap with modeled Delta green ground beetle habitat; therefore, 


this activity would not have an adverse effect on the species. 


6C.10.4 Tunnel Shafts 


Tunnel shafts would not overlap with modeled Delta green ground beetle habitat; therefore, this 


activity would not have an adverse effect on the species. 


6C.10.5 Reusable Tunnel Material 


Reusable tunnel material areas would not overlap with modeled Delta green ground beetle habitat; 


therefore, this activity would not have an adverse effect on the species (Figure 6.10-1). 


6C.10.6 Bethany Complex 


The Bethany Complex would not overlap with modeled Delta green ground beetle habitat; therefore, 


this activity would not have an adverse effect on the species (Figure 6.10-1). 


6C.10.7 Access Roads 


Access roads would not overlap with modeled Delta green ground beetle habitat; therefore, this 


activity would not have an adverse effect on the species (Figure 6.10-1). 


6C.10.8 Electrical and SCADA Facilities 


Electrical and SCADA facilities would not overlap with modeled Delta green ground beetle habitat; 


therefore, this activity would not have an adverse effect on the species (Figure 6.10-1). 


6C.10.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:15 concrete batch plants 


and park-and-ride lots. These features would not overlap with modeled Delta green ground beetle 


habitat; therefore, this activity would not have an adverse effect on the species (Figure 6.10-1). 


 
15 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, e.g., such as north Delta intakes and Bethany Complex. For example, there are impacts from 
road work areas included in Section 6.10.7, Access Roads, and Section 6.10.6, Bethany Complex, but the road work 
area described in this section occurs in a discreet location, outside a large project footprint.  
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6C.10.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with Delta green ground 


beetle modeled habitat. Activities in this area would not adversely affect the species.  


6C.10.11 Compensatory Mitigation Plan 


6C.10.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


Habitat creation and enhancement at Bouldin Island and the I-5 ponds would not overlap with Delta 


green ground beetle habitat; therefore, these activities would have no effect on the species. 


6C.10.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. The most likely location for the purchase of bank credits would be in the foothills to 


the west and south of Byron nearest the location of the impact and where all four species have 


overlapping habitat. However, there is potential that bank credits purchased for the vernal pool 


branchiopods or for California tiger salamander could overlap with the Delta green ground beetle 


range. Mitigation or conservation bank credits for these species would be purchased at banks that 


have been approved by the USFWS and would have measures to avoid, minimize, and offset any 


effects to listed species. Therefore, the purchase of conservation bank credits for special-status 


species would not result in additional adverse effects on Delta green ground beetle.  


6C.10.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.10.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. A non-bank site would protect, enhance, and manage 


suitable vernal pool or alkali seasonal wetland habitat in a quantity and quality sufficient to offset 


the adverse effects consistent with the biological opinion.  


Non-bank sites for vernal pool or alkaline wetland creation, protection, or enhancement (Appendix 


3B, Section 3B.3.2.4) could take place within modeled Delta green ground beetle habitat. 


Management activities could include ground disturbance, require some vehicle traffic and use of 


heavy equipment, and use of contaminants such as fuels, oils, and herbicides, which could result in 


the injury, mortality, and disruption of normal behaviors of Delta green ground beetle. However, 


non-bank mitigation would create or restore vernal pool habitat and would be expected to provide 


an overall benefit to Delta green ground beetle if non-bank mitigation occurs within the species’ 


range. 


Implementation of the Vernal Pool Avoidance and Minimization Measure described in Chapter 3, 


Section 3.6.2.9 would avoid and minimize construction-related effects on Delta green ground beetle 


by requiring vernal pool habitat to be avoided to the extent practicable and, when avoidance is not 


possible, implementing construction BMPs to avoid and minimize effects on the habitat. To minimize 


effects of spills, AMM-2: Develop and Implement Hazardous Materials Management Plans, and AMM-


3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would require spill 


prevention and control plans be created and implemented (Appendix 3A). With these measures in 


place, and the long-term benefits associated with protection and long-term management of Delta 
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green ground beetle habitat, implementation of non-bank sites is not expected to adversely affect 


the species. 


6C.10.11.4 Site Protection Instruments 


Site protection instruments for greater sandhill crane, Swainson’s hawk and tricolored blackbird 


would primarily consist of the protection and management of existing agricultural areas, but may 


also include protection and management of natural communities (see Section 6C.3.9.3 for details on 


these species). The need or locations of site protection instruments are not known; however, these 


protected lands have the potential to overlap with suitable Delta green ground beetle habitat. 


Because actions associated with site protection instruments are expected to be beneficial, 


consultation under the ESA is not expected to be necessary. However, if consultation is required, it 


would occur in the future when site-specific information is available. 


Because these are protection instruments (and will not require substantial habitat restoration or 


creation), the potential for adverse effects on Delta green ground beetle is low. Land management 


activities on site protection instruments would be typical of agricultural lands and include ground 


disturbance, vehicle traffic, use of heavy equipment, and use of contaminants such as fuels, oils, and 


herbicide, which could result in the injury, mortality, and disruption of normal behaviors of Delta 


green ground beetle just as they do in the existing condition. 


The potential effects of injury or mortality due to vehicle collisions would be minimized through 


AMM-18: Avoid and Minimize Operational Traffic Impacts on Wildlife, which requires speed limits of 


15 miles per hour and traffic control structures on unpaved access roads (Appendix 3A). 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality from contaminant spills by 


requiring spill prevention and control plans. AMM-17 would also minimize impacts from land 


management activities by requiring a preconstruction environmental review, preconstruction 


surveys, a biological monitor when appropriate, and non-disturbance buffers using construction 


fencing where applicable (Appendix 3A). Overall, site protection instruments are likely to benefit 


Delta green ground beetle by protecting and managing lands with suitable habitat, limiting use of 


pesticides, and promoting habitat connectivity. 


6C.10.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


Enhancement would generally entail replacing armored or otherwise altered channel banks with 


more natural shoreline habitats that provide shallow, slow-velocity river margins, overhanging 


riparian vegetation, and future woody debris sources. To maintain the current extent of in-water 


habitat and level of flood protection, the existing levee would need to be reconstructed to be set 


back from the shoreline. Waterside and landside improvements would be implemented to create 


enhanced channel margin habitat and provide continued flood protection.  


While locations along the Sacramento River between Freeport and Georgiana Slough have been 


identified, the location(s) for channel margin enhancement is not known. One potential location is 
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Cache Slough complex where Delta ground beetle have potential to occur on the upland of future 


project locations.  


There are no operational activities associated with channel margin habitat. Maintenance and 


monitoring activities would take place in areas that no longer provide habitat for Delta green ground 


beetle; therefore, these activities would have no effect on the species. 


6C.10.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and emergent wetland habitats 


provide important foraging and refugia habitat for listed fish species. The restoration of tidal 


perennial and wetland habitat, particularly complex wetland systems containing dendritic channels 


and shallow subtidal areas, is intended to support improved survival and growth (including food 


production) of one or more life stages of each listed fish species addressed in the biological 


assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough Complex, where 


Delta green ground beetle have potential to occur, will be prioritized. Because tidal restoration 


locations have potential to affect adjacent upland habitats, there is potential for operations and 


maintenance activities to affect giant garter snake.  


There are no operational activities associated with tidal wetland habitat. Maintenance and 


monitoring activities would take place in areas that no longer provide habitat for Delta green ground 


beetle; therefore, these activities would have no effect on the species.  


6C.11 Effects on Valley Elderberry Longhorn Beetle 
Appendix 6A, Terrestrial Effects Analysis Methods, describes the methods and assumptions used to 


analyze the effects of the PA on terrestrial species. Chapter 4, Section 4.4.17.6, Suitable Habitat 


Definition, and Section 4.4.17.7, Habitat Suitability Model, define suitable habitat and describe the 


habitat model for valley elderberry longhorn beetle. Refer to Chapter 6, Section 6.11, Effects on 


Valley Elderberry Longhorn Beetle, for more information.  


6C.11.1 Field Investigations 


There would be no ongoing operations and maintenance associated with the field investigations, 


resulting in no effect on valley elderberry longhorn beetle. 


6C.11.2 North Delta Intakes 


The north Delta intakes would be constructed on the east bank of the Sacramento River near the 


town of Hood. Two intakes would divert water from the Sacramento River and include cylindrical 


fish screens, intake structures, sedimentation basins, sediment drying lagoons, flow control 


structures, intake outlet channel and shaft, embankments, and other appurtenant structures. Intakes 


would also include construction support facilities (e.g., emergency facilities, fuel station), electrical 


substations, switchyards, and access roads that fall within the north Delta intake facility footprints. 


The north Delta intakes would be surrounded by security fencing.  
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The operational components of the north Delta intakes include intakes, fish screens, sedimentation 


basins and drying lagoons, and associated facilities. Operations activities would generate small 


levels of noise and light and would require the periodic presence of staff and vehicle traffic. 


Permanent facility lighting would be motion activated, downcast, cut-off type fixtures with non-glare 


finishes (Chapter 3, Section 3.2.13), and therefore permanent facilities would remain dark the 


majority of the time at night.  


Maintenance activities at the north Delta intakes would include semiannual general and ground 


maintenance (e.g., mowing, vegetation trimming, herbicide application), fish screen maintenance, 


annual sediment and debris removal at intakes, and periodic maintenance of the intake gates and 


associated structures approximately every 1 to 5 years. Access roads within the intake facilities 


would be repaved every 15 years. Maintenance activities would generally be conducted during the 


day, except for emergency maintenance, and would therefore not require additional lighting. 


Vegetation maintenance could affect shrubs that establish within, or occur adjacent to, north Delta 


intakes through physical damage, trimming, removal or pesticide or herbicide drift. Likewise, 


maintenance equipment could crush or kill beetles or disrupt of normal behaviors (i.e., feeding, 


breeding, dispersal), especially during the adult flight period (March to July). Similarly, daily and 


weekly inspections by vehicle could strike flying beetles.  


AMM-17: Avoid and Minimize Impacts on Biological Resources from Maintenance Activities (Appendix 


3A) would require environmental review prior to maintenance activities; a preconstruction survey, 


biological monitor, and establishment of non-disturbance buffers where sensitive resources like 


elderberry bushes occur; and the use of appropriate work windows. Also, AMM-18: Avoid and 


Minimize Operational Traffic Impacts on Wildlife would require speed limits of 15 miles per hour and 


traffic control structures on non-public, unpaved DWR facility access roads.  


6C.11.3 Tunnels 


Tunnels would be constructed using subsurface horizontal TBMs and would not result in any 


surface disturbance to valley elderberry longhorn beetle modeled habitat; therefore, this activity 


would not have an adverse effect on the species.  


6C.11.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 


alignment, and at the Bethany Complex. Valley elderberry longhorn beetle modeled habitat overlaps 


with the tunnel shaft work area at the Twin Cities Complex. 


Tunnel shaft sites would have permanent facility lighting. Permanent facility lighting would be 


motion activated, downcast, cut-off type fixtures with non-glare finishes (Chapter 3, Section 3.2.13), 


and therefore permanent facilities would remain dark the majority of the time at night. Maintenance 


during project operations could include inspection and maintenance of tunnel shafts, maintenance 


of the constructed water conveyance tunnel, vegetation control around tunnel shafts, and periodic 


presence of staff and vehicle traffic. Maintenance activities at launch and maintenance shafts would 


include semiannual general ground maintenance (e.g., mowing, vegetation trimming, herbicide 


application), and daily inspections by vehicle. Maintenance activities would generally be conducted 


during the day, except for emergency maintenance, and therefore the need for additional lighting 


would be infrequent.  
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 Vegetation maintenance at the tunnel shaft pad footprint, including trimming or pesticide or 


herbicide drift, could affect shrubs. Likewise, vegetation maintenance could result in injury or 


mortality or disrupt normal behaviors (i.e., feeding, breeding, dispersal), especially during the adult 


flight period between March and July.  


AMM-17: Avoid and Minimize Impacts on Biological Resources from Maintenance Activities (Appendix 


3A) would require environmental review prior to maintenance activities; a preconstruction survey, 


biological monitor, and establishment of non-disturbance buffers where sensitive resources like 


elderberry bushes occur; and the use of appropriate work windows. Also, AMM-18: Avoid and 


Minimize Operational Traffic Impacts on Wildlife would require speed limits of 15 miles per hour and 


traffic control structures on non-public, unpaved DWR facility access roads.  


6C.11.5 Reusable Tunnel Material  


There are no operations and maintenance activities associated with the RTM sites and therefore no 


effects to valley elderberry longhorn beetle.  


6C.11.6 Bethany Complex  


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and operations within the Bethany 


Complex footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level.  


The operational components of the Bethany Complex include the Bethany Reservoir Pumping Plant, 


Bethany Reservoir Aqueduct, and Bethany Reservoir Discharge Structure. All aboveground portions 


of these features would have permanent facility lighting. Permanent outdoor facility lighting would 


be motion-activated and therefore would only be lit for a short time when activated (which is 


expected to occur infrequently). To further minimize impacts from permanent lighting, the fixtures 


would also be downcast, cut-off types with non-glare finishes (Chapter 3, Section 3.2.13). Because 


permanent facilities would have motion-detected lights, they are not expected to contribute to 


ambient nighttime light.  


The Bethany Reservoir Pumping Plant operations are not expected to generate noise that would 


substantially alter the existing environment. The pumping plant would be within an underground 


facility, and therefore operational light and noise would not be expected to affect species. The 


Bethany Reservoir Aqueduct has aboveground and below-ground sections; the Bethany Reservoir 


Aqueduct would contain moving water but this is not expected to be a substantial source of noise 


because the aboveground sections would be backfilled with approximately 6 feet of soil and the 


tunneled portions would be below the ground surface. The Bethany Reservoir Discharge Structure 


would contain large volumes of flowing water at times and would be a source of noise in the areas 


adjacent to the structure.  


Maintenance of the pumping plant, surge basin, aqueduct, discharge structure, and the right-of-way 


would require vegetation removal. Access roads within the Bethany Complex would be repaved 


every 15 years. Maintenance activities would generally be conducted during the day, except for 


emergency maintenance, and would therefore not require additional lighting. 
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Periodic maintenance of vegetation on the grounds surrounding the Bethany Complex may be 


required. Maintenance activities (e.g., mowing, vegetation trimming, herbicide application) would 


require periodic presence of staff and vehicle traffic. Vegetation maintenance could affect shrubs 


that establish or occur adjacent to Bethany Complex either through physical damage, trimming or 


removal of shrubs, or indirectly through pesticide or herbicide drift. Likewise, vegetation 


maintenance could result in injury or mortality to individual beetles and disruption of normal 


behaviors (i.e., feeding, breeding, dispersal), especially if activities occur during the adult flight 


period (March to July).  


To minimize the potential effects of maintenance activities at Bethany Complex on valley elderberry 


longhorn beetle, AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would require Worker Awareness Training, site-specific environmental 


review, a preconstruction survey, establishment of non-disturbance buffers if the species is present, 


usage of appropriate work windows, and monitoring (Appendix 3A.). 


Refer to Chapter 6, Section 6.11.6, Bethany Complex, for more information.  


6C.11.7 Access Roads 


New access roads, a new access railroad spur on Lower Roberts Island, and improvements to 


existing public roads would be necessary to support project construction and project facilities. In 


addition to these road and railroad features, impacts from levee improvements on Lower Roberts 


Island are also evaluated in this section (as the levee improvements would be adjacent to the access 


road, have similar impacts on species, and occur at roughly the same time). New access roads would 


be either gravel or paved and would provide connections between existing roads and construction 


areas for project facilities. The new access railroad spur would transport materials and equipment 


to the tunnel launch shaft. Existing roads would be widened and improved to support the 


construction-related traffic and existing access roads in the vicinity of the intakes would be repaved 


every 15 years.  


Operational activities on access roads include vehicles and equipment traveling to, from, and within 


the project facilities. Some access roads would have permanent night-lighting, which would be 


downcast (Chapter 3, Section 3.2.13). Maintenance of access roads would include grading, repaving, 


and vegetation removal. Maintenance on public access roads such as SR 160 and SR 12 would not be 


conducted by DWR.  


Movement of vehicles and maintenance equipment on project access roads could result in injury or 


mortality to adult beetles during their flight period if occupied shrubs are located adjacent to access 


roads. However, the potential for vehicle strike is low as maintenance vehicles would be traveling at 


low speeds and vehicle movement would be short in duration and infrequent. Maintenance activities 


(e.g., vegetation trimming/removal along access roads) and herbicide drift could result in injury or 


mortality, as well as disruption of normal behaviors (i.e., feeding, breeding, dispersal). Vehicle traffic 


on unpaved roads could generate dust that could accumulate on shrubs. The accidental discharge of 


chemicals and fluids (e.g., oil, gas, steering fluids) during maintenance activities could affect the 


vigor of shrubs, resulting in a further loss of habitat for valley elderberry longhorn beetle habitat. 


To minimize potential effects of maintenance activities, AMM-17: Avoid and Minimize Impacts on 


Biological Resources from Maintenance Activities would require environmental review of the 


potential for maintenance to impact sensitive resources, a preconstruction survey, a biological 


monitor (depending on site-specific conditions and timing), establishment of non-disturbance 
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buffers, and use of appropriate work windows (Appendix 3A). AMM-18: Avoid and Minimize 


Operational Traffic Impacts on Wildlife would reduce the risk of vehicle collisions by requiring speed 


limits of 15 miles per hour and traffic control structures on non-public, unpaved DWR facility access 


roads.  


Refer to Chapter 6, Section 6.11.7, Access Roads, for more information.  


6C.11.8 Electrical and SCADA Facilities 


The following discussion includes an analysis of electrical facility types (e.g., electrical powerlines, 


substation on Lower Roberts Island) where they occur outside one of the project feature footprints 


described in the above sections (e.g., north Delta intakes, Bethany Complex). Where the construction 


footprint of an electrical facility type (e.g., switching station, substation) falls within a larger facility 


construction footprint, such as Bethany Complex, the effects associated with that facility type are 


discussed in the relative sections. Refer to Chapter 6, Section 6.11.8, Electrical and SCADA Facilities, 


for more information.  


DWR is not responsible for the operations and maintenance of electrical facilities. Operation and 


maintenance of electrical facilities would be the responsibility of the electrical providers—SMUD, 


WAPA, and PG&E. These companies would own and maintain their respective electrical facilities.  


DWR is responsible for any operation and maintenance activities associated with SCADA facilities; 


however, SCADA facilities do not have any associated operational activities. Maintenance activities 


on SCADA facilities would include emergency repair of underground or aboveground SCADA lines. 


Vegetation management along SCADA line sections would not be required because underground 


SCADA lines occur within roadway rights-of-way (that are not vegetated) and the new aboveground 


SCADA line occurs on existing poles that are being managed from vegetation in the existing 


conditions. 


There is potential for injury or mortality to valley elderberry longhorn beetle where the temporary 


use and staging of vehicles and equipment are necessary to maintain or repair a SCADA line. The 


potential effects of injury or mortality due to collisions with operations- and maintenance-related 


vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic Impacts on 


Wildlife, which requires speed limits of 15 miles per hour and traffic control structures on non-


public, unpaved DWR facility access roads (Appendix 3A). Implementation of AMM-17: Avoid and 


Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities would reduce the 


potential for injury or mortality from contaminant spills by requiring spill prevention and control 


plans (Appendix 3A).  


6C.11.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:16 concrete and CLSM 


batch plants and park-and-ride lots. None of these features overlap with valley elderberry longhorn 


 
 


As described in Appendix 6A, the project features evaluated in this section occur outside the primary construction 
locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road work areas 
included in Section 6.11.7, Access Roads, and Section 6.11.6, Bethany Complex, but the road work area described in 
this section occurs in a discreet location, outside a large project footprint.  
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beetle modeled habitat; thus, activities associated with these facilities are not expected to affect the 


species. 


6C.11.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facilities would be constructed to deliver water from the Union Island 


tunnel shaft to the existing CCWD Middle River Pipeline on Victoria Island. The CCWD 


interconnection facilities would include an interconnection pump station, a new underground 1.6-


mile conveyance pipeline, and an interconnection valve to connect to the existing CCWD Middle 


River Pipeline. The construction actions associated with the CCWD interconnection facilities are 


described and evaluated at the project level. Maintenance actions are described and evaluated 


programmatically and will be subject to future, “step down” consultations when site-specific detail is 


available. 


DWR would be responsible for operations and maintenance of the interconnection pump station and 


interconnection pipeline between the Union Island tunnel shaft and the existing CCWD pumping 


plant. CCWD would be responsible for operations and maintenance of the interconnection valve 


within the CCWD facility. Operations and maintenance of the interconnection pump station would 


be similar to those at the Union Island tunnel shaft and take place within the shaft’s permanent 


footprint. Inspections of the interconnection pump station and pipeline would occur at regular 


intervals, and annual mowing of the pipeline right-of-way would occur as needed. 


The operational components of the CCWD interconnection pump station and interconnection valve 


would take place within the permanent footprints of the Union Island tunnel shaft and CCWD 


pumping plant, which would no longer contain suitable valley elderberry longhorn beetle habitat. 


Maintenance activities (e.g., mowing, vegetation trimming, herbicide application) would require 


periodic presence of staff and vehicle traffic. Vegetation maintenance could affect shrubs that 


establish or occur adjacent to the CCWD interconnection facilities either through physical damage, 


trimming or removal of shrubs, or indirectly through pesticide or herbicide drift. Likewise, 


vegetation maintenance could result in injury or mortality to individual beetles and disruption of 


normal behaviors (i.e., feeding, breeding, dispersal), especially if activities occur during the adult 


flight period (March to July).  


To minimize the potential effects of maintenance activities at CCWD Interconnection facilities on 


valley elderberry longhorn beetle, AMM-17: Avoid and Minimize Impacts on Terrestrial Biological 


Resources from Maintenance Activities would require Worker Awareness Training, site-specific 


environmental review, a preconstruction survey, establishment of non-disturbance buffers if the 


species is present, usage of appropriate work windows, and monitoring (Appendix 3A). 


Refer to Chapter 6, Section 6.11.10, Contra Costa Water District Interconnection Facilities, for more 


information.  


6C.11.11 Compensatory Mitigation Plan 


6C.11.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


The Bouldin Island and I-5 pond mitigation sites would offset the loss of sensitive natural 


communities and habitat for special-status species, including valley elderberry longhorn beetle, by 


creating and enhancing habitat on Bouldin Island and the I-5 ponds, and tidal habitat restoration, 
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and managing these areas in perpetuity. The habitat creation and enhancement sites would overlap 


with modeled valley elderberry longhorn beetle riparian habitat.  


Operation and maintenance of CMP habitat enhancement and creation sites would require general 


site maintenance (i.e., site visits, trash removal, maintenance of signs, fences, and gates), vegetation 


management (i.e., mowing, controlled burns, grazing, discing), levee and channel maintenance (i.e., 


levee inspection, dredging, road repairs, grading, rodent abatement), and monitoring. Specific long-


term management plans would be developed for each site. These activities would require the use of 


vehicles and/or boats, heavy equipment, and periodic presence of personnel. Maintenance activities 


would take place during daylight hours. 


Monitoring activities and non-native plant management are not expected to result in any adverse 


effects to valley elderberry longhorn beetle; however, implementation of AMM-17: Avoid and 


Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities (Appendix 3A) 


would ensure avoidance and minimization measures for sensitive habitats is considered prior to any 


monitoring or management activities. 


6C.11.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, vernal pool 


tadpole shrimp, alkali seasonal wetland, and vernal pool habitat. The vernal pool, pond, and 


grassland communities that would be protected for these species do not provide habitat for valley 


elderberry longhorn beetle and therefore would not be adversely affected by implementation of this 


action. 


6C.11.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.11.11.5, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. A non-bank site would protect, enhance, and manage 


suitable vernal pool or alkali seasonal wetland habitat. These habitat types do not provide habitat 


for valley elderberry longhorn beetle so the species would not be adversely affected by 


implementation of non-bank site protection. 


6C.11.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (see Section 6C.3.9.3 for details on these species; Wood and 


Martin 2016). Examples include conservation easements, deed restrictions, transfer of title, or other 


documents such as Conservation Land Use Agreements. The site protection instrument would 


describe site ownership, management, and enforcement of any use restrictions. As with mitigation 


bank, conservation bank, or non-bank sites, the quantity and quality of acres proposed to be 


included in a site protection instrument would be determined, in coordination with the USFWS and 


CDFW, during the preconstruction phase as described in Appendix 3B. Because actions associated 


with site protection instruments are expected to be beneficial, consultation under the ESA is not 


expected to be necessary. However, if consultation is required, it would occur in the future when 


site-specific information is available. 
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Site protection instruments for greater sandhill crane, Swainson’s hawk and tricolored blackbird 


would primarily consist of the protection and management of existing agricultural areas and, 


potentially, natural communities (see Section 6C.3.9.3 for details on these species). Site protection 


instruments could include riparian edge habitat suitable for valley elderberry longhorn beetle. 


While habitat would be protected if present, land management activities for site protection 


instruments could include ground disturbance, vehicle traffic and use of heavy equipment, and use 


of contaminants such as fuels, oils, and herbicides. Construction-related vehicles traveling on access 


roads adjacent to occupied habitat during the beetle flight season (March to July) could cause 


potential injury or mortality of valley elderberry longhorn beetle as well as disrupt feeding, 


breeding, and dispersal. Also, work within 165 feet of host elderberry shrubs could result in dust 


and the accidental discharge of construction-related fluids (e.g., oil, gas, steering fluids) in areas 


where shrubs occur, which could affect the vigor of shrubs, resulting in a further loss of habitat for 


valley elderberry longhorn beetle.  


The potential effects of injury or mortality due to vehicle collisions would be minimized through 


AMM-18: Avoid and Minimize Operational Traffic Impacts on Wildlife, which requires speed limits of 


15 miles per hour and traffic control structures on unpaved access roads (Appendix 3A). AMM-17: 


Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities would 


reduce the potential for injury or mortality from contaminant spills by requiring spill prevention 


and control plans. AMM-17 would also minimize impacts from land management activities by 


requiring a preconstruction environmental review, preconstruction surveys, a biological monitor 


when appropriate, and non-disturbance buffers using construction fencing where applicable 


(Appendix 3A). Overall, site protection instruments are likely to benefit valley elderberry longhorn 


beetle by protecting and managing lands with suitable valley elderberry longhorn beetle habitat, 


limiting use of pesticides, and promoting habitat connectivity. 


6C.11.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids. While not the target of enhancement actions, valley elderberry 


longhorn beetle also has the potential to benefit from the increase in riparian habitat in the central 


Delta. 


There are no operational actions associated with channel margin enhancements. Maintenance and 


management actions would be identified in a long-term management plan for each channel margin 


mitigation location and would include actions such as vegetation management, weed control, trash 


management, and road, levee, and channel maintenance. In addition, an adaptive management and 


monitoring plan would be prepared for each channel margin location and could include 


effectiveness monitoring and focused research projects, both of which could require on-site 


collection of water quality, vegetation cover, species occurrence, or other types of biological data. 


The long-term management and adaptive management and monitoring plans are described in 


Appendix 3B, Sections 3B.6 and 3B.7.  


Monitoring activities and non-native plant management are not expected to result in any adverse 


effects to valley elderberry longhorn beetle; however, implementation of AMM-17: Avoid and 


Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities, described in 
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Appendix 3A, would ensure avoidance and minimization measures for sensitive habitats is 


considered prior to any monitoring or management activities. 


6C.11.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent 


wetland habitats provide important foraging and refugia habitat for listed fish species. The 


restoration of tidal perennial and wetland habitat, particularly complex wetland systems containing 


dendritic channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 


biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


Complex will be prioritized as these areas would provide greater benefits for target fish species.  


There are no operational actions associated with tidal wetland restoration locations. Maintenance 


and management actions would be identified in a long-term management plan for each tidal 


restoration location and would include actions such as vegetation management, weed control, and 


trash management, and facilities maintenance and management. In addition, an adaptive 


management and monitoring plan would be prepared for each channel margin location and could 


include effectiveness monitoring and focused research projects, both of which could require on-site 


collection of water quality, vegetation cover, species occurrence, or other types of biological data. 


The long-term management and adaptive management and monitoring plans are described in 


Appendix 3B, Sections 3B.6 and 3B.7. 


Monitoring activities and non-native plant management are not expected to result in any adverse 


effects to valley elderberry longhorn beetle; however, implementation of AMM-17: Avoid and 


Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities, described in 


Appendix 3A, would ensure avoidance and minimization measures for sensitive habitats is 


considered prior to any monitoring or management activities. 


6C.11.12 Effects on Critical Habitat 


There is no designated critical habitat for valley elderberry longhorn beetle in the action area. 


6C.11.13 Cumulative Effects 


Refer to Chapter 6, Section 6.11.13, Cumulative Effects, for more information.  


6C.12 Effects on Vernal Pool Fairy Shrimp and Vernal 
Pool Tadpole Shrimp 


Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


PA on terrestrial species, including impact categories, effect mechanisms, and habitat model 


development. Chapter 4, Section 4.4.18.6, Suitable Habitat Definition, and Sections 4.4.18.7, Species 


Habitat Suitability Model, define habitat and describe the habitat model for vernal pool fairy shrimp. 


Chapter 4, Section 4.4.19.6, Species Habitat Suitability Model, and Section 4.4.19.7, Species Habitat 


Suitability Model, describes the habitat suitability model for vernal pool tadpole shrimp. Refer to 
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Chapter 6, Section 6.12, Effects on Vernal Pool Fairy Shrimp and Vernal Pool Tadpole Shrimp, for more 


information.  


6C.12.1 Field Investigations 


There would be no ongoing operations and maintenance associated with the field investigations, 


therefore, there would be no effect on vernal pool fairy shrimp or vernal pool tadpole shrimp. 


6C.12.2 North Delta Intakes 


The construction footprint for the north Delta intakes does not overlap with modeled habitat for 


vernal pool fairy shrimp or vernal pool tadpole shrimp. Additionally, there is no modeled habitat for 


vernal pool fairy shrimp or vernal pool tadpole shrimp within 250 feet of the north Delta intake 


construction footprint; therefore, construction of the north Delta intakes would not affect listed 


branchiopods. 


6C.12.3 Tunnels 


The tunnel alignment does not overlap with listed branchiopod modeled habitat except at one 


location directly south of the Delta-Mendota Canal. However, tunnels would be constructed using 


subsurface horizontal TBMs and would not result in any surface disturbance to listed branchiopod 


modeled habitat; therefore, this activity would not have an adverse effect on listed branchiopods.  


6C.12.4 Tunnel Shafts 


The construction footprints for tunnel shafts do not overlap with any modeled habitat for listed 


branchiopods and there is no modeled habitat within 250 feet of any tunnel shaft construction 


footprint. Therefore, construction of tunnel shafts would not affect listed branchiopods. 


6C.12.5 Reusable Tunnel Material  


The construction footprints for RTM placement and processing sites do not overlap with modeled 


vernal pool fairy shrimp or vernal pool tadpole shrimp habitat and there is no modeled habitat 


within 250 feet of any RTM sites. Therefore, RTM placement and processing would not affect listed 


branchiopods. 


6C.12.6 Bethany Complex  


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and operations within the Bethany 


Complex footprint. Refer to Chapter 6, Section 6.12.6, Bethany Complex, for more information.  


The operational components of the Bethany Complex include the Bethany Reservoir Pumping Plant, 


Bethany Reservoir Aqueduct, and Bethany Reservoir Discharge Structure. All aboveground portions 


of these features would have permanent facility lighting. Permanent outdoor facility lighting would 


be motion-activated and therefore would only be lit for a short time when activated (which is 


expected to occur infrequently). To further minimize impacts from permanent lighting, the fixtures 


would also be downcast, cut-off types with non-glare finishes (Chapter 3, Section 3.2.13). Because 
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permanent facilities would have motion-detected lights, they are not expected to contribute to 


ambient nighttime light.  


The Bethany Reservoir Pumping Plant operations are not expected to generate noise that would 


substantially alter the existing environment. The pumping plant would be within an underground 


facility, and therefore operational light and noise would not be expected to affect species. The 


Bethany Reservoir Aqueduct has aboveground and below-ground sections; the Bethany Reservoir 


Aqueduct would contain moving water but this is not expected to be a substantial source of noise 


because the aboveground sections would be backfilled with approximately 6 feet of soil and the 


tunneled portions would be below the ground surface. The Bethany Reservoir Discharge Structure 


would contain large volumes of flowing water at times and would be a source of noise in the areas 


adjacent to the structure.  


Maintenance of the pumping plant, surge basin, aqueduct, discharge structure, and the right-of-way 


would require vegetation removal. Access roads within the Bethany Complex would be repaved 


every 15 years. Maintenance activities would generally be conducted during the day, except for 


emergency maintenance, and would therefore not require additional lighting. 


The operational components of the Bethany Complex include the Bethany Reservoir Pumping Plant, 


aqueduct, and Bethany Reservoir Discharge Structure. Pumping plant operations would occur 


within an underground facility. The aqueduct and discharge structure would be operated 


aboveground, but any light or noise generated from operations would not affect branchiopods. 


Operations are not expected to affect vernal pool habitat.  


Maintenance of the pumping plant, surge basin, surface lands above the aqueduct, discharge 


structure, and associated facilities would involve periodic vegetation removal and repaving access 


roads within the Bethany Complex facilities every 15 years. AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would require an environmental review 


to identify sensitive habitat prior to maintenance activities. Also, no maintenance activities at the 


Bethany Complex are anticipated to result in impacts on vernal pool aquatic invertebrates because 


there are no aboveground facilities that occur within 250 feet of aquatic habitat. Although the 


Bethany Reservoir Aqueduct would affect a pool during construction and would be within 250 feet 


of the remaining portions of that pool, as well as another pool, this section of the aqueduct would be 


buried and maintenance would be limited to vegetation management around manways (i.e., access 


points to buried pipelines), which would be more than 500 feet from the nearest pool and would not 


likely result in direct or indirect effects on these pools. 


6C.12.7 Access Roads 


New access roads and improvements to existing public roads are necessary to support project 


construction. New access roads are either gravel or paved and would be created to provide 


connections between existing roads and construction and operations areas. Existing public roads 


would be widened and improved to support the construction-related traffic, and existing access 


roads in the vicinity of the intakes and shafts would be repaved every 15 years.  


Operational activities on access roads include vehicles and equipment traveling to and from the 


project facilities. Some access roads would have permanent lighting, which would be downcast 


(Chapter 3, Section 3.2.13). Maintenance of access roads would include periodic grading, repaving, 


and vegetation removal. 
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Refer to Chapter 6, Section 6.12.7, Access Roads, for more information.  


Impacts from operations and maintenance activities are evaluated only where they occur within 


DWR-owned or DWR-maintained facilities. Mountain House Road improvements and the new 


Mountain House/Grant Line Road connection will be maintained by the county following 


construction. As a result, the impacts from operations and maintenance on Mountain House Road 


are not evaluated in this biological assessment.  


6C.12.8 Electrical and SCADA Facilities 


Electrical and SCADA facilities would overlap with or would be within 250 feet of modeled vernal 


pool fairy shrimp and vernal pool tadpole shrimp habitat. However, these activities would all be 


located within the footprints for construction or improvement of access roads. As a result, no 


additional impacts are incurred from the construction, operation, or maintenance of electrical or 


SCADA facilities.  


6C.12.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:17 concrete and CLSM 


batch plants and park-and-ride lots. Although the Hood-Franklin Park-and-Ride lot does not directly 


overlap with vernal pool fairy shrimp or vernal pool tadpole shrimp modeled habitat, construction 


of the facility would occur within 250 feet of vernal pool habitat. The park-and-ride lot would be 


removed following construction but because it would be in place for over 1 year the impact would 


be considered permanent. 


The Hood-Franklin Park-and-Ride lot would be used during construction and then removed. 


Vehicles moving and parking at the park-and-ride lot could result in chemical contamination from 


vehicle leaks. AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would require spill prevention and response measures be in place to avoid 


and minimize accidental discharges into wetlands, including vernal pools (Appendix 3A).  


6C.12.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with listed vernal pool 


branchiopod modeled habitat. Activities in this area would not have the potential for incidental take 


of the species.  


6C.12.11 Compensatory Mitigation Plan 


6C.12.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


Construction activities for habitat creation and enhancement at Bouldin Island and the I-5 ponds 


under the CMP would not overlap with modeled listed branchiopod habitat. No modeled habitat for 


 
17 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road 
work areas included in Section 6.12.7, Access Roads, and Section 6.12.6, Bethany Complex, but the road work area 
described in this section occurs in a discreet location, outside a large project footprint.  
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listed branchiopods occurs within 250 feet of the construction footprint for the CMP; therefore, 


implementation of the initial mitigation sites would not result in impacts on listed branchiopods. 


6C.12.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. Mitigation or conservation bank credits purchased for these species would be 


purchased at banks that have been approved by USFWS. Through the approval process, any 


potential impacts on vernal pool c from restoration, creation, enhancement, management, 


maintenance, or monitoring would have been addressed by the USFWS. Because the approved bank 


would provide bank credits for vernal pool fairy shrimp and vernal pool tadpole shrimp, the 


purchase is assumed to be beneficial to the species. 


6C.12.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.12.11.2 are not available in part or in full, a non-bank site may be 


used. A non-bank site would create or restore, protect, enhance, and manage suitable vernal pool or 


alkali seasonal wetland habitat. If non-bank sites are used for vernal pool or alkaline wetland 


creation or enhancement (Appendix 3B, Section 3B.3.2.4), these activities could occur in areas 


where vernal pool fairy shrimp and vernal pool tadpole shrimp have potential to occur.  


Ground-disturbing activities (e.g., excavation and grading) that occur within 250 feet of an aquatic 


feature occupied or presumed occupied by listed branchiopods have potential to result in the loss or 


degradation of that habitat and the potential for injury or mortality to listed branchiopods. For 


example, construction-related fluids or sediments could be inadvertently discharged into aquatic 


habitat. To minimize effects from construction-related fluids and contaminants, the following 


general measures described in Appendix 3A would be implemented: AMM-1: Conduct Environmental 


Resources Worker Awareness Training; AMM-2: Develop and Implement Hazardous Materials 


Management Plans; AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure 


Plans; and AMM-14: Construction Best Management Practices for Biological Resources. 


6C.12.11.4 Site Protection Instruments 


Site protection instruments for greater sandhill crane, Swainson’s hawk, and tricolored blackbird 


would primarily consist of the protection and management of agricultural areas but may also 


include protection and management of natural communities (e.g., grasslands or vernal pool 


complex) in the action area (see Section 6C.3.9.3 for details on these species). The need or locations 


for site protection instruments is not yet known. However, these activities could occur in areas with 


suitable habitat for vernal pool branchiopods. Because actions associated with site protection 


instruments are expected to be beneficial, consultation under the ESA is not expected to be 


necessary. However, if consultation is required, it would occur in the future when site-specific 


information is available. 


Land management activities associated with site protection instruments could include ground 


disturbance, some vehicle traffic and use of heavy equipment, and use of contaminants such as fuels, 


oils, and herbicides, which could result in the injury or mortality of vernal pool branchiopods. The 


potential effects of injury or mortality due to vehicle collisions would be minimized through AMM-


18: Avoid and Minimize Operational Traffic Impacts on Wildlife, which requires speed limits of 10 
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miles per hour and traffic control structures on unpaved access roads (Appendix 3A). 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality from contaminant spills by 


requiring spill prevention and control plans. AMM-17 would also minimize impacts from land 


management activities by requiring a preconstruction environmental review, preconstruction 


surveys, a biological monitor when appropriate, and non-disturbance buffers using construction 


fencing where applicable (Appendix 3A). Overall, site protection instruments would benefit vernal 


pool branchiopods by protecting and managing lands with suitable habitat, limiting use of 


pesticides, and promoting habitat connectivity.  


6C.12.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for listed fish species that would benefit from 


enhancement actions. Another potential location for channel margin enhancement is Cache Slough, 


where vernal pool complex habitat occurs on the upland side of the channel margins. Landside 


improvements would include the construction of a new setback levee behind and connected to the 


existing levee. Because vernal pool brachiopod habitat can occur on the upland side of existing 


levees, especially in locations like Cache Slough, there is potential for effects to the species. However, 


there are no operational, maintenance, or monitoring activities associated with channel margin 


habitat that would take place in areas that habitat for vernal pool brachiopods (i.e., any affected 


vernal pool grass habitat would be lost during construction and therefore not subject to operations 


and maintenance activities); therefore, these activities would have no effect on the species 


6C.12.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal restoration will generally be achieved by 


reconnecting former wetland areas to adjacent tidal sloughs and rivers. Restoration would primarily 


occur through breaching or setback of levees, thereby restoring tidal fluctuation to land parcels 


currently isolated behind those levees, including, potentially, those areas that include vernal pool 


brachiopods.  


There are no operational actions associated with tidal wetland restoration locations. Maintenance 


and management actions would be identified in a long-term management plan for each tidal 


restoration location and would include actions such as vegetation management, weed control, and 


trash management, and facilities maintenance and management. In addition, an adaptive 


management and monitoring plan would be prepared for each channel margin location and could 


include effectiveness monitoring and focused research projects, both of which could require on-site 


collection of water quality, vegetation cover, species occurrence, or other types of biological data. 
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The long-term management and adaptive management and monitoring plans are described in 


Appendix 3B, Sections 3B.6 and 3B.7. 


Maintenance and monitoring activities associated with restored tidal wetlands would involve some 


ground disturbance and periodic vehicle traffic; however, these activities would take place in areas 


that no longer contain suitable habitat for vernal pool branchiopods. Therefore, maintenance of 


restored tidal wetland habitat is not expected to adversely affect these species. 


6C.12.12 Effects on Vernal Pool Fairy Shrimp Critical Habitat 


The only activity that has potential to affect critical habitat are field investigations and there are no 


operations and maintenance activities associated with that activity. Refer to Chapter 6, Section 


6.12.12, Effects on Vernal Pool Fairy Shrimp Critical Habitat, for more information.  


6C.12.13 Cumulative Effects 


Refer to Chapter 6, Section 6.12.13, Cumulative Effects, for more information.  


6C.13 Effects on Vernal Pool Grasses  
Because they occupy the same habitat type and location in the action area, Colusa grass and Solano 


grass are treated together in this analysis. Appendix 6A describes the definitions, methods, and 


assumptions used to analyze the effects of the PA on terrestrial species, including impact categories, 


effect mechanisms, and habitat model development. Chapter 4, Sections 4.4.20.6, Suitable Habitat 


Definition, and 4.4.21.6, Suitable Habitat Definition, and Sections 4.4.20.7, Habitat Model Description, 


and 4.4.21.7, Habitat Model Description, define suitable habitat and describe the habitat model for 


Colusa grass and Solano grass. Refer to Chapter 6, Section 6.13, Effects on Vernal Pool Grasses, for 


more information.  


6C.13.1 Field Investigations 


Field investigations would occur outside of the range of Colusa grass and Solano grass; therefore, 


this activity would not have an adverse effect on the species. 


6C.13.2 North Delta Intakes 


The north Delta intakes are outside of the range of Colusa grass and Solano grass; therefore, this 


activity would not have an adverse effect on the species. 


6C.13.3 Tunnels 


The tunnel alignment is outside of the range of Colusa grass and Solano grass; therefore, this activity 


would not have an adverse effect on the species. 


6C.13.4 Tunnel Shafts 


Tunnel shafts are outside of the range of Colusa grass and Solano grass; therefore, this activity 


would not have an adverse effect on the species. 
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6C.13.5 Reusable Tunnel Material 


Reusable tunnel material areas are outside of the range of Colusa grass and Solano grass; therefore, 


this activity would not have an adverse effect on the species. 


6C.13.6 Bethany Complex 


The Bethany Complex is outside of the range of Colusa grass and Solano grass; therefore, this 


activity would not have an adverse effect on the species. 


6C.13.7 Access Roads 


Access roads are outside of the range of Colusa grass and Solano grass; therefore, this activity would 


not have an adverse effect on the species. 


6C.13.8 Electrical and SCADA Facilities 


Electrical and SCADA facilities are outside of the range of Colusa grass and Solano grass; therefore, 


this activity would not have an adverse effect on the species. 


6C.13.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:18 concrete batch plants 


and park-and-ride lots. These features are outside of the range of Colusa grass and Solano grass; 


therefore, this activity would not have an adverse effect on the species. 


6C.13.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with vernal pool grasses 


modeled habitat.  


6C.13.11 Compensatory Mitigation 


6C.13.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


Habitat creation and enhancement at Bouldin Island and the I-5 ponds are outside of the range of 


Colusa grass and Solano grass; therefore, these activities would have no effect on the species. 


6C.13.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. The location of these banks has potential to overlap with vernal pool plant habitat. 


 
18 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, e.g., such as north Delta intakes and Bethany Complex. For example, there are impacts from 
road work areas included in Section 6.13.7, Access Roads, and Section 6.13.6, Bethany Complex, but the road work 
area described in this section occurs in a discreet location, outside a large project footprint.  
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Mitigation or conservation bank credits purchased for these species would be purchased at banks 


that have been approved by USFWS. Through the approval process, any potential impacts on vernal 


pool plants from restoration, creation, enhancement, management, maintenance, or monitoring 


would have been addressed by the USFWS through the credit approval process. Because the 


approved bank would provide bank credits for vernal pool branchiopods, the purchase is assumed 


to either have no effect or to be beneficial to vernal pool grasses.  


6C.13.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.13.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. A non-bank site would protect, enhance, and manage 


suitable vernal pool or alkali seasonal wetland habitat in a quantity and quality sufficient to offset 


the adverse effects consistent with the biological opinion. 


In the event that non-bank sites are used for vernal pool or alkaline wetland creation or 


enhancement (Appendix 3B, Section 3B.3.2.4), these activities could occur in areas where Colusa 


grass or Solano grass occur.  


Operation and maintenance of non-bank sites could require general site maintenance (i.e., site visits, 


trash removal, maintenance of signs, fences, and gates), vegetation management (i.e., mowing, 


controlled burns, grazing, discing), and monitoring. Specific long-term management plans would be 


developed for each site. These activities would require the use of vehicles, heavy equipment, and 


periodic presence of personnel. Maintenance activities would take place during daylight hours. 


Infrequent site maintenance, monitoring, and vegetation management activities are not expected to 


result in any adverse effects to vernal pool plants; however, implementation of AMM-17: Avoid and 


Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities (Appendix 3A) 


would ensure avoidance and minimization measures for sensitive habitats is considered prior to any 


monitoring or management activities. With these measures in place, non-bank mitigation 


construction is not likely to adversely affect vernal pool grasses.  


6C.13.11.4 Site Protection Instruments 


Site protection instruments for greater sandhill crane, Swainson’s hawk, and tricolored blackbird 


would primarily consist of the protection and management of agricultural areas but may also 


include protection and management of natural communities (e.g., grasslands or vernal pool 


complex) in the action area (see Section 6C.3.9.3 for details on these species). The need or locations 


for site protection instruments is not yet known. However, these activities could occur in areas with 


suitable habitat for vernal pool branchiopods. Because actions associated with site protection 


instruments are expected to be beneficial, consultation under the ESA is not expected to be 


necessary. However, if consultation is required, it would occur in the future when site-specific 


information is available. 


Land management activities associated with site protection instruments could include ground 


disturbance, some vehicle traffic and use of heavy equipment, and use of contaminants such as fuels, 


oils, and herbicides, which could result in the injury or mortality of vernal pool branchiopods. The 


potential effects of injury or mortality due to vehicle collisions would be minimized through AMM-


18: Avoid and Minimize Operational Traffic Impacts on Wildlife, which requires speed limits of 10 


miles per hour and traffic control structures on unpaved access roads (Appendix 3A). 
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Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality from contaminant spills by 


requiring spill prevention and control plans. AMM-17 would also minimize impacts from land 


management activities by requiring a preconstruction environmental review, preconstruction 


surveys, a biological monitor when appropriate, and non-disturbance buffers using construction 


fencing where applicable (Appendix 3A). Overall, site protection instruments would benefit vernal 


pool branchiopods by protecting and managing lands with suitable habitat, limiting use of 


pesticides, and promoting habitat connectivity.  


6C.13.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for listed fish species that would benefit from 


enhancement actions. Another potential location for channel margin enhancement is Cache Slough, 


where vernal pool complex habitat occurs on the upland side of the channel margins. Landside 


improvements would include the construction of a new setback levee behind and connected to the 


existing levee. Because vernal pool grass habitat can occur on the upland side of existing levees, 


especially in locations like Cache Slough, there is potential for effects to the species. However, there 


are no operational, maintenance, or monitoring activities associated with channel margin habitat 


that would take place in areas that habitat for vernal pool grasses (i.e., any affected vernal pool grass 


habitat would be lost during construction and therefore not subject to operations and maintenance 


activities); therefore, these activities would have no effect on the species 


6C.13.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal restoration will generally be achieved by 


reconnecting former wetland areas to adjacent tidal sloughs and rivers. Restoration would primarily 


occur through breaching or setback of levees, thereby restoring tidal fluctuation to land parcels 


currently isolated behind those levees, including, potentially, those areas that include vernal pool 


grasses.  


There are no operational actions associated with tidal wetland restoration locations. Maintenance 


and management actions would be identified in a long-term management plan for each tidal 


restoration location and would include actions such as vegetation management, weed control, and 


trash management, and facilities maintenance and management. In addition, an adaptive 


management and monitoring plan would be prepared for each channel margin location and could 


include effectiveness monitoring and focused research projects, both of which could require on-site 


collection of water quality, vegetation cover, species occurrence, or other types of biological data. 


The long-term management and adaptive management and monitoring plans are described in 


Appendix 3B, Sections 3B.6 and 3B.7. 
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Maintenance and monitoring activities associated with restored tidal wetlands would involve some 


ground disturbance and periodic vehicle traffic; however, these activities would take place in areas 


that no longer contain suitable habitat for vernal pool grasses (i.e., (i.e., any affected vernal pool 


grass habitat would be lost during construction and therefore not subject to operations and 


maintenance activities). Therefore, maintenance of restored tidal wetland habitat is not expected to 


adversely affect these species. 


6C.13.12 Effects on Vernal Pool Grass Critical Habitat 


Solano and Colusa grass critical habitat occurs outside the action area.  


6C.13.13 Cumulative Effects 


Refer to Chapter 6, Section 6.13.13, Cumulative Effects, for more information.  


6C.14 Northwestern Pond Turtle 
Appendix 6A describes the definitions, methods and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Section 4.4.22.6, Suitable Habitat Definition, and Section 4.4.22.7, 


Habitat Suitability Model, define suitable habitat and describe the habitat model for northwestern 


pond turtle. Refer to Chapter 6, Section 6.14, Northwestern Pond Turtle, for more information.  


6C.14.1 Field Investigations 


There would be no ongoing operations or maintenance associated with field investigations; 


therefore, there would be no effect on northwestern pond turtle. 


6C.14.2 North Delta Intakes  


The north Delta intakes would be constructed on the east bank of the Sacramento River upstream 


and downstream of Hood. Two intakes would divert water from the Sacramento River and include 


cylindrical fish screens, intake structures, sedimentation basins, sediment drying lagoons, flow 


control structures, intake outlet channel and shaft, embankments, and other appurtenant structures. 


Intakes would also include construction support facilities (e.g., emergency facilities, fuel station), 


electrical substations, switchyards, and access roads that fall within the north Delta intake facility 


footprints. The north Delta intakes would be surrounded by security fencing. 


The operational components of the north Delta intakes include intakes, fish screens, sedimentation 


basins and drying lagoons, and associated facilities. Permanent facility lighting would be motion 


activated, downcast, cut-off type fixtures with non-glare finishes (Chapter 3, Section 3.2.13), and 


therefore permanent facilities would remain dark the majority of the time at night. Operations 


activities would generate small levels of noise and require the periodic presence of staff and vehicle 


traffic.  


Maintenance activities at the north Delta intakes would include semiannual general and ground 


maintenance (e.g., mowing, vegetation trimming, herbicide application), fish screen maintenance, 


annual sediment and debris removal at intakes, and periodic maintenance of the intake gates and 
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associated structures approximately every 1 to 5 years. Access roads within the intake facilities 


would be repaved every 15 years. 


6C.14.2.1 Operation 


Operations activities would generate small levels of noise, have permanent light sources, and 


require the periodic presence of staff and vehicle traffic that could disturb normal northwestern 


pond turtle behavior. However, noise from the operations of the water conveyance facilities would 


not be discernably higher than existing conditions, and the periodic presence of staff would not be 


expected to affect northwestern pond turtle, if present. 


6C.14.2.2 Maintenance 


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of northwestern pond turtle adults, eggs, and 


hatchlings. Vehicle traffic traveling on access roads within the facilities could result in injury or 


mortality. Maintenance activities could also expose northwestern pond turtle to contaminants such 


as fuels, oils, and herbicides, which could result in injury and mortality of adults, eggs, or hatchlings.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public, unpaved DWR facility access roads. AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would reduce the potential for injury or 


mortality from contaminant spills by requiring spill prevention and control plans. AMM-17 would 


also minimize impacts from maintenance-related activities by requiring a preconstruction 


environmental review, preconstruction surveys, a biological monitor when appropriate, and non-


disturbance buffers using construction fencing where applicable (Appendix 3A). 


6C.14.3 Tunnels 


The tunnel occurs completely subsurface. Tunnel operations require periodic and sometimes 


continuous operation of water pumps and air handlers (used to circulate air) within the tunnels. 


While pumps and air handlers produce vibration, it would be at noticeable levels only within a 


localized area, generally less than 50 feet away from equipment. 


Operations and maintenance activities within the tunnels would produce low levels of vibration. 


Operations would produce periodic and sometimes continuous vibration; however, because of the 


depth of the tunnels (greater than 103 feet below surface), the vibration is very unlikely to be 


perceptible at the surface. Also, maintenance activities within the tunnel will be infrequent, and the 


infrequent and temporary nature of any vibration reaching the surface would not exceed existing 


background noise and vibration levels at the surface. As a result, operations and maintenance of the 


tunnels would not result in a measurable adverse effect to on northwestern pond turtle individuals. 


6C.14.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 


alignment, and at the Bethany Complex. Northwestern pond turtle modeled habitat overlaps with 
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tunnel shaft work areas at Twin Cities Complex, Canal Ranch Tract, Terminous Tract, King Island, 


Lower Roberts Island, Upper Jones Tract, and Union Island. 


Maintenance during project operations could include inspection and maintenance of tunnel shafts, 


maintenance of the constructed water conveyance tunnel, vegetation control around tunnel shafts, 


and require periodic presence of staff and vehicle traffic. Maintenance activities at tunnel shafts 


would include semiannual general and ground maintenance (e.g., mowing and vegetation trimming) 


and daily inspections by vehicle.  


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of northwestern pond turtle adults, eggs, and 


hatchlings. Vehicle traffic traveling on access roads within the facilities could result in injury or 


mortality. Maintenance activities could also expose northwestern pond turtle to contaminants such 


as fuels, oils, and herbicides, which could result in injury and mortality of adults, eggs, or hatchlings.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public, unpaved DWR facility access roads. AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would reduce the potential for injury or 


mortality from contaminant spills by requiring spill prevention and control plans. AMM-17 would 


also minimize impacts from maintenance-related activities by requiring a preconstruction 


environmental review, preconstruction surveys, a biological monitor when appropriate, and non-


disturbance buffers using construction fencing where applicable (Appendix 3A). 


Maintenance during project operations could include inspection and maintenance of tunnel shafts, 


maintenance of the constructed water conveyance tunnel, vegetation control around tunnel shafts, 


and periodic presence of staff and vehicle traffic. Maintenance activities at launch and maintenance 


shafts would include semiannual general and ground maintenance (e.g., mowing, vegetation 


trimming, herbicide application), burrow filling (for the purpose of rodent control), and daily 


inspections by vehicle.  


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of northwestern pond turtle adults, eggs, and 


hatchlings. Vehicle traffic traveling on access roads within the facilities could result in injury or 


mortality. Maintenance activities could also expose northwestern pond turtle to contaminants such 


as fuels, oils, and herbicides, which could result in injury and mortality of adults, eggs, or hatchlings.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public, unpaved DWR facility access roads. AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would reduce the potential for injury or 


mortality from contaminant spills by requiring spill prevention and control plans. AMM-17 would 


also minimize impacts from maintenance-related activities by requiring a preconstruction 


environmental review, preconstruction surveys, a biological monitor when appropriate, and non-


disturbance buffers using construction fencing where applicable (Appendix 3A). 
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6C.14.5 Reusable Tunnel Material 


There are no operations and maintenance activities associated with the RTM sites and therefore no 


effects on northwestern pond turtle.  


6C.14.6 Bethany Complex 


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and operations within the Bethany 


Complex footprint.  


The operational components of the Bethany Complex include the Bethany Reservoir Pumping Plant, 


Bethany Reservoir Aqueduct, and Bethany Reservoir Discharge Structure. All aboveground portions 


of these features would have permanent facility lighting. Permanent outdoor facility lighting would 


be motion-activated and therefore would only be lit for a short time when activated (which is 


expected to occur infrequently). To further minimize impacts from permanent lighting, the fixtures 


would also be downcast, cut-off types with non-glare finishes (Chapter 3, Section 3.2.13). Because 


permanent facilities would have motion-detected lights, they are not expected to contribute to 


ambient nighttime light.  


The Bethany Reservoir Pumping Plant operations are not expected to generate noise that would 


substantially alter the existing environment. The pumping plant would be within an underground 


facility, and therefore operational light and noise would not be expected to affect species. The 


Bethany Reservoir Aqueduct has aboveground and below-ground sections; the Bethany Reservoir 


Aqueduct would contain moving water but this is not expected to be a substantial source of noise 


because the aboveground sections would be backfilled with approximately 6 feet of soil and the 


tunneled portions would be below the ground surface. The Bethany Reservoir Discharge Structure 


would contain large volumes of flowing water at times and would be a source of noise in the areas 


adjacent to the structure.  


Maintenance of the pumping plant, surge basin, aqueduct, discharge structure, and the right-of-way 


would require vegetation removal. Access roads within the Bethany Complex would be repaved 


every 15 years. Maintenance activities would generally be conducted during the day, except for 


emergency maintenance, and would therefore not require additional lighting. 


The operational components of the Bethany Complex include the Bethany Reservoir Pumping Plant, 


aqueduct, and Bethany Reservoir Discharge Structure. Pumping plant operations would occur 


within an underground facility, and the aqueduct and discharge structure would be operated 


aboveground within the Bethany Complex. Operation of the Bethany Complex would involve 


periodic presence of humans and vehicle travel on access roads during day and night. The Bethany 


Complex includes the surface lands above the tunnel portion of the aqueduct that runs from the 


pumping plant facility to Bethany Reservoir. Maintenance of the pumping plant, surge basin, 


aqueduct, discharge structure, and associated facilities would involve periodic vegetation removal 


and repaving access roads within the Bethany Complex facilities every 15 years. 


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of northwestern pond turtle adults, eggs, and 


hatchlings. Vehicle traffic traveling on access roads within the facilities could result in injury or 
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mortality. Maintenance activities could also expose northwestern pond turtle to contaminants such 


as fuels, oils, and herbicides, which could result in injury and mortality of adults, eggs, or hatchlings.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public, unpaved DWR facility access roads. AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would reduce the potential for injury or 


mortality from contaminant spills by requiring spill prevention and control plans. AMM-17 would 


also minimize impacts from maintenance-related activities by requiring a preconstruction 


environmental review, preconstruction surveys, a biological monitor when appropriate, and non-


disturbance buffers using construction fencing where applicable (Appendix 3A). 


6C.14.7 Access Roads 


The construction of new access roads, a new access railroad spur on Lower Roberts Island, and 


improvements to existing roads are necessary to support project construction and project facilities. 


In addition to these road and railroad features, impacts from levee improvements on Lower Roberts 


Island are also evaluated in this section (as the levee improvements would be adjacent to the access 


road, have similar impacts on species, and occur at roughly the same time).  


Operational activities on access roads include vehicles and equipment traveling to, from, and within 


the project facilities. Some access roads would have permanent night-lighting, which would be 


downcast (Chapter 3, Section 3.2.13). Maintenance of access roads would include grading, repaving, 


and vegetation removal. Existing access roads in the vicinity of the intakes and shafts would be 


repaved every 15 years. Maintenance would not be conducted by DWR on public access roads, such 


as SR 160 and SR 12. Maintenance activities would generally be conducted during the day, except for 


emergency maintenance, and would therefore not require additional lighting. 


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of northwestern pond turtle adults, eggs, and 


hatchlings. Vehicle traffic traveling on access roads could result in injury or mortality. Maintenance 


activities could also expose northwestern pond turtle to contaminants such as fuels, oils, and 


herbicides, which could result in injury and mortality of adults, eggs, or hatchlings.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public, unpaved DWR facility access roads. AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would reduce the potential for injury or 


mortality from contaminant spills by requiring spill prevention and control plans. AMM-17 would 


also minimize impacts from maintenance-related activities by requiring a preconstruction 


environmental review, preconstruction surveys, a biological monitor when appropriate, and non-


disturbance buffers using construction fencing where applicable (Appendix 3A). 


6C.14.8 Electrical and SCADA Facilities 


DWR is not responsible for the operations and maintenance of electrical facilities. Operation and 


maintenance of electrical facilities would be the responsibility of the electrical providers—SMUD, 


WAPA, and PG&E. These companies would own and maintain their respective electrical facilities.  
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DWR is responsible for any maintenance activities associated with SCADA facilities; SCADA facilities 


do not have any associated operational activities. Maintenance activities on SCADA facilities would 


include emergency repair of underground or aboveground SCADA lines. Vegetation management 


along SCADA line sections would not be required because underground SCADA lines occur within 


roadway rights-of-way (that are not vegetated) and the new aboveground SCADA line occurs on 


existing poles that are being managed from vegetation in the existing conditions.  


There is potential for injury or mortality to northwestern pond turtle adults, eggs, or hatchlings 


where the temporary use and staging of vehicles and equipment and ground disturbance (including 


trenching) are necessary to maintain or repair a SCADA line. The potential effects of injury or 


mortality due to collisions with operations- and maintenance-related vehicles would be minimized 


through AMM-18: Avoid and Minimize Operational Traffic Impacts on Wildlife, which requires speed 


limits of 15 miles per hour and traffic control structures on non-public, unpaved DWR facility access 


roads (as described in Appendix 3A). Implementation of AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would reduce the potential for injury or 


mortality from contaminant spills by requiring spill prevention and control plans (Appendix 3A). 


6C.14.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:19 concrete and CLSM 


batch plants and park-and-ride lots. The CLSM batch plants and Hood-Franklin Park-and-Ride lot 


would be used during construction and then removed. Vehicles moving and parking at these 


facilities and chemical contamination from vehicle leaks could result in injury or mortality of 


northwestern pond turtle adults, eggs, or hatchlings. AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would require spill prevention and 


response measures be in place to avoid and minimize accidental discharges into wetlands, including 


northwestern pond turtle aquatic habitat. 


6C.14.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facilities would be constructed to deliver water from the Union Island 


tunnel shaft to the existing CCWD Middle River Pipeline on Victoria Island. The CCWD 


interconnection facilities would include an interconnection pump station, a new underground 1.6-


mile conveyance pipeline, and an interconnection valve to connect to the existing CCWD Middle 


River Pipeline.  


DWR would be responsible for operations and maintenance of the interconnection pump station and 


interconnection pipeline between the Union Island tunnel shaft and the existing CCWD pumping 


plant. CCWD would be responsible for operations and maintenance of the interconnection valve 


within the CCWD facility. Operations and maintenance of the interconnection pump station would 


be similar to those at the Union Island tunnel shaft and take place within the shaft’s permanent 


 
19 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road 
work areas included in Section 6.14.7, Access Roads, and Section 6.14.6, Bethany Complex, but the road work area 
described in this section occurs in a discreet location, outside a large project footprint.  
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footprint. Inspections of the interconnection pump station and pipeline would occur at regular 


intervals, and annual mowing of the pipeline right-of-way would occur as needed. 


The operational components of the CCWD interconnection pump station and interconnection valve 


would take place within the permanent footprints of the Union Island tunnel shaft and CCWD 


pumping plant, which would no longer contain suitable northwestern pond turtle habitat. There is 


potential for injury or mortality to northwestern pond turtle where the temporary use and staging 


of vehicles and equipment and ground disturbance (including trenching) are necessary to maintain 


or repair the CCWD interconnection pipeline. Use of vehicles and heavy equipment for operations 


and maintenance activities could result in the injury, mortality, and disruption of normal behaviors 


of northwestern pond turtle. Maintenance activities could also expose northwestern pond turtle and 


its habitat to contaminants such as fuels, oils, and herbicides, which could result in injury and 


mortality of adults, eggs, and hatchlings.  


The potential effects of injury or mortality due to collisions with operations- and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires posted speed limits of 15 miles per hour and traffic control 


structures on non-public, unpaved project facility access roads (Appendix 3A). AMM-17: Avoid and 


Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities would reduce the 


potential for injury or mortality from contaminant spills by requiring spill prevention and control 


plans. AMM-17 would also minimize impacts by requiring a preconstruction environmental review, 


preconstruction surveys, a biological monitor when appropriate, and non-disturbance buffers where 


applicable (Appendix 3A). Maintenance activities would generally be conducted during the day, 


except for emergency maintenance, and would therefore not require additional lighting. 


6C.14.11 Compensatory Mitigation 


6C.14.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


The CMP (Appendix 3B) would offset the permanent loss of wetlands and habitat for special-status 


species, including northwestern pond turtle, by creating and enhancing habitat on Bouldin Island 


and I-5 ponds and managing these areas in perpetuity. The habitat creation and enhancement sites 


would overlap with modeled northwestern pond turtle habitat.  


Operation and maintenance of CMP created and enhanced habitat would require general site 


maintenance (i.e., site visits, trash removal, maintenance of signs, fences, and gates), vegetation 


management (i.e., mowing, controlled burns, grazing, discing), levee and channel maintenance (i.e., 


levee inspection, dredging, road repairs, grading, rodent abatement), and monitoring. These 


activities would require the use of vehicles and/or boats, heavy equipment, and periodic presence of 


personnel. Specific long-term management plans would be developed for each site. Maintenance 


activities would take place during daylight hours. 


Operations 


The creation and enhancement of wetlands have the potential to increase bioavailability of 


contaminants such as methylmercury, CHABs, and selenium by creating conditions favorable for the 


formation of these contaminants. These contaminants have been known to transfer from aquatic to 


adjacent terrestrial food webs (Cristol et al. 2008:335) (Appendix 6B) and elevated methylmercury 


concentrations have been documented in pond turtles and their prey suggesting these species could 


be at risk for adverse effects of mercury contamination (U.S. Fish and Wildlife Service 2023). 
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Potential for increased methylmercury exposure, relative to existing conditions, is likely low at 


Bouldin Island and the I-5 ponds for the below reasons (see Appendix 6B, Section 6B.1 for more 


information).  


⚫ Both areas contain existing wetlands with conditions that allow mercury in the soil to be 


transformed into methylmercury.  


⚫ Perennial wetlands and seasonal wetlands would not have the frequent wetting and drying 


cycles associated with the highest methylmercury production. 


⚫ The I-5 ponds are in areas that were not historically connected to Delta waters, therefore it is 


unlikely that little, if any, mercury was deposited in soils at these locations.  


⚫ Bouldin Island was historically tidal marsh and mercury deposition likely occurred at this site; 


however, much of Bouldin Island consists of agricultural crops that are managed to flood 


seasonally, which creates existing conditions that promote mercury methylation.  


In addition, mercury monitoring and adaptive management would be implemented at the Bouldin 


Island and I-5 ponds as described in AMM-23: Develop and Implement a Mercury Monitoring and 


Management Plan.  


As described in Appendix 6B, Section 6B.2, the likelihood of CHAB formation is low at the I-5 ponds 


because they are not tidally connected and would contain ambient water that would not contain 


Microystis. However, Bouldin Island wetland sites have the potential to result in increased CHAB 


formation. To reduce the potential for incidental take, CHAB monitoring and adaptive management 


would be implemented at the Bouldin Island site to meet specific performance criteria as part of the 


site-specific maintenance and management plans described in Appendix 3B, Sections 3B.6 and 3B.7.  


Creation and enhancement of wetlands on Bouldin Island and at the I-5 ponds is not expected to 


increase the risk of selenium exposure to northwestern pond turtle using these habitats because 


existing selenium concentrations in the Sacramento River watershed are low (Central Valley 


Regional Water Quality Control Board 1988:14) and, therefore, existing selenium in sediments at 


Bouldin Island or the I-5 ponds are expected to be low (Appendix 6B, Section 6B.3). Also, modeled 


selenium concentrations in water, fish tissue, and bird eggs in the existing condition near this 


location have selenium levels far below levels of concern (Appendix 6B, Section 6B.3.3). Therefore, 


wetland creation and enhancement on Bouldin Island and at the I-5 ponds would not be expected to 


increase the bioavailability of selenium, relative to existing conditions, and is not likely to adversely 


affect northwestern pond turtle. 


Maintenance 


Maintenance and monitoring activities would generate small levels of noise, require some vehicle 


traffic, and require the periodic presence of staff and vehicle traffic that could disturb normal 


northwestern pond turtle behavior. Monitoring activities may include some in-water sampling, 


including small boat or kayak-based sampling and monitoring.  


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of northwestern pond turtle adults, eggs, and 


hatchlings. Vehicle traffic traveling on access roads within the facilities could result in injury or 


mortality. Maintenance activities could also expose northwestern pond turtle to contaminants such 


as fuels, oils, and herbicides, which could result in injury and mortality of adults, eggs, or hatchlings.  
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The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public, unpaved DWR facility access roads. AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would reduce the potential for injury or 


mortality from contaminant spills by requiring spill prevention and control plans. AMM-17 would 


also minimize impacts from maintenance-related activities by requiring a preconstruction 


environmental review, preconstruction surveys, a biological monitor when appropriate, and non-


disturbance buffers using construction fencing where applicable (Appendix 3A). 


6C.14.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be purchased to meet compensatory mitigation 


requirements for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, 


vernal pool tadpole shrimp, alkali seasonal wetland, and vernal pool habitat. Mitigation or 


conservation bank credits for these species or wetlands would be purchased at banks that have been 


approved by USFWS, and would have measures to avoid, minimize, and offset any effects to listed 


species. Therefore, the purchase of mitigation or conservation bank credits for special-status species 


would not result in additional adverse effects on northwestern pond turtle.  


6C.14.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.9.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. A non-bank site would protect, enhance, and manage 


suitable vernal pool or alkali seasonal wetland habitat. Vernal pool and alkali seasonable wetland 


habitat is not suitable for northwestern pond turtle and therefore this activity would have no effect 


on northwestern pond turtle. 


6C.14.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (Wood and Martin 2016). Examples include conservation 


easements, deed restrictions, transfer of title, or other documents such as Conservation Land Use 


Agreements. The site protection instrument would describe site ownership, management, and 


enforcement of any use restrictions. As with mitigation bank, conservation bank, or non-bank sites; 


the quantity and quality of acres proposed to be included in a site protection instrument would be 


determined, in coordination with the USFWS, during the preconstruction phase as described in 


Appendix 3B. 


Site protection instruments for greater sandhill crane, Swainson’s hawk, and tricolored blackbird 


would primarily consist of the protection and management of existing agricultural areas but may 


also include protection and management of natural communities ( see Section 6C.3.9.3 for details on 


these species). However, these protected lands are likely to be located in the central or northern 


parts of the legal Delta and would likely overlap with suitable northwestern pond turtle habitat.  


Because these are protection instruments (and will not require substantial habitat restoration or 


creation), the potential for incidental take of northwestern pond turtle is low. Land management 
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activities associated with site protection instruments would be typical of agricultural lands and 


include ground disturbance, vehicle traffic, use of heavy equipment, and use of contaminants such as 


fuels, oils, and herbicides. These activities would have potential to result in the injury, mortality, and 


disruption of normal behaviors of northwestern pond turtle just as they do in the existing condition. 


Changes in water management or crop types for Swainson’s hawk would be unlikely to affect 


northwestern pond turtle suitable habitat as the protection instruments to benefit this species 


would target preservation of alfalfa, grain, hay, or field crop types (and these types do not provide 


suitable northwestern pond turtle habitat). Site protection instruments to benefit greater sandhill 


crane and tricolored blackbird would either maintain or increase the extent and duration of flooded 


habitat (whether that be flooded corn for the crane or freshwater emergent wetland for the 


blackbird) and thus would either maintain or increase potentially suitable habitat for the 


northwestern pond turtle.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public, unpaved DWR facility access roads. AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would reduce the potential for injury or 


mortality from contaminant spills by requiring spill prevention and control plans. AMM-17 would 


also minimize impacts from maintenance-related activities by requiring a preconstruction 


environmental review, preconstruction surveys, a biological monitor when appropriate, and non-


disturbance buffers using construction fencing where applicable (Appendix 3A). To offset any 


decrease in northwestern pond turtle habitat as a result of water management or crop type change, 


the CMP and site-specific permitting approvals would ensure that there is no significant loss in 


habitat or habitat value by adjusting the overall commitment (Appendix 3B, Section 3B.1, 


Introduction, Section 3B.2.4, Mitigation Design Parameters, and Attachment 3B.1, Compensatory 


Mitigation Design Parameters, Table 3B.1-2, CMP-0: General Design Guidelines). 


6C.14.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for migrating salmonids that would benefit from 


enhancement actions.  


There are no operational actions associated with channel margin enhancements. Maintenance and 


management actions would be identified in a long-term management plan for each channel margin 


mitigation location and would include actions such as vegetation management, weed control, trash 


management, and road, levee, and channel maintenance. In addition, an adaptive management and 


monitoring plan would be prepared for each channel margin location and could include 


effectiveness monitoring and focused research projects, both of which could require on-site 


collection of water quality, vegetation cover, species occurrence, or other types of biological data. 
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The long-term management and adaptive management and monitoring plans are described in 


Appendix 3B, Sections 3B.6 and 3B.7. 


Maintenance and monitoring activities would generate small levels of noise, require some vehicle 


traffic, and ground disturbance, and require the periodic presence of staff and vehicle traffic that 


could disturb normal northwestern pond turtle behavior. Monitoring activities may even include 


some in-water sampling, boat traffic, and trapping.  


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of northwestern pond turtle adults, eggs, and 


hatchlings. Vehicle traffic traveling on levee roads in the channel margin enhancement area during 


the active season (May 1 to October 1) could result in injury or mortality. Maintenance activities 


could also expose northwestern pond turtle to contaminants such as fuels, oils, and herbicides, 


which could result in injury and mortality.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public, unpaved DWR facility access roads. AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would reduce the potential for injury or 


mortality from contaminant spills by requiring spill prevention and control plans. AMM-17 would 


also minimize impacts from maintenance-related activities by requiring a preconstruction 


environmental review, preconstruction surveys, a biological monitor when appropriate, and non-


disturbance buffers using construction fencing where applicable (Appendix 3A). With these 


measures in place, channel margin enhancement maintenance actions are not likely to adversely 


affect northwestern pond turtle. 


6C.14.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and emergent wetland habitats 


provide important foraging and refugia habitat for listed fish species. The restoration of tidal 


perennial and wetland habitat, particularly complex wetland systems containing dendritic channels 


and shallow subtidal areas, is intended to support improved survival and growth (including food 


production) of one or more life stages of each listed fish species addressed in the biological 


assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough Complex will be 


prioritized as these areas would provide greater benefits for target fish species.  


Tidal restoration will generally be achieved by reconnecting former wetland areas to adjacent tidal 


sloughs and rivers. Restoration would primarily occur through breaching or setback of levees, thereby 


restoring tidal fluctuation to land parcels currently isolated behind those levees. Where practicable 


and appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  


There are no operational actions associated with tidal wetland restoration locations. Maintenance 


and management actions would be identified in a long-term management plan for each tidal 


restoration location and would include actions such as vegetation management, weed control, and 


trash management, and facilities maintenance and management. In addition, an adaptive 


management and monitoring plan would be prepared for each channel margin location and could 
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include effectiveness monitoring and focused research projects, both of which could require on-site 


collection of water quality, vegetation cover, species occurrence, or other types of biological data. 


The long-term management and adaptive management and monitoring plans are described in 


Appendix 3B, Sections 3B.6 and 3B.7. 


Operations 


Tidal restoration could affect water quality in the Delta, namely levels of methylmercury, selenium, 


and CHABs such as Microcystis. Based on the proposed location of restoration sites in the lower Yolo 


Bypass and Cache Slough Complex, tidal restoration is not expected to increase the bioavailability of 


selenium or result in conditions conducive to CHABs that could result in adverse effects on 


northwestern pond turtle, relative to existing conditions. For the rationale and assumptions that 


support this finding, see Appendix 6B. However, the creation of tidal wetland habitats could create 


conditions conducive to methylation of mercury and promote uptake and bioaccumulation of 


methylmercury in northwestern pond turtle or affect prey availability within and adjacent to new 


tidal habitats. 


To minimize the effects of methylmercury on northwestern pond turtle due to tidal habitat 


restoration, AMM-23: Develop and Implement a Mercury Management and Monitoring Plan for 


Wetland Creation and Enhancement Sites would involve the development of an MMMP to guide tidal 


habitat design. The MMMP would require project-specific assessments of tidal wetland habitats, 


integration of design measures to minimize mercury methylation, site monitoring and reporting, 


and adaptive management. 


Maintenance 


Maintenance and monitoring activities would generate small levels of noise, require some vehicle 


traffic, and ground disturbance, and require the periodic presence of staff and vehicle traffic that 


could disturb normal giant garter snake behavior. Water quality monitoring and habitat assessment 


activities may include in-water disturbance and boat traffic.  


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of northwestern pond turtle adults, eggs, and 


hatchlings. Vehicle traffic traveling on levee roads in the channel margin enhancement area during 


the active season (May 1 to October 1) could result in injury or mortality. Maintenance activities 


could also expose northwestern pond turtle to contaminants such as fuels, oils, and herbicides, 


which could result in injury and mortality.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public, unpaved DWR facility access roads. AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would reduce the potential for injury or 


mortality from contaminant spills by requiring spill prevention and control plans. AMM-17 would 


also minimize impacts from maintenance-related activities by requiring a preconstruction 


environmental review, preconstruction surveys, a biological monitor when appropriate, and non-


disturbance buffers using construction fencing where applicable (Appendix 3A). With these 


measures in place, tidal wetland restoration maintenance actions are not likely to adversely affect 


northwestern pond turtle. 
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6C.14.12 Effects on Critical Habitat 


Critical habitat has not been designated for western pond turtle. 


6C.14.13 Cumulative Effects 


Refer to Chapter 6), Section 6.14.13, Cumulative Effects, for more information.  


6C.15 Western Spadefoot 
Appendix 6A describes the definitions, methods and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Section 4.4.23.6, Suitable Habitat Definition, and Section 4.4.23.7, 


Habitat Suitability Model, define suitable habitat and describe the habitat model for western 


spadefoot. Refer to Chapter 6, Section 6.15, Western Spadefoot, for more information.  


6C.15.1 Field Investigations 


There would be no ongoing operations and maintenance associated with field investigations; 


therefore, there would be no effect on western spadefoot. 


6C.15.2 North Delta Intakes 


The north Delta intake construction area does not overlap with western spadefoot modeled habitat. 


Activities in this area would not affect the species. 


6C.15.3 Tunnels  


The tunnel alignment from the north Delta intakes to the Bethany Complex does not overlap with 


western spadefoot modeled habitat. Activities in this area would not affect the species.  


6C.15.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove tunnel boring machines at the 


intakes, along the tunnel alignment, and at the Bethany Complex. Western spadefoot modeled 


habitat does not overlap with any tunnel shaft locations.  


6C.15.5 Reusable Tunnel Material 


RTM areas do not overlap with Western spadefoot modeled habitat. Activities for these facilities 


would not affect the species. 


6C.15.6 Bethany Complex 


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and operations within the Bethany 
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Complex footprint. The Bethany Reservoir Aqueduct that connects the Bethany Reservoir Pumping 


Plant to the Bethany Reservoir Discharge Structure would be aboveground, except for two tunneled 


sections that would pass under the Jones Pumping Plant discharge pipelines and Bethany 


Conservation Easement. The tunneled portion of the Bethany Aqueduct under the conservation 


easement would be constructed at a depth of 45 to 180 feet below ground surface, and entry and 


exit portals to the aqueduct would be outside of the conservation easement (Chapter 3, Section 


3.2.6.3). All geotechnical, construction, and maintenance activities would avoid surface disturbance 


to the conservation easement. No surface facilities (e.g., roads, utilities, or other structures) would 


be located on top of the conservation easement and no surface maintenance (e.g., mowing) would be 


conducted on the conservation easement. Maintenance activities of the aqueduct would be 


conducted from inside the tunnel and access to inside of the tunnel would occur outside of the 


conservation easement boundary.  


The operational components of the Bethany Complex include the Bethany Reservoir Pumping Plant, 


Bethany Reservoir Aqueduct, and Bethany Reservoir Discharge Structure. All aboveground portions 


of these features would have permanent facility lighting. Permanent outdoor facility lighting would 


be motion-activated and therefore would only be lit for a short time when activated (which is 


expected to occur infrequently). To further minimize impacts from permanent lighting, the fixtures 


would also be downcast, cut-off types with non-glare finishes (Chapter 3, Section 3.2.13). Because 


permanent facilities would have motion-detected lights, they are not expected to contribute to 


ambient nighttime light.  


The Bethany Reservoir Pumping Plant operations are not expected to generate noise that would 


substantially alter the existing environment. The pumping plant would be within an underground 


facility, and therefore operational light and noise would not be expected to affect species. The 


Bethany Reservoir Aqueduct has aboveground and below-ground sections; the Bethany Reservoir 


Aqueduct would contain moving water but this is not expected to be a substantial source of noise 


because the aboveground sections would be backfilled with approximately 6 feet of soil and the 


tunneled portions would be 50 to 180 feet below the ground surface; due to the depth of the 


tunneled portion it is anticipated that any noise or vibration from flowing water through the tunnel 


would attenuate before reaching the ground surface. The Bethany Reservoir Discharge Structure 


would contain large volumes of flowing water at times and would be a source of noise in the areas 


adjacent to the structure.  


Maintenance of the pumping plant, surge basin, aqueduct, discharge structure, and the right-of-way 


would require vegetation removal. Access roads within the Bethany Complex would be repaved 


every 15 years. Maintenance activities would generally be conducted during the day, except for 


emergency maintenance, and would therefore not require additional lighting. 


The operational components of the Bethany Complex include the Bethany Reservoir Pumping Plant, 


aqueduct, and Bethany Reservoir Discharge Structure. Pumping plant operations would occur 


within an underground facility. The aqueduct and discharge structure would be operated 


aboveground, but any light or noise generated from operations would not be expected to affect 


Western spadefoot habitat.  


Vehicles and heavy equipment used for maintenance activities could injure or kill western 


spadefoot. Maintenance-related runoff and contaminants such as gas, oil, steering fluid, herbicides, 


and pesticides could accidentally be discharged into western spadefoot upland habitat and result in 


injury and mortality or habitat degradation. 
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Maintenance of the pumping plant, surge basin, surface lands above the aqueduct, discharge 


structure, and associated facilities would not affect Western spadefoot aquatic habitat because there 


are no aboveground facilities that occur within 250 feet of aquatic habitat. Although the Bethany 


Reservoir Aqueduct would affect a potentially suitable aquatic pool during construction and would 


be within 250 feet of the remaining portions of that pool, as well as another pool, this section of the 


aqueduct would be buried and maintenance would be limited to vegetation management around 


manways (i.e., access points to buried pipelines), which would be more than 500 feet from the 


nearest aquatic habitat and would not likely result in direct or indirect effects on the aquatic habitat. 


To limit injury and mortality from vehicles, AMM-18: Avoid and Minimize Operational Traffic Impacts 


on Wildlife would require speed limits of 15 miles per hour and traffic control structures on non-


public, unpaved DWR facility access roads (Appendix 3A). AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would further reduce the potential for 


injury or mortality due to vehicles and equipment, contaminant spills, or disruption of behaviors 


from operations and maintenance activities by requiring spill prevention and control plans, a 


preconstruction environmental review, preconstruction surveys, a biological monitor, and, when 


appropriate, and non-disturbance buffers using construction fencing, where applicable. 


6C.15.7 Access Roads 


The construction of new roads and improvements to existing roads are necessary to support project 


construction. New access roads would be either gravel or paved and would be built to connect 


existing roads to construction areas. Existing roads would be widened and improved to support the 


construction-related traffic, and existing roads in the vicinity of the intakes and shafts would be 


repaved every 15 years. The access roads that overlap with western spadefoot modeled habitat are 


those that are in service to, but occur outside of, the Bethany Complex; improvements to Hood-


Franklin Road, and an intake haul road to north Delta intakes.  


There are three regions where new access roads would be constructed and existing access roads 


would be improved in service of the Bethany Complex: to the northeast of the Bethany Complex, 


connecting Mountain House Road to Byron Highway; between Mountain House Road and the 


Bethany discharge structure; and to the south of the Bethany Complex, connecting Mountain House 


Road to Grant Line Road (Chapter 6, Figure 6.15-1). A haul road would be constructed and used to 


access the northern intake facility. Additionally, an existing road would be improved along Hood-


Franklin Road in service to a Park-and-Ride on Hood-Franklin Road. For more information about 


access roads see Chapter 3, Section 3.2.7, Access Roads.  


Operational activities on access roads include vehicles and equipment traveling to, from, and within 


the project facilities. Some access roads would have permanent facility lighting, which would be 


downcast (Chapter 3, Section 3.2.13). Maintenance of access roads would include periodic grading, 


repaving, and vegetation removal. Maintenance activities would generally be conducted during the 


day, except for emergency maintenance, and would therefore not require additional lighting. 


Impacts from operations and maintenance activities are evaluated only where they occur within 


DWR-owned or DWR-maintained facilities. Vehicles and heavy equipment used for operations and 


maintenance activities could injure or kill Western spadefoot. Operations- and maintenance-related 


runoff and contaminants such as gas, oil, steering fluid, herbicides, and pesticides could accidentally 


be discharged into California tiger salamander habitat and result in injury and mortality or habitat 


degradation.  
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AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance Activities 


would reduce the potential for injury or mortality due to vehicles and equipment, contaminant 


spills, or disruption of behaviors from operations and maintenance activities by requiring spill 


prevention and control plans, a preconstruction environmental review, preconstruction surveys, 


environmental resources work awareness training, and a biological monitor, when appropriate, and 


non-disturbance buffers, where applicable (Appendix 3A). 


6C.15.8 Electrical and SCADA Facilities 


DWR is not responsible for the operations and maintenance of electrical facilities. Operation and 


maintenance of electrical facilities would be the responsibility of the electrical providers—SMUD, 


WAPA, and PG&E. These companies would own and maintain their respective electrical facilities.  


DWR is responsible for any operation and maintenance activities associated with SCADA facilities; 


however, SCADA facilities do not have any associated operational activities. Maintenance activities 


on SCADA facilities would include emergency repair of underground or aboveground SCADA lines. 


Vegetation management along SCADA line sections would not be required because underground 


SCADA lines occur within roadway rights-of-way (that are not vegetated) and the new aboveground 


SCADA line occurs on existing poles that are being managed from vegetation in the existing 


conditions. Electrical and SCADA facilities operations and maintenance actions are evaluated 


programmatically and would be subject to future, “step down” consultation when site-specific 


information becomes available. 


There is potential for injury or mortality to western spadefoot where the temporary use and staging 


of vehicles and equipment and ground disturbance (including trenching) are necessary to maintain 


or repair a SCADA line. The potential effects of injury or mortality due to collisions with operations- 


and maintenance-related vehicles would be minimized through AMM-18: Avoid and Minimize 


Operational Traffic Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic 


control structures on non-public, unpaved DWR facility access roads (Appendix 3A). 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality from contaminant spills by 


requiring spill prevention and control plans (Appendix 3A). 


There is potential for injury or mortality to western spadefoot where the temporary use and staging 


of vehicles and equipment and ground disturbance (including trenching) are necessary to maintain 


or repair a SCADA line. The potential effects of injury or mortality due to collisions with operations- 


and maintenance-related vehicles would be minimized through AMM-18: Avoid and Minimize 


Operational Traffic Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic 


control structures on non-public, unpaved DWR facility access roads (Appendix 3A). 


Implementation of AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities would reduce the potential for injury or mortality from contaminant spills by 


requiring spill prevention and control plans (Appendix 3A). 
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6C.15.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:20 concrete and CLSM 


batch plants and park-and-ride lots. None of these features overlap with the western spadefoot 


modeled habitat; thus, activities associated with these facilities are not expected to affect the 


species.  


6C.15.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with western spadefoot 


modeled habitat. Activities in this area would not adversely affect the species.  


6C.15.11 Compensatory Mitigation Plan 


6C.15.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


The Bouldin Island and I-5 Pond 6 creation and enhancement sites do not overlap with western 


spadefoot modeled habitat; therefore, construction activities at those sites would have no effect on 


the species. However, western spadefoot modeled habitat overlaps with initial mitigation sites at the 


Ponds 7 and 8. 


Operation and maintenance of CMP created and enhanced habitat would require general site 


maintenance (i.e., site visits, trash removal, maintenance of signs, fences, and gates), vegetation 


management (i.e., mowing, controlled burns, grazing, discing), levee and channel maintenance (i.e., 


levee inspection, dredging, road repairs, grading, rodent abatement), and monitoring. These 


activities would require the use of vehicles and/or boats, heavy equipment, and periodic presence of 


personnel. Specific long-term management plans would be developed for each site. Maintenance 


activities would take place during daylight hours. 


Operation 


The creation and enhancement of wetlands have the potential to increase bioavailability of 


contaminants such as methylmercury, CHABs, and selenium by creating conditions favorable for the 


formation of these contaminants. These contaminants have been known to transfer from aquatic to 


adjacent terrestrial food webs (Cristol et al. 2008:335) (Appendix 6B) and elevated methylmercury 


concentrations have been documented in amphibans, such as western toad (Anaxyrus boreas) and 


Sierra Nevada yellow-legged frog (Rana sierrae), suggesting western spadefoot could be at risk for 


adverse effects of mercury contamination (Tornabene et al. 2023:17514).  


Potential for increased methylmercury exposure, relative to existing conditions, is likely low at 


Bouldin Island and the I-5 ponds for the below reasons (see Appendix 6B, Section 6B.1 for more 


information).  


⚫ Both areas contain existing wetlands with conditions that allow mercury in the soil to be 


transformed into methylmercury.  


 
20 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road 
work areas included in Section 6.15.7, Access Roads, and Section 6.15.6, Bethany Complex, but the road work area 
described in this section occurs in a discreet location, outside a large project footprint.  
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⚫ Perennial wetlands and seasonal wetlands would not have the frequent wetting and drying 


cycles associated with the highest methylmercury production. 


⚫ The I-5 ponds are in areas that were not historically connected to Delta waters, therefore it is 


unlikely that little, if any, mercury was deposited in soils at these locations.  


⚫ Bouldin Island was historically tidal marsh and mercury deposition likely occurred at this site; 


however, much of Bouldin Island consists of agricultural crops that are managed to flood 


seasonally, which creates existing conditions that promote mercury methylation.  


In addition, mercury monitoring and adaptive management would be implemented at the Bouldin 


Island and I-5 ponds as described in AMM-23: Develop and Implement a Mercury Monitoring and 


Management Plan (Appendix 3A).  


As described in Appendix 6B, Section 6B.2, the likelihood of CHAB formation is low at the I-5 ponds 


because they are not tidally connected and would contain ambient water that would not contain 


Microystis. However, Bouldin Island wetland sites have the potential to result in increased CHAB 


formation. To reduce the potential for incidental take, CHAB monitoring and adaptive management 


would be implemented at the Bouldin Island site to meet specific performance criteria as part of the 


site-specific maintenance and management plans described in Appendix 3B, Sections 3B.6 and 3B.7.  


Creation and enhancement of wetlands on Bouldin Island and at the I-5 ponds is not expected to 


increase the risk of selenium exposure to western spadefoot using these habitats because existing 


selenium concentrations in the Sacramento River watershed are low (Central Valley Regional Water 


Quality Control Board 1988:14) and, therefore, existing selenium in sediments at Bouldin Island or 


the I-5 ponds are expected to be low (Appendix 6B, Section 6B.3). Also, modeled selenium 


concentrations in water, fish tissue, and bird eggs in the existing condition near this location have 


selenium levels far below levels of concern (Appendix 6B, Section 6B.3.3). Therefore, wetland 


creation and enhancement on Bouldin Island and at the I-5 ponds would not be expected to increase 


the bioavailability of selenium, relative to existing conditions, and is not likely to adversely affect 


western spadefoot. 


Maintenance 


Maintenance and monitoring activities would generate small levels of noise, require some vehicle 


traffic, and require the periodic presence of staff and vehicle traffic that could disturb normal 


western spadefoot behavior. Monitoring activities may include some in-water sampling, including 


small boat or kayak-based sampling and monitoring.  


Use of vehicles and heavy equipment for operations and maintenance activities could result in the 


injury, mortality, and disruption of normal behaviors of western spadefoot adults, eggs, and 


hatchlings. If western spadefoot were moving across access roads they could be injured or killed by 


maintenance vehicles. Maintenance activities could also expose western spadefoot to contaminants 


such as fuels, oils, and herbicides, which could result in injury and mortality of adults, eggs, or 


hatchlings.  


The potential effects of injury or mortality due to collisions with operations and maintenance-


related vehicles would be minimized through AMM-18: Avoid and Minimize Operational Traffic 


Impacts on Wildlife, which requires speed limits of 15 miles per hour and traffic control structures 


on non-public, unpaved DWR facility access roads. AMM-17: Avoid and Minimize Impacts on 


Terrestrial Biological Resources from Maintenance Activities would reduce the potential for injury or 


mortality from contaminant spills by requiring spill prevention and control plans. AMM-17 would 
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also minimize impacts from maintenance-related activities by requiring a preconstruction 


environmental review, preconstruction surveys, a biological monitor when appropriate, and non-


disturbance buffers using construction fencing where applicable (Appendix 3A). 


6C.15.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be purchased to meet compensatory mitigation 


requirements for California red-legged frog, California tiger salamander, western spadefoot, vernal 


pool fairy shrimp, vernal pool tadpole shrimp, alkali seasonal wetland, and vernal pool habitat. 


Mitigation or conservation bank credits for these species or wetlands would be purchased at banks 


that have been approved by USFWS, and would have measures to avoid, minimize, and offset any 


effects to listed species. Therefore, the purchase of mitigation or conservation bank credits for 


special-status species would not result in additional adverse effects on western spadefoot.  


6C.15.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.15.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down’ consultation when site-specific information becomes 


available. A non-bank site would protect, enhance, and manage suitable vernal pool or alkali 


seasonal wetland habitat. If non-bank sites are used for vernal pool or alkaline wetland creation or 


enhancement (Appendix 3B, Section 3B.3.2.4), these activities could occur in areas where western 


spadefoot have potential to occur.  


Management activities could include ground disturbance, require some vehicle traffic and use of 


heavy equipment, and use of contaminants such as fuels, oils, and herbicides, which could result in 


the injury, mortality, and disruption of normal behaviors of western spadefoot. The Western 


Spadefoot Avoidance and Minimization Measure described in Chapter 3, Section 3.6.2.11 would 


minimize impacts by requiring preconstruction surveys, requiring the presence of a qualified 


biological monitor, minimizing ground disturbing activities, minimizing nighttime construction, 


avoiding initial ground disturbance work during periods of rainfall, implementing a relocation plan, 


and installing exclusion fencing around the perimeter of construction sites where western spadefoot 


habitat is within 300 feet of construction activities 14 days prior to construction to reduce effects of 


construction. To reduce the potential effects of contamination from spills, AMM-2: Develop and 


Implement Hazardous Materials Management Plans, and AMM-3: Develop and Implement Spill 


Prevention, Control, and Countermeasure Plans would require spill prevention and control plans be 


created and implemented (Appendix 3A). With these measures in place, and the long-term benefits 


associated with protection and long-term management of Western spadefoot habitat, 


implementation of non-bank sites is not expected to adversely affect the species.  


6C.15.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (see Section 6C.3.9.3 for details on these species; Wood and 


Martin 2016). Examples include conservation easements, deed restrictions, transfer of title, or other 


documents such as Conservation Land Use Agreements. The site protection instrument would 
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describe site ownership, management, and enforcement of any use restrictions. As with mitigation 


bank, conservation bank, or non-bank sites, the quantity and quality of acres proposed to be 


included in a site protection instrument would be determined, in coordination with the USFWS and 


CDFW, during the preconstruction phase as described in Appendix 3B. Because actions associated 


with site protection instruments are expected to be beneficial, consultation under the ESA is not 


expected to be necessary. However, if consultation is required, it would occur in the future when 


site-specific information is available. 


Site protection instruments for greater sandhill crane, Swainson’s hawk, and tricolored blackbird 


would primarily consist of the protection and management of agricultural areas but may also 


include protection and management of natural communities (e.g., grasslands or vernal pool 


complex) in the action area (see Section 6C.3.9.3 for details on these species). The need for a site 


protection instrument is not yet known. Nor is the location of the protection known. However, these 


activities could occur in areas with suitable habitat for western spadefoot. 


Land management activities associated with site protection instruments could include ground 


disturbance, require some vehicle traffic and use of heavy equipment, and use of contaminants such 


as fuels, oils, and herbicides, which could result in the injury, mortality, and disruption of normal 


behaviors of western spadefoot. The potential effects of injury or mortality due to vehicle collisions 


would be minimized through AMM-18: Avoid and Minimize Operational Traffic Impacts on Wildlife, 


which requires speed limits of 15 miles per hour and traffic control structures on unpaved access 


roads. AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance 


Activities would reduce the potential for injury or mortality from contaminant spills by requiring 


spill prevention and control plans. AMM-17 would also minimize impacts from land management 


activities by requiring a preconstruction environmental review, preconstruction surveys, a 


biological monitor when appropriate, and non-disturbance buffers using construction fencing where 


applicable (Appendix 3A). Overall, site protection instruments would benefit western spadefoot r by 


protecting and managing lands with suitable western spadefoot habitat, limiting use of pesticides, 


and promoting habitat connectivity. 


6C.15.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the waterside of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


The location(s) for channel margin enhancement is not known; however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for migrating salmonids that would benefit from 


enhancement actions.  


There are no operations activities associated with channel margin enhancements. Maintenance and 


management activities would be identified in a long-term management plan for each channel margin 


mitigation location and would include activities such as vegetation management; weed control; 


trash management; and road, levee, and channel maintenance. In addition, an adaptive management 


and monitoring plan would be prepared for each channel margin location and could include 


effectiveness monitoring and focused research projects, both of which could require on-site 


collection of water quality, vegetation cover, species occurrence, or other types of biological data. 
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The long-term management and adaptive management and monitoring plans are described in 


Appendix 3B, Sections 3B.6 and 3B.7.  


There are no operational activities associated with channel margin habitat. Maintenance and 


monitoring activities would take place in areas that no longer provide habitat for western spadefoot; 


therefore, these activities would have no effect on the species. 


6C.15.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent 


wetland habitats provide important foraging and refugia habitat for listed fish species. The 


restoration of tidal perennial and wetland habitat, particularly complex wetland systems containing 


dendritic channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 


biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


Complex will be prioritized as these areas would provide greater benefits for target fish species.  


Tidal restoration will generally be achieved by reconnecting former wetland areas to adjacent tidal 


sloughs and rivers. Restoration would primarily occur through breaching or setback of levees, thereby 


restoring tidal fluctuation to land parcels currently isolated behind those levees. Where practicable 


and appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  


There are no operational actions associated with tidal wetland restoration locations. Maintenance 


and management actions would be identified in a long-term management plan for each tidal 


restoration location and would include actions such as vegetation management, weed control, and 


trash management, and facilities maintenance and management. In addition, an adaptive 


management and monitoring plan would be prepared for each channel margin location and could 


include effectiveness monitoring and focused research projects, both of which could require on-site 


collection of water quality, vegetation cover, species occurrence, or other types of biological data. 


The long-term management and adaptive management and monitoring plans are described in 


Appendix 3B, Sections 3B.6 and 3B.7. 


There are no operational activities associated with tidal restoration that could affect western 


spadefoot. Maintenance and monitoring activities would occur in areas that no longer provide 


suitable habitat for spadefoot; therefore, these activities would have no effect on the species. 


6C.15.12 Effects on Critical Habitat 


Critical habitat has not been designated for western spadefoot. 


6C.15.13 Cumulative Effects 


Refer to Chapter 6, Section 6.15.13, Cumulative Effects, for more information.  
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Appendix 7A 
Framework Programmatic Assessment for the Delta 


Conveyance Project and Sites Reservoir Project 


7A.1 Introduction 
This Proposed Action (PA) Biological Assessment (BA) includes a programmatic framework 


consultation (See Section 3.15 of the Long-Term Operations (LTO) BA for a description of the 


programmatic approach) for the operations of the Sites Reservoir Project (Sites) and the operations 


of the Delta Conveyance Project (DCP). The use of a mixed programmatic framework consultation 


for these two projects provides information, to the extent possible given the information available 


today, to assess how these projects would operate in the context of the LTO PA along with broadly 


assessing the impacts of the operations of each of these projects. This appendix will discuss these 


two distinct projects for which independent and separate programmatic coverage is sought, and it 


will discuss them collectively so the potential future combined effects of these projects as well as the 


ongoing operations of the CVP and SWP can be considered. 


For the Sites Project, the Sites Authority would own and operate all newly constructed project 


facilities that are not already owned by another entity. There are currently 22 Storage Partners 


representing local and regional water delivery agencies that serve over 24.5 million people and over 


500,000 acres of farmland that are paying for the Sites Project and that would receive the resulting 


water supply benefits. In addition, the State of California, through the California Water Commission, 


and the Bureau of Reclamation are also envisioned to be Storage Partners and receive water supply 


benefits. The Bureau of Reclamation is seeking coverage for its participation in Sites in the context of 


LTO, as well as Sites more generally as a project. Sites will not be a CVP facility. 


The DCP, proposed to be added as part of the State Water Project (SWP), includes the construction 


and operation of new water intake facilities on the Sacramento River in the north Delta and a single 


main tunnel to divert and move water entering the northern Delta from the Sacramento Valley 


watershed to existing SWP facilities in the southern Delta, which would result in a dual conveyance 


system for the SWP in the Delta. As described further in the draft DCP BA, for example, the DCP 


would operate primarily to capture excess flows when certain conditions are met and DWR is not 


seeking to increase its existing water rights, nor proposing any operations changes upstream of the 


Delta. The DCP would be part of the SWP’s integrated water delivery system and, therefore, would 


be considered within the SWP and CVP LTO. If the DCP becomes operational, it would be a part of 


the SWP Delta operations and subject to Reclamation and DWR Coordinated Operations Agreement 


(COA). The Bureau of Reclamation is seeking coverage for the DCP in the context of LTO. The DCP is 


not proposed as a CVP facility. 


This BA considers only the operation of Sites and of DCP (additional detailed information is 


provided in the project specific descriptions and analyses presented individually for projects in the 


Sites administrative draft biological assessment and the DCP draft biological assessment). All effects 


associated with intake operations, including near- and far-field effects within the river as well as 


potential associated effects to aquatic biological resources, are assessed through this Programmatic 


LTO analysis. In the sections below, potential effects to stressors are summarized in the same 
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manner as done in the species-specific effects analyses presented in Chapters 5-11, according to the 


assessment scheme used by National Marine Fisheries Service (2019:29). Project level assessment 


of operations will be included in subsequent consultations.  


The project level consultation for construction of these two projects are covered by separate BAs. 


For purposes of the USACE DCP BA, project-specific effects associated with construction and 


placement of DCP facilities, including in-water work, as well as both temporary and permanent 


impacts will be covered under the USACE’s section 7 consultation. Subsequent project-level 


consultation for Sites will be associated with the operations of the reservoir and the resulting effects 


to listed pelagic and anadromous species as implemented by the National Marine Fisheries Service 


(NMFS) and United States Fish and Wildlife Service. Reclamation will be the federal lead agency for 


that consultation.  


7A.2 Guiding Principles and Project Refinements 
Guiding principles inform the upfront development of operational criteria and measures to avoid or 


minimize effects to listed species and critical habitat, including possible adjustment through 


adaptive management, that would be analyzed in subsequent project-level consultations. Current 


proposed operational criteria will be included and considered through quantitative assessments, as 


applicable. Potential operational refinements will be informed by the programmatic analysis, which 


will guide subsequent project-level consultations. Adaptive Management is intended to further 


address outstanding uncertainties up to, and throughout, the operations phase. Project specific 


compliance efforts and monitoring would continue to be the responsibility of the individual projects, 


but there would be a commitment to ongoing coordination and information sharing to support the 


broader monitoring and adaptive management processes. In relation to the LTO process, it is 


anticipated that DCP and Sites adaptive management activities would be considered Bin 3 actions in 


the LTO AMP, i.e., adaptive management actions for which agencies evaluate data over longer 


periods of implementation (on the order of 10-15 years), potentially requiring a full structured 


decision-making process as described in further detail in Appendix B of the LTO Adaptive 


Management Program. Both programs would be coordinated and aligned with the LTO Adaptive 


Management Steering Committee, as needed. 


Guiding principles include principles applicable to Sites, principles that are applicable to DCP, 


principles that are the responsibility of both projects, as well as joint commitments related to 


coordination and cooperation that are the joint responsibility of both projects. Note that DCP would 


not create changes to baseline SWP or CVP upstream reservoir operational criteria. The DCP would 


be operated in a manner that does not impact either DWR or Reclamation’s ability to operate 


upstream reservoirs to meet existing and future criteria and regulations. The guiding principles for 


regions upstream from the Delta are therefore specific only to Sites and the Bureau of Reclamation’s 


participation in Sites. Guiding principles relevant to each species are discussed below in the 


qualitative effects analyses for DCP and Sites. Among these guiding principles is that the projects 


would operate consistent with existing and/or future regulatory requirements in the Delta as 


applied specifically to the projects; this includes not proposing to change any applicable Delta 


regulatory requirements that currently exist or that are proposed under the Proposed Action. 


Ongoing planning includes assessment of existing independent effects analyses for DCP, Sites, and 


LTO (as summarized in this document) as well as the following key efforts: 1) Development of a 
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combined LTO, Sites, and DCP Calsim 3 model to support the quantitative assessment of the 


projects; 2) Use of key biological tools (e.g. existing life-cycle-models for winter-run Chinook salmon, 


delta smelt and those in development for spring-run Chinook salmon, and longfin smelt once 


available) to evaluate combined/integrated effects of DCP, Sites, and LTO on listed species as well as 


critical habitat; 3) Use of aforementioned tools to revisit and refine operational criteria, as 


necessary; 4) Implementation of studies and monitoring efforts in support of adaptive management; 


5) Identification and planning for compensatory mitigation associated with operational effects. 


7A.3 DCP Combined with Proposed Action Qualitative 
Effects Analysis 


7A.3.1 Sacramento River Winter-Run Chinook Salmon 


Chapter 5 discusses the status of Sacramento River winter-run Chinook Salmon, including life 


history and habitat requirements, stressors, and an effects analysis of the Proposed Action. 


Summaries of the effects analysis for effects on the species and its critical habitat are provided in 


Tables WR1 and WR2. A qualitative analysis was conducted to provide a programmatic summary of 


the effects of the DCP for the species life stages, critical habitat physical and biological features, and 


stressors discussed for the Proposed Action (Tables WR1 and WR2)1. The analysis of the DCP was 


based on information in the draft DCP BA and Final Environmental Impact Report (FEIR), which 


includes consideration of various quantitative and qualitative analyses. 


As illustrated in Tables WR1 and WR2, the principal potential effects of the DCP in addition to the 


Proposed Action would be from operations effects of the north Delta intakes on juvenile rearing and 


outmigration and the associated critical habitat PBFs of river flows for downstream transport of 


juveniles and access downstream for juveniles. Life cycle modeling undertaken for DCP indicated 


overall potential negative effects on winter-run Chinook Salmon adult abundance based on two of 


the models (IOS and OBAN), whereas the Winter-Run Chinook Salmon Life Cycle Model suggested 


overall potential positive effects of DCP. Life cycle modeling described in Chapter 5 for the Proposed 


Action with the CVPIA winter-run Chinook salmon life cycle model suggested generally similar adult 


spawner abundance population change for Proposed Action phases compared to the No Action 


Alternative. 


The DCP intakes include cylindrical fish screens meeting fish agency standards for factors such as 


screen opening size and approach velocity to minimize risk from entrainment and impingement. The 


DCP intakes operational criteria include factors such as pulse protection criteria and bypass flows—


wherein diversions are restricted based on large-scale downstream movement of juvenile 


salmonids—in order to avoid or minimize the potential for negative effects. Compensatory 


mitigation would be undertaken for north Delta hydrodynamic effects including the potential for 


reduced riverine flow leading to a greater tidal influence and more flow and therefore juvenile fish 


entering the relatively low-survival interior Delta at Georgiana Slough, in addition to less inundation 


of riparian and wetland bench rearing habitat. 


As described further in Chapter 3, guiding principles would be applied to ensure that adverse effects 


 
1 The summary tables include broad consideration of conservation measures that may affect stressors, including 
those that may not be specific to the given stressor or species. 
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of the proposed operations of the DCP would be avoided, minimized, and offset. Guiding principles 


relevant to winter-run Chinook salmon include: 


⚫ Operate projects consistent with existing and/or future regulatory requirements in the Delta. 


⚫ Implement pulse flow criteria to provide migrating anadromous fish with an opportunity to 


migrate past the diversion locations with minimum exposure to diversions and further minimize 


effects to through-Delta survival. 


⚫ Utilize best available science to establish flow levels necessary to provide migratory and rearing 


habitat to minimize effects to juvenile anadromous fish survival and facilitate their movement 


out of the river toward the delta and bays. 


⚫ Monitor and mitigate effects of diversions on migrating anadromous species and their habitat 


through identification of opportunities to develop additional habitat (i.e. tidal and channel 


margin restoration) to improve productivity of those fish populations.  


⚫ Protect habitat conditions supporting listed pelagic and anadromous species, mitigate potential 


flow related effects of DCP with habitat restoration developed in coordination with National 


Marine Fisheries Service (NMFS), Fish and Wildlife Service (FWS), and California Department of 


Fish and Wildlife (CDFW) to improve productivity of those fish populations. 


⚫ Implement project operations and maintenance consistent with the proposed project 


description, as an integrated component of the SWP. 


 Future consultation on Delta Conveyance Project Operations and Maintenance is envisioned 


to update and align elements of project description with conditions (e.g. regulatory, climate, 


status of species) in advance of operations of the north Delta diversions. 


As described in Chapter 3, DCP has an adaptive management program which would integrate with 


the adaptive management program for the Proposed Action and includes a number of general 


principles such as cooperating with resource agencies in monitoring efforts and designing studies to 


test operational modifications to remedy or lessen unanticipated effects.  
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Table 7A-1. Qualitative Summary of DCP Combined with Proposed Action (PA) Effects on Sacramento River Winter-Run Chinook Salmon 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Adult 
Migration 


In-River Fishery and 
Poaching 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Stranding Risk Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Dissolved Oxygen Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations; no DCP operations effect on 
Delta water temperature (DSM2-QUAL) 
and would not affect dissolved oxygen 
(DCP FEIR chapter 9). 


Toxicity from 
Contaminants 


Increase 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (discountable/insignificant). 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM -27: Develop and 
Implement a Barge Operations Plan 


DCP construction effects from sediment 
disturbance and construction 
contaminants (limited temporal overlap 
because of AMM-14 work window; 
other AMMs minimize effects); DCP 
would not affect upstream operations; 
minimal operations effect on modeled 
contaminants in the Delta (DCP FEIR 
chapter 9). 


Water Temperature Increase 
(discountable/insignificant) 


— Construction: increase 
(discountable/insignificant). 
Operations and maintenance: not 
anticipated to change. 


Minimize/compensate: Mitigation Measure 
CMP (CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources) 


DCP removal of trees at construction 
sites would have minimal effects 
(channel margin habitat restoration 
would be undertaken to replace lost 
habitat); DCP would not affect upstream 
operations; no DCP operations effect on 
Delta water temperature (DSM2-QUAL). 


Pathogens and 
Disease 


Increase 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations; no DCP operations effect on 
Delta water temperature (DSM2-QUAL), 
noted as key driver of 
pathogens/disease (Chapter 5). 


Other construction-
related stressors 
(acoustic effects; 
direct physical 
injury; prey 
availability; 
predation; habitat 
extent) 


— — Increase (sub-lethal; proportion: 
small; frequency: low) 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and 
Implement an Underwater Sound Control 
and Abatement Plan; AMM-27: Develop and 
Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal 
Perennial Habitat Restoration for 


DCP construction effects would be 
limited in temporal overlap because of 
AMM-14 work window; other AMMs 
minimize effects; fish likely to move 
away from disturbance and adults 
unlikely to be at risk from predation; 
CMP-23 and CMP-24 mitigate for 
reduced habitat extent. 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Construction Impacts on Habitat for Fish 
and Aquatic Resources; CMP-24: Channel 
Margin Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 
Resources) 


Adult Holding 
and Spawning 


In-River Fishery and 
Poaching 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Stranding Risk Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Competition, 
Introgression, and 
Broodstock Removal 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations. 


Dissolved Oxygen Decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations. 


Spawning Habitat Increase (lethal; proportion: likely 
small/medium; frequency: low) 


Minimize/compensate: Allocation 
Reductions for Shasta Reservoir End of 
September Storage; Rebalancing between 
other CVP Reservoirs for Shasta Reservoir 
End of September Storage; Reduced Wilkins 
Slough Minimum Flows for Shasta Reservoir 
End of September Storage; Minimum Refuge 
Summer Deliveries North of Delta; Drought 
Actions 


Exacerbate: SRSC Diversion Spring Delays 
and Shifting; Shasta Operations Team 
(SHOT) Water Transfer Timing Approvals 


Not anticipated to change — DCP would not affect upstream 
operations. 


Water Temperature Decrease (beneficial; proportion: 
likely large; frequency: high); 
increase (sublethal; proportion: 
small; frequency: low) 


Minimize/compensate: Adult Migration and 
Holding Water Temperature Objectives 


Exacerbate: Drought Tool Kit Warmwater 
Bypass; Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows 


Not anticipated to change — DCP would not affect upstream 
operations. 


Pathogens and 
Disease 


Decrease (beneficial; proportion: 
likely large; frequency: high); 
increase (sub-lethal; proportion: 
small; frequency: low) 


Minimize/compensate: Adult Migration and 
Holding Water Temperature Objectives 


 


Not anticipated to change — DCP would not affect upstream 
operations. 


Egg 
Incubation 
and Fry 
Emergence 


In-River Fishery or 
Trampling 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Predation Risk Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Toxicity from 
Contaminants 


Decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations. 


Dissolved Oxygen Decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations. 


Pathogens and 
Disease 


Decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations. 


Sedimentation and 
Gravel Quantity 


Decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations. 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Redd Stranding and 
Dewatering 


Increase (lethal; proportion: likely 
small; frequency: high) 


Minimize/compensate: Fall and Winter Base 
Flows for Shasta Reservoir Refill and Redd 
Maintenance 


Exacerbate: SHOT Water Transfer Timing 
Approvals 


Not anticipated to change — DCP would not affect upstream 
operations. 


Redd Quality Decrease (beneficial; proportion: 
likely large; frequency: likely high) 


Minimize/compensate: SHOT Water 
Transfer Timing Approvals 


Exacerbate: Allocation Reductions for 
Shasta Reservoir End of September Storage; 
Rebalancing between other CVP Reservoirs 
for Shasta Reservoir End of September 
Storage; Reduced Wilkins Slough Minimum 
Flows for Shasta Reservoir End of 
September Storage; SRSC Diversion Spring 
Delays and Shifting; Minimum Refuge 
Summer Deliveries North of Delta; Drought 
Actions 


Not anticipated to change — DCP would not affect upstream 
operations. 


Water Temperature Decrease (beneficial; proportion: 
likely large; frequency: medium); 
increase (lethal; proportion: likely 
small; frequency: medium)  


Minimize/compensate: Shasta Reservoir 
Water Temperature and Storage 
Management; Allocation Reductions for 
Shasta Reservoir End of September Storage; 
Rebalancing between other CVP Reservoirs 
for Shasta Reservoir End of September 
Storage; Reduced Wilkins Slough Minimum 
Flows for Shasta Reservoir End of 
September Storage; Minimum Refuge 
Summer Deliveries North of Delta; SRSC 
Diversion Spring Delays and Shifting; 
Drought Actions 


Exacerbate: Voluntary Agreement Pulse 
Flows; Sacramento River Pulse Flows; Adult 
Migration and Holding Water Temperature 
Objectives; SHOT Determination on 
Temperature Shoulders (requiring releases 
too cold too early and exhausting coldwater 
pool); SHOT Water Transfer Timing 
Approvals (Denials that precludes water 
transfers) 


Not anticipated to change — DCP would not affect upstream 
operations. 


Juvenile 
Rearing and 
Outmigration 


Pathogens and 
Disease 


Increase or decrease 
(discountable/insignificant) 


— Construction: not anticipated to 
change. Operations and maintenance: 
increase (sub-lethal; proportion: 
small; frequency: high). 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating 
criteria 


DCP would not affect upstream 
operations; no DCP operations effect on 
Delta water temperature (DSM2-QUAL), 
noted as key driver of 
pathogens/disease (Chapter 5); small 
potential for injury leading to disease 
from contacting north Delta intake 
screens, minimized by screen design 
(smooth screen face; cleaning system) 
and operating criteria (e.g., approach 
velocity)  


Toxicity from 
Contaminants 


Increase 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 


DCP construction effects from sediment 
disturbance and construction 
contaminants (limited temporal overlap 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


increase (discountable/insignificant). Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-27: Develop and 
Implement a Barge Operations Plan 


because of AMM-14 work window; 
other AMMs minimize effects); DCP 
would not affect upstream operations; 
minimal operations effect on modeled 
contaminants in the Delta (DCP FEIR 
chapter 9). 


Predation and 
Competition 


Increase 
(discountable/insignificant) 


— Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (lethal; proportion: small; 
frequency: high). 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and 
Implement an Underwater Sound Control 
and Abatement Plan; AMM-27: Develop and 
Implement a Barge Operations Plan 


DCP construction has the potential to 
disturb juveniles and make them more 
susceptible to predation (however, 
there would be limited temporal overlap 
with construction because of AMM-14 
work window; other AMMs minimize 
effects); presence of cofferdams during 
construction period provides potential 
predator habitat but is small in extent 
relative to the area of habitat in the 
Delta. Predation associated with DCP 
operations could occur at the north 
Delta intakes if predators aggregate 
there but existing literature suggests 
such effects would be minimal; 
uncertainty to be addressed with 
fisheries studies and adaptive 
management.   


Stranding Risk Increase (lethal; proportion: small; 
frequency: high) 


Minimize/compensate: Minimum Instream 
Flows; Ramping Rates 


Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: not 
anticipated to change. 


Minimize/compensate: AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM-25: Develop and 
Implement a Fish Rescue and Salvage Plan 


DCP construction has the potential to 
strand juveniles within cofferdams but 
there would be limited temporal overlap 
with construction because of AMM-14 
work window; AMM-25 would provide 
fish rescue. DCP would not affect 
upstream operations and therefore 
would not affect areas of concern noted 
in Chapter 5. Within the Delta, stranding 
on inundated riparian or wetland 
benches would not be anticipated given 
bench design (slope).       


Outmigration Cues Increase (lethal; proportion: large; 
frequency: low) 


Minimize/compensate: Minimum Instream 
Flows; SRSC Diversion Spring Delays and 
Shifting 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd 
Maintenance; Shasta Reservoir Water 
Temperature and Storage Management; 
Allocation Reductions for Shasta Reservoir 
End of September Storage; Rebalancing 
between other CVP Reservoirs for Shasta 
Reservoir End of September Storage; 
Reduced Wilkins Slough Minimum Flows for 
Shasta Reservoir End of September Storage; 
Minimum Refuge Summer Deliveries North 


Construction: not anticipated to 
change. Operations and maintenance: 
not anticipated to change 
(Sacramento River); increase (Delta; 
lethal; proportion: high; frequency: 
high). 


Minimize/compensate: North Delta intakes 
operating criteria; CMP-25: Tidal Habitat 
Restoration to Mitigate North Delta 
Hydrodynamic Effects on Chinook Salmon 
Juveniles  


DCP would not affect upstream 
operations and therefore would not 
affect Sacramento River outmigration 
cues. DCP north Delta intake operations 
would reduce Sacramento River flow 
into the Delta, potentially reducing 
through-Delta survival based on flow-
survival relationships. This is limited by 
operating criteria, with modeling 
indicating relative differences in 
through-Delta survival of 4% or less 
during main outmigration period. CMP-
25 would offset potential increases in 
reverse flows at the Sacramento River-
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


of Delta; Drought Actions; SHOT Water 
Transfer Timing Approvals 


Georgiana Slough junction as a result of 
north Delta intakes operations (which 
could otherwise lead to more fish 
entering the relatively high-predation 
interior Delta migration pathway); CMP-
25 would also reduce interior Delta 
entry when the north Delta intakes are 
not operating.   


Entrainment Risk Increase (lethal; proportion: 
small/medium; frequency: high) 


Minimize/compensate: SRSC Transfer 
Delays; Delta Cross Channel Gate Closure; 
Winter-Run Chinook Salmon Early Season 
Salvage Threshold; First Flush and Start of 
OMR Management; January 1 and Start of 
OMR Management; Winter-Run 50% Annual 
Loss Threshold; Winter-Run 75% Annual 
Loss Threshold; Winter-Run Weekly Loss 
Thresholds; Winter and Spring Delta 
Outflows; Salvage Facilities 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill; SHOT Water 
Transfer Timing Approvals; Reduced 
Wilkins Slough Minimum Flows; Drought 
Actions 


Construction: not anticipated to 
change. Operations and maintenance: 
increase (lethal; proportion: high; 
frequency: high). 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating 
criteria; CMP-25: Tidal Habitat Restoration 
to Mitigate North Delta Hydrodynamic 
Effects on Chinook Salmon Juveniles 


North Delta intakes’ 1.75-mm cylindrical 
screens would exclude juveniles from 
entrainment, with screen design and 
operating criteria (e.g., approach 
velocity) minimizing the potential for 
negative near-field effects such as 
impingement. Operating criteria such as 
pulse protection would limit potential 
for entry into interior Delta and risk of 
south Delta entrainment; see discussion 
of Outmigration Cues for CMP-25, which 
would offset potential for greater 
entrainment at the south Delta export 
facilities caused by greater interior 
Delta entry via Georgiana Slough.   


Refuge Habitat Not anticipated to change (more 
seaward end of Delta); increase 
(Sacramento River and more 
landward end of Delta; sub-lethal; 
proportion: large; frequency: 
medium) 


Minimize/compensate: Minimum Instream 
Flows; SRSC Transfer Delays 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd 
Maintenance; Reduced Wilkins Slough 
Minimum Flows; SHOT Water Transfer 
Timing Approvals; Drought Actions 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (sub-lethal; proportion: 
small; frequency: high) 


Minimize/compensate: AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM-25: Develop and 
Implement a Fish Rescue and Salvage Plan; 
AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement 
Plan; AMM-27: Develop and Implement a 
Barge Operations Plan; Mitigation Measure 
CMP (CMP-23: Tidal Perennial Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; 
CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; 
CMP-26: Channel Margin Habitat 
Restoration for Operations Impacts on 
Chinook Salmon Juveniles); North Delta 
intakes operating criteria 


DCP construction effects would be 
limited in temporal overlap because of 
AMM-14 work window; other AMMs 
minimize effects; fish likely to move 
away from disturbance; CMP-23 and 
CMP-24 mitigate for reduced habitat 
extent. DCP north Delta intake 
operations would reduce inundation of 
riparian/wetland bench rearing habitat, 
mitigated by CMP-26.  


Food Availability 
and Quality 


Not anticipated to change (more 
seaward end of Delta); increase 
(Sacramento River and more 
landward end of Delta; sub-lethal; 
proportion: large; frequency: low) 


Minimize/compensate: Minimum Instream 
Flows; SRSC Transfer Delays 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd 
Maintenance; Reduced Wilkins Slough 
Minimum Flows; SHOT Water Transfer 
Timing Approvals; Drought Actions 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (discountable/insignificant). 


Minimize/compensate: AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM-26: Develop and 
Implement an Underwater Sound Control 
and Abatement Plan; AMM-27: Develop and 
Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal 
Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish 
and Aquatic Resources; CMP-24: Channel 
Margin Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 


DCP construction may affect food 
availability through disturbance or 
reduced habitat, which would be small 
in extent, limited in temporal overlap 
because of AMM-14 work window, and 
minimized or compensated for by 
conservation measures. DCP north Delta 
intake operations may entrain foodweb 
organisms but this is limited in extent, 
particularly relative to in situ 
production. 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Resources); North Delta intakes operating 
criteria 


Water Temperature 
and Dissolved 
Oxygen 


Not anticipated to change (Delta); 
decrease or increase (Sacramento 
River; beneficial or sub-
lethal/lethal; proportion: medium to 
large; frequency: high) 


Minimize/compensate: Minimum Instream 
Flows; Shasta Reservoir Water Temperature 
and Storage Management (preserve cold 
water) 


Exacerbate: SHOT Water Transfer Timing 
Approvals (denial of water transfers); SHOT 
Determination on Temperature Shoulders 
(requiring releases too cold too early and 
exhausting coldwater pool) 


Construction: increase 
(discountable/insignificant); 
operations and maintenance: not 
anticipated to change 


Minimize/compensate: Mitigation Measure 
CMP (CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources) 


DCP removal of trees at construction 
sites would have minimal effects 
(channel margin habitat restoration 
would be undertaken to replace lost 
habitat); DCP would not affect upstream 
operations; no DCP operations effect on 
Delta water temperature (DSM2-QUAL) 
and would not affect dissolved oxygen 
(DCP FEIR chapter 9). 


Other construction-
related stressors 
(acoustic effects; 
direct physical 
injury) 


— — Increase (sub-lethal to lethal; 
proportion: small; frequency: low) 


Minimize/compensate: AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM-26: Develop and 
Implement an Underwater Sound Control 
and Abatement Plan; AMM-27: Develop and 
Implement a Barge Operations Plan 


DCP construction effects would be 
limited in temporal overlap because of 
AMM-14 work window; other AMMs 
minimize effects; fish likely to move 
away from disturbance 


Notes: *Table includes consideration of DCP construction effects and conservation measures; these are addressed in a separate consultation. 


Table 7A-2. Qualitative Summary of DCP Combined with Proposed Action (PA) Effects on Sacramento River Winter-Run Chinook Salmon Critical Habitat 


Physical and 
Biological Feature 


Stressor PA Effect on Critical 
Habitat 


PA Conservation Measures DCP Effect on Critical 
Habitat* 


DCP Conservation Measures Rationale 


Access from the 
Pacific Ocean to 
Appropriate Spawning 
Areas 


In-River 
Fishery and 
Poaching 


No adverse effects 
anticipated 


— No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


 Stranding Risk No adverse effects 
anticipated 


— No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


 Dissolved 
Oxygen 


No adverse effects 
anticipated 


— No adverse effects 
anticipated 


— DCP would not affect upstream operations; no 
DCP operations effect on Delta water 
temperature (DSM2-QUAL) and would not 
affect dissolved oxygen (DCP FEIR chapter 9). 


 Toxicity from 
Contaminants 


No adverse effects 
anticipated 


— Construction: adverse. 
Operations and 
maintenance: no 
adverse effects 
anticipated. 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management Plans; 
AMM-3: Develop and Implement Spill Prevention, 
Control, and Countermeasure Plans; AMM-4a: 
Develop and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and Implement 
Stormwater Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM -27: Develop and 
Implement a Barge Operations Plan 


DCP construction effects from sediment 
disturbance and construction contaminants 
(limited temporal overlap because of AMM-14 
work window; other AMMs minimize effects); 
DCP would not affect upstream operations; 
minimal operations effect on modeled 
contaminants in the Delta (DCP FEIR chapter 9). 


 Water 
Temperature 


No adverse effects 
anticipated 


— Construction: no 
adverse effects 
anticipated. Operations 
and maintenance: no 
adverse effects 
anticipated. 


Minimize/compensate: Mitigation Measure CMP 
(CMP-24: Channel Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish and Aquatic 
Resources) 


DCP removal of trees at construction sites 
would have minimal effects (channel margin 
habitat restoration would be undertaken to 
replace lost habitat); DCP would not affect 
upstream operations; no DCP operations effect 
on Delta water temperature (DSM2-QUAL). 


 Other 
construction-


— — Adverse Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management Plans; 


DCP construction effects would be limited in 
temporal overlap because of AMM-14 work 
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Physical and 
Biological Feature 


Stressor PA Effect on Critical 
Habitat 


PA Conservation Measures DCP Effect on Critical 
Habitat* 


DCP Conservation Measures Rationale 


related 
stressors 


AMM-3: Develop and Implement Spill Prevention, 
Control, and Countermeasure Plans; AMM-4a: 
Develop and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and Implement 
Stormwater Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM-26: Develop and 
Implement an Underwater Sound Control and 
Abatement Plan; AMM-27: Develop and Implement a 
Barge Operations Plan; Mitigation Measure CMP 
(CMP-23: Tidal Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish and Aquatic 
Resources; CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on Habitat for 
Fish and Aquatic Resources) 


window; other AMMs minimize effects; CMP-23 
and CMP-24 mitigate for reduced habitat 
extent. 


Clean Gravel for 
Spawning Substrate 


Spawning 
Habitat 


Adverse Minimize/compensate: Allocation Reductions for 
Shasta Reservoir End of September Storage; 
Rebalancing between other CVP Reservoirs for 
Shasta Reservoir End of September Storage; Reduced 
Wilkins Slough Minimum Flows for Shasta Reservoir 
End of September Storage; Minimum Refuge Summer 
Deliveries North of Delta; Drought Actions 


Exacerbate: SRSC Diversion Spring Delays and 
Shifting; Shasta Operations Team (SHOT) Water 
Transfer Timing Approvals 


No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


River Flows for 
Spawning, Incubation, 
Fry Development and 
Emergence, and 
Downstream 
Transport of Juveniles 


Spawning 
Habitat 


Adverse Minimize/compensate: Allocation Reductions for 
Shasta Reservoir End of September Storage; 
Rebalancing between other CVP Reservoirs for 
Shasta Reservoir End of September Storage; Reduced 
Wilkins Slough Minimum Flows for Shasta Reservoir 
End of September Storage; Minimum Refuge Summer 
Deliveries North of Delta; Drought Actions 


Exacerbate: SRSC Diversion Spring Delays and 
Shifting; Shasta Operations Team (SHOT) Water 
Transfer Timing Approvals 


No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


 Redd Quality No adverse effects 
anticipated 


Minimize/compensate: SHOT Water Transfer Timing 
Approvals 


Exacerbate: Allocation Reductions for Shasta 
Reservoir End of September Storage; Rebalancing 
between other CVP Reservoirs for Shasta Reservoir 
End of September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 
September Storage; SRSC Diversion Spring Delays 
and Shifting; Minimum Refuge Summer Deliveries 
North of Delta; Drought Actions 


No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


 Redd Stranding 
and Dewatering 


Adverse Minimize/compensate: Fall and Winter Base Flows 
for Shasta Reservoir Refill and Redd Maintenance 


Exacerbate: SHOT Water Transfer Timing Approvals 


No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


 Stranding Risk Adverse Minimize/compensate: Minimum Instream Flows; 
Ramping Rates 


No adverse effects 
anticipated 


— DCP would not affect upstream operations and 
therefore would not affect areas of concern 
noted in Chapter 5. Within the Delta, stranding 
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Physical and 
Biological Feature 


Stressor PA Effect on Critical 
Habitat 


PA Conservation Measures DCP Effect on Critical 
Habitat* 


DCP Conservation Measures Rationale 


on inundated riparian or wetland benches 
would not be anticipated given bench design 
(slope).    


 Outmigration 
Cues 


Adverse Minimize/compensate: Minimum Instream Flows; 
SRSC Diversion Spring Delays and Shifting 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance; Shasta 
Reservoir Water Temperature and Storage 
Management; Allocation Reductions for Shasta 
Reservoir End of September Storage; Rebalancing 
between other CVP Reservoirs for Shasta Reservoir 
End of September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 
September Storage; Minimum Refuge Summer 
Deliveries North of Delta; Drought Actions; SHOT 
Water Transfer Timing Approvals 


Construction: no 
adverse effects 
anticipated. Operations 
and maintenance: no 
adverse effects 
anticipated (Sacramento 
River); adverse (Delta). 


Minimize/compensate: North Delta intakes 
operating criteria; CMP-25: Tidal Habitat Restoration 
to Mitigate North Delta Hydrodynamic Effects on 
Chinook Salmon Juveniles  


DCP would not affect upstream operations and 
therefore would not affect Sacramento River 
outmigration cues. DCP north Delta intake 
operations would reduce Sacramento River 
flow into the Delta, potentially reducing 
through-Delta survival based on flow-survival 
relationships. This is limited by operating 
criteria, with modeling indicating relative 
differences in through-Delta survival of 4% or 
less during main outmigration period. CMP-25 
would offset potential increases in reverse 
flows at the Sacramento River-Georgiana 
Slough junction as a result of north Delta 
intakes operations (which could otherwise lead 
to more fish entering the relatively high-
predation interior Delta migration pathway); 
CMP-25 would also reduce interior Delta entry 
when the north Delta intakes are not operating.   


 Entrainment 
Risk 


Adverse Minimize/compensate: SRSC Transfer Delays; Delta 
Cross Channel Gate Closure; Winter-Run Chinook 
Salmon Early Season Salvage Threshold; First Flush 
and Start of OMR Management; January 1 and Start 
of OMR Management; Winter-Run 50% Annual Loss 
Threshold; Winter-Run 75% Annual Loss Threshold; 
Winter-Run Weekly Loss Thresholds; Winter and 
Spring Delta Outflows; Salvage Facilities 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill; SHOT Water Transfer Timing 
Approvals; Reduced Wilkins Slough Minimum Flows; 
Drought Actions 


Construction: no 
adverse effects 
anticipated. Operations 
and maintenance: 
adverse. 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating criteria; 
CMP-25: Tidal Habitat Restoration to Mitigate North 
Delta Hydrodynamic Effects on Chinook Salmon 
Juveniles 


North Delta intakes’ 1.75-mm cylindrical 
screens would exclude juveniles from 
entrainment, with screen design and operating 
criteria (e.g., approach velocity) minimizing the 
potential for negative near-field effects such as 
impingement. Operating criteria such as pulse 
protection would limit potential for entry into 
interior Delta and risk of south Delta 
entrainment; see discussion of Outmigration 
Cues for CMP-25, which would offset potential 
for greater entrainment at the south Delta 
export facilities caused by greater interior Delta 
entry via Georgiana Slough.   


Water Temperatures 
between 42.5 and 
57.5°F for Spawning, 
Incubation, and Fry 
Development 


Water 
Temperature 


Primarily no adverse 
effects anticipated 


Minimize/compensate: Shasta Reservoir Water 
Temperature and Storage Management; Allocation 
Reductions for Shasta Reservoir End of September 
Storage; Rebalancing between other CVP Reservoirs 
for Shasta Reservoir End of September Storage; 
Reduced Wilkins Slough Minimum Flows for Shasta 
Reservoir End of September Storage; Minimum 
Refuge Summer Deliveries North of Delta; SRSC 
Diversion Spring Delays and Shifting; Drought 
Actions 


Exacerbate: Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows; Adult Migration and 
Holding Water Temperature Objectives; SHOT 
Determination on Temperature Shoulders (requiring 
releases too cold too early and exhausting coldwater 
pool); SHOT Water Transfer Timing Approvals 
(Denials that precludes water transfers) 


No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Habitat and Adequate Toxicity from No adverse effects — Construction: adverse. Minimize/compensate: AMM-2: Develop and DCP construction effects from sediment 
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Physical and 
Biological Feature 


Stressor PA Effect on Critical 
Habitat 


PA Conservation Measures DCP Effect on Critical 
Habitat* 


DCP Conservation Measures Rationale 


Prey that are not 
Contaminated 


Contaminants anticipated Operations and 
maintenance: no 
adverse effects 
anticipated. 


Implement Hazardous Materials Management Plans; 
AMM-3: Develop and Implement Spill Prevention, 
Control, and Countermeasure Plans; AMM-4a: 
Develop and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and Implement 
Stormwater Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM-27: Develop and 
Implement a Barge Operations Plan 


disturbance and construction contaminants 
(limited temporal overlap because of AMM-14 
work window; other AMMs minimize effects); 
DCP would not affect upstream operations; 
minimal operations effect on modeled 
contaminants in the Delta (DCP FEIR chapter 9). 


Riparian Habitat for 
Juvenile Development 
and Survival 


Refuge Habitat No adverse effects 
anticipated (more 
seaward end of 
Delta); adverse 
(Sacramento River 
and more landward 
end of Delta) 


Minimize/compensate: Minimum Instream Flows; 
SRSC Transfer Delays 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance; Reduced 
Wilkins Slough Minimum Flows; SHOT Water 
Transfer Timing Approvals; Drought Actions 


Construction: adverse. 
Operations and 
maintenance: adverse. 


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-25: Develop and Implement a Fish Rescue and 
Salvage Plan; AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement Plan; 
AMM-27: Develop and Implement a Barge 
Operations Plan; Mitigation Measure CMP (CMP-23: 
Tidal Perennial Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic Resources; 
CMP-24: Channel Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish and Aquatic 
Resources; CMP-26: Channel Margin Habitat 
Restoration for Operations Impacts on Chinook 
Salmon Juveniles) 


DCP construction effects would be limited in 
temporal overlap because of AMM-14 work 
window; other AMMs minimize effects; fish 
likely to move away from disturbance; CMP-23 
and CMP-24 mitigate for reduced habitat 
extent. DCP north Delta intake operations 
would reduce inundation of riparian/wetland 
bench rearing habitat, mitigated by CMP-26.  


 Food 
Availability and 
Quality 


No adverse effects 
anticipated (more 
seaward end of 
Delta); adverse 
(Sacramento River 
and more landward 
end of Delta) 


Minimize/compensate: Minimum Instream Flows; 
SRSC Transfer Delays 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance; Reduced 
Wilkins Slough Minimum Flows; SHOT Water 
Transfer Timing Approvals; Drought Actions 


Construction: adverse. 
Operations and 
maintenance: adverse 


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an Underwater 
Sound Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal Perennial 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-24: 
Channel Margin Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic Resources) 


DCP construction may affect food availability 
through disturbance or reduced habitat, which 
would be small in extent, limited in temporal 
overlap because of AMM-14 work window, and 
minimized or compensated for by conservation 
measures. DCP north Delta intake operations 
may entrain foodweb organisms but this is 
limited in extent, particularly relative to in situ 
production. 


Access Downstream 
for Juvenile Migration 
to San Francisco Bay 
and the Pacific Ocean 


Entrainment 
Risk 


Adverse Minimize/compensate: SRSC Transfer Delays; Delta 
Cross Channel Gate Closure; Winter-Run Chinook 
Salmon Early Season Salvage Threshold; First Flush 
and Start of OMR Management; January 1 and Start 
of OMR Management; Winter-Run 50% Annual Loss 
Threshold; Winter-Run 75% Annual Loss Threshold; 
Winter-Run Weekly Loss Thresholds; Winter and 
Spring Delta Outflows; Salvage Facilities 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill; SHOT Water Transfer Timing 
Approvals; Reduced Wilkins Slough Minimum Flows; 
Drought Actions 


Construction: no 
adverse effects 
anticipated. Operations 
and maintenance: no 
adverse. 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating criteria; 
CMP-25: Tidal Habitat Restoration to Mitigate North 
Delta Hydrodynamic Effects on Chinook Salmon 
Juveniles 


North Delta intakes’ 1.75-mm cylindrical 
screens would exclude juveniles from 
entrainment, with screen design and operating 
criteria (e.g., approach velocity) minimizing the 
potential for negative near-field effects such as 
impingement. Operating criteria such as pulse 
protection would limit potential for entry into 
interior Delta and risk of south Delta 
entrainment; see discussion of Outmigration 
Cues for CMP-25, which would offset potential 
for greater entrainment at the south Delta 
export facilities caused by greater interior Delta 
entry via Georgiana Slough. 


 Other 
construction-
related 
stressors 


— — Adverse Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an Underwater 
Sound Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge Operations Plan 


DCP construction effects would be limited in 
temporal overlap because of AMM-14 work 
window; other AMMs minimize effects; fish 
likely to move away from disturbance 


Notes: *Table includes consideration of DCP construction effects and conservation measures; these are addressed in a separate consultation. 
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7A.3.2 Central Valley Spring-Run Chinook Salmon 


Chapter 6 discusses the status of Central Valley spring-run Chinook Salmon, including life history and 


habitat requirements, stressors, and an effects analysis of the Proposed Action. Summaries of the effects 


analysis for effects on the species and its critical habitat are provided in Tables SR1 and SR2. A qualitative 


analysis was conducted to provide a programmatic summary of the effects of the DCP for the species life 


stages, critical habitat physical and biological features, and stressors discussed for the Proposed Action 


(Tables SR1 and SR2)2. The analysis of the DCP was based on information in the draft DCP BA and FEIR, 


which includes consideration of various quantitative and qualitative analyses. 


As illustrated in Tables SR1 and SR2, the principal potential effects of the DCP in addition to the Proposed 


Action would be from operations effects of the north Delta intakes on juvenile/yearling rearing and 


outmigration and the associated critical habitat PBFs of river flows for downstream transport and access 


downstream for juveniles/yearlings. Life cycle modeling described in Chapter 6 for the Proposed Action 


with the CVPIA spring-run Chinook salmon life cycle model suggested generally similar adult spawner 


abundance population change for Proposed Action phases compared to the No Action Alternative. Spring-


run Chinook salmon life cycle modeling has not been undertaken for the DCP, although the relatively 


limited nature of effects (Table 7A-1) and available life cycle modeling for winter-run Chinook salmon 


(see Section 7A.3.1) suggests that there would be little effect of DCP evident from such modeling. 


The DCP intakes include cylindrical fish screens meeting fish agency standards for factors such as screen 


opening size and approach velocity to minimize risk from entrainment and impingement. The DCP 


intakes operational criteria include factors such as pulse protection criteria and bypass flows—wherein 


diversions are restricted based on large-scale downstream movement of juvenile salmonids—in order to 


minimize the potential for negative effects. Compensatory mitigation would be undertaken for north 


Delta hydrodynamic effects including the potential for reduced riverine flow leading to a greater tidal 


influence and more flow and therefore juvenile/yearling spring-run Chinook salmon entering the 


relatively low-survival interior Delta at Georgiana Slough, in addition to less inundation of riparian and 


wetland bench rearing habitat. 


As described further in Chapter 3, guiding principles would be applied to ensure that adverse effects of 


the proposed operations of the DCP would be avoided, minimized, and offset. Guiding principles relevant 


to spring-run Chinook salmon include: 


⚫ Operate projects consistent with existing and/or future regulatory requirements in the Delta. 


⚫ Implement pulse flow criteria to provide migrating anadromous fish an opportunity to migrate past 


the diversion locations with minimum exposure to diversions and further minimize effects to 


through-Delta survival. 


⚫ Utilize best available science to establish flow levels necessary to provide migratory and rearing 


habitat to minimize effects to juvenile anadromous fish survival and facilitate their movement out of 


the river toward the delta and bays. 


⚫ Monitor and mitigate effects of diversions on migrating anadromous species and their habitat 


through identification of opportunities to develop additional habitat (i.e. tidal and channel margin 


restoration) to improve productivity of those fish populations.  


⚫ Protect habitat conditions supporting listed pelagic and anadromous species, mitigate potential flow 


 
2 The summary tables include broad consideration of conservation measures that may affect stressors, including those 
that may not be specific to the given stressor or species. 
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related effects of DCP with habitat restoration developed in coordination with National Marine 


Fisheries Service (NMFS), Fish and Wildlife Service (FWS), and California Department of Fish and 


Wildlife (CDFW) to improve productivity of those fish populations. 


⚫ Implement project operations and maintenance consistent with the proposed project description, as 


an integrated component of the SWP. 


 Future consultation on Delta Conveyance Project Operations and Maintenance is envisioned to 


update and align elements of project description with conditions (e.g. regulatory, climate, status 


of species) in advance of operations of the north Delta diversions. 


As described in Chapter 3, DCP has an adaptive management program which would integrate with the 


adaptive management program for the Proposed Action and includes a number of general principles such 


as cooperating with resource agencies in monitoring efforts and designing studies to test operational 


modifications to remedy or lessen unanticipated effects. 
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Table 7A-3. Qualitative Summary of DCP Combined with Proposed Action (PA) Effects on Central Valley Spring-Run Chinook Salmon 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Adult 
Migration 


In-River Fishery and 
Poaching 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Stranding Risk Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Dissolved Oxygen Decrease (discountable/insignificant) — Not anticipated to change — DCP would not affect upstream 
operations; no DCP operations effect 
on Delta water temperature (DSM2-
QUAL) and would not affect dissolved 
oxygen (DCP FEIR chapter 9). 


Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase 
(discountable/insignificant). 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM -27: Develop and 
Implement a Barge Operations Plan 


DCP construction effects from 
sediment disturbance and construction 
contaminants (limited temporal 
overlap because of AMM-14 work 
window; other AMMs minimize 
effects); DCP would not affect 
upstream operations; minimal 
operations effect on modeled 
contaminants in the Delta (DCP FEIR 
chapter 9). 


Water Temperature Decrease (discountable/insignificant) — Construction: increase 
(discountable/insignificant). 
Operations and maintenance: not 
anticipated to change. 


Minimize/compensate: Mitigation Measure 
CMP (CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources) 


DCP removal of trees at construction 
sites would have minimal effects 
(channel margin habitat restoration 
would be undertaken to replace lost 
habitat); DCP would not affect 
upstream operations; no DCP 
operations effect on Delta water 
temperature (DSM2-QUAL). 


Pathogens and 
Disease 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations; no DCP operations effect 
on Delta water temperature (DSM2-
QUAL), noted as key driver of 
pathogens/disease (Chapter 5). 


Other construction-
related stressors 
(acoustic effects; 
direct physical 
injury; prey 
availability; 
predation; habitat 
extent) 


— — Increase (sub-lethal; proportion: 
small; frequency: low) 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and 
Implement an Underwater Sound Control 
and Abatement Plan; AMM-27: Develop 
and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal 


DCP construction effects would be 
limited in temporal overlap because of 
AMM-14 work window; other AMMs 
minimize effects; fish likely to move 
away from disturbance and adults 
unlikely to be at risk from predation; 
CMP-23 and CMP-24 mitigate for 
reduced habitat extent. 







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-18 


May 2024 
ICF 103653  


 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish 
and Aquatic Resources; CMP-24: Channel 
Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish 
and Aquatic Resources) 


Adult Holding 
and Spawning 


In-River Fishery and 
Poaching 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Competition, 
Introgression, and 
Broodstock Removal 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Toxicity from 
Contaminants 


Decrease (discountable/insignificant) — Not anticipated to change — DCP would not affect upstream 
operations. 


Dissolved Oxygen Decrease (discountable/insignificant) — Not anticipated to change — DCP would not affect upstream 
operations. 


Spawning Habitat Increase (lethal; proportion: low) Minimize/compensate: Sacramento River: 
Minimum Instream Flow; Fall and Winter 
Base Flows for Redd Maintenance; SRSC 
Rice Decomposition Smoothing. Clear 
Creek: Minimum Instream Flows, 
Segregation Weir. Exacerbate: Sacramento 
River: Fall and Winter Base Flows for 
Shasta Refill. 


Not anticipated to change — DCP would not affect upstream 
operations. 


Water Temperature Decrease (beneficial; proportion: likely 
large; frequency: high); increase 
(sublethal; proportion: small; frequency: 
low) 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives; Shasta Reservoir 
Water Temperature and Storage 
Management. Clear Creek: Water 
Temperature Management. 


Exacerbate: Drought Tool Kit 
Warmwater Bypass; Voluntary 
Agreement Pulse Flows; Sacramento 
River Pulse Flows; SHOT 
Determination on Temperature 
Shoulders (requiring too cold releases 
too early and exhausting the coldwater 
pool). 


Not anticipated to change — DCP would not affect upstream 
operations. 


Pathogens and 
Disease 


Decrease (beneficial; proportion: large; 
frequency: high); increase (sub-lethal; 
proportion: small; frequency: low) 


Minimize/compensate: Adult Migration 
and Holding Water Temperature 
Objectives 


Not anticipated to change — DCP would not affect upstream 
operations. 


Egg 
Incubation 
and Fry 
Emergence 


In-River Fishery or 
Trampling 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Predation Risk Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Toxicity from 
Contaminants 


Decrease (discountable/insignificant) — Not anticipated to change — DCP would not affect upstream 
operations. 


Dissolved Oxygen Decrease (discountable/insignificant) — Not anticipated to change — DCP would not affect upstream 
operations. 


Pathogens and Increase or Decrease — Not anticipated to change — DCP would not affect upstream 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Disease (discountable/insignificant) operations. 


Sedimentation and 
Gravel Quantity 


Decrease (discountable/insignificant) — Not anticipated to change — DCP would not affect upstream 
operations. 


Redd Stranding and 
Dewatering 


Increase (lethal; proportion: likely small; 
frequency: high) 


Minimize/compensate: Sacramento River: 
Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance; 
Minimum Instream Flows. Clear Creek: 
Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta Refill; SRSC 
Transfer Delays 


Not anticipated to change — DCP would not affect upstream 
operations. 


Redd Quality Decrease (beneficial; proportion: 
medium; frequency: large) 


Minimize/compensate: Sacramento River: 
Fall and Winter Base Flows for Shasta 
Reservoir Redd Maintenance; SRSC 
Transfer Delayed Timing. Clear Creek: 
Minimum Flows 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta Refill; SHOT 
Water Transfer Timing Approvals 


Not anticipated to change — DCP would not affect upstream 
operations. 


Water Temperature Decrease (beneficial; proportion: 
medium; frequency: medium to high); 
increase (lethal; proportion: medium; 
frequency: low) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Clear Creek: 
Water Temperature Management 


Exacerbate: Sacramento River:  


SHOT Determination on Temperature 
Shoulders (requiring releases too cold 
too early and exhausting coldwater 
pool); Voluntary Agreement Pulse 
Flows; Sacramento River Pulse Flows 


Not anticipated to change — DCP would not affect upstream 
operations. 


Juvenile 
Rearing and 
Outmigration 


Pathogens and 
Disease 


Increase (discountable/insignificant) — Construction: not anticipated to 
change. Operations and 
maintenance: increase (sub-lethal; 
proportion: small; frequency: high). 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating 
criteria 


DCP would not affect upstream 
operations; no DCP operations effect 
on Delta water temperature (DSM2-
QUAL), noted as key driver of 
pathogens/disease (Chapter 5); small 
potential for injury leading to disease 
from contacting north Delta intake 
screens, minimized by screen design 
(smooth screen face; cleaning system) 
and operating criteria (e.g., approach 
velocity)  


Toxicity from 
Contaminants 


Increase (discountable/insignificant) — Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase 
(discountable/insignificant). 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-27: Develop and 
Implement a Barge Operations Plan 


DCP construction effects from 
sediment disturbance and construction 
contaminants (limited temporal 
overlap because of AMM-14 work 
window; other AMMs minimize 
effects); DCP would not affect 
upstream operations; minimal 
operations effect on modeled 
contaminants in the Delta (DCP FEIR 
chapter 9). 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Predation and 
Competition 


Increase (discountable/insignificant) — Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (lethal; proportion: small; 
frequency: high). 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and 
Implement an Underwater Sound Control 
and Abatement Plan; AMM-27: Develop 
and Implement a Barge Operations Plan 


DCP construction has the potential to 
disturb juveniles and make them more 
susceptible to predation (however, 
there would be limited temporal 
overlap with construction because of 
AMM-14 work window; other AMMs 
minimize effects); presence of 
cofferdams during construction period 
provides potential predator habitat but 
is small in extent relative to the area of 
habitat in the Delta. Predation 
associated with DCP operations could 
occur at the north Delta intakes if 
predators aggregate there but existing 
literature suggests such effects would 
be minimal; uncertainty to be 
addressed with fisheries studies and 
adaptive management.   


Stranding Risk Increase (lethal; proportion: medium 
[Sacramento River], low [Clear Creek]; 
frequency: high [Sacramento River], low 
[Clear Creek]) 


Minimize/compensate: Minimum Instream 
Flows; Ramping Rates 


Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: not 
anticipated to change. 


Minimize/compensate: AMM-14: 
Construction Best Management Practices 
for Biological Resources; AMM-25: Develop 
and Implement a Fish Rescue and Salvage 
Plan 


DCP construction has the potential to 
strand juveniles within cofferdams but 
there would be limited temporal 
overlap with construction because of 
AMM-14 work window; AMM-25 
would provide fish rescue. DCP would 
not affect upstream operations and 
therefore would not affect areas of 
concern noted in Chapter 6. Within the 
Delta, stranding on inundated riparian 
or wetland benches would not be 
anticipated given bench design (slope).       


Outmigration Cues Increase (lethal; proportion: large 
[Sacramento River], medium [Clear 
Creek]; frequency: low [Sacramento 
River and Clear Creek]) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Ramping Rates; 
Clear Creek: Minimum Instream Flows; 
Spring Pulse Flows; Ramping Rates 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta Reservoir 
Refill; Reduced Wilkins Slough Minimum 
Flows; Sacramento River and Clear Creek: 
Drought Actions 


Construction: not anticipated to 
change. Operations and 
maintenance: not anticipated to 
change (Sacramento River); increase 
(Delta; lethal; proportion: high; 
frequency: high). 


Minimize/compensate: North Delta intakes 
operating criteria; CMP-25: Tidal Habitat 
Restoration to Mitigate North Delta 
Hydrodynamic Effects on Chinook Salmon 
Juveniles  


DCP would not affect upstream 
operations and therefore would not 
affect Sacramento River outmigration 
cues. DCP north Delta intake 
operations would reduce Sacramento 
River flow into the Delta, potentially 
reducing through-Delta survival based 
on flow-survival relationships. This is 
limited by operating criteria, with 
modeling indicating relative 
differences in through-Delta survival of 
4% or less during main outmigration 
period. CMP-25 would offset potential 
increases in reverse flows at the 
Sacramento River-Georgiana Slough 
junction as a result of north Delta 
intakes operations (which could 
otherwise lead to more fish entering 
the relatively high-predation interior 
Delta migration pathway); CMP-25 
would also reduce interior Delta entry 
when the north Delta intakes are not 
operating.   
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Entrainment Risk Not anticipated to change (Clear Creek); 
increase (Delta; lethal; proportion: small; 
frequency: high) 


Minimize/compensate: Delta Cross 
Channel Gate Closure; Winter-Run Chinook 
Salmon Early Season Salvage Threshold; 
January 1 and Start of OMR Management; 
Spring-run Chinook Salamon and 
Surrogate Thresholds; Winter-Run Weekly 
Loss Thresholds; Winter and Spring Delta 
Outflows; Salvage Facilities 


Construction: not anticipated to 
change. Operations and 
maintenance: increase (lethal; 
proportion: high; frequency: high). 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating 
criteria; CMP-25: Tidal Habitat Restoration 
to Mitigate North Delta Hydrodynamic 
Effects on Chinook Salmon Juveniles 


North Delta intakes’ 1.75-mm 
cylindrical screens would exclude 
juveniles from entrainment, with 
screen design and operating criteria 
(e.g., approach velocity) minimizing 
the potential for negative near-field 
effects such as impingement. Operating 
criteria such as pulse protection would 
limit potential for entry into interior 
Delta and risk of south Delta 
entrainment; see discussion of 
Outmigration Cues for CMP-25, which 
would offset potential for greater 
entrainment at the south Delta export 
facilities caused by greater interior 
Delta entry via Georgiana Slough.   


Refuge Habitat Not anticipated to change (more 
seaward end of Delta); increase 
(Sacramento River, Clear Creek, and 
more landward end of Delta; sub-lethal; 
proportion: large; frequency: low 
[Sacramento River and more landward 
end of Delta], medium [Clear Creek]) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Voluntary 
Agreement Pulse Flows; Sacramento River 
Pulse Flows; Clear Creek: Minimum 
Instream Flows; Spring Pulse Flows 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta Reservoir 
Refill; Reduced Wilkins Slough Minimum 
Flows; Sacramento River and Clear Creek: 
Drought Actions 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (sub-lethal; proportion: 
small; frequency: high) 


Minimize/compensate: AMM-14: 
Construction Best Management Practices 
for Biological Resources; AMM-25: Develop 
and Implement a Fish Rescue and Salvage 
Plan; AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement 
Plan; AMM-27: Develop and Implement a 
Barge Operations Plan; Mitigation Measure 
CMP (CMP-23: Tidal Perennial Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; 
CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; 
CMP-26: Channel Margin Habitat 
Restoration for Operations Impacts on 
Chinook Salmon Juveniles); North Delta 
intakes operating criteria 


DCP construction effects would be 
limited in temporal overlap because of 
AMM-14 work window; other AMMs 
minimize effects; fish likely to move 
away from disturbance; CMP-23 and 
CMP-24 mitigate for reduced habitat 
extent. DCP north Delta intake 
operations would reduce inundation of 
riparian/wetland bench rearing 
habitat, mitigated by CMP-26.  


Food Availability 
and Quality 


Not anticipated to change (more 
seaward end of Delta); increase 
(Sacramento River, Clear Creek, and 
more landward end of Delta; sub-lethal; 
proportion: large; frequency: low 
[Sacramento River and more landward 
end of Delta], medium [Clear Creek]) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Voluntary 
Agreement Pulse Flows; Sacramento River 
Pulse Flows; Clear Creek: Minimum 
Instream Flows; Spring Pulse Flows 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta Reservoir 
Refill; Reduced Wilkins Slough Minimum 
Flows; Sacramento River and Clear Creek: 
Drought Actions 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase 
(discountable/insignificant). 


Minimize/compensate: AMM-14: 
Construction Best Management Practices 
for Biological Resources; AMM-26: Develop 
and Implement an Underwater Sound 
Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge 
Operations Plan; Mitigation Measure CMP 
(CMP-23: Tidal Perennial Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; 
CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources); 
North Delta intakes operating criteria 


DCP construction may affect food 
availability through disturbance or 
reduced habitat, which would be small 
in extent, limited in temporal overlap 
because of AMM-14 work window, and 
minimized or compensated for by 
conservation measures. DCP north 
Delta intake operations may entrain 
foodweb organisms but this is limited 
in extent, particularly relative to in situ 
production. 


Water Temperature 
and Dissolved 
Oxygen 


Not anticipated to change (Delta); 
decrease or increase (Sacramento River 
and Clear Creek; beneficial or sub-
lethal/lethal; proportion: medium to 
large; frequency: high) 


Minimize/compensate: Minimum Instream 
Flows; Shasta Reservoir Water 
Temperature and Storage Management 
(preserve cold water) 


Exacerbate: SHOT Water Transfer Timing 


Construction: increase 
(discountable/insignificant); 
operations and maintenance: not 
anticipated to change 


Minimize/compensate: Mitigation Measure 
CMP (CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources) 


DCP removal of trees at construction 
sites would have minimal effects 
(channel margin habitat restoration 
would be undertaken to replace lost 
habitat); DCP would not affect 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Approvals (denial of water transfers); 
SHOT Determination on Temperature 
Shoulders (requiring releases too cold too 
early and exhausting coldwater pool) 


upstream operations; no DCP 
operations effect on Delta water 
temperature (DSM2-QUAL) and would 
not affect dissolved oxygen (DCP FEIR 
chapter 9). 


Other construction-
related stressors 
(acoustic effects; 
direct physical 
injury) 


— — Increase (sub-lethal to lethal; 
proportion: small; frequency: low) 


Minimize/compensate: AMM-14: 
Construction Best Management Practices 
for Biological Resources; AMM-26: Develop 
and Implement an Underwater Sound 
Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge 
Operations Plan 


DCP construction effects would be 
limited in temporal overlap because of 
AMM-14 work window; other AMMs 
minimize effects; fish likely to move 
away from disturbance. 


Yearling 
Rearing 


Pathogens and 
Disease 


Decrease (discountable/insignificant) — Not anticipated to change — DCP would not affect upstream 
operations. 


Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations. 


Predation and 
Competition 


Increase (discountable/insignificant) — Not anticipated to change — DCP would not affect upstream 
operations. 


Stranding Risk Decrease (beneficial; proportion: small; 
frequency: low) 


Minimize/compensate: Sacramento River 
and Clear Creek: Minimum Instream Flows; 
Ramping Rates 


Not anticipated to change — DCP would not affect upstream 
operations. 


Refuge Habitat Increase (sub-lethal; proportion: small; 
frequency: medium) or decrease 
(beneficial) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Clear Creek: 
Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta 
Reservoir Refill; SRSC Diversion Spring 
Delays and Shifting; Allocation 
Reductions for Shasta Reservoir End of 
September Storage; Rebalancing 
between other CVP Reservoirs for 
Shasta Reservoir End of September 
Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir 
End of September Storage; Minimum 
Refuge Summer Deliveries North of 
Delta  


Not anticipated to change — DCP would not affect upstream 
operations. 


Food Availability 
and Quality 


Increase (sub-lethal; proportion: small; 
frequency: medium) or decrease 
(beneficial)  


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Clear Creek: 
Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta Reservoir 
Refill; SRSC Diversion Spring Delays and 
Shifting; Allocation Reductions for Shasta 
Reservoir End of September Storage; 
Rebalancing between other CVP Reservoirs 
for Shasta Reservoir End of September 
Storage; Reduced Wilkins Slough Minimum 
Flows for Shasta Reservoir End of 
September Storage; Minimum Refuge 


Not anticipated to change — DCP would not affect upstream 
operations. 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Summer Deliveries North of Delta 


Water Temperature 
and Dissolved 
Oxygen 


Decrease (beneficial; proportion: low; 
frequency: high) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Fall and Winer 
Base Flows for Shasta Reservoir Redd 
Maintenance; Shasta Reservoir Water 
Temperature and Storage Management; 
Clear Creek: Minimum Instream Flow; 
Water Temperature Management 


Exacerbate: Sacramento River: Shasta 
Reservoir Water Temperature Storage 
Management 


Not anticipated to change — DCP would not affect upstream 
operations. 


Yearling 
Outmigration 


Pathogens and 
Disease 


Increase or decrease 
(discountable/insignificant) 


— Construction: not anticipated to 
change. Operations and 
maintenance: increase (sub-lethal; 
proportion: small; frequency: high). 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating 
criteria 


DCP would not affect upstream 
operations; no DCP operations effect 
on Delta water temperature (DSM2-
QUAL), noted as key driver of 
pathogens/disease (Chapter 5); small 
potential for injury leading to disease 
from contacting north Delta intake 
screens, minimized by screen design 
(smooth screen face; cleaning system) 
and operating criteria (e.g., approach 
velocity)  


Toxicity from 
Contaminants 


Increase (discountable/insignificant) — Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase 
(discountable/insignificant). 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-27: Develop and 
Implement a Barge Operations Plan 


DCP construction effects from 
sediment disturbance and construction 
contaminants (limited temporal 
overlap because of AMM-14 work 
window; other AMMs minimize 
effects); DCP would not affect 
upstream operations; minimal 
operations effect on modeled 
contaminants in the Delta (DCP FEIR 
chapter 9). 


Predation and 
Competition 


Increase (discountable/insignificant) — Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (lethal; proportion: small; 
frequency: high). 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and 
Implement an Underwater Sound Control 
and Abatement Plan; AMM-27: Develop 
and Implement a Barge Operations Plan 


DCP construction has the potential to 
disturb yearlings and make them more 
susceptible to predation (however, 
there would be limited temporal 
overlap with construction because of 
AMM-14 work window; other AMMs 
minimize effects); presence of 
cofferdams during construction period 
provides potential predator habitat but 
is small in extent relative to the area of 
habitat in the Delta. Predation 
associated with DCP operations could 
occur at the north Delta intakes if 
predators aggregate there but existing 
literature suggests such effects would 
be minimal; uncertainty to be 
addressed with fisheries studies and 
adaptive management.   







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-24 


May 2024 
ICF 103653  


 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Stranding Risk Not anticipated to change (Delta); 
increase (Sacramento River; lethal; 
proportion: small; frequency: high) 


Minimize/compensate: Sacramento River 
and Clear Creek: Minimum Instream Flows; 
Ramping Rates 


Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: not 
anticipated to change. 


Minimize/compensate: AMM-14: 
Construction Best Management Practices 
for Biological Resources; AMM-25: Develop 
and Implement a Fish Rescue and Salvage 
Plan 


DCP construction has the potential to 
strand yearlings within cofferdams but 
there would be limited temporal 
overlap with construction because of 
AMM-14 work window; AMM-25 
would provide fish rescue. DCP would 
not affect upstream operations and 
therefore would not affect areas of 
concern noted in Chapter 5. Within the 
Delta, stranding on inundated riparian 
or wetland benches would not be 
anticipated given bench design (slope).       


Outmigration Cues Increase (lethal; proportion: large; 
frequency: low) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Fall and Winter 
Base Flows for Shasta Reservoir Redd 
Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta Reservoir 
Refill; Reduced Wilkins Slough Minimum 
Flows; Sacramento River and Clear Creek: 
Drought Actions 


Construction: not anticipated to 
change. Operations and 
maintenance: not anticipated to 
change (Sacramento River); increase 
(Delta; lethal; proportion: high; 
frequency: high). 


Minimize/compensate: North Delta intakes 
operating criteria; CMP-25: Tidal Habitat 
Restoration to Mitigate North Delta 
Hydrodynamic Effects on Chinook Salmon 
Juveniles  


DCP would not affect upstream 
operations and therefore would not 
affect Sacramento River outmigration 
cues. DCP north Delta intake 
operations would reduce Sacramento 
River flow into the Delta, potentially 
reducing through-Delta survival based 
on flow-survival relationships. This is 
limited by operating criteria, with 
modeling indicating relative 
differences in through-Delta survival of 
3% or less during main outmigration 
period. CMP-25 would offset potential 
increases in reverse flows at the 
Sacramento River-Georgiana Slough 
junction as a result of north Delta 
intakes operations (which could 
otherwise lead to more fish entering 
the relatively high-predation interior 
Delta migration pathway); CMP-25 
would also reduce interior Delta entry 
when the north Delta intakes are not 
operating.   


Entrainment Risk Increase (lethal; proportion: small; 
frequency: high) 


Minimize/compensate: Delta Cross 
Channel Gate Closure; First Flush and Start 
of OMR Management; January 1 and Start 
of OMR Management; Spring-run Chinook 
Salamon and Surrogate Thresholds; Winter 
and Spring Delta Outflows; Salvage 
Facilities 


Exacerbate: SHOT Reduction in 
Sacramento River Fall and Winter Flows; 
Drought Actions 


Construction: not anticipated to 
change. Operations and 
maintenance: increase (lethal; 
proportion: high; frequency: high). 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating 
criteria; CMP-25: Tidal Habitat Restoration 
to Mitigate North Delta Hydrodynamic 
Effects on Chinook Salmon Juveniles 


North Delta intakes’ 1.75-mm 
cylindrical screens would exclude 
yearlings from entrainment, with 
screen design and operating criteria 
(e.g., approach velocity) minimizing 
the potential for negative near-field 
effects such as impingement. Operating 
criteria such as pulse protection would 
limit potential for entry into interior 
Delta and risk of south Delta 
entrainment; see discussion of 
Outmigration Cues for CMP-25, which 
would offset potential for greater 
entrainment at the south Delta export 
facilities caused by greater interior 
Delta entry via Georgiana Slough.   


Refuge Habitat Increase (Sacramento River; sub-lethal; 
proportion: large; frequency: low); not 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Fall and Winter 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 


Minimize/compensate: AMM-14: 
Construction Best Management Practices 


DCP construction effects would be 
limited in temporal overlap because of 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


anticipated to change (Delta)  Base Flows for Shasta Reservoir Redd 
Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta Reservoir 
Refill; Reduced Wilkins Slough Minimum 
Flows; Sacramento River and Clear Creek: 
Drought Actions 


Operations and maintenance: 
increase (sub-lethal; proportion: 
small; frequency: high) 


for Biological Resources; AMM-25: Develop 
and Implement a Fish Rescue and Salvage 
Plan; AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement 
Plan; AMM-27: Develop and Implement a 
Barge Operations Plan; Mitigation Measure 
CMP (CMP-23: Tidal Perennial Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; 
CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; 
CMP-26: Channel Margin Habitat 
Restoration for Operations Impacts on 
Chinook Salmon Juveniles); North Delta 
intakes operating criteria 


AMM-14 work window; other AMMs 
minimize effects; fish likely to move 
away from disturbance; CMP-23 and 
CMP-24 mitigate for reduced habitat 
extent. DCP north Delta intake 
operations would reduce inundation of 
riparian/wetland bench rearing 
habitat, mitigated by CMP-26.  


Food Availability 
and Quality 


Increase (Sacramento River and more 
landward end of the Delta; sub-lethal; 
proportion: large; frequency: low 
[Sacramento River], high [Delta]); not 
anticipated to change (more seaward 
end of the Delta) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Fall and Winter 
Base Flows for Shasta Reservoir Redd 
Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta Reservoir 
Refill; Reduced Wilkins Slough Minimum 
Flows; Sacramento River and Clear Creek: 
Drought Actions 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase 
(discountable/insignificant). 


Minimize/compensate: AMM-14: 
Construction Best Management Practices 
for Biological Resources; AMM-26: Develop 
and Implement an Underwater Sound 
Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge 
Operations Plan; Mitigation Measure CMP 
(CMP-23: Tidal Perennial Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; 
CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources); 
North Delta intakes operating criteria 


DCP construction may affect food 
availability through disturbance or 
reduced habitat, which would be small 
in extent, limited in temporal overlap 
because of AMM-14 work window, and 
minimized or compensated for by 
conservation measures. DCP north 
Delta intake operations may entrain 
foodweb organisms but this is limited 
in extent, particularly relative to in situ 
production. 


Water Temperature 
and Dissolved 
Oxygen 


Increase or decrease 
(discountable/insignificant) 


— Construction: increase 
(discountable/insignificant); 
operations and maintenance: not 
anticipated to change 


Minimize/compensate: Mitigation Measure 
CMP (CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources) 


DCP removal of trees at construction 
sites would have minimal effects 
(channel margin habitat restoration 
would be undertaken to replace lost 
habitat); DCP would not affect 
upstream operations; no DCP 
operations effect on Delta water 
temperature (DSM2-QUAL) and would 
not affect dissolved oxygen (DCP FEIR 
chapter 9). 


Other construction-
related stressors 
(acoustic effects; 
direct physical 
injury) 


— — Increase (sub-lethal to lethal; 
proportion: small; frequency: low) 


Minimize/compensate: AMM-14: 
Construction Best Management Practices 
for Biological Resources; AMM-26: Develop 
and Implement an Underwater Sound 
Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge 
Operations Plan 


DCP construction effects would be 
limited in temporal overlap because of 
AMM-14 work window; other AMMs 
minimize effects; fish likely to move 
away from disturbance. 


Notes: *Table includes consideration of DCP construction effects and conservation measures; these are addressed in a separate consultation. 
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Table 7A-4. Qualitative Summary of DCP Combined with Proposed Action (PA) Effects on Central Valley Spring-Run Chinook Salmon Critical Habitat 


Physical 
and 
Biological 
Feature Stressor 


PA Effect on Critical 
Habitat PA Conservation Measures DCP Effect on Critical Habitat* DCP Conservation Measures Rationale 


Freshwater 
Spawning 
Sites 


Spawning 
Habitat 


Adverse Minimize/compensate: Sacramento River: 
Minimum Instream Flow; Fall and Winter Base 
Flows for Redd Maintenance; SRSC Rice 
Decomposition Smoothing. Clear Creek: Minimum 
Instream Flows, Segregation Weir. Exacerbate: 
Sacramento River: Fall and Winter Base Flows for 
Shasta Refill. 


Not anticipated to change — DCP would not affect upstream operations. 


Redd Quality 
(clean spawning 
gravel) 


Decrease (beneficial; 
proportion: medium; 
frequency: large) 


Minimize/compensate: Sacramento River: Fall and 
Winter Base Flows for Shasta Reservoir Redd 
Maintenance; SRSC Transfer Delayed Timing. Clear 
Creek: Minimum Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Refill; SHOT Water Transfer 
Timing Approvals 


Not anticipated to change — DCP would not affect upstream operations. 


Redd Stranding 
and Dewatering 


Increase (lethal; 
proportion: likely 
small; frequency: high) 


Minimize/compensate: Sacramento River: Fall and 
Winter Base Flows for Shasta Reservoir Refill and 
Redd Maintenance; Minimum Instream Flows. 
Clear Creek: Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Refill; SRSC Transfer Delays 


Not anticipated to change — DCP would not affect upstream operations. 


Water 
Temperature 


No adverse effects 
anticipated 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Clear Creek: Water 
Temperature Management 


Exacerbate: Sacramento River:  
SHOT Determination on Temperature Shoulders 
(requiring releases too cold too early and 
exhausting coldwater pool); Voluntary Agreement 
Pulse Flows; Sacramento River Pulse Flows 


Not anticipated to change — DCP would not affect upstream operations. 


Freshwater 
Rearing Sites 


Refuge habitat 
(juvenile) 


No adverse effects 
anticipated (more 
seaward end of the 
Delta); adverse 
(Sacramento River, 
Clear Creek, and more 
landward end of the 
Delta) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Voluntary Agreement 
Pulse Flows; Sacramento River Pulse Flows; Clear 
Creek: Minimum Instream Flows; Spring Pulse 
Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


Adverse Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-25: Develop and Implement a Fish Rescue 
and Salvage Plan; AMM-26: Develop and 
Implement an Underwater Sound Control and 
Abatement Plan; AMM-27: Develop and Implement 
a Barge Operations Plan; Mitigation Measure CMP 
(CMP-23: Tidal Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources; CMP-24: Channel Margin 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-26: 
Channel Margin Habitat Restoration for Operations 
Impacts on Chinook Salmon Juveniles); North Delta 
intakes operating criteria 


DCP construction effects would be limited in 
temporal overlap because of AMM-14 work 
window; other AMMs minimize effects; fish 
likely to move away from disturbance; CMP-
23 and CMP-24 mitigate for reduced habitat 
extent. DCP north Delta intake operations 
would reduce inundation of riparian/wetland 
bench rearing habitat, mitigated by CMP-26.  


Refuge habitat 
(yearling) 


Adverse or no adverse 
effects anticipated 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and Winter 


Not anticipated to change — DCP would not affect upstream operations. 
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Physical 
and 
Biological 
Feature Stressor 


PA Effect on Critical 
Habitat PA Conservation Measures DCP Effect on Critical Habitat* DCP Conservation Measures Rationale 


Base Flows for Shasta Reservoir Refill; SRSC 
Diversion Spring Delays and Shifting; Allocation 
Reductions for Shasta Reservoir End of September 
Storage; Rebalancing between other CVP 
Reservoirs for Shasta Reservoir End of September 
Storage; Reduced Wilkins Slough Minimum Flows 
for Shasta Reservoir End of September Storage; 
Minimum Refuge Summer Deliveries North of Delta  


Food 
Availability and 
Quality 
(juvenile) 


Adverse Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Voluntary Agreement 
Pulse Flows; Sacramento River Pulse Flows; Clear 
Creek: Minimum Instream Flows; Spring Pulse 
Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (discountable/insignificant). 


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an Underwater 
Sound Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal Perennial 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-24: 
Channel Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources); North Delta intakes operating 
criteria 


DCP construction may affect food availability 
through disturbance or reduced habitat, 
which would be small in extent, limited in 
temporal overlap because of AMM-14 work 
window, and minimized or compensated for 
by conservation measures. DCP north Delta 
intake operations may entrain foodweb 
organisms but this is limited in extent, 
particularly relative to in situ production. 


Food 
Availability and 
Quality 
(yearling) 


Adverse or no adverse 
effects anticipated 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; SRSC 
Diversion Spring Delays and Shifting; Allocation 
Reductions for Shasta Reservoir End of September 
Storage; Rebalancing between other CVP 
Reservoirs for Shasta Reservoir End of September 
Storage; Reduced Wilkins Slough Minimum Flows 
for Shasta Reservoir End of September Storage; 
Minimum Refuge Summer Deliveries North of Delta 


Not anticipated to change — DCP would not affect upstream operations. 


Stranding Risk 
(juvenile) 


No adverse effects 
anticipated 


— Construction: adverse. Operations 
and maintenance: not anticipated to 
change. 


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-25: Develop and Implement a Fish Rescue 
and Salvage Plan 


DCP construction has the potential to strand 
juveniles within cofferdams but there would 
be limited temporal overlap with construction 
because of AMM-14 work window; AMM-25 
would provide fish rescue. DCP would not 
affect upstream operations and therefore 
would not affect areas of concern noted in 
Chapter 6. Within the Delta, stranding on 
inundated riparian or wetland benches would 
not be anticipated given bench design (slope).       


Stranding Risk 
(yearling) 


No adverse effects 
anticipated 


— Not anticipated to change — DCP would not affect upstream operations. 


Water 
Temperature 
and Dissolved 
Oxygen 
(juvenile) 


Adverse or no adverse 
effects anticipated 


Minimize/compensate: Minimum Instream Flows; 
Shasta Reservoir Water Temperature and Storage 
Management (preserve cold water) 


Exacerbate: SHOT Water Transfer Timing 
Approvals (denial of water transfers); SHOT 


Not anticipated to change Minimize/compensate: Mitigation Measure CMP 
(CMP-24: Channel Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources) 


DCP removal of trees at construction sites 
would have minimal effects (channel margin 
habitat restoration would be undertaken to 
replace lost habitat); DCP would not affect 
upstream operations; no DCP operations 
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Physical 
and 
Biological 
Feature Stressor 


PA Effect on Critical 
Habitat PA Conservation Measures DCP Effect on Critical Habitat* DCP Conservation Measures Rationale 


Determination on Temperature Shoulders 
(requiring releases too cold too early and 
exhausting coldwater pool) 


effect on Delta water temperature (DSM2-
QUAL) and would not affect dissolved oxygen 
(DCP FEIR chapter 9). 


Water 
Temperature 
and Dissolved 
Oxygen 
(yearling) 


No adverse effects 
anticipated 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Fall and Winer Base 
Flows for Shasta Reservoir Redd Maintenance; 
Shasta Reservoir Water Temperature and Storage 
Management; Clear Creek: Minimum Instream 
Flow; Water Temperature Management 


Exacerbate: Sacramento River: Shasta Reservoir 
Water Temperature Storage Management 


Not anticipated to change — DCP would not affect upstream operations. 


Freshwater 
Migration 
Corridors 


Outmigration 
Cues (juvenile) 


Adverse Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Fall and Winter Base 
Flows for Shasta Reservoir Redd Maintenance; 
Clear Creek: Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


Construction: no adverse effects 
anticipated. Operations and 
maintenance: no adverse effects 
anticipated (Sacramento River); 
adverse (Delta). 


Minimize/compensate: North Delta intakes 
operating criteria; CMP-25: Tidal Habitat 
Restoration to Mitigate North Delta Hydrodynamic 
Effects on Chinook Salmon Juveniles  


DCP would not affect upstream operations 
and therefore would not affect Sacramento 
River outmigration cues. DCP north Delta 
intake operations would reduce Sacramento 
River flow into the Delta, potentially reducing 
through-Delta survival based on flow-survival 
relationships. This is limited by operating 
criteria, with modeling indicating relative 
differences in through-Delta survival of 4% or 
less during main outmigration period. CMP-
25 would offset potential increases in reverse 
flows at the Sacramento River-Georgiana 
Slough junction as a result of north Delta 
intakes operations (which could otherwise 
lead to more fish entering the relatively high-
predation interior Delta migration pathway); 
CMP-25 would also reduce interior Delta 
entry when the north Delta intakes are not 
operating.   


Outmigration 
Cues (yearling) 


Adverse Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Fall and Winter Base 
Flows for Shasta Reservoir Redd Maintenance; 
Clear Creek: Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


Construction: no adverse effects 
anticipated. Operations and 
maintenance: no adverse effects 
anticipated (Sacramento River); 
adverse (Delta). 


Minimize/compensate: North Delta intakes 
operating criteria; CMP-25: Tidal Habitat 
Restoration to Mitigate North Delta Hydrodynamic 
Effects on Chinook Salmon Juveniles  


DCP would not affect upstream operations 
and therefore would not affect Sacramento 
River outmigration cues. DCP north Delta 
intake operations would reduce Sacramento 
River flow into the Delta, potentially reducing 
through-Delta survival based on flow-survival 
relationships. This is limited by operating 
criteria, with modeling indicating relative 
differences in through-Delta survival of 3% or 
less during main outmigration period. CMP-
25 would offset potential increases in reverse 
flows at the Sacramento River-Georgiana 
Slough junction as a result of north Delta 
intakes operations (which could otherwise 
lead to more fish entering the relatively high-
predation interior Delta migration pathway); 
CMP-25 would also reduce interior Delta 
entry when the north Delta intakes are not 
operating.   


Refuge Habitat Adverse (Sacramento Minimize/compensate: Sacramento River: Adverse Minimize/compensate: AMM-14: Construction Best DCP construction effects would be limited in 
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Physical 
and 
Biological 
Feature Stressor 


PA Effect on Critical 
Habitat PA Conservation Measures DCP Effect on Critical Habitat* DCP Conservation Measures Rationale 


(juvenile) River and more 
landward end of the 
Delta); no adverse 
effects anticipated 
(more seaward end of 
the Delta) 


Minimum Instream Flows; Voluntary Agreement 
Pulse Flows; Sacramento River Pulse Flows; Clear 
Creek: Minimum Instream Flows; Spring Pulse 
Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


Management Practices for Biological Resources; 
AMM-25: Develop and Implement a Fish Rescue 
and Salvage Plan; AMM-26: Develop and 
Implement an Underwater Sound Control and 
Abatement Plan; AMM-27: Develop and Implement 
a Barge Operations Plan; Mitigation Measure CMP 
(CMP-23: Tidal Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources; CMP-24: Channel Margin 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-26: 
Channel Margin Habitat Restoration for Operations 
Impacts on Chinook Salmon Juveniles); North Delta 
intakes operating criteria 


temporal overlap because of AMM-14 work 
window; other AMMs minimize effects; fish 
likely to move away from disturbance; CMP-
23 and CMP-24 mitigate for reduced habitat 
extent. DCP north Delta intake operations 
would reduce inundation of riparian/wetland 
bench rearing habitat, mitigated by CMP-26.  


Refuge Habitat 
(yearling) 


Adverse (Sacramento 
River); no adverse 
effects anticipated 
(Delta) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Fall and Winter Base 
Flows for Shasta Reservoir Redd Maintenance; 
Clear Creek: Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


Adverse Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-25: Develop and Implement a Fish Rescue 
and Salvage Plan; AMM-26: Develop and 
Implement an Underwater Sound Control and 
Abatement Plan; AMM-27: Develop and Implement 
a Barge Operations Plan; Mitigation Measure CMP 
(CMP-23: Tidal Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources; CMP-24: Channel Margin 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-26: 
Channel Margin Habitat Restoration for Operations 
Impacts on Chinook Salmon Juveniles); North Delta 
intakes operating criteria 


DCP construction effects would be limited in 
temporal overlap because of AMM-14 work 
window; other AMMs minimize effects; fish 
likely to move away from disturbance; CMP-
23 and CMP-24 mitigate for reduced habitat 
extent. DCP north Delta intake operations 
would reduce inundation of riparian/wetland 
bench rearing habitat, mitigated by CMP-26.  


Food 
Availability and 
Quality 
(juvenile) 


Adverse (Sacramento 
River and more 
landward end of the 
Delta); no adverse 
effects anticipated 
(more seaward end of 
the Delta) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Voluntary Agreement 
Pulse Flows; Sacramento River Pulse Flows; Clear 
Creek: Minimum Instream Flows; Spring Pulse 
Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


Construction: adverse. Operations 
and maintenance: no adverse effects 
anticipated.  


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an Underwater 
Sound Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal Perennial 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-24: 
Channel Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources); North Delta intakes operating 
criteria 


DCP construction may affect food availability 
through disturbance or reduced habitat, 
which would be small in extent, limited in 
temporal overlap because of AMM-14 work 
window, and minimized or compensated for 
by conservation measures. DCP north Delta 
intake operations may entrain foodweb 
organisms but this is limited in extent, 
particularly relative to in situ production. 


Food 
Availability and 
Quality 
(yearling) 


Adverse (Sacramento 
River and more 
landward end of the 
Delta); no adverse 
effects anticipated 
(more seaward end of 
the Delta) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Fall and Winter Base 
Flows for Shasta Reservoir Redd Maintenance; 
Clear Creek: Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


Construction: adverse. Operations 
and maintenance: no adverse effects 
anticipated. 


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an Underwater 
Sound Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal Perennial 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-24: 
Channel Margin Habitat Restoration for 


DCP construction may affect food availability 
through disturbance or reduced habitat, 
which would be small in extent, limited in 
temporal overlap because of AMM-14 work 
window, and minimized or compensated for 
by conservation measures. DCP north Delta 
intake operations may entrain foodweb 
organisms but this is limited in extent, 
particularly relative to in situ production. 
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Physical 
and 
Biological 
Feature Stressor 


PA Effect on Critical 
Habitat PA Conservation Measures DCP Effect on Critical Habitat* DCP Conservation Measures Rationale 


Construction Impacts on Habitat for Fish and 
Aquatic Resources); North Delta intakes operating 
criteria 


Entrainment 
Risk (juvenile) 


Adverse Minimize/compensate: Delta Cross Channel Gate 
Closure; Winter-Run Chinook Salmon Early Season 
Salvage Threshold; January 1 and Start of OMR 
Management; Spring-run Chinook Salamon and 
Surrogate Thresholds; Winter-Run Weekly Loss 
Thresholds; Winter and Spring Delta Outflows; 
Salvage Facilities 


Construction: no adverse effects 
anticipated. Operations and 
maintenance: adverse. 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating criteria; 
CMP-25: Tidal Habitat Restoration to Mitigate 
North Delta Hydrodynamic Effects on Chinook 
Salmon Juveniles 


North Delta intakes’ 1.75-mm cylindrical 
screens would exclude juveniles from 
entrainment, with screen design and 
operating criteria (e.g., approach velocity) 
minimizing the potential for negative near-
field effects such as impingement. Operating 
criteria such as pulse protection would limit 
potential for entry into interior Delta and risk 
of south Delta entrainment; see discussion of 
Outmigration Cues for CMP-25, which would 
offset potential for greater entrainment at the 
south Delta export facilities caused by greater 
interior Delta entry via Georgiana Slough.   


Entrainment 
Risk (yearling) 


Adverse Minimize/compensate: Delta Cross Channel Gate 
Closure; First Flush and Start of OMR Management; 
January 1 and Start of OMR Management; Spring-
run Chinook Salamon and Surrogate Thresholds; 
Winter and Spring Delta Outflows; Salvage 
Facilities 


Exacerbate: SHOT Reduction in Sacramento River 
Fall and Winter Flows; Drought Actions 


Construction: no adverse effects 
anticipated. Operations and 
maintenance: adverse. 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating criteria; 
CMP-25: Tidal Habitat Restoration to Mitigate 
North Delta Hydrodynamic Effects on Chinook 
Salmon Juveniles 


North Delta intakes’ 1.75-mm cylindrical 
screens would exclude yearlings from 
entrainment, with screen design and 
operating criteria (e.g., approach velocity) 
minimizing the potential for negative near-
field effects such as impingement. Operating 
criteria such as pulse protection would limit 
potential for entry into interior Delta and risk 
of south Delta entrainment; see discussion of 
Outmigration Cues for CMP-25, which would 
offset potential for greater entrainment at the 
south Delta export facilities caused by greater 
interior Delta entry via Georgiana Slough.   


Estuarine 
Areas 


Outmigration 
Cues (juvenile) 


Adverse Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Fall and Winter Base 
Flows for Shasta Reservoir Redd Maintenance; 
Clear Creek: Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


Construction: no adverse effects 
anticipated. Operations and 
maintenance: adverse. 


Minimize/compensate: North Delta intakes 
operating criteria; CMP-25: Tidal Habitat 
Restoration to Mitigate North Delta Hydrodynamic 
Effects on Chinook Salmon Juveniles  


DCP north Delta intake operations would 
reduce Sacramento River flow into the Delta, 
potentially reducing through-Delta survival 
based on flow-survival relationships. This is 
limited by operating criteria, with modeling 
indicating relative differences in through-
Delta survival of 4% or less during main 
outmigration period. CMP-25 would offset 
potential increases in reverse flows at the 
Sacramento River-Georgiana Slough junction 
as a result of north Delta intakes operations 
(which could otherwise lead to more fish 
entering the relatively high-predation interior 
Delta migration pathway); CMP-25 would also 
reduce interior Delta entry when the north 
Delta intakes are not operating.   


Outmigration 
Cues (yearling) 


Adverse Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Fall and Winter Base 
Flows for Shasta Reservoir Redd Maintenance; 
Clear Creek: Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and Winter 


Construction: no adverse effects 
anticipated. Operations and 
maintenance: adverse. 


Minimize/compensate: North Delta intakes 
operating criteria; CMP-25: Tidal Habitat 
Restoration to Mitigate North Delta Hydrodynamic 
Effects on Chinook Salmon Juveniles  


DCP north Delta intake operations would 
reduce Sacramento River flow into the Delta, 
potentially reducing through-Delta survival 
based on flow-survival relationships. This is 
limited by operating criteria, with modeling 
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and 
Biological 
Feature Stressor 


PA Effect on Critical 
Habitat PA Conservation Measures DCP Effect on Critical Habitat* DCP Conservation Measures Rationale 


Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


indicating relative differences in through-
Delta survival of 3% or less during main 
outmigration period. CMP-25 would offset 
potential increases in reverse flows at the 
Sacramento River-Georgiana Slough junction 
as a result of north Delta intakes operations 
(which could otherwise lead to more fish 
entering the relatively high-predation interior 
Delta migration pathway); CMP-25 would also 
reduce interior Delta entry when the north 
Delta intakes are not operating.   


Refuge Habitat 
(juvenile) 


No adverse effects 
anticipated (more 
seaward end of Delta); 
adverse (more 
landward end of Delta) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Voluntary Agreement 
Pulse Flows; Sacramento River Pulse Flows; Clear 
Creek: Minimum Instream Flows; Spring Pulse 
Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


Adverse Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-25: Develop and Implement a Fish Rescue 
and Salvage Plan; AMM-26: Develop and 
Implement an Underwater Sound Control and 
Abatement Plan; AMM-27: Develop and Implement 
a Barge Operations Plan; Mitigation Measure CMP 
(CMP-23: Tidal Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources; CMP-24: Channel Margin 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-26: 
Channel Margin Habitat Restoration for Operations 
Impacts on Chinook Salmon Juveniles); North Delta 
intakes operating criteria 


DCP construction effects would be limited in 
temporal overlap because of AMM-14 work 
window; other AMMs minimize effects; fish 
likely to move away from disturbance; CMP-
23 and CMP-24 mitigate for reduced habitat 
extent. DCP north Delta intake operations 
would reduce inundation of riparian/wetland 
bench rearing habitat, mitigated by CMP-26.  


Refuge Habitat 
(yearling) 


No adverse effects 
anticipated (Delta) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Fall and Winter Base 
Flows for Shasta Reservoir Redd Maintenance; 
Clear Creek: Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


Adverse Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-25: Develop and Implement a Fish Rescue 
and Salvage Plan; AMM-26: Develop and 
Implement an Underwater Sound Control and 
Abatement Plan; AMM-27: Develop and Implement 
a Barge Operations Plan; Mitigation Measure CMP 
(CMP-23: Tidal Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources; CMP-24: Channel Margin 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-26: 
Channel Margin Habitat Restoration for Operations 
Impacts on Chinook Salmon Juveniles); North Delta 
intakes operating criteria 


DCP construction effects would be limited in 
temporal overlap because of AMM-14 work 
window; other AMMs minimize effects; fish 
likely to move away from disturbance; CMP-
23 and CMP-24 mitigate for reduced habitat 
extent. DCP north Delta intake operations 
would reduce inundation of riparian/wetland 
bench rearing habitat, mitigated by CMP-26.  


Food 
Availability and 
Quality 
(juvenile) 


Adverse (more 
landward end of the 
Delta); no adverse 
effects anticipated 
(more seaward end of 
the Delta) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Voluntary Agreement 
Pulse Flows; Sacramento River Pulse Flows; Clear 
Creek: Minimum Instream Flows; Spring Pulse 
Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


Construction: adverse. Operations 
and maintenance: no adverse effects 
anticipated.  


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an Underwater 
Sound Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal Perennial 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-24: 
Channel Margin Habitat Restoration for 


DCP construction may affect food availability 
through disturbance or reduced habitat, 
which would be small in extent, limited in 
temporal overlap because of AMM-14 work 
window, and minimized or compensated for 
by conservation measures. DCP north Delta 
intake operations may entrain foodweb 
organisms but this is limited in extent, 
particularly relative to in situ production. 
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Construction Impacts on Habitat for Fish and 
Aquatic Resources); North Delta intakes operating 
criteria 


Food 
Availability and 
Quality 
(yearling) 


Adverse (more 
landward end of the 
Delta); no adverse 
effects anticipated 
(more seaward end of 
the Delta) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Fall and Winter Base 
Flows for Shasta Reservoir Redd Maintenance; 
Clear Creek: Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; Sacramento River 
and Clear Creek: Drought Actions 


Construction: adverse. Operations 
and maintenance: no adverse effects 
anticipated. 


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an Underwater 
Sound Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal Perennial 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-24: 
Channel Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources); North Delta intakes operating 
criteria 


DCP construction may affect food availability 
through disturbance or reduced habitat, 
which would be small in extent, limited in 
temporal overlap because of AMM-14 work 
window, and minimized or compensated for 
by conservation measures. DCP north Delta 
intake operations may entrain foodweb 
organisms but this is limited in extent, 
particularly relative to in situ production. 


Nearshore 
Marine 
Areas 


— No adverse effects 
anticipated 


— No adverse effects anticipated — There would be no DCP effect on nearshore 
marine areas because this is outside the 
action area. 


Offshore 
Marine 
Areas 


— No adverse effects 
anticipated 


— No adverse effects anticipated — There would be no DCP effect on offshore 
marine areas because this is outside the 
action area. 


Notes: *Table includes consideration of DCP construction effects and conservation measures; these are addressed in a separate consultation. **The entrainment risk stressor for DCP more clearly applies to estuarine areas but was not listed for estuarine areas in Chapter 6, thus has been 
kept in the freshwater migration corridors section for consistency with the PA analysis. 
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7A.3.3 California Central Valley Steelhead 


Chapter 7 discusses the status of California Central Valley steelhead, including life history and habitat 


requirements, stressors, and an effects analysis of the Proposed Action. Summaries of the effects analysis 


for effects on the species and its critical habitat are provided in Tables SH1 and SH2. A qualitative 


analysis was conducted to provide a programmatic summary of the effects of the DCP for the species life 


stages, critical habitat physical and biological features, and stressors discussed for the Proposed Action 


(Tables SH1 and SH2)3. The analysis of the DCP was based on information in the draft DCP BA and FEIR, 


which includes consideration of various quantitative and qualitative analyses. 


As illustrated in Tables SH1 and SH2, the principal potential effects of the DCP in addition to the 


Proposed Action would be from operations effects of the north Delta intakes on juvenile rearing and 


outmigration and the associated critical habitat PBFs of freshwater migration corridors and estuarine 


areas. The DCP north Delta intakes include cylindrical fish screens meeting fish agency standards for 


factors such as screen opening size and approach velocity to minimize risk from entrainment and 


impingement. The north Delta intakes operational criteria include factors such as pulse protection 


criteria and bypass flows—wherein diversions are restricted based on large-scale downstream 


movement of juvenile salmonids—in order to minimize the potential for negative effects. Compensatory 


mitigation would be undertaken for north Delta hydrodynamic effects including the potential for reduced 


riverine flow leading to a greater tidal influence and more flow and therefore juvenile steelhead entering 


the relatively low-survival interior Delta at Georgiana Slough, in addition to less inundation of riparian 


and wetland bench rearing habitat. 


As described further in Chapter 3, guiding principles would be applied to ensure that adverse effects of 


the proposed operations of the DCP would be avoided, minimized, and offset. Guiding principles relevant 


to steelhead include: 


• Operate projects consistent with existing and/or future regulatory requirements in the Delta. 


⚫ Implement pulse flow criteria to provide migrating anadromous fish an opportunity to migrate past 


the diversion locations with minimum exposure to diversions and further minimize effects to 


through-Delta survival. 


⚫ Utilize best available science to establish flow levels necessary to provide migratory and rearing 


habitat to minimize effects to juvenile anadromous fish survival and facilitate their movement out of 


the river toward the delta and bays. 


⚫ Monitor and mitigate effects of diversions on migrating anadromous species and their habitat 


through identification of opportunities to develop additional habitat (i.e. tidal and channel margin 


restoration) to improve productivity of those fish populations.  


⚫ Protect habitat conditions supporting listed pelagic and anadromous species, mitigate potential flow 


related effects of DCP with habitat restoration developed in coordination with National Marine 


Fisheries Service (NMFS), Fish and Wildlife Service (FWS), and California Department of Fish and 


Wildlife (CDFW) to improve productivity of those fish populations. 


⚫ Implement project operations and maintenance consistent with the proposed project description, as 


an integrated component of the SWP. 


 
3 The summary tables include broad consideration of conservation measures that may affect stressors, including those 
that may not be specific to the given stressor or species. 
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 Future consultation on Delta Conveyance Project Operations and Maintenance is envisioned to 


update and align elements of project description with conditions (e.g. regulatory, climate, status 


of species) in advance of operations of the north Delta diversions. 


As described in Chapter 3, DCP has an adaptive management program which would integrate with the 


adaptive management program for the Proposed Action and includes a number of general principles such 


as cooperating with resource agencies in monitoring efforts and designing studies to test operational 


modifications to remedy or lessen unanticipated effects. 







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-35 


May 2024 
ICF 103653  


 


Table 7A-5. Qualitative Summary of DCP Combined with Proposed Action (PA) Effects on Central Valley Steelhead 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Adult 
Migration and 
Holding 


In-River Fishery 
and Poaching 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Stranding Risk Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Competition, 
Introgression, and 
Broodstock 
Removal 


Not anticipated to change  Not anticipated to change — DCP would not affect upstream 
operations. 


Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase 
(discountable/insignificant). 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM -27: Develop and 
Implement a Barge Operations Plan 


DCP construction effects from 
sediment disturbance and 
construction contaminants (AMMs 
minimize effects); DCP would not 
affect upstream operations; minimal 
operations effect on modeled 
contaminants in the Delta (DCP FEIR 
chapter 9). 


Dissolved Oxygen Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations; no DCP operations effect 
on Delta water temperature (DSM2-
QUAL) and would not affect dissolved 
oxygen (DCP FEIR chapter 9). 


Water Temperature Decrease (insignificant [Sacramento River, 
Clear Creek, San Joaquin River, Delta], 
beneficial; proportion: small [American River, 
Stanislaus River], frequency: medium  
[American River], low [Stanislaus River] 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: 
Water Temperature Management. 
American River: Water Temperature 
Management. Stanislaus River: Stepped 
Release Plan.  


Exacerbate: Sacramento River:  
SHOT Determination on Temperature 
Shoulders (requiring releases too cold too 
early and exhausting coldwater pool). 
American River: Fall and Winter Base 
Flows for Shasta Reservoir Refill and Redd 
Maintenance; Rebalancing between other 
CVP Reservoirs for Shasta Reservoir End of 
September Storage; Reduced Wilkins 
Slough Minimum Flows for Shasta 
Reservoir End of September Storage. All 
streams: Drought Action 


Construction: increase 
(discountable/insignificant). 
Operations and maintenance: not 
anticipated to change. 


Minimize/compensate: Mitigation 
Measure CMP (CMP-24: Channel Margin 
Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 
Resources) 


DCP removal of trees at construction 
sites would have minimal effects 
(channel margin habitat restoration 
would be undertaken to replace lost 
habitat); DCP would not affect 
upstream operations; no DCP 
operations effect on Delta water 
temperature (DSM2-QUAL). 


Pathogens and 
Disease 


Decrease (beneficial; proportion: large 
[Sacramento River], small [Clear Creek, 
Stanislaus River], medium [American River]; 
frequency: medium [Sacramento River, Clear 
Creek], high [American River, Stanislaus 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: 
Water Temperature Management. 
American River: Water Temperature 


Not anticipated to change — DCP would not affect upstream 
operations; no DCP operations effect 
on Delta water temperature (DSM2-
QUAL), noted as key driver of 
pathogens/disease (Chapter 7). 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


River] Management. Stanislaus River: Stepped 
Release Plan.  


Other construction-
related stressors 
(acoustic effects; 
direct physical 
injury; prey 
availability; 
predation; habitat 
extent) 


— — Increase (sub-lethal; proportion: 
small; frequency: low) 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and 
Implement an Underwater Sound Control 
and Abatement Plan; AMM-27: Develop 
and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal 
Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish 
and Aquatic Resources; CMP-24: Channel 
Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish 
and Aquatic Resources) 


DCP construction effects would be 
limited by AMMs; fish likely to move 
away from disturbance and adults 
unlikely to be at risk from predation; 
CMP-23 and CMP-24 mitigate for 
reduced habitat extent. 


Adult 
Spawning 


In-River Fishery 
and Poaching 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Stranding Risk Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Competition, 
Introgression, and 
Broodstock 
Removal 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Toxicity from 
Contaminants 


Increase (discountable/insignificant) — Not anticipated to change — DCP would not affect upstream 
operations. 


Dissolved Oxygen Increase (discountable/insignificant) — Not anticipated to change — DCP would not affect upstream 
operations. 


Food Availability 
and Quality 


Increase (discountable/insignificant)  Not anticipated to change — DCP would not affect upstream 
operations. 


Water Temperature Increase (sublethal; proportion: small 
[Sacramento River, Clear Creek, American 
River], medium [Stanislaus River]; frequency: 
high [Sacramento River, American River, 
Stanislaus River], low [Clear Creek]) 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: 
Water Temperature Management. 
American River: Water Temperature 
Management. Stanislaus River: Water 
Temperature Management. 


Exacerbate: Sacramento River: Drought 
Tool Kit Warmwater Bypass 


Not anticipated to change — DCP would not affect upstream 
operations. 


Pathogens and 
Disease 


Increase (sublethal; proportion: small 
[Sacramento River]; frequency: medium 
[Sacramento River]; insignificant [Clear Creek, 
American River, Stanislaus River]) 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: 
Water Temperature Management. 
American River: Water Temperature 


Not anticipated to change — DCP would not affect upstream 
operations. 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Management. Stanislaus River: Stepped 
Release Plan 


Spawning Habitat Decrease (discountable [Sacramento River]; 
beneficial; proportion: high [Clear Creek, 
American River, Stanislaus]; frequency: 
medium [Clear Creek, American River], high 
[Stanislaus River]) 


Minimize/compensate: Sacramento 
River: Minimum Instream Flow. Clear 
Creek: Minimum Instream Flows. 
American River: Minimum Instream 
Flows. Stanislaus River:  


Stepped Release Plan. 


Not anticipated to change — DCP would not affect upstream 
operations. 


Kelt 
Emigration 


In-River Fishery 
and Poaching 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


 Stranding Risk Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


 Competition, 
Introgression, and 
Broodstock 
Removal 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase 
(discountable/insignificant). 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM -27: Develop and 
Implement a Barge Operations Plan 


DCP construction effects from 
sediment disturbance and 
construction contaminants (AMMs 
minimize effects); DCP would not 
affect upstream operations; minimal 
operations effect on modeled 
contaminants in the Delta (DCP FEIR 
chapter 9). 


Dissolved Oxygen Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations; no DCP operations effect 
on Delta water temperature (DSM2-
QUAL) and would not affect dissolved 
oxygen (DCP FEIR chapter 9). 


Food Availability 
and Quality 


Increase or decrease 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase 
(discountable/insignificant). 


Minimize/compensate: AMM-14: 
Construction Best Management Practices 
for Biological Resources; AMM-26: 
Develop and Implement an Underwater 
Sound Control and Abatement Plan; 
AMM-27: Develop and Implement a 
Barge Operations Plan; Mitigation 
Measure CMP (CMP-23: Tidal Perennial 
Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 
Resources; CMP-24: Channel Margin 
Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 
Resources); North Delta intakes 
operating criteria 


DCP construction may affect food 
availability through disturbance or 
reduced habitat, which would be 
small in extent, limited in temporal 
overlap because of AMM-14 work 
window, and minimized or 
compensated for by conservation 
measures. DCP north Delta intake 
operations may entrain smaller 
foodweb organisms but this is 
limited in extent, particularly relative 
to in situ production; larger foodweb 
items (e.g., fish) would not be 
entrained. 


Water Temperature Increase or decrease (insignificant 
[Sacramento River, Clear Creek, San Joquin 
River, Delta]; spring; sublethal; proportion: 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives; Water 


Construction: increase 
(discountable/insignificant). 
Operations and maintenance: not 


Minimize/compensate: Mitigation 
Measure CMP (CMP-24: Channel Margin 
Habitat Restoration for Construction 


DCP removal of trees at construction 
sites would have minimal effects 
(channel margin habitat restoration 







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-38 


May 2024 
ICF 103653  


 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


small [American River]; frequency: low 
[American River]; summer; beneficial; 
proportion: small [Stanislaus River]; 
frequency: medium [American River], small 
[Stanislaus River]  


Temperature Management. Clear Creek: 
Water Temperature Management. 
American River: Water Temperature 
Management. Stanislaus River: Stepped 
Release Plan. 


Exacerbate: Sacramento River: Drought 
Tool Kit Warmwater Bypass 


anticipated to change. Impacts on Habitat for Fish and Aquatic 
Resources) 


would be undertaken to replace lost 
habitat); DCP would not affect 
upstream operations; no DCP 
operations effect on Delta water 
temperature (DSM2-QUAL). 


Pathogens and 
Disease 


Increase (insignificant [Clear Creek, San 
Joaquin River, Delta]; sublethal; proportion: 
medium [Sacramento River, American River], 
low [Clear Creek, Stanislaus River]; frequency: 
high [American River], medium [Sacramento 
River, Stanislaus River], low [Clear Creek] 


 Not anticipated to change — DCP would not affect upstream 
operations; no DCP operations effect 
on Delta water temperature (DSM2-
QUAL), noted as key driver of 
pathogens/disease (Chapter 7). 


Other construction-
related stressors 
(acoustic effects; 
direct physical 
injury; predation; 
habitat extent) 


— — Increase (sub-lethal; proportion: 
small; frequency: low) 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and 
Implement an Underwater Sound Control 
and Abatement Plan; AMM-27: Develop 
and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal 
Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish 
and Aquatic Resources; CMP-24: Channel 
Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish 
and Aquatic Resources) 


DCP construction effects would be 
limited by AMMs, in particular AMM-
14 minimizing temporal overlap with 
kelt emigration period; fish likely to 
move away from disturbance and 
adults unlikely to be at risk from 
predation; CMP-23 and CMP-24 
mitigate for reduced habitat extent. 


Egg 
Incubation 
and Fry 
Emergence 


Predation Risk Not anticipated to change  Not anticipated to change — DCP would not affect upstream 
operations. 


In-River Fishery 
and Trampling 


Not anticipated to change — Not anticipated to change — DCP would not affect upstream 
operations. 


Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations. 


Dissolved Oxygen Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations. 


Sedimentation and 
Gravel Quantity 


Increase (discountable/insignificant) — Not anticipated to change — DCP would not affect upstream 
operations. 


Redd Quality Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream 
operations. 


Food Availability 
and Quality 


Increase or decrease 
(discountable/insignificant 


— Not anticipated to change — DCP would not affect upstream 
operations. 


Water Temperature Increase (sublethal; proportion: small [Clear 
Creek]; frequency: high [Clear Creek]; lethal; 
proportion: small [Sacramento River], 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: 


Not anticipated to change — DCP would not affect upstream 
operations. 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


medium [American River, Stanislaus River]; 
frequency: high [Sacramento River, American 
River], medium [Stanislaus River]) 


Water Temperature Management. 
American River: Water Temperature 
Management. Stanislaus River: Stepped 
Release Plan. 


Pathogens and 
Disease 


Increase (insignificant; [Clear Creek]; 
sublethal; proportion: small [Sacramento 
River, Stanislaus River], medium [American 
River]; frequency: medium [Sacramento 
River, American River], low [Stanislaus 
River]) 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: 
Water Temperature Management. 
American River: Water Temperature 
Management. Stanislaus River: Stepped 
Release Plan. 


Not anticipated to change — DCP would not affect upstream 
operations. 


Redd Stranding and 
Dewatering 


Increase or decrease (beneficial; proportion: 
small to medium [Clear Creek]; frequency: 
high [Clear Creek]); (lethal; proportion: small 
[Sacramento River] small to medium 
[American River, Stanislaus River]; frequency: 
high [Sacramento River, American River, 
Stanislaus River])  


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: 
Water Temperature Management. 
American River: Water Temperature 
Management; Redd Dewatering 
Adjustment. Stanislaus River: Stepped 
Release Plan. 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta Refill and 
Redd Maintenance. 


Not anticipated to change — DCP would not affect upstream 
operations. 


Juvenile 
Rearing and 
Outmigration 


Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase 
(discountable/insignificant). 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-27: Develop and 
Implement a Barge Operations Plan 


DCP construction effects from 
sediment disturbance and 
construction contaminants (limited 
temporal overlap because of AMM-14 
work window; other AMMs minimize 
effects); DCP would not affect 
upstream operations; minimal 
operations effect on modeled 
contaminants in the Delta (DCP FEIR 
chapter 9). 


Predation and 
Competition 


Increase (discountable/insignificant) — Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (lethal; proportion: small; 
frequency: high). 


Minimize/compensate: AMM-2: Develop 
and Implement Hazardous Materials 
Management Plans; AMM-3: Develop and 
Implement Spill Prevention, Control, and 
Countermeasure Plans; AMM-4a: Develop 
and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and 
Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and 
Implement an Underwater Sound Control 
and Abatement Plan; AMM-27: Develop 
and Implement a Barge Operations Plan 


DCP construction has the potential to 
disturb juveniles and make them 
more susceptible to predation 
(however, there would be limited 
temporal overlap with construction 
because of AMM-14 work window; 
other AMMs minimize effects); 
presence of cofferdams during 
construction period provides 
potential predator habitat but is 
small in extent relative to the area of 
habitat in the Delta. Predation 
associated with DCP operations could 
occur at the north Delta intakes if 
predators aggregate there but 
existing literature suggests such 
effects would be minimal; 
uncertainty to be addressed with 
fisheries studies and adaptive 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


management.   


Dissolved Oxygen Increase or decrease (insignificant; 
[Sacramento River, American River, Clear 
Creek, Delta]; sublethal; proportion: high 
[rearing: Stanislaus River], medium 
[outmigration: San Joaquin River, Stanislaus 
River], low [San Joaquin – rearing]; frequency: 
high [rearing: Stanislaus River], medium 
[rearing: San Joaquin River, outmigration: 
Stanislaus River], low [outmigration: San 
Joaquin River]  


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Shasta Reservoir 
Water Temperature and Storage 
Management. Clear Creek; Minimum 
Instream Flows; Water Temperature 
Management. American River: Minimum 
Instream Flows; Water Temperature 
Management. Stanislaus River: Stepped 
Release Plan. 


Exacerbate: Sacramento River: SHOT 
Determination on Temperature 
Shoulders (requiring releases too cold 
too early and exhausting coldwater 
pool). American River: Fall and Winter 
Base Flows for Shasta Reservoir Refill 
and Redd Maintenance; Rebalancing 
between other CVP Reservoirs for 
Shasta Reservoir End of September 
Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir 
End of September Storage. All Basins: 
Drought Action. 


Construction: increase 
(discountable/insignificant); 
operations and maintenance: not 
anticipated to change 


Minimize/compensate: Mitigation 
Measure CMP (CMP-24: Channel Margin 
Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 
Resources) 


DCP removal of trees at construction 
sites would have minimal effects on 
temperature (channel margin habitat 
restoration would be undertaken to 
replace lost habitat) and therefore 
possibly dissolved oxygen; DCP 
would not affect upstream 
operations; no DCP operations effect 
on dissolved oxygen (DCP FEIR 
chapter 9). 


Water Temperature Increase or decrease (summer; beneficial; 
proportion: large [American River]; 
frequency: medium [American River]; 
sublethal; proportion: large [Stanislaus 
River]; frequency: low [Stanislaus River] 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Shasta Reservoir 
Water Temperature and Storage 
Management. Clear Creek; Minimum 
Instream Flows; Water Temperature 
Management. American River: Minimum 
Instream Flows; Water Temperature 
Management. Stanislaus River: Stepped 
Release Plan. 


Exacerbate: Sacramento River: SHOT 
Determination on Temperature Shoulders 
(requiring releases too cold too early and 
exhausting coldwater pool). American 
River: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd 
Maintenance; Rebalancing between other 
CVP Reservoirs for Shasta Reservoir End of 
September Storage; Reduced Wilkins 
Slough Minimum Flows for Shasta 
Reservoir End of September Storage. All 
Basins: Drought Action. 


Construction: increase 
(discountable/insignificant); 
operations and maintenance: not 
anticipated to change 


Minimize/compensate: Mitigation 
Measure CMP (CMP-24: Channel Margin 
Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 
Resources) 


DCP removal of trees at construction 
sites would have minimal effects 
(channel margin habitat restoration 
would be undertaken to replace lost 
habitat); DCP would not affect 
upstream operations; no DCP 
operations effect on Delta water 
temperature (DSM2-QUAL). 


Pathogens and 
Disease 


Increase or decrease (spring; sublethal; 
proportion: large [rearing: American River, 
Stanislaus River], medium [rearing: 
Sacramento River, Clear Creek], low 
[outmigration: Sacramento River, Clear Creek, 
American River, Stanislaus River], frequency: 
high [rearing: American River, Stanislaus], 
medium [rearing: Sacramento River, Clear 


Minimize/compensate: Sacramento Adult 
Migration and Holding Water Objectives. 
Clear Creek; Water Temperature 
Management. American Water 
Temperature Management. Stanislaus 
River: Stepped Release Plan. 


Construction: not anticipated to 
change. Operations and 
maintenance: increase (sub-lethal; 
proportion: small; frequency: high). 


Minimize/compensate: North Delta 
intakes cylindrical tee fish screens and 
operating criteria 


DCP would not affect upstream 
operations; no DCP operations effect 
on Delta water temperature (DSM2-
QUAL), noted as key driver of 
pathogens/disease (Chapter 5); small 
potential for injury leading to disease 
from contacting north Delta intake 
screens, minimized by screen design 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Creek, outmigration: Sacramento River, 
American River], low [outmigration: Clear 
Creek, Stanislaus River] 


(smooth screen face; cleaning 
system) and operating criteria (e.g., 
approach velocity)  


Outmigration Cues Increase (insignificant [San Joaquin River, 
Delta]; sublethal; proportion; large  
[Sacramento River, American River, Stanislaus 
River], small [Clear Creek]; frequency: low to 
high [Sacramento River], high [Clear Creek, 
American River, Stanislaus River] 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Spring Pulse 
Flows. Clear Creek: Minimum Instream 
Flows; Spring Pulse Flows; American River: 
Minimum Instream Flows; Spring Pulse 
Flows. Stanislaus River: Stepped Release 
Plan. 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta Reservoir 
Refill and Redd Maintenance. American 
River: Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir 
End of September Storage; Rebalancing 
between other CVP Reservoirs for 
Shasta Reservoir End of September 
Storage. All Basins: Drought Action. 


Construction: not anticipated to 
change. Operations and 
maintenance: not anticipated to 
change (upstream); increase (Delta; 
lethal; proportion: high; frequency: 
high). 


Minimize/compensate: North Delta 
intakes operating criteria; CMP-25: Tidal 
Habitat Restoration to Mitigate North 
Delta Hydrodynamic Effects on Chinook 
Salmon Juveniles  


DCP would not affect upstream 
operations and therefore would not 
affect upstream outmigration cues. 
DCP north Delta intake operations 
would reduce Sacramento River flow 
into the Delta, potentially reducing 
through-Delta survival based on 
flow-survival relationships. This is 
limited by operating criteria. CMP-25 
would offset potential increases in 
reverse flows at the Sacramento 
River-Georgiana Slough junction as a 
result of north Delta intakes 
operations (which could otherwise 
lead to more fish entering the 
relatively high-predation interior 
Delta migration pathway); CMP-25 
would also reduce interior Delta 
entry when the north Delta intakes 
are not operating.   


Stranding Risk Not anticipated to change (more seaward end 
of Delta); Increase (winter and spring; lethal; 
proportion: small to medium [Sacramento 
River, San Joquin River, American River, 
Stanislaus River], small [Clear Creek]: 
frequency: high [Sacramento River, Clear 
Creek, San Joaquin River, American River, 
Stanislaus River]  );  decrease (summer and 
fall; beneficial; proportion: small to medium 
[Sacramento River, American River, Stanislaus 
River]; frequency: high [Sacramento River, 
American River, Stanislaus River] 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Ramping Rates. 
Clear Creek: Minimum Instream Flows; 
Ramping Rates. American River: Minimum 
Instream Flows; Ramping Rates. Stanislaus 
River: Stepped Release Plan. 


 


Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: not 
anticipated to change. 


Minimize/compensate: AMM-14: 
Construction Best Management Practices 
for Biological Resources; AMM-25: 
Develop and Implement a Fish Rescue 
and Salvage Plan 


DCP construction has the potential to 
strand juveniles within cofferdams 
but there would be limited temporal 
overlap with construction because of 
AMM-14 work window; AMM-25 
would provide fish rescue. DCP 
would not affect upstream 
operations and therefore would not 
affect areas of concern noted in 
Chapter 7. Within the Delta, 
stranding on inundated riparian or 
wetland benches would not be 
anticipated given bench design 
(slope).       


Refuge Habitat Not anticipated to change (more seaward end 
of Delta); Increase (winter and spring; 
sublethal; proportion: large [Clear Creek, 
American River, Stanislaus River], small to 
medium [Sacramento River/more landward 
end of the Delta, San Joaquin River]; 
frequency: high [San Joaquin River], medium 
[Sacramento River/more landward end of the 
Delta, Clear Creek, American River, Stanislaus 
River]; decrease (summer and fall: beneficial; 
proportion: large [rearing: American River, 
Stanislaus River], small [outmigration: 
American River, Stanislaus River]; frequency: 
medium [American River, Stanislaus River] 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows. Clear Creek: 
Minimum Instream Flows. American River: 
Minimum Instream Flows. Stanislaus River: 
Stepped Release Plan. 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd 
Maintenance 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (sub-lethal; proportion: 
small; frequency: high) 


Minimize/compensate: AMM-14: 
Construction Best Management Practices 
for Biological Resources; AMM-25: 
Develop and Implement a Fish Rescue 
and Salvage Plan; AMM-26: Develop and 
Implement an Underwater Sound Control 
and Abatement Plan; AMM-27: Develop 
and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal 
Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish 
and Aquatic Resources; CMP-24: Channel 
Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish 
and Aquatic Resources; CMP-26: Channel 
Margin Habitat Restoration for 


DCP construction effects would be 
limited in temporal overlap because 
of AMM-14 work window; other 
AMMs minimize effects; fish likely to 
move away from disturbance; CMP-
23 and CMP-24 mitigate for reduced 
habitat extent. DCP north Delta 
intake operations would reduce 
inundation of riparian/wetland 
bench rearing habitat, mitigated by 
CMP-26.  
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Operations Impacts on Chinook Salmon 
Juveniles); North Delta intakes operating 
criteria 


Food Availability 
and Quality 


Not anticipated to change (more seaward end 
of Delta); increase (entire year; sublethal; 
proportion: small to medium [San Joaquin 
River]; frequency: high [San Joaquin River]; 
winter and spring; sublethal; proportion: 
large [Sacramento River, Clear Creek, 
American River, Stanislaus River]; frequency: 
medium [Sacramento River, Clear Creek], low 
to medium [American River, Stanislaus 
River]); decrease (summer and fall; beneficial; 
proportion: large [rearing: Sacramento River, 
Clear Creek, American River], small to 
medium [outmigration: Sacramento River, 
Clear Creek, American River]) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows. Clear Creek: 
Minimum Instream Flows. American River: 
Minimum Instream Flows. Stanislaus River: 
Stepped Release Plan. 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd 
Maintenance 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase 
(discountable/insignificant). 


Minimize/compensate: AMM-14: 
Construction Best Management Practices 
for Biological Resources; AMM-26: 
Develop and Implement an Underwater 
Sound Control and Abatement Plan; 
AMM-27: Develop and Implement a 
Barge Operations Plan; Mitigation 
Measure CMP (CMP-23: Tidal Perennial 
Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 
Resources; CMP-24: Channel Margin 
Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 
Resources); North Delta intakes 
operating criteria 


DCP construction may affect food 
availability through disturbance or 
reduced habitat, which would be 
small in extent, limited in temporal 
overlap because of AMM-14 work 
window, and minimized or 
compensated for by conservation 
measures. DCP north Delta intake 
operations may entrain foodweb 
organisms but this is limited in 
extent, particularly relative to in situ 
production; larger food items (e.g., 
fish) would be prevented from 
entrainment by the north Delta 
intake fish screens. 


Entrainment Risk Increase (lethal; proportion: small [focused 
on Delta]; frequency: high. 


Minimize/compensate: Delta Cross 
Channel Gate Closure; First Flush and 
Start of OMR Management; January 1 
and Start of OMR Management; 
Steelhead Weekly Thresholds; Winter 
and Spring and Delta Outflows; Salvage 
Facilities  


Exacerbate: SHOT Reduction in 
Sacramento River Fall and Winter 
Flows; Drought Actions.  
 


Construction: not anticipated to 
change. Operations and 
maintenance: increase (lethal; 
proportion: high; frequency: high). 


Minimize/compensate: North Delta 
intakes cylindrical tee fish screens and 
operating criteria; CMP-25: Tidal Habitat 
Restoration to Mitigate North Delta 
Hydrodynamic Effects on Chinook 
Salmon Juveniles 


North Delta intakes’ 1.75-mm 
cylindrical screens would exclude 
juveniles from entrainment, with 
screen design and operating criteria 
(e.g., approach velocity) minimizing 
the potential for negative near-field 
effects such as impingement. 
Operating criteria such as pulse 
protection would limit potential for 
entry into interior Delta and risk of 
south Delta entrainment; see 
discussion of Outmigration Cues for 
CMP-25, which would offset potential 
for greater entrainment at the south 
Delta export facilities caused by 
greater interior Delta entry via 
Georgiana Slough.   


Other construction-
related stressors 
(acoustic effects; 
direct physical 
injury) 


— — Increase (sub-lethal to lethal; 
proportion: small; frequency: low) 


Minimize/compensate: AMM-14: 
Construction Best Management Practices 
for Biological Resources; AMM-26: 
Develop and Implement an Underwater 
Sound Control and Abatement Plan; 
AMM-27: Develop and Implement a 
Barge Operations Plan 


DCP construction effects would be 
limited in temporal overlap because 
of AMM-14 work window; other 
AMMs minimize effects; fish likely to 
move away from disturbance. 


Notes: *Table includes consideration of DCP construction effects and conservation measures; these are addressed in a separate consultation. 


  







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-43 


May 2024 
ICF 103653  


 


Table 7A-6. Qualitative Summary of DCP Combined with Proposed Action (PA) Effects on Central Valley Steelhead Critical Habitat 


Physical and 
Biological Feature Stressor PA Effect on Critical Habitat PA Conservation Measures 


DCP Effect on Critical 
Habitat* DCP Conservation Measures Rationale 


Freshwater Spawning 
Sites  


Spawning 
Habitat 


No adverse effects anticipated Minimize/compensate: Sacramento River: 
Minimum Instream Flow. Clear Creek: 
Minimum Instream Flows. American River: 
Minimum Instream Flows. Stanislaus River: 
Stepped Release Plan. 


No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Water 
Temperature 


Adverse Minimize/compensate: Sacramento River: Adult 
Migration and Holding Water Temperature 
Objectives. Clear Creek: Water Temperature 
Management. American River: Water 
Temperature Management. Stanislaus River: 
Stepped Release Plan. 


No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Redd 
Stranding and 
Dewatering 


Adverse [Sacramento River, American 
River, Stanislaus River]; No adverse 
effects anticipated [Clear Creek] 


Minimize/compensate: Sacramento River: Adult 
Migration and Holding Water Temperature 
Objectives. Clear Creek: Water Temperature 
Management. American River: Water 
Temperature Management; Redd Dewatering 
Adjustment. Stanislaus River: Stepped Release 
Plan. 


Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Refill and Redd 
Maintenance. 


No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Freshwater Rearing 
Sites 


Water 
Temperature 


Adverse (winter-spring [Stanislaus 
River, American River]); No adverse 
effects anticipated (summer-fall 
[Stanislaus River, American River]) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Shasta Reservoir 
Water Temperature and Storage Management. 
Clear Creek; Minimum Instream Flows; Water 
Temperature Management. American River: 
Minimum Instream Flows; Water Temperature 
Management. Stanislaus River: Stepped Release 
Plan. 


Exacerbate: Sacramento River: SHOT 
Determination on Temperature Shoulders 
(requiring releases too cold too early and 
exhausting coldwater pool). American River: Fall 
and Winter Base Flows for Shasta Reservoir Refill 
and Redd Maintenance; Rebalancing between 
other CVP Reservoirs for Shasta Reservoir End of 
September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 
September Storage. All Basins: Drought Action. 


No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Dissolved 
Oxygen 


Adverse (winter-spring [Stanislaus 
River]) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Shasta Reservoir 
Water Temperature and Storage Management. 
Clear Creek; Minimum Instream Flows; Water 
Temperature Management. American River: 
Minimum Instream Flows; Water Temperature 
Management. Stanislaus River: Stepped Release 
Plan. 


Exacerbate: Sacramento River: SHOT 
Determination on Temperature Shoulders 


No adverse effects 
anticipated 


— DCP would not affect upstream operations. 
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Physical and 
Biological Feature Stressor PA Effect on Critical Habitat PA Conservation Measures 


DCP Effect on Critical 
Habitat* DCP Conservation Measures Rationale 


(requiring releases too cold too early and 
exhausting coldwater pool). American River: Fall 
and Winter Base Flows for Shasta Reservoir Refill 
and Redd Maintenance; Rebalancing between 
other CVP Reservoirs for Shasta Reservoir End of 
September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 
September Storage. All Basins: Drought Action. 


Stranding Adverse (winter-spring [Sacramento 
River, Clear Creek, Stanislaus River, 
American River]); No adverse effects 
anticipated (summer-fall [Sacramento 
River, Clear Creek, Stanislaus River, 
American River]) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Ramping Rates. Clear 
Creek: Minimum Instream Flows; Ramping Rates. 
American River: Minimum Instream Flows; 
Ramping Rates. Stanislaus River: Stepped Release 
Plan. 


No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Food 
Availability 
and Quality 


Adverse (winter-spring [Sacramento 
River, Clear Creek, Stanislaus River, 
American River]); No adverse effects 
anticipated (summer-fall [Sacramento 
River, Clear Creek, American River, 
Stanislaus River]) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows. Clear Creek: Minimum 
Instream Flows. American River: Minimum 
Instream Flows. Stanislaus River: Stepped 
Release Plan. 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd Maintenance 


No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Refuge Habitat Adverse (winter-spring [Sacramento 
River, Clear Creek, American River, 
Stanislaus River]); No adverse effects 
anticipated (summer-fall [Sacramento 
River, Clear Creek, Stanislaus River, 
American River]) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows. Clear Creek: Minimum 
Instream Flows. American River: Minimum 
Instream Flows. Stanislaus River: Stepped 
Release Plan. 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd Maintenance 


No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Freshwater Migration 
Corridors/Estuarine 
Areas** 


Water 
Temperature 


Adverse (winter-spring adult 
migration and holding [Sacramento 
River, Clear Creek, American River, 
Stanislaus River]; fall adult migration 
and holding [Stanislaus River]); No 
adverse effects anticipated (summer-
fall adult migration and holding 
[Sacramento River, Clear Creek, 
American River]; entire year [San 
Joaquin River, Delta]); 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Shasta Reservoir 
Water Temperature and Storage Management; 
Adult Migration and Holding Water Temperature 
Objectives. Clear Creek: Minimum Instream 
Flows; Water Temperature Management. 
American River: Minimum Instream Flows; 
Water Temperature Management. Stanislaus 
River: Stepped Release Plan.  


Exacerbate: Sacramento River:  
SHOT Determination on Temperature Shoulders 
(requiring releases too cold too early and 
exhausting coldwater pool). American River: Fall 
and Winter Base Flows for Shasta Reservoir Refill 
and Redd Maintenance; Rebalancing between 
other CVP Reservoirs for Shasta Reservoir End of 
September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 
September Storage. All streams: Drought Action 


 


No adverse effects 
anticipated 


Minimize/compensate: Mitigation Measure 
CMP (CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources) 


DCP removal of trees at construction sites 
would have minimal effects (channel 
margin habitat restoration would be 
undertaken to replace lost habitat); DCP 
would not affect upstream operations; no 
DCP operations effect on Delta water 
temperature (DSM2-QUAL). 


Dissolved 
Oxygen 


Adverse (winter-spring outmigration 
[Sacramento River, Clear Creek, 
American River, Stanislaus River]; fall 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Shasta Reservoir 
Water Temperature and Storage Management. 


No adverse effects 
anticipated 


Minimize/compensate: Mitigation Measure 
CMP (CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 


DCP removal of trees at construction sites 
would have minimal effects on 
temperature (channel margin habitat 
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Physical and 
Biological Feature Stressor PA Effect on Critical Habitat PA Conservation Measures 


DCP Effect on Critical 
Habitat* DCP Conservation Measures Rationale 


outmigration [Stanislaus River]); No 
adverse effects anticipated (summer-
fall outmigration [Sacramento River, 
Clear Creek, American River]) 


Clear Creek; Minimum Instream Flows; Water 
Temperature Management. American River: 
Minimum Instream Flows; Water Temperature 
Management. Stanislaus River: Stepped Release 
Plan. 


Exacerbate: Sacramento River: SHOT 
Determination on Temperature Shoulders 
(requiring releases too cold too early and 
exhausting coldwater pool). American River: Fall 
and Winter Base Flows for Shasta Reservoir Refill 
and Redd Maintenance; Rebalancing between 
other CVP Reservoirs for Shasta Reservoir End of 
September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 
September Storage. All Basins: Drought Action. 


Habitat for Fish and Aquatic Resources) restoration would be undertaken to 
replace lost habitat) and therefore possibly 
dissolved oxygen; DCP would not affect 
upstream operations; no DCP operations 
effect on dissolved oxygen (DCP FEIR 
chapter 9). 


Pathogens and 
Disease, 
Juveniles 


Adverse (winter-spring outmigration 
[Sacramento River, Clear Creek, 
American River, Stanislaus River]; fall 
outmigration [Stanislaus River]; 
entire year outmigration [San Joaquin 
River]; No adverse effects anticipated 
(summer-fall outmigration 
[Sacramento River, Clear Creek, 
American River, Stanislaus River]; fall 
outmigration [Stanislaus]) 


Minimize/compensate: Sacramento Adult 
Migration and Holding Water Objectives. Clear 
Creek; Water Temperature Management. 
American Water Temperature Management. 
Stanislaus River: Stepped Release Plan. 


Construction: no 
adverse effects 
anticipated. Operations 
and maintenance: 
adverse. 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating 
criteria 


DCP would not affect upstream operations; 
no DCP operations effect on Delta water 
temperature (DSM2-QUAL), noted as key 
driver of pathogens/disease (Chapter 5); 
small potential for injury leading to disease 
from contacting north Delta intake screens, 
minimized by screen design (smooth 
screen face; cleaning system) and 
operating criteria (e.g., approach velocity)  


Pathogens and 
Disease, 
Adults 


Adverse (winter-spring migration and 
holding [Sacramento River, Clear 
Creek, American River, Stanislaus 
River]; fall migration and holding 
[Stanislaus River]); No adverse effects 
anticipated (summer-fall migration 
and holding [Sacramento River, Clear 
Creek, American River]) 


Minimize/compensate: Sacramento River: Adult 
Migration and Holding Water Temperature 
Objectives. Clear Creek: Water Temperature 
Management. American River: Water 
Temperature Management. Stanislaus River: 
Stepped Release Plan.  


No adverse effects 
anticipated. 


— DCP would not affect upstream operations; 
no DCP operations effect on Delta water 
temperature (DSM2-QUAL), noted as key 
driver of pathogens/disease (Chapter 5); 
adults not likely to contact north Delta 
intake screens. 


Stranding Adverse (winter-spring outmigration 
[Sacramento River, Clear Creek, 
American River, Stanislaus River]; fall 
outmigration [Stanislaus River]; 
entire year outmigration [San Joaquin 
River]); No adverse effects 
anticipated (fall outmigration 
[Sacramento River, Clear Creek, 
American River]; entire year [Delta]) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Ramping Rates. Clear 
Creek: Minimum Instream Flows; Ramping Rates. 
American River: Minimum Instream Flows; 
Ramping Rates. Stanislaus River: Stepped Release 
Plan. 


 


Construction: increase 
(lethal; proportion: 
small; frequency: low). 
Operations and 
maintenance: not 
anticipated to change. 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-25: Develop and Implement a 
Fish Rescue and Salvage Plan 


DCP construction has the potential to 
strand juveniles within cofferdams but 
there would be limited temporal overlap 
with construction because of AMM-14 
work window; AMM-25 would provide fish 
rescue. DCP would not affect upstream 
operations and therefore would not affect 
areas of concern noted in Chapter 7. Within 
the Delta, stranding on inundated riparian 
or wetland benches would not be 
anticipated given bench design (slope).       


Refuge Habitat Adverse (winter-spring outmigration 
[Sacramento River, Clear Creek, 
Stanislaus River, American River, 
Stanislaus]; fall outmigration 
[Stanislaus River]; entire year 
outmigration [San Joaquin River); No 
adverse effects anticipated (summer 
outmigration [Sacramento River, 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows. Clear Creek: Minimum 
Instream Flows. American River: Minimum 
Instream Flows. Stanislaus River: Stepped 
Release Plan. 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd Maintenance 


Construction: increase 
(sub-lethal; 
proportion: small; 
frequency: low). 
Operations and 
maintenance: increase 
(sub-lethal; 
proportion: small; 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-25: Develop and Implement a 
Fish Rescue and Salvage Plan; AMM-26: 
Develop and Implement an Underwater Sound 
Control and Abatement Plan; AMM-27: Develop 
and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal 


DCP construction effects would be limited 
in temporal overlap because of AMM-14 
work window; other AMMs minimize 
effects; fish likely to move away from 
disturbance; CMP-23 and CMP-24 mitigate 
for reduced habitat extent. DCP north Delta 
intake operations would reduce inundation 
of riparian/wetland bench rearing habitat, 
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Physical and 
Biological Feature Stressor PA Effect on Critical Habitat PA Conservation Measures 


DCP Effect on Critical 
Habitat* DCP Conservation Measures Rationale 


Clear Creek, American River, 
Stanislaus River]; fall outmigration 
[Sacramento River, Clear Creek, 
American River]; entire year [Delta]) 


frequency: high) Perennial Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 
Resources; CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-
26: Channel Margin Habitat Restoration for 
Operations Impacts on Chinook Salmon 
Juveniles); North Delta intakes operating 
criteria 


mitigated by CMP-26.  


Food 
Availability 
and Quality 


Adverse (winter-spring outmigration 
[Sacramento River, Clear Creek, 
Stanislaus River, American River]); 
No adverse effects anticipated 
(summer outmigration [Sacramento 
River, Clear Creek, American River, 
Stanislaus River]; entire year [Delta]) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows. Clear Creek: Minimum 
Instream Flows. American River: Minimum 
Instream Flows. Stanislaus River: Stepped 
Release Plan. 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd Maintenance 


Construction: adverse. 
Operations and 
maintenance: no 
adverse effects 
anticipated. 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and Implement 
an Underwater Sound Control and Abatement 
Plan; AMM-27: Develop and Implement a Barge 
Operations Plan; Mitigation Measure CMP 
(CMP-23: Tidal Perennial Habitat Restoration 
for Construction Impacts on Habitat for Fish 
and Aquatic Resources; CMP-24: Channel 
Margin Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 
Resources); North Delta intakes operating 
criteria 


DCP construction may affect food 
availability through disturbance or reduced 
habitat, which would be small in extent, 
limited in temporal overlap because of 
AMM-14 work window, and minimized or 
compensated for by conservation 
measures. DCP north Delta intake 
operations may entrain foodweb 
organisms but this is limited in extent, 
particularly relative to in situ production; 
larger food items (e.g., fish) would be 
prevented from entrainment by the north 
Delta intake fish screens. 


Entrainment 
Risk 


Adverse Minimize/compensate: Delta Cross Channel 
Gate Closure; First Flush and Start of OMR 
Management; January 1 and Start of OMR 
Management; Steelhead Weekly Thresholds; 
Winter and Spring and Delta Outflows; 
Salvage Facilities  


Exacerbate: SHOT Reduction in Sacramento 
River Fall and Winter Flows; Drought 
Actions.  


Construction: no 
adverse effects 
anticipated. Operations 
and maintenance: 
adverse. 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating 
criteria; CMP-25: Tidal Habitat Restoration to 
Mitigate North Delta Hydrodynamic Effects on 
Chinook Salmon Juveniles 


North Delta intakes’ 1.75-mm cylindrical 
screens would exclude juveniles from 
entrainment, with screen design and 
operating criteria (e.g., approach velocity) 
minimizing the potential for negative near-
field effects such as impingement. 
Operating criteria such as pulse protection 
would limit potential for entry into interior 
Delta and risk of south Delta entrainment; 
see discussion of Outmigration Cues for 
CMP-25, which would offset potential for 
greater entrainment at the south Delta 
export facilities caused by greater interior 
Delta entry via Georgiana Slough.   


Other 
construction-
related 
stressors 


— — Increase (sub-lethal to 
lethal; proportion: 
small; frequency: low) 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and Implement 
an Underwater Sound Control and Abatement 
Plan; AMM-27: Develop and Implement a Barge 
Operations Plan 


DCP construction effects would be limited 
in temporal overlap because of AMM-14 
work window; other AMMs minimize 
effects; fish likely to move away from 
disturbance. 


Notes: *Table includes consideration of DCP construction effects and conservation measures; these are addressed in a separate consultation. **Effects noted for the Delta are representative of Estuarine Areas; such effects would not be likely to occur at the more seaward end of the Delta. 
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7A.3.4 Green Sturgeon 


Chapter 8 discusses the status of the southern distinct population segment of North American green 


sturgeon, including life history and habitat requirements, stressors, and an effects analysis of the 


Proposed Action. Summaries of the effects analysis for effects on the species and its critical habitat are 


provided in Tables GS1 and GS2. A qualitative analysis was conducted to provide a programmatic 


summary of the effects of the DCP for the species life stages, critical habitat physical and biological 


features, and stressors discussed for the Proposed Action (Tables GS1 and GS2)4. The analysis of the DCP 


was based on information in the draft DCP BA and FEIR, which includes consideration of various 


quantitative and qualitative analyses. 


As illustrated in Tables GS1 and GS2, the principal potential effects of the DCP in addition to the Proposed 


Action would be from construction-related effects, which would be compensated or minimized with 


various conservation measures. Operations effects would be limited, although there is some uncertainty 


related to the effect of reduced flow on juveniles (see discussion below related to life cycle analyses). The 


DCP north Delta intakes include cylindrical fish screens meeting fish agency standards for factors such as 


screen opening size and approach velocity to minimize risk from entrainment and impingement.  


Life cycle analyses were conducted using statistical relationships of white sturgeon year class strength 


and Delta outflow. Hypotheses exist that the mechanisms behind positive statistical correlations between 


Delta outflow and white sturgeon year class may also apply to green sturgeon, although statistical 


relationships have not yet been established for green sturgeon. Quantitative modeling between white 


sturgeon year class strength and either April-May or March-July Delta outflow suggests the potential for 


negative effects of DCP based on lower summer outflow resulting from less outflow being needed to meet 


Delta salinity requirements with operations of the north Delta intakes. It is highly uncertain that there 


would be significant increase to this stressor because the statistical relationships are based on a 


surrogate species and may be related to upstream flow or Delta inflow as opposed to Delta outflow; 


changes are limited to differences within water year type, as opposed to hydrological condition–scale 


differences; the prediction intervals of the statistical relationship range over several orders of magnitude; 


and there is little difference in estimates based on one (April–May) of the averaging periods examined. 


For the Proposed Action, the analysis showed similar white sturgeon year class strength estimates under 


the Proposed Action phases as the No Action Alternative. 


As described further in Chapter 3, guiding principles would be applied to ensure that adverse effects of 


the proposed operations of the DCP would be avoided, minimized, and offset. Guiding principles relevant 


to green sturgeon include: 


⚫ Operate projects consistent with existing and/or future regulatory requirements in the Delta. 


⚫ Implement pulse flow criteria to provide migrating anadromous fish an opportunity to migrate past 


the diversion locations with minimum exposure to diversions and further minimize effects to 


through-Delta survival. 


• Utilize best available science to establish flow levels necessary to provide migratory and rearing 


habitat to minimize effects to juvenile anadromous fish survival and facilitate their movement out of 


the river toward the delta and bays. 


⚫ Monitor and mitigate effects of diversions on migrating anadromous species and their habitat 


 
4 The summary tables include broad consideration of conservation measures that may affect stressors, including those 
that may not be specific to the given stressor or species. 
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through identification of opportunities to develop additional habitat (i.e. tidal and channel margin 


restoration) to improve productivity of those fish populations.  


⚫ Protect habitat conditions supporting listed pelagic and anadromous species, mitigate potential flow 


related effects of DCP with habitat restoration developed in coordination with National Marine 


Fisheries Service (NMFS), Fish and Wildlife Service (FWS), and California Department of Fish and 


Wildlife (CDFW) to improve productivity of those fish populations. 


⚫ Implement project operations and maintenance consistent with the proposed project description, as 


an integrated component of the SWP. 


 Future consultation on Delta Conveyance Project Operations and Maintenance is envisioned to 


update and align elements of project description with conditions (e.g. regulatory, climate, status 


of species) in advance of operations of the north Delta diversions. 


As described in Chapter 3, DCP has an adaptive management program which would integrate with the 


adaptive management program for the Proposed Action and includes a number of general principles such 


as cooperating with resource agencies in monitoring efforts and designing studies to test operational 


modifications to remedy or lessen unanticipated effects. 
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Table 7A-7. Qualitative Summary of DCP Combined with Proposed Action (PA) Effects on Green Sturgeon 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Adult Migration, 
River Spawning, 
and Holding 


Barriers Not anticipated to change — Construction: increase (sub-lethal to 
lethal; proportion: small; frequency: 
low). Operations and maintenance: 
not anticipated to change. 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and Implement 
an Underwater Sound Control and Abatement 
Plan; AMM-27: Develop and Implement a Barge 
Operations Plan 


DCP construction would result in noise and 
disturbance, as well as potential for injury from 
pile driving and barge operations; adults would 
likely move away from such effects and these 
potential effects would be minimized by AMM-14, 
AMM-26, and AMM-27. DCP operations do not 
include installation of any barriers to migration 
or change in operations of existing barriers. 


Food Increase or decrease 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: not 
anticipated to change. 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management 
Plans; AMM-3: Develop and Implement Spill 
Prevention, Control, and Countermeasure 
Plans; AMM-4a: Develop and Implement 
Erosion and Sediment Control Plans and AMM-
4b: Develop and Implement Stormwater 
Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM-26: Develop and 
Implement an Underwater Sound Control and 
Abatement Plan; AMM-27: Develop and 
Implement a Barge Operations Plan; Mitigation 
Measure CMP (CMP-23: Tidal Perennial Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-
24: Channel Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources). 


DCP construction may affect food availability 
through disturbance, water quality effects, or 
reduced habitat, which would be small in extent, 
limited in temporal overlap because of AMM-14 
work window, and minimized or compensated 
for by conservation measures. Water operations 
are not the proximate cause of changes in green 
sturgeon prey in the Bay-Delta (Appendix D). 


Harvest Not anticipated to change — Not anticipated to change — DCP does not include any activities that would 
influence harvest. 


Migration and 
Foraging Habitat 


Not anticipated to change — Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: not 
anticipated to change. 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and Implement 
an Underwater Sound Control and Abatement 
Plan; AMM-27: Develop and Implement a Barge 
Operations Plan; Mitigation Measure CMP 
(CMP-23: Tidal Perennial Habitat Restoration 
for Construction Impacts on Habitat for Fish 
and Aquatic Resources; CMP-24: Channel 
Margin Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 
Resources) 


CMP-23 and CMP-24 mitigate for reduced habitat 
extent from construction footprint; AMMs 
minimize other potential impacts. Adult foraging 
areas are not influenced by water operations 
(Appendix D). 


Predation Risk Not anticipated to change — Not anticipated to change — Pinnipeds are noted as predators of green 
sturgeon in Chapter 8. DCP construction and 
operations/maintenance would have less-than-
significant impacts on California sea lions (DCP 
FEIR chapter 12), so predation risk from 
pinnipeds to adult green sturgeon would not be 
anticipated to change as a result of DCP.  


Spawning habitat Not anticipated to change — Not anticipated to change — DCP would not affect upstream operations. 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Flow Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream operations. 


Dissolved Oxygen Not anticipated to change — Not anticipated to change — DCP would not affect upstream operations; no 
DCP operations effect on Delta water 
temperature (DSM2-QUAL) and would not affect 
dissolved oxygen (DCP FEIR chapter 9). 


Toxicity Increase or decrease 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase 
(discountable/insignificant). 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management 
Plans; AMM-3: Develop and Implement Spill 
Prevention, Control, and Countermeasure 
Plans; AMM-4a: Develop and Implement 
Erosion and Sediment Control Plans and AMM-
4b: Develop and Implement Stormwater 
Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM -27: Develop and 
Implement a Barge Operations Plan 


DCP construction effects from sediment 
disturbance and construction contaminants; 
AMMs minimize effects; DCP would not affect 
upstream operations; minimal operations effect 
on modeled contaminants in the Delta (DCP FEIR 
chapter 9). 


Water 
Temperature 


Decrease [Sacramento River]; 
increase or decrease [Delta] 
(discountable/insignificant) 


— Construction: increase 
(discountable/insignificant). 
Operations and maintenance: not 
anticipated to change. 


Minimize/compensate: Mitigation Measure 
CMP (CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources) 


DCP removal of trees at construction sites would 
have minimal effects (channel margin habitat 
restoration would be undertaken to replace lost 
habitat); DCP would not affect upstream 
operations; no DCP operations effect on Delta 
water temperature (DSM2-QUAL). 


Salinity Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Adults are tolerant of a broad range of salinity 
(Appendix D); any operations effects of DCP on 
salinity would be limited in relation to this broad 
range. 


Egg Incubation Flow Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream operations. 


Predation Risk Not anticipated to change — Not anticipated to change — DCP would not affect upstream operations. 


Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream operations. 


Dissolved Oxygen Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream operations. 


Water 
Temperature 


Decrease (beneficial; 
proportion: likely large; 
frequency: likely medium) 


— Not anticipated to change — DCP would not affect upstream operations. 


Larvae Entrainment Risk Not anticipated to change — Not anticipated to change — DCP would not affect upstream operations. 


Rearing Habitat Not anticipated to change — Not anticipated to change — DCP would not affect upstream operations. 


Predation Risk Not anticipated to change — Not anticipated to change — DCP would not affect upstream operations. 


Flow Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream operations. 


Toxicity Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream operations. 


Dissolved Oxygen Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream operations. 


Food Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream operations. 


Water Decrease (beneficial; — Not anticipated to change — DCP would not affect upstream operations. 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Temperature proportion: likely large; likely 
medium) 


Juveniles Rearing habitat Not anticipated to change — Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: not 
anticipated to change. 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and Implement 
an Underwater Sound Control and Abatement 
Plan; AMM-27: Develop and Implement a Barge 
Operations Plan; Mitigation Measure CMP 
(CMP-23: Tidal Perennial Habitat Restoration 
for Construction Impacts on Habitat for Fish 
and Aquatic Resources; CMP-24: Channel 
Margin Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 
Resources) 


CMP-23 and CMP-24 mitigate for reduced habitat 
extent from construction footprint; AMMs 
minimize other potential impacts. Juveniles 
occupy a broad range of habitat (Appendix D) 
and so would not be anticipated to be affected by 
DCP operations. 


Predation Risk Not anticipated to change  Increase 
(discountable/insignificant) 


— By the time they reach the Delta, juveniles would 
be around the size (200 mm) at which predation 
risk diminishes to zero (see Appendix D), 
therefore should there be any increases in 
predators at the north Delta intakes during 
construction or operation, this would pose very 
little risk to juveniles. 


Flow Increase or decrease 
(discountable/insignificant) 


— Increase 
(discountable/insignificant) 


— See in-text discussion of life cycle analyses 
related to Delta outflow. 


Water 
Temperature 


Increase or decrease 
(discountable/insignificant) 


— Construction: increase 
(discountable/insignificant). 
Operations and maintenance: not 
anticipated to change. 


Minimize/compensate: Mitigation Measure 
CMP (CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources) 


DCP removal of trees at construction sites would 
have minimal effects (channel margin habitat 
restoration would be undertaken to replace lost 
habitat); DCP would not affect upstream 
operations; no DCP operations effect on Delta 
water temperature (DSM2-QUAL). 


Salinity Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Juveniles are tolerant of a broad range of salinity 
and are strong enough swimmers to move to 
acceptable habitat (Chapter 8); any operations 
effects of DCP on salinity would be limited in 
relation to this broad range. 


Dissolved Oxygen Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP would not affect upstream operations; no 
DCP operations effect on Delta water 
temperature (DSM2-QUAL) and would not affect 
dissolved oxygen (DCP FEIR chapter 9). 


Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase 
(discountable/insignificant). 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management 
Plans; AMM-3: Develop and Implement Spill 
Prevention, Control, and Countermeasure 
Plans; AMM-4a: Develop and Implement 
Erosion and Sediment Control Plans and AMM-
4b: Develop and Implement Stormwater 
Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM -27: Develop and 
Implement a Barge Operations Plan 


DCP construction effects from sediment 
disturbance and construction contaminants; 
AMMs minimize effects; DCP would not affect 
upstream operations; minimal operations effect 
on modeled contaminants in the Delta (DCP FEIR 
chapter 9). 


Food Increase or decrease 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: not 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management 
Plans; AMM-3: Develop and Implement Spill 


DCP construction may affect food availability 
through disturbance, water quality effects, or 
reduced habitat, which would be small in extent, 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


anticipated to change. Prevention, Control, and Countermeasure 
Plans; AMM-4a: Develop and Implement 
Erosion and Sediment Control Plans and AMM-
4b: Develop and Implement Stormwater 
Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM-26: Develop and 
Implement an Underwater Sound Control and 
Abatement Plan; AMM-27: Develop and 
Implement a Barge Operations Plan; Mitigation 
Measure CMP (CMP-23: Tidal Perennial Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-
24: Channel Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources). 


limited in temporal overlap because of AMM-14 
work window, and minimized or compensated 
for by conservation measures. Water operations 
are not the proximate cause of changes in green 
sturgeon prey in the Bay-Delta (Appendix D), and 
juvenile diet richness is greater at juvenile size 
within the Delta (Chapter 8). 


Entrainment Risk Increase (lethal or sublethal; 
proportion: low [Delta]; 
frequency: high [Delta]) 


Minimize/compensate: Delta Cross 
Channel Gate Closure; First Flush and 
Start of OMR Management; January 1 
and Start of OMR Management; End of 
OMR Management; Winter and Spring 
Delta Outflows; Drought Actions; 
Salvage Facilities 


Exacerbate: SHOT Reduction in 
Sacramento Fall and Winter Flows; 
Drought Actions 


Construction: not anticipated to 
change. Operations and 
maintenance: increase 
(discountable/insignificant). 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating 
criteria 


North Delta intakes’ 1.75-mm cylindrical screens 
would exclude juveniles from entrainment, with 
screen design and operating criteria (e.g., 
approach velocity) minimizing the potential for 
negative near-field effects such as impingement.   


Other 
construction-
related stressors 
(acoustic effects; 
direct physical 
injury) 


— — Increase (sub-lethal; proportion: 
small; frequency: low) 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-25: Develop and Implement a 
Fish Rescue and Salvage Plan; AMM-26: 
Develop and Implement an Underwater Sound 
Control and Abatement Plan; AMM-27: Develop 
and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal 
Perennial Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic 
Resources; CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources) 


DCP construction effects would be limited by 
AMMs minimizing effects; juveniles would be 
likely to move away from disturbance. 


Estuarine 
Subadult and 
Adult Residence 
and 
Outmigration 


— Not anticipated to change — Not anticipated to change — There would not be anticipated to be any effects 
to subadults or adults per the above adult and 
juvenile life stage rationale for operations; see 
below for construction. 


Construction-
related stressors 


— — Increase (sub-lethal; proportion: 
small; frequency: low) 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management 
Plans; AMM-3: Develop and Implement Spill 
Prevention, Control, and Countermeasure 
Plans; AMM-4a: Develop and Implement 
Erosion and Sediment Control Plans and AMM-
4b: Develop and Implement Stormwater 
Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM-26: Develop and 


Should any subadults or adults occur near DCP 
construction, construction-related effects could 
occur, but would be minimized or compensated 
for with the various conservation measures. 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Implement an Underwater Sound Control and 
Abatement Plan; AMM-27: Develop and 
Implement a Barge Operations Plan; Mitigation 
Measure CMP (CMP-23: Tidal Perennial Habitat 
Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-
24: Channel Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources). 


Notes: *Table includes consideration of DCP construction effects and conservation measures; these are addressed in a separate consultation. 


 


Table 7A-8. Qualitative Summary of DCP Combined with Proposed Action (PA) Effects on Green Sturgeon Critical Habitat 


Location 


Physical and 
Biological 
Feature/Stressor 


PA Effect on 
Critical 
Habitat 


PA 
Conservation 
Measures 


DCP Effect on Critical 
Habitat* DCP Conservation Measures Rationale 


Freshwater 
Riverine 
Systems 


Food Resources No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Substrate type or size 
(i.e., features of 
substrates) 


No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Water flow No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Water quality (toxicity) No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Water quality 
(dissolved oxygen) 


No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Water quality 
(temperature) 


No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Migratory corridor No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Depth No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Sediment quality No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— DCP would not affect upstream operations. 


Estuarine 
Habitats 


Food Resources No adverse 
effects 
anticipated 


— Construction: adverse. 
Operations and 
maintenance: no 
adverse effects 
anticipated. 


Minimize/compensate: AMM-2: Develop and Implement Hazardous 
Materials Management Plans; AMM-3: Develop and Implement Spill 
Prevention, Control, and Countermeasure Plans; AMM-4a: Develop and 
Implement Erosion and Sediment Control Plans and AMM-4b: Develop 
and Implement Stormwater Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for Biological Resources; AMM-
26: Develop and Implement an Underwater Sound Control and 


DCP construction may affect food availability through disturbance, water 
quality effects, or reduced habitat, which would be small in extent, limited 
in temporal overlap because of AMM-14 work window, and minimized or 
compensated for by conservation measures. Water operations are not the 
proximate cause of changes in green sturgeon prey in the Bay-Delta 
(Appendix D). 
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Location 


Physical and 
Biological 
Feature/Stressor 


PA Effect on 
Critical 
Habitat 


PA 
Conservation 
Measures 


DCP Effect on Critical 
Habitat* DCP Conservation Measures Rationale 


Abatement Plan; AMM-27: Develop and Implement a Barge Operations 
Plan; Mitigation Measure CMP (CMP-23: Tidal Perennial Habitat 
Restoration for Construction Impacts on Habitat for Fish and Aquatic 
Resources; CMP-24: Channel Margin Habitat Restoration for 
Construction Impacts on Habitat for Fish and Aquatic Resources). 


Substrate type or size 
(i.e., structural features 
of substrates) 


No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— Neither DCP construction nor operations/maintenance would cause 
adverse effects to substrate type or size. 


Water flow No adverse 
effects 
anticipated 


— Adverse — Hypotheses exist that the mechanisms behind positive statistical 
correlations between Delta outflow and white sturgeon year class may 
also apply to green sturgeon, statistical relationships have not yet been 
established. Quantitative modeling between white sturgeon year class 
strength and either April-May or March-July Delta outflow suggest the 
potential for negative effects based on lower summer outflow resulting 
from less outflow being needed to meet Delta salinity requirements with 
operations of the north Delta intakes. It is highly uncertain that there 
would be significant increase to this stressor because the statistical 
relationships are based on a surrogate species and may be related to 
upstream flow or Delta inflow as opposed to Delta outflow; changes are 
limited to differences within water year type, as opposed to hydrological 
condition–scale differences; the prediction intervals of the statistical 
relationship range over several orders of magnitude; and there is little 
difference in estimates based on one (April–May) of the averaging periods 
examined. 


Water quality (toxicity) No adverse 
effects 
anticipated 


— Construction: adverse 


Operations and 
maintenance: no 
adverse effects 
anticipated 


Minimize/compensate: AMM-2: Develop and Implement Hazardous 
Materials Management Plans; AMM-3: Develop and Implement Spill 
Prevention, Control, and Countermeasure Plans; AMM-4a: Develop and 
Implement Erosion and Sediment Control Plans and AMM-4b: Develop 
and Implement Stormwater Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for Biological Resources; AMM 
-27: Develop and Implement a Barge Operations Plan 


DCP construction effects from sediment disturbance and construction 
contaminants; AMMs minimize effects; DCP would not affect upstream 
operations; minimal operations effect on modeled contaminants in the 
Delta (DCP FEIR chapter 9). 


Water quality 
(dissolved oxygen) 


No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— No DCP operations effect on Delta water temperature (DSM2-QUAL) and 
would not affect dissolved oxygen (DCP FEIR chapter 9). 


Water quality 
(temperature) 


No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


Minimize/compensate: Mitigation Measure CMP (CMP-24: Channel 
Margin Habitat Restoration for Construction Impacts on Habitat for Fish 
and Aquatic Resources) 


DCP removal of trees at construction sites would have minimal effects 
(channel margin habitat restoration would be undertaken to replace lost 
habitat); no DCP operations effect on Delta water temperature (DSM2-
QUAL). 


Water quality (salinity) No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— Adults are tolerant of a broad range of salinity (Appendix D); juveniles are 
tolerant of a broad range of salinity and are strong enough swimmers to 
move to acceptable habitat (Chapter 8); any operations effects of DCP on 
salinity would be limited in relation to this broad range. 


Migratory corridor 
(barriers) 


No adverse 
effects 
anticipated 


— Construction: adverse 


Operations and 
maintenance: no 
adverse effects 
anticipated 


Minimize/compensate: AMM-14: Construction Best Management 
Practices for Biological Resources; AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement Plan; AMM-27: Develop and 
Implement a Barge Operations Plan 


DCP construction would result in noise and disturbance, as well as 
potential for injury from pile driving and barge operations; sturgeon 
would likely move away from such effects and these potential effects 
would be minimized by AMM-14, AMM-26, and AMM-27. DCP operations 
do not include installation of any barriers to migration or change in 
operations of existing barriers. 


Depth No adverse 
effects 


— No adverse effects 
anticipated 


— Any changes in water depth as a result of DCP operations at the north 
Delta intakes would be marginal in relation to available habitat. 
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Location 


Physical and 
Biological 
Feature/Stressor 


PA Effect on 
Critical 
Habitat 


PA 
Conservation 
Measures 


DCP Effect on Critical 
Habitat* DCP Conservation Measures Rationale 


anticipated 


Sediment quality No adverse 
effects 
anticipated 


— Construction: adverse 


Operations and 
maintenance: no 
adverse effects 
anticipated 


Minimize/compensate: AMM-2: Develop and Implement Hazardous 
Materials Management Plans; AMM-3: Develop and Implement Spill 
Prevention, Control, and Countermeasure Plans; AMM-4a: Develop and 
Implement Erosion and Sediment Control Plans and AMM-4b: Develop 
and Implement Stormwater Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for Biological Resources; AMM 
-27: Develop and Implement a Barge Operations Plan 


DCP construction effects to sediment could occur from sediment 
disturbance and construction contaminants; AMMs minimize effects. 
Operations and maintenance would not be anticipated to affect sediment 
quality. 


Nearshore 
Coastal 
Marine Areas 


Migratory Corridor No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— There would be no DCP effect on nearshore coastal marine areas because 
this is outside the action area. 


Water quality No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— There would be no DCP effect on nearshore coastal marine areas because 
this is outside the action area. 


Food resources No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— There would be no DCP effect on nearshore coastal marine areas because 
this is outside the action area. 


Notes: *Table includes consideration of DCP construction effects and conservation measures; these are addressed in a separate consultation. 
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7A.3.5 Delta Smelt 


Chapter 9 discusses the status of delta smelt, including life history and habitat requirements, stressors, 


and an effects analysis of the Proposed Action. Summaries of the effects analysis for effects on the species 


and its critical habitat are provided in Tables DS1 and DS2. A qualitative analysis was conducted to 


provide a programmatic summary of the effects of the DCP on the species life stages, critical habitat 


physical and biological features, and stressors discussed for the Proposed Action (Tables DS1 and DS2)5. 


The analysis of the DCP was based on information in the draft DCP BA and FEIR, which includes 


consideration of various quantitative and qualitative analyses. 


As illustrated in Tables DS1 and DS2, potential effects of the DCP in addition to the Proposed Action 


would primarily be from operations effects related to lower Delta outflow, to be mitigated with 


compensatory tidal habitat restoration. Effects such as larval entrainment or impingement of older life 


stages would be limited because of the location of the north Delta intakes upstream of the main delta 


smelt distribution and inclusion of cylindrical fish screens meeting fish agency standards for factors such 


as screen opening size and approach velocity to minimize risk from entrainment and impingement. 


Consistent with the qualitative analysis summarized in Table 7A-9, life cycle modeling for delta smelt 


with the Life Cycle Model with Entrainment (LCME) suggested potential negative effects from DCP 


primarily as a result of lower summer Delta outflow, to be mitigated with compensatory tidal habitat 


restoration. Overall, LCME modeling described in Chapter 9 showed the Proposed Action phases to have 


similar population growth rate to the No Action Alternative; a similar overall pattern was observed with 


the Maunder and Deriso model for delta smelt that is also summarized in Chapter 9.   


As described further in Chapter 3, guiding principles would be applied to ensure that adverse effects of 


the proposed operations of the DCP would be avoided, minimized, and offset. Guiding principles relevant 


to delta smelt include: 


⚫ Operate projects consistent with existing and/or future regulatory requirements in the Delta. 


⚫ Monitor and mitigate effects of diversions on habitat for Delta pelagic fish species through 


identification and implementation of opportunities to develop additional habitat (i.e. tidal habitat 


restoration) to improve productivity of those fish populations. 


⚫ Protect habitat conditions supporting listed pelagic and anadromous species, mitigate potential flow 


related effects of DCP with habitat restoration developed in coordination with NMFS, FWS, and CDFW 


to improve productivity of those fish populations. 


⚫ Implement project operations and maintenance consistent with the proposed project description, as 


an integrated component of the SWP. 


 Future consultation on Delta Conveyance Project Operations and Maintenance is envisioned to 


update and align elements of project description with conditions (e.g. regulatory, climate, status 


of species) in advance of operations of the north Delta diversions. 


⚫ Cooperate with the fisheries resource agencies to monitor effects of diversions to DCP on the location 


of X2 and Delta outflow and, as appropriate, identify opportunities to offset adverse effects to critical 


habitat through appropriate mitigation measures or adaptive management actions. 


As described in Chapter 3, DCP has an adaptive management program which would integrate with the 


 
5 The summary tables include broad consideration of conservation measures that may affect stressors, including those 
that may not be specific to the given stressor or species. 
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adaptive management program for the Proposed Action and includes a number of general principles such 


as cooperating with resource agencies in monitoring efforts and designing studies to test operational 


modifications to remedy or lessen unanticipated effects. 
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Table 7A-9. Qualitative Summary of DCP Combined with Proposed Action (PA) Effects on Delta Smelt 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Adult 
Migration 
and 
Spawning 


Toxicity Decrease 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (discountable/insignificant). 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management 
Plans; AMM-3: Develop and Implement Spill 
Prevention, Control, and Countermeasure Plans; 
AMM-4a: Develop and Implement Erosion and 
Sediment Control Plans and AMM-4b: Develop 
and Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM -27: Develop and Implement a Barge 
Operations Plan 


DCP construction effects from sediment 
disturbance and construction contaminants 
(limited temporal overlap because of AMM-14 
work window; other AMMs minimize effects); 
minimal operations effect on modeled 
contaminants in the Delta (DCP FEIR chapter 
9), including selenium as modeled for delta 
smelt (DCP FEIR chapter 12). 


Water 
Temperature 


Increase 
(discountable/insignificant) 


— Not anticipated to change — No DCP operations effect on Delta water 
temperature (DSM2-QUAL). 


Food Visibility Decrease 
(discountable/insignificant) 


— Not anticipated to change — DCP north Delta intakes sediment 
entrainment during migration/spawning 
period is not likely to immediately affect 
turbidity of water.  


Predation Increase 
(discountable/insignificant) 


— Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (lethal; proportion: small; 
frequency: high). 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management 
Plans; AMM-3: Develop and Implement Spill 
Prevention, Control, and Countermeasure Plans; 
AMM-4a: Develop and Implement Erosion and 
Sediment Control Plans and AMM-4b: Develop 
and Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement Plan; 
AMM-27: Develop and Implement a Barge 
Operations Plan 


DCP construction has the potential to disturb 
adults and make them more susceptible to 
predation (however, there would be limited 
temporal overlap with construction because of 
AMM-14 work window; other AMMs minimize 
effects); presence of cofferdams during 
construction period provides potential 
predator habitat but is small in extent relative 
to the area of habitat in the Delta. Predation 
associated with DCP operations could occur at 
the north Delta intakes if predators aggregate 
there but existing literature suggests such 
effects would be minimal and there is limited 
spatial overlap with delta smelt distribution; 
uncertainty to be addressed with fisheries 
studies and adaptive management. At broad 
scale, predation effects from operations not 
likely because there would not be major 
changes to water temperature, turbidity 
(suspended sediment), or predators (FEIR 
chapter 12). 


Food Availability Increase (sub-lethal to lethal; 
proportion: likely medium; 
frequency: likely high) 


Minimize/compensate: Minimum Instream 
Flows; Delta Smelt Supplementation 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Drought Actions 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (discountable/insignificant). 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement Plan; 
AMM-27: Develop and Implement a Barge 
Operations Plan; Mitigation Measure CMP (CMP-
23: Tidal Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources) 


DCP construction may affect food availability 
through disturbance or reduced habitat, which 
would be small in extent, limited in temporal 
overlap because of AMM-14 work window, 
and minimized or compensated for by 
conservation measures. DCP north Delta 
intake operations may entrain foodweb 
organisms but this is limited in extent, 
particularly relative to in situ production. 


Entrainment Increase (lethal; proportion: 
variable; frequency: medium) 


Minimize/compensate:  First Flush and 
Start of OMR Management; January 1 and 
Start of OMR Management; Adult Delta 


Construction: not anticipated to 
change. Operations and maintenance: 
increase (sub-lethal to lethal; 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating criteria 


DCP north Delta intakes’ 1.75-mm cylindrical 
screens would exclude adults from 
entrainment, with screen design and 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Smelt Entrainment Protection Action 
(Turbidity Bridge) 


Exacerbate: Drought Actions 


proportion: small; frequency: high). operating criteria (e.g., approach velocity) 
minimizing the potential for negative near-
field effects such as impingement.   


Other 
construction-
related stressors 
(acoustic effects; 
direct physical 
injury; habitat 
extent) 


— — Increase (sub-lethal to lethal; 
proportion: small; frequency: low) 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement Plan; 
AMM-27: Develop and Implement a Barge 
Operations Plan; Mitigation Measure CMP (CMP-
23: Tidal Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources) 


DCP construction effects would be limited in 
temporal overlap because of AMM-14 work 
window; other AMMs minimize effects; fish 
likely to move away from disturbance; CMP-
23 mitigates for reduced habitat extent. 
Cofferdam presence could impede or delay 
access to upstream spawning habitat but 2D 
modeling indicates suitably low velocity 
habitat would be present even at relatively 
high river flows. 


Eggs and 
Larvae 


Water 
Temperature 


Increase 
(discountable/insignificant) 


— Not anticipated to change — No DCP operations effect on Delta water 
temperature (DSM2-QUAL). 


Food Visibility Increase 
(discountable/insignificant) 


— Not anticipated to change — DCP north Delta intakes sediment 
entrainment during larval period is not likely 
to immediately affect turbidity of water.  


Predation Increase 
(discountable/insignificant) 


— Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
Increase (lethal; proportion: small; 
frequency: high). 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management 
Plans; AMM-3: Develop and Implement Spill 
Prevention, Control, and Countermeasure Plans; 
AMM-4a: Develop and Implement Erosion and 
Sediment Control Plans and AMM-4b: Develop 
and Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement Plan; 
AMM-27: Develop and Implement a Barge 
Operations Plan 


DCP construction has the potential to disturb 
larvae and make them more susceptible to 
predation (however, there would be limited 
temporal overlap with construction because of 
AMM-14 work window; other AMMs minimize 
effects). Increased predation associated with 
DCP operations could occur as a result of 
increased silverside abundance related to 
lower spring south Delta exports, although 
this is uncertain. 


Food Availability Increase (sub-lethal to lethal; 
proportion: likely medium; 
frequency: high) 


Minimize/compensate: Minimum Instream 
Flows; Winter and Spring Delta Outflow 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Drought Actions 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (sub-lethal; proportion: 
small; frequency: high). 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement Plan; 
AMM-27: Develop and Implement a Barge 
Operations Plan; Mitigation Measure CMP (CMP-
23: Tidal Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources; CMP-27: Tidal Habitat 
Restoration for Operations Impacts on Delta 
Smelt) 


DCP construction may affect food availability 
through disturbance or reduced habitat, which 
would be small in extent, limited in temporal 
overlap because of AMM-14 work window, 
and minimized or compensated for by 
conservation measures. DCP north Delta 
intake operations may entrain foodweb 
organisms but this is limited in extent, 
particularly relative to in situ production. Less 
spring Delta outflow (higher X2) could result 
in small (0-3%) reductions in spring 
zooplankton prey (Eurytemora affinis), 
mitigated by CMP-27.  


Entrainment Increase (lethal; proportion: 
small to medium; frequency: 
medium) 


Minimize/compensate: First Flush and 
Start of OMR Management; January 1 and 
Start of OMR Management; Larval and 
Juvenile Delta Smelt Protection Action; 
Spring Delta Outflow; Barker Slough 
Pumping Plant, Maximum Spring 
Diversions, Larval Delta Smelt; Delta Smelt 
Supplementation 


Construction: not anticipated to 
change. Operations and maintenance: 
increase (sub-lethal to lethal; 
proportion: small; frequency: low to 
medium). 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating criteria 


DCP north Delta intakes may entrain larval 
delta smelt but the proportion of the 
population would be low based on spatial 
distribution and the frequency would be 
limited because of relatively little spring 
diversion, with hydrodynamic effects (“bow 
wave”) at tee screens potentially also reducing 
effects. Delta smelt eggs could also be 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Exacerbate: SHOT Reduction in 
Sacramento River Fall and Winter Flows; 
Drought Actions 


entrained if adhered to resuspended 
sediment, but there is uncertainty because no 
information exists regarding survival 
following resuspension; the proportion of the 
population affected would in any case be low.   


Other 
construction-
related stressors 
(acoustic effects; 
direct physical 
injury; habitat 
extent) 


— — Increase (sub-lethal to lethal; 
proportion: small; frequency: low) 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement Plan; 
AMM-27: Develop and Implement a Barge 
Operations Plan; Mitigation Measure CMP (CMP-
23: Tidal Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources) 


DCP construction effects would be limited in 
temporal overlap because of AMM-14 work 
window; other AMMs minimize effects; CMP-
23 mitigates for reduced habitat extent. 


Juveniles Toxicity from 
Harmful Algal 
Blooms 


Increase or decrease 
(discountable/insignificant) 


— Construction: not anticipated to 
change. Operations and maintenance: 
not anticipated to change. 


— DCP operations would not have a significant 
effect on harmful algal blooms in the Delta 
(DCP FEIR chapter 9). 


Water 
Temperature 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — No DCP operations effect on Delta water 
temperature (DSM2-QUAL). 


Predation Increase 
(discountable/insignificant) 


— Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (lethal; proportion: small; 
frequency: high). 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management 
Plans; AMM-3: Develop and Implement Spill 
Prevention, Control, and Countermeasure Plans; 
AMM-4a: Develop and Implement Erosion and 
Sediment Control Plans and AMM-4b: Develop 
and Implement Stormwater Pollution 
Prevention Plans; AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-15: Sediment Monitoring, Modeling, and 
Reintroduction Adaptive Management; AMM-26: 
Develop and Implement an Underwater Sound 
Control and Abatement Plan; AMM-27: Develop 
and Implement a Barge Operations Plan 


DCP construction has the potential to disturb 
juveniles and make them more susceptible to 
predation (however, there would be limited 
temporal overlap with construction because of 
AMM-14 work window; other AMMs minimize 
effects); presence of cofferdams during 
construction period provides potential 
predator habitat but is small in extent relative 
to the area of habitat in the Delta. Predation 
associated with DCP operations could occur at 
the north Delta intakes if predators aggregate 
there but existing literature suggests such 
effects would be minimal and there is limited 
spatial overlap with delta smelt distribution; 
uncertainty to be addressed with fisheries 
studies and adaptive management. At broad 
scale, predation effects from operations not 
likely because there would not be major 
changes to water temperature, turbidity 
(suspended sediment), or predators (FEIR 
chapter 12). AMM-15 would address 
uncertainty in sediment/turbidity effects. 


Food Availability 
and Quality 


Increase (sub-lethal to lethal; 
proportion: likely medium; 
frequency: likely medium to 
high) 


Minimize/compensate: Minimum Instream 
Flows; Delta Smelt Supplementation 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Drought Actions 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: 
increase (sub-lethal; proportion: 
small; frequency: high). 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement Plan; 
AMM-27: Develop and Implement a Barge 
Operations Plan; Mitigation Measure CMP (CMP-
23: Tidal Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources; CMP-27: Tidal Habitat 
Restoration for Operations Impacts on Delta 
Smelt) 


DCP construction may affect food availability 
through disturbance or reduced habitat, which 
would be small in extent, limited in temporal 
overlap because of AMM-14 work window, 
and minimized or compensated for by 
conservation measures. DCP north Delta 
intake operations may entrain foodweb 
organisms but this is limited in extent, 
particularly relative to in situ production. Less 
June-October Delta outflow because of less 
outflow needed meeting Delta salinity 
requirements could result in less zooplankton 
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Notes: *Table includes consideration of DCP construction effects and conservation measures; these are addressed in a separate consultation. 


Table 7A-10. Qualitative Summary of DCP Combined with Proposed Action (PA) Effects on Delta Smelt Critical Habitat 


Physical 
and 
Biological 
Feature Stressor 


PA Effect on 
Critical 
Habitat PA Conservation Measures 


DCP Effect on 
Critical Habitat* DCP Conservation Measures Rationale 


Physical 
Habitat 


Habitat extent — — Construction: 
Adverse. Operations 
and maintenance: 
No adverse effects 
anticipated. 


Minimize/compensate: Mitigation Measure CMP (CMP-23: 
Tidal Perennial Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic Resources); AMM-
15: Sediment Monitoring, Modeling, and Reintroduction 
Adaptive Management 


Physical habitat would be reduced within construction 
footprint, to be mitigated by CMP-23. The limited 
percentage of sediment estimated to be entrained is not 
anticipated to affect habitat extent (e.g., sand for 
spawning), but AMM-15 addresses uncertainty. 


Water 
Quality 


Water 
Temperature 


No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— No DCP operations effect on Delta water temperature 
(DSM2-QUAL). 


Food Visibility No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


AMM-15: Sediment Monitoring, Modeling, and 
Reintroduction Adaptive Management 


The limited percentage of sediment estimated to be 
entrained by DCP operations would not be anticipated 
to affect food visibility; AMM-15 would address 
uncertainty in sediment/turbidity effects. 


Predation No adverse 
effects 
anticipated 


— Construction: 
Adverse. Operations 
and maintenance: 


Minimize/compensate: AMM-2: Develop and Implement 
Hazardous Materials Management Plans; AMM-3: Develop 
and Implement Spill Prevention, Control, and 


DCP construction has the potential to disturb delta smelt 
and make them more susceptible to predation 
(however, there would be limited temporal overlap with 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


prey (Pseudodiaptomus forbesi), but there is 
uncertainty associated with factors such as 
QWEST flow being similar to baseline; effects 
to be mitigated by CMP-27.  


Entrainment Increase (lethal; proportion: 
small to medium; frequency: 
medium) 


Minimize/compensate:  January 1 and 
Start of OMR Management; Larval and 
Juvenile Delta Smelt Protection Action; 
Spring Delta Outflow; End of OMR 
Management; Barker Slough Pumping 
Plant, Maximum Spring Diversions, Larval 
Delta Smelt; Delta Smelt Supplementation 


Exacerbate: SHOT Reduction in 
Sacramento River Fall and Winter Flows; 
Reduced Wilkins Slough Minimum Flows; 
Drought Actions 


Construction: not anticipated to 
change. Operations and maintenance: 
increase (sub-lethal to lethal; 
proportion: small; frequency: high). 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating criteria 


DCP north Delta intakes’ 1.75-mm cylindrical 
screens would exclude juveniles from 
entrainment, with screen design and 
operating criteria (e.g., approach velocity) 
minimizing the potential for negative near-
field effects such as impingement. Most if not 
all juvenile delta smelt would not be present 
near the north Delta intakes.   


Size and Location 
of the Low Salinity 
Zone 


Increase (sub-lethal; proportion: 
likely medium to large; 
frequency: likely medium to 
high) 


Minimize/compensate:  Spring Delta 
Outflow; Summer Suisun Marsh Salinity 
Control Gate Operation; Fall X2 


Exacerbate: Drought Actions 


Construction: not anticipated to 
change. Operations and maintenance: 
Increase (sub-lethal; proportion: 
medium to large; frequency: low to 
medium) 


Minimize/compensate: Mitigation Measure CMP 
(CMP-27: Tidal Habitat Restoration for 
Operations Impacts on Delta Smelt) 


DCP operations would have minor reductions 
in Delta outflow caused by less outflow 
needed to meet Delta salinity requirements; 
mitigated by CMP-27.  


Other 
construction-
related stressors 
(acoustic effects; 
direct physical 
injury; habitat 
extent) 


— — Increase (sub-lethal; proportion: 
small; frequency: low) 


Minimize/compensate: AMM-14: Construction 
Best Management Practices for Biological 
Resources; AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement Plan; 
AMM-27: Develop and Implement a Barge 
Operations Plan; Mitigation Measure CMP (CMP-
23: Tidal Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish and 
Aquatic Resources) 


DCP construction effects would be limited in 
temporal overlap because of AMM-14 work 
window; other AMMs minimize effects; CMP-
23 mitigates for reduced habitat extent. 
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Physical 
and 
Biological 
Feature Stressor 


PA Effect on 
Critical 
Habitat PA Conservation Measures 


DCP Effect on 
Critical Habitat* DCP Conservation Measures Rationale 


Adverse. Countermeasure Plans; AMM-4a: Develop and Implement 
Erosion and Sediment Control Plans and AMM-4b: Develop 
and Implement Stormwater Pollution Prevention Plans; 
AMM-14: Construction Best Management Practices for 
Biological Resources; AMM-26: Develop and Implement an 
Underwater Sound Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge Operations Plan 


construction because of AMM-14 work window; other 
AMMs minimize effects); presence of cofferdams during 
construction period provides potential predator habitat 
but is small in extent relative to the area of habitat in the 
Delta. Predation associated with DCP operations could 
occur at the north Delta intakes if predators aggregate 
there but existing literature suggests such effects would 
be minimal and there is limited spatial overlap with 
delta smelt distribution; uncertainty to be addressed 
with fisheries studies and adaptive management. At 
broad scale, predation effects from operations not likely 
because there would not be major changes to water 
temperature, turbidity (suspended sediment), or 
predators (FEIR chapter 12). 


Food 
Availability 


Adverse Minimize/compensate: Minimum Instream Flows; Delta 
Smelt Supplementation; Winter and Spring Delta Outflow 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill; Reduced Wilkins Slough Minimum Flows; 
Drought Actions 


Construction: 
Adverse. Operations 
and maintenance: 
Adverse. 


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; AMM-26: 
Develop and Implement an Underwater Sound Control and 
Abatement Plan; AMM-27: Develop and Implement a Barge 
Operations Plan; Mitigation Measure CMP (CMP-23: Tidal 
Perennial Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-27: Tidal 
Habitat Restoration for Operations Impacts on Delta Smelt) 


DCP construction may affect food availability through 
disturbance or reduced habitat, which would be small in 
extent, limited in temporal overlap because of AMM-14 
work window, and minimized or compensated for by 
conservation measures. DCP north Delta intake 
operations may entrain foodweb organisms but this is 
limited in extent, particularly relative to in situ 
production. Less Delta outflow could result in small 
reductions in zooplankton prey (Eurytemora affinis), 
mitigated by CMP-27. 


River Flow Entrainment Adverse Minimize/compensate:  First Flush and Start of OMR 
Management; January 1 and Start of OMR Management; 
Adult Delta Smelt Entrainment Protection Action (Turbidity 
Bridge); Larval and Juvenile Delta Smelt Protection Action; 
Spring Delta Outflow; End of OMR Management; Barker 
Slough Pumping Plant, Maximum Spring Diversions, Larval 
Delta Smelt; Delta Smelt Supplementation 


Exacerbate: Drought Actions; SHOT Reduction in 
Sacramento River Fall and Winter Flows; Reduced Wilkins 
Slough Minimum Flows 


Construction: No 
adverse effects 
anticipated. 
Operations and 
maintenance: 
Adverse. 


Minimize/compensate: North Delta intakes cylindrical tee 
fish screens and operating criteria 


DCP north Delta intakes’ 1.75-mm cylindrical screens 
would exclude juveniles and adults from entrainment, 
with screen design and operating criteria (e.g., approach 
velocity) minimizing the potential for negative near-
field effects such as impingement. The north Delta 
intakes may entrain larval delta smelt but the 
proportion of the population would be low based on 
spatial distribution and the frequency would be limited 
because of relatively little spring diversion, with 
hydrodynamic effects at tee screens potentially also 
reducing. Delta smelt eggs could also be entrained if 
adhered to resuspended sediment, but there is 
uncertainty because no information exists regarding 
survival following resuspension; the proportion of the 
population affected would in any case be low.   


Salinity Size and 
Location of the 
Low Salinity 
Zone 


Adverse Minimize/compensate:  Spring Delta Outflow; Summer 
Suisun Marsh Salinity Control Gate Operation; Fall X2 


Exacerbate: Drought Actions 


Construction: No 
adverse effects 
anticipated. 
Operations and 
maintenance: 
Adverse. 


Minimize/compensate: Mitigation Measure CMP (CMP-27: 
Tidal Habitat Restoration for Operations Impacts on Delta 
Smelt) 


DCP operations would have minor reductions in Delta 
outflow caused by less outflow needed to meet Delta 
salinity requirements; mitigated by CMP-27.  


Notes: *Table includes consideration of DCP construction effects and conservation measures; these are addressed in a separate consultation. 


  







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-64 


May 2024 
ICF 103653  


 


 


This page was intentionally left blank. 







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-65 


May 2024 
ICF 103653  


 


7A.3.6 Longfin Smelt 


Chapter 10 discusses the status of longfin smelt, including life history and habitat requirements, 


stressors, and an effects analysis of the Proposed Action. A summary of the effects analysis for effects on 


the species is provided in Table 7A-11. A qualitative analysis was conducted to provide a programmatic 


summary of the effects of the DCP for the species life stages and stressors discussed for the Proposed 


Action (Table 7A-11)6. The analysis of the DCP was based on information in the draft DCP ITP Application 


and FEIR, which includes consideration of various quantitative and qualitative analyses. 


As illustrated in Table 7A-11, potential effects of the DCP in addition to the Proposed Action would 


primarily be from operations effects related to lower Delta outflow, to be mitigated with compensatory 


tidal habitat restoration. Effects such as larval entrainment or impingement of older life stages would be 


limited because of the location of the north Delta intakes well upstream of the main longfin smelt 


distribution and inclusion of cylindrical fish screens meeting fish agency standards for factors such as 


screen opening size and approach velocity to minimize risk from entrainment and impingement. 


As described further in Chapter 3, guiding principles would be applied to ensure that adverse effects of 


the proposed operations of the DCP would be avoided, minimized, and offset. Guiding principles relevant 


to longfin smelt include: 


• Operate projects consistent with existing and/or future regulatory requirements in the Delta. 


⚫ Monitor and mitigate effects of diversions on habitat for Delta pelagic fish species through 


identification and implementation of opportunities to develop additional habitat (i.e. tidal habitat 


restoration) to improve productivity of those fish populations. 


⚫ Protect habitat conditions supporting listed pelagic and anadromous species, mitigate potential flow 


related effects of DCP with habitat restoration developed in coordination with NMFS, FWS, and CDFW 


to improve productivity of those fish populations. 


⚫ Implement project operations and maintenance consistent with the proposed project description, as 


an integrated component of the SWP. 


 Future consultation on Delta Conveyance Project Operations and Maintenance is envisioned to 


update and align elements of project description with conditions (e.g. regulatory, climate, status 


of species) in advance of operations of the north Delta diversions. 


⚫ Cooperate with the fisheries resource agencies to monitor effects of diversions to DCP on the location 


of X2 and Delta outflow and, as appropriate, identify opportunities to offset adverse effects to critical 


habitat through appropriate mitigation measures or adaptive management actions. 


As described in Chapter 3, DCP has an adaptive management program which would integrate with the 


adaptive management program for the Proposed Action and includes a number of general principles such 


as cooperating with resource agencies in monitoring efforts and designing studies to test operational 


modifications to remedy or lessen unanticipated effects.  


  


 
6 The summary tables include broad consideration of conservation measures that may affect stressors, including those 
that may not be specific to the given stressor or species. 
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Table 7A-11. Qualitative Summary of DCP Combined with Proposed Action (PA) Effects on Longfin Smelt 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Juveniles 
Rearing 
and 
Migration 


Water 
Temperature 


Increase 
(discountable/insignificant) 


— Not anticipated to change — No DCP operations effect on Delta water 
temperature (DSM2-QUAL). 


Toxicity Increase 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: increase 
(discountable/insignificant). 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management Plans; 
AMM-3: Develop and Implement Spill Prevention, 
Control, and Countermeasure Plans; AMM-4a: 
Develop and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and Implement 
Stormwater Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM -27: Develop and 
Implement a Barge Operations Plan 


DCP construction effects from sediment 
disturbance and construction 
contaminants (limited temporal overlap 
because of AMM-14 work window; other 
AMMs minimize effects; most longfin 
smelt would be well downstream); 
minimal operations effect on modeled 
contaminants in the Delta (DCP FEIR 
chapter 9), including selenium as modeled 
for delta smelt (DCP FEIR chapter 12). 


Predation Increase 
(discountable/insignificant) 


— Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: increase 
(lethal; proportion: small; frequency: 
high). 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management Plans; 
AMM-3: Develop and Implement Spill Prevention, 
Control, and Countermeasure Plans; AMM-4a: 
Develop and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and Implement 
Stormwater Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM-26: Develop and 
Implement an Underwater Sound Control and 
Abatement Plan; AMM-27: Develop and Implement a 
Barge Operations Plan 


DCP construction has the potential to 
disturb juveniles and make them more 
susceptible to predation (however, there 
would be limited temporal overlap with 
construction because of AMM-14 work 
window; other AMMs minimize effects); 
presence of cofferdams during 
construction period provides potential 
predator habitat but is small in extent 
relative to the area of habitat in the Delta. 
Predation associated with DCP operations 
could occur at the north Delta intakes if 
predators aggregate there but existing 
literature suggests such effects would be 
minimal and there is very limited spatial 
overlap with longfin smelt distribution; 
uncertainty to be addressed with fisheries 
studies and adaptive management. At 
broad scale, predation effects from 
operations not likely because there would 
not be major changes to water 
temperature, turbidity (suspended 
sediment), or predators (FEIR chapter 
12). 


Entrainment Increase (lethal; proportion: 
likely small; frequency: medium) 


Minimize/compensate: January 1 and 
Start of OMR Management; Larval and 
Juvenile Longfin Smelt Protection 
Action; Minimum Instream Flows; 
Winter and Spring Delta Outflow 


Exacerbate: Fall and Winter Base Flows 
for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; 
Drought Actions 


Construction: not anticipated to change. 
Operations and maintenance: increase 
(sub-lethal to lethal; proportion: low; 
frequency: low). 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating criteria 


Longfin smelt distribution is generally 
well downstream of the north Delta 
intakes, limiting the potential for negative 
effects. DCP north Delta intakes’ 1.75-mm 
cylindrical screens would exclude 
juveniles from entrainment, with screen 
design and operating criteria (e.g., 
approach velocity) minimizing the 
potential for negative near-field effects 
such as impingement.   


Freshwater Flow Increase (sub-lethal to lethal; 
proportion: likely small; 
frequency: likely medium to 
high) 


Minimize/compensate:  Minimum 
Instream Flows; Winter and Spring 
Delta Outflow 


Exacerbate: Fall and Winter Base Flows 


Construction: not anticipated to change. 
Operations and maintenance: increase 
(sub-lethal to lethal; proportion: 
medium; frequency: medium to high) 


Minimize/compensate: Mitigation Measure CMP 
(CMP-28: Tidal Perennial Habitat Restoration for 
Operations Impacts on Longfin Smelt) 


DCP operations have the potential for an 
uncertain negative effect on population 
abundance index caused by less 
winter/spring Delta outflow, mitigated by 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; 
Drought Actions 


tidal habitat restoration (CMP-28). 


Food Availability Increase (sub-lethal to lethal; 
proportion: medium; frequency: 
likely high) 


Minimize/compensate:  Minimum 
Instream Flows; Spring Delta Outflow 


Exacerbate: Fall and Winter Base Flows 
for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; 
Drought Actions 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: increase 
(sub-lethal to lethal; proportion: small; 
frequency: high). 


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an Underwater 
Sound Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal Perennial 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-28: 
Tidal Perennial Habitat Restoration for Operations 
Impacts on Longfin Smelt). 


Longfin smelt distribution is generally 
well downstream of the north Delta 
intakes, limiting the potential for negative 
effects from construction. DCP 
construction may affect food availability 
through disturbance or reduced habitat, 
which would be small in extent, limited in 
temporal overlap because of AMM-14 
work window, and minimized or 
compensated for by conservation 
measures. Less Delta outflow could affect 
zooplankton abundance (see summary for 
delta smelt); effects to be mitigated by 
CMP-28. 


Other construction-
related stressors 
(acoustic effects; 
direct physical 
injury; habitat 
extent) 


— — Increase (sub-lethal; proportion: small; 
frequency: low) 


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an Underwater 
Sound Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal Perennial 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources) 


DCP construction effects would be limited 
in temporal overlap because of AMM-14 
work window; other AMMs minimize 
effects; CMP-23 mitigates for reduced 
habitat extent. 


Adult 
Holding 
and 
Spawning 


Water 
Temperature 


Increase 
(discountable/insignificant) 


— Not anticipated to change — No DCP operations effect on Delta water 
temperature (DSM2-QUAL). 


Toxicity Increase 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: increase 
(discountable/insignificant). 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management Plans; 
AMM-3: Develop and Implement Spill Prevention, 
Control, and Countermeasure Plans; AMM-4a: 
Develop and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and Implement 
Stormwater Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM -27: Develop and 
Implement a Barge Operations Plan 


DCP construction effects from sediment 
disturbance and construction 
contaminants (limited temporal overlap 
because of AMM-14 work window; other 
AMMs minimize effects; most longfin 
smelt would be well downstream); 
minimal operations effect on modeled 
contaminants in the Delta (DCP FEIR 
chapter 9), including selenium as modeled 
for delta smelt (DCP FEIR chapter 12). 


Predation Increase 
(discountable/insignificant) 


— Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: increase 
(lethal; proportion: small; frequency: 
high). 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management Plans; 
AMM-3: Develop and Implement Spill Prevention, 
Control, and Countermeasure Plans; AMM-4a: 
Develop and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and Implement 
Stormwater Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM-26: Develop and 
Implement an Underwater Sound Control and 
Abatement Plan; AMM-27: Develop and Implement a 
Barge Operations Plan 


DCP construction has the potential to 
disturb adults and make them more 
susceptible to predation (however, there 
would be limited temporal overlap with 
construction because of AMM-14 work 
window; other AMMs minimize effects); 
presence of cofferdams during 
construction period provides potential 
predator habitat but is small in extent 
relative to the area of habitat in the Delta. 
Predation associated with DCP operations 
could occur at the north Delta intakes if 
predators aggregate there but existing 
literature suggests such effects would be 
minimal and there is very limited spatial 
overlap with longfin smelt distribution; 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


uncertainty to be addressed with fisheries 
studies and adaptive management. At 
broad scale, predation effects from 
operations not likely because there would 
not be major changes to water 
temperature, turbidity (suspended 
sediment), or predators (FEIR chapter 
12). 


Entrainment Increase (lethal; proportion: 
small; frequency: likely medium) 


Minimize/compensate: First Flush and 
Start of OMR Management; January 1 
and Start of OMR Management; Adult 
Longfin Smelt Entrainment Protection 
Action 


Exacerbate: SHOT Reduction in 
Sacramento River Fall and Winter 
Flows; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


Construction: not anticipated to change. 
Operations and maintenance: increase 
(sub-lethal to lethal; proportion: low; 
frequency: low). 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating criteria 


Longfin smelt distribution is generally 
well downstream of the north Delta 
intakes, limiting the potential for negative 
effects. DCP north Delta intakes’ 1.75-mm 
cylindrical screens would exclude adults 
from entrainment, with screen design and 
operating criteria (e.g., approach velocity) 
minimizing the potential for negative 
near-field effects such as impingement.   


Freshwater Flow Increase (sub-lethal to lethal; 
proportion: likely medium; 
frequency: likely low) 


Minimize/compensate:  Minimum 
Instream Flows; Winter and Spring 
Delta Outflow 


Exacerbate: SHOT Reduction in 
Sacramento River Fall and Winter 
Flows; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


Construction: not anticipated to change. 
Operations and maintenance: increase 
(sub-lethal to lethal; proportion: 
medium; frequency: medium to high) 


Minimize/compensate: Mitigation Measure CMP 
(CMP-28: Tidal Perennial Habitat Restoration for 
Operations Impacts on Longfin Smelt) 


DCP operations have the potential for an 
uncertain negative effect on population 
abundance index caused by less 
winter/spring Delta outflow, mitigated by 
tidal habitat restoration (CMP-28). 


Food Availability Increase (sub-lethal to lethal; 
proportion: medium; frequency: 
likely high) 


Minimize/compensate: Minimum 
Instream Flows; Winter and Spring 
Delta Outflow 


Exacerbate: Fall and Winter Base Flows 
for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; 
Drought Actions 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: increase 
(sub-lethal to lethal; proportion: small; 
frequency: high). 


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an Underwater 
Sound Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal Perennial 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources; CMP-28: 
Tidal Perennial Habitat Restoration for Operations 
Impacts on Longfin Smelt). 


Longfin smelt distribution is generally 
well downstream of the north Delta 
intakes, limiting the potential for negative 
effects from construction. DCP 
construction may affect food availability 
through disturbance or reduced habitat, 
which would be small in extent, limited in 
temporal overlap because of AMM-14 
work window, and minimized or 
compensated for by conservation 
measures. Less Delta outflow could affect 
zooplankton abundance (see summary for 
delta smelt); effects to be mitigated by 
CMP-28. 


Other construction-
related stressors 
(acoustic effects; 
direct physical 
injury; habitat 
extent) 


— — Increase (sub-lethal; proportion: small; 
frequency: low) 


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an Underwater 
Sound Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal Perennial 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources) 


DCP construction effects would be limited 
in temporal overlap because of AMM-14 
work window; other AMMs minimize 
effects; CMP-23 mitigates for reduced 
habitat extent. 


Eggs and 
Larvae 


Water 
Temperature 


Increase 
(discountable/insignificant) 


— Not anticipated to change — No DCP operations effect on Delta water 
temperature (DSM2-QUAL). 


Toxicity Increase 
(discountable/insignificant) 


— Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: increase 
(discountable/insignificant). 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management Plans; 
AMM-3: Develop and Implement Spill Prevention, 
Control, and Countermeasure Plans; AMM-4a: 


DCP construction effects from sediment 
disturbance and construction 
contaminants (limited temporal overlap 
because of AMM-14 work window; other 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


Develop and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and Implement 
Stormwater Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM -27: Develop and 
Implement a Barge Operations Plan 


AMMs minimize effects; most longfin 
smelt would be well downstream); 
minimal operations effect on modeled 
contaminants in the Delta (DCP FEIR 
chapter 9), including selenium as modeled 
for delta smelt (DCP FEIR chapter 12). 


Predation Increase 
(discountable/insignificant) 


— Construction: increase (lethal; 
proportion: small; frequency: low). 
Operations and maintenance: Increase 
(lethal; proportion: small; frequency: 
high). 


Minimize/compensate: AMM-2: Develop and 
Implement Hazardous Materials Management Plans; 
AMM-3: Develop and Implement Spill Prevention, 
Control, and Countermeasure Plans; AMM-4a: 
Develop and Implement Erosion and Sediment 
Control Plans and AMM-4b: Develop and Implement 
Stormwater Pollution Prevention Plans; AMM-14: 
Construction Best Management Practices for 
Biological Resources; AMM-26: Develop and 
Implement an Underwater Sound Control and 
Abatement Plan; AMM-27: Develop and Implement a 
Barge Operations Plan 


DCP construction has the potential to 
disturb larvae and make them more 
susceptible to predation (however, there 
would be limited temporal overlap with 
construction because of AMM-14 work 
window; other AMMs minimize effects; 
and there is limited spatial overlap of 
longfin smelt with the north Delta 
intakes). Increased predation associated 
with DCP operations could occur as a 
result of increased silverside abundance 
related to lower spring south Delta 
exports, although this is uncertain, 
particularly because this mechanism has 
only been studied for delta smelt and not 
longfin smelt. 


Entrainment Increase (lethal; proportion: 
likely small; frequency: medium 
to high) 


Minimize/compensate:  January 1 and 
Start of OMR Management; Larval and 
Juvenile Longfin Smelt Protection 
Action; Spring Delta Outflow; Barker 
Slough Pumping Plant, Maximum 
Spring Diversions, Larval Longfin Smelt 


Exacerbate: SHOT Reduction in 
Sacramento River Fall and Winter 
Flows; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


Construction: not anticipated to change. 
Operations and maintenance: increase 
(sub-lethal to lethal; proportion: low; 
frequency: low). 


Minimize/compensate: North Delta intakes 
cylindrical tee fish screens and operating criteria 


DCP north Delta intakes may entrain 
larval longfin smelt but the proportion of 
the population would be low based on 
spatial distribution and the frequency 
would be limited, with hydrodynamic 
effects (“bow wave”) at tee screens 
potentially also reducing effects. Longfin 
smelt eggs could also be entrained if 
adhered to resuspended sediment, but 
there is uncertainty because no 
information exists regarding survival 
following resuspension; the proportion of 
the population affected would in any case 
be low.   


Freshwater Flow Increase (sub-lethal to lethal; 
proportion: likely medium; 
frequency: likely medium to 
high) 


Minimize/compensate:  Minimum 
Instream Flows; Spring Delta Outflow 


Exacerbate: SHOT Reduction in 
Sacramento River Fall and Winter 
Flows; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


Construction: not anticipated to change. 
Operations and maintenance: increase 
(sub-lethal to lethal; proportion: 
medium; frequency: medium to high) 


Minimize/compensate: Mitigation Measure CMP 
(CMP-28: Tidal Perennial Habitat Restoration for 
Operations Impacts on Longfin Smelt) 


DCP operations have the potential for an 
uncertain negative effect on population 
abundance index caused by less 
winter/spring Delta outflow, mitigated by 
tidal habitat restoration (CMP-28). 


Food Availability Increase (sub-lethal to lethal; 
proportion: likely medium; 
frequency: likely high) 


Minimize/compensate:  Minimum 
Instream Flows; Winter and Spring 
Delta Outflow 


Exacerbate: Fall and Winter Base Flows 
for Shasta Reservoir Refill; Reduced 
Wilkins Slough Minimum Flows; 
Drought Actions 


Construction: increase (sub-lethal; 
proportion: small; frequency: low). 
Operations and maintenance: increase 
(sub-lethal to lethal; proportion: small; 
frequency: high). 


Minimize/compensate: Mitigation Measure CMP 
(CMP-28: Tidal Perennial Habitat Restoration for 
Operations Impacts on Longfin Smelt) 


Longfin smelt distribution is generally 
well downstream of the north Delta 
intakes, limiting the potential for negative 
effects from construction. DCP 
construction may affect food availability 
through disturbance or reduced habitat, 
which would be small in extent, limited in 
temporal overlap because of AMM-14 
work window, and minimized or 
compensated for by conservation 
measures. Less Delta outflow could affect 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures DCP Effect on Stressor* DCP Conservation Measures Rationale 


zooplankton abundance (see summary for 
delta smelt); effects to be mitigated by 
CMP-28. 


Other construction-
related stressors 
(acoustic effects; 
direct physical 
injury; habitat 
extent) 


— — Increase (sub-lethal; proportion: small; 
frequency: low) 


Minimize/compensate: AMM-14: Construction Best 
Management Practices for Biological Resources; 
AMM-26: Develop and Implement an Underwater 
Sound Control and Abatement Plan; AMM-27: 
Develop and Implement a Barge Operations Plan; 
Mitigation Measure CMP (CMP-23: Tidal Perennial 
Habitat Restoration for Construction Impacts on 
Habitat for Fish and Aquatic Resources) 


DCP construction effects would be limited 
in temporal overlap because of AMM-14 
work window; other AMMs minimize 
effects; CMP-23 mitigates for reduced 
habitat extent. 


Notes: *Table includes consideration of DCP construction effects and conservation measures; these are addressed in a separate consultation. 
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7A.3.7 Southern Resident Killer Whale 


As described in Chapter 11, the Proposed Action is not anticipated to change the stressors Pollutants and 


Contaminants, Vessel Effects, Oil Spill, or Acoustic. The Proposed Action may increase the Prey 


Availability stressor to a discountable or insignificant level, with effects limited by the Proposed Action 


not impacting hatchery operations, and hatchery release strategies limiting the potential for operational 


effects to outmigration of hatchery-origin fish. Hatchery-origin Chinook salmon are likely to contribute 


far more to the killer whale diet than natural-origin Chinook salmon, with only 10.5% of the diet 


estimated to be of natural-origin Central Valley Chinook salmon (see Chapter 11). As shown in Sections 


7A.3.1 and 7A.3.2, effects of the DCP on listed Chinook salmon would be limited; additional analyses in 


the draft DCP BA and FEIR show this would also be the case for unlisted fall-/late fall-run Chinook 


salmon. Therefore any increase in the Prey Availability stressor as a result of the DCP would be 


discountable/insignificant for killer whale. 


7A.4 Sites Combined with Proposed Action Qualitative 
Effects Analysis 


7A.4.1 Sacramento River Winter-Run Chinook Salmon 


Chapter 5 discusses the status of Sacramento River winter-run Chinook Salmon, including life history and 


habitat requirements, stressors, and an effects analysis of the Proposed Action. Summaries of the effects 


analysis for effects on the species and its critical habitat are provided in Tables WR1_Sites and WR2_Sites. 


A qualitative analysis was conducted to provide a programmatic summary of the effects of Sites for the 


species life stages, critical habitat physical and biological features, and stressors discussed for the 


Proposed Action (Tables WR1_Sites and WR2_Sites)7. The analysis of Sites was based on information in 


the administrative draft Sites BA and FEIR/S, which includes consideration of various quantitative and 


qualitative analyses. 


As illustrated in Tables WR1_Sites and WR2_Sites, the principal potential effects of Sites in addition to the 


Proposed Action would be reduction in early life stage water temperature stressors through coordination 


of operations with CVP, in addition to potential increases in stressors such as outmigration cues and 


refuge habitat because of diversions to Sites Reservoir during winter/spring. Life cycle modeling 


undertaken for Sites indicated overall slightly positive effects on winter-run Chinook Salmon adult 


abundance based on all three models run (IOS, OBAN, and the Winter-Run Chinook Salmon Life Cycle 


Model). Life cycle modeling described in Chapter 5 for the Proposed Action with the CVPIA winter-run 


Chinook salmon life cycle model suggested generally similar adult spawner abundance population 


change for Proposed Action phases to the No Action Alternative, and similar to or higher than Run of the 


River (EXP1) and Minimum Releases (EXP3) scenarios. 


As described further in Chapter 3, guiding principles would be applied to ensure that adverse effects of 


the proposed operations of Sites would be avoided, minimized, and offset. Guiding principles relevant to 


winter-run Chinook salmon include: 


⚫ Upper Sacramento River 


 
7 The summary tables include broad consideration of conservation measures that may affect stressors, including those 
that may not be specific to the given stressor or species. 
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 Utilize the additional water supply provided by the Sites Project to address adverse effects of the 


CVP on salmonid and sturgeon habitat in the Sacramento River above the Red Bluff Pumping 


Plant by: 


⚫ Optimizing the use of Reclamation’s storage to facilitate the following: 


 Enhancing conservation of the cold-water pool in Shasta Lake for use in managing 


temperatures in salmonid spawning habitat downstream of Keswick Dam particularly in 


dry water year types; 


 Enhancing pulse flows envisioned in the biological assessment at appropriate times, 


particularly in years when natural pulse events are minimal, to stimulate migration of 


juvenile salmon downstream toward the Delta; and 


 Stabilizing flow to minimize or preclude losses of salmon redds due to flow fluctuations 


associated with management of Shasta Lake for fall storage. 


⚫ Implementing additional mitigation actions as necessary and appropriate to maintain and/or 


improve spawning and rearing habitat for anadromous fish in the Upper Sacramento River. 


⚫ Implement pulse flow criteria to provide migrating anadromous fish an opportunity to 


migrate past the diversion locations with minimum exposure to diversions. 


⚫ Sacramento River from Red Bluff Pumping Plant to Knights Landing 


 Implement actions necessary to minimize potential impacts to listed species exposed to diversion 


facilities. 


 Implement pulse flow criteria to provide migrating anadromous fish an opportunity to migrate 


past the diversion locations with minimum exposure to diversions. 


 Utilize best available science to establish flow levels necessary to provide migratory and rearing 


habitat to minimize effects to juvenile anadromous fish survival and facilitate their movement 


out of the river toward the delta and bays. 


 Find opportunities to develop and/or restore additional side channel habitat and/or salmonid 


rearing habitat to offset adverse effects to salmonid migratory and rearing habitat associated 


with diversions of flow to Sites Reservoir. 


⚫ Below Knights Landing and in the Delta 


 Operate projects consistent with existing and/or future regulatory requirements in the Delta. 


 Implement pulse flow criteria to provide migrating anadromous fish an opportunity to migrate 


past the diversion locations with minimum exposure to diversions and further minimize effects 


to through-Delta survival. 


 Utilize best available science to establish flow levels necessary to provide migratory and rearing 


habitat to minimize effects to juvenile anadromous fish survival and facilitate their movement 


out of the river toward the delta and bays. 


 Monitor and mitigate effects of diversions on migrating anadromous species and their habitat 


through identification of opportunities to develop additional habitat (i.e. tidal and channel 


margin restoration) to maintain and/or improve productivity of those fish populations.  


 Protect habitat conditions supporting listed pelagic and anadromous species, mitigate potential 


flow related effects of Sites with habitat restoration developed in coordination with National 


Marine Fisheries Service (NMFS), Fish and Wildlife Service (FWS), and California Department of 
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Fish and Wildlife (CDFW) to maintain and/or improve productivity of those fish populations. 


 Cooperate in the monitoring of the Fremont Weir Big Notch Project to assess what effect, if any, 


diversions of flow to Sites Reservoir have on the effectiveness of the Big Notch Project’s ability to 


achieve its juvenile entrainment and adult passage performance goals for salmonids in the 


Sacramento River. If necessary, implement operational measures to avoid diminishing the 


performance of the Big Notch Project. 


As described in Chapter 3, Sites has an adaptive management program which would integrate with the 


adaptive management program for the Proposed Action and includes a number of general principles such 


as cooperating with resource agencies in monitoring efforts and designing studies to test operational 


modifications to remedy or lessen unanticipated effects.  
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Table 7A-12. Qualitative Summary of Sites Combined with Proposed Action (PA) Effects on Sacramento River Winter-Run Chinook Salmon 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


Adult 
Migration 


In-River Fishery 
and Poaching 


Not anticipated to change — Not anticipated to change — There are no major changes to river flows from 
Sites operations that suggest in-river fishing or 
poaching would change. 


Stranding Risk Not anticipated to change — Increase (discountable/insignificant) — Quantitative modeling showed limited effects of 
Sites diversion operations on number of days 
meeting adult upstream passage criteria at 
Fremont Weir and Colusa Weir.   


Dissolved 
Oxygen 


Not anticipated to change — Not anticipated to change — Assumed similar to water temperature. 


Toxicity from 
Contaminants 


Increase 
(discountable/insignificant) 


— Not anticipated to change — Adult migration does not overlap main period of 
Sites reservoir releases that could result in 
increase in toxicity from contaminants. 


Water 
Temperature 


Increase 
(discountable/insignificant) 


— Not anticipated to change — No biologically meaningful effects of Sites based 
on quantitative modeling (HEC-5Q). 


Pathogens and 
Disease 


Increase 
(discountable/insignificant) 


— Not anticipated to change — Assumed similar to water temperature. 


Adult Holding 
and Spawning 


In-River Fishery 
and Poaching 


Not anticipated to change — Not anticipated to change — There are no major changes to river flows from 
Sites operations that suggest in-river fishing or 
poaching would change. 


Stranding Risk Not anticipated to change — Not anticipated to change — There are no major changes to river flows from 
Sites operations that suggest stranding risk 
would change. 


Competition, 
Introgression, 
and Broodstock 
Removal 


Not anticipated to change — Not anticipated to change — There is no mechanism to Sites operations that 
suggests a change would occur in the influence of 
hatchery-origin fish on natural-origin fish. 


Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Adult holding and spawning is upstream of Sites 
reservoir releases that could result in increase in 
toxicity from contaminants. 


Dissolved 
Oxygen 


Decrease 
(discountable/insignificant) 


— Decrease (discountable/insignificant) — Assumed similar to water temperature. 


Spawning 
Habitat 


Increase (lethal; proportion: likely 
small/medium; frequency: low) 


Minimize/compensate: Allocation Reductions 
for Shasta Reservoir End of September 
Storage; Rebalancing between other CVP 
Reservoirs for Shasta Reservoir End of 
September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 
September Storage; Minimum Refuge Summer 
Deliveries North of Delta; Drought Actions 


Exacerbate: SRSC Diversion Spring Delays and 
Shifting; Shasta Operations Team (SHOT) 
Water Transfer Timing Approvals 


Increase or decrease 
(discountable/insignificant) 


— Weighted usable area quantitative analyses show 
limited effects of Sites operations, with minor 
increases to the stressor tending to occur in 
April-June and minor decreases to the stressor 
tending to occur in July.  


Water 
Temperature 


Decrease (beneficial; proportion: 
likely large; frequency: high); 
increase (sublethal; proportion: 
small; frequency: low) 


Minimize/compensate: Adult Migration and 
Holding Water Temperature Objectives 


Exacerbate: Drought Tool Kit Warmwater 
Bypass; Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows 


Decrease (discountable/insignificant) — Few biologically meaningful effects of Sites based 
on quantitative modeling (HEC-5Q). 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


Pathogens and 
Disease 


Decrease (beneficial; proportion: 
likely large; frequency: high); 
increase (sub-lethal; proportion: 
small; frequency: low) 


Minimize/compensate: Adult Migration and 
Holding Water Temperature Objectives 


 


Decrease (discountable/insignificant) — Assumed similar to water temperature. 


Egg 
Incubation 
and Fry 
Emergence 


In-River Fishery 
or Trampling 


Not anticipated to change — Not anticipated to change — There are no major changes to flow as a result of 
Sites operations that would be expected to result 
in changes to the in-river fishery or trampling. 


Predation Risk Not anticipated to change — Decrease (discountable/insignificant) — Water temperature would decrease as a result of 
Sites operations in coordination with CVP (see 
discussion for Water Temperature below), which 
could result in a decrease in predation risk given 
general decrease in predator metabolic demand 
with decreasing temperature; assumed such 
changes would be to a lesser degree because of a 
lack of specific information. 


Toxicity from 
Contaminants 


Decrease 
(discountable/insignificant) 


— Not anticipated to change — Egg incubation and fry emergence is upstream of 
Sites reservoir releases that could result in 
increase in toxicity from contaminants. 


Dissolved 
Oxygen 


Decrease 
(discountable/insignificant) 


— Decrease (discountable/insignificant) — Assumed similar trend to water temperature but 
to lesser degree because of lack of specific 
information. 


Pathogens and 
Disease 


Decrease 
(discountable/insignificant) 


— Decrease (discountable/insignificant) — Assumed similar trend to water temperature but 
to lesser degree because of lack of specific 
information. 


Sedimentation 
and Gravel 
Quantity 


Decrease 
(discountable/insignificant) 


— Decrease (discountable/insignificant) — Increased flow associated with lower 
temperature (see discussion below for Water 
Temperature) in critically dry years could 
decrease sedimentation but there is no 
quantitative analysis available to inform the 
extent; Sites does not include any gravel 
augmentation and there are limited effects on 
spawning habitat (see above discussion of 
Spawning Habitat for Adult Holding and 
Spawning). 


Redd Stranding 
and Dewatering 


Increase (lethal; proportion: likely 
small; frequency: high) 


Minimize/compensate: Fall and Winter Base 
Flows for Shasta Reservoir Refill and Redd 
Maintenance 


Exacerbate: SHOT Water Transfer Timing 
Approvals 


Decrease (beneficial; proportion: 
medium; frequency: medium) 


Minimize/compensate: 
Coordination with CVP 


Quantitative modeling shows Sites reducing redd 
dewatering during most water year types in 
June-September and July-October. 


Redd Quality Decrease (beneficial; proportion: 
likely large; frequency: likely high) 


Minimize/compensate: SHOT Water Transfer 
Timing Approvals 


Exacerbate: Allocation Reductions for Shasta 
Reservoir End of September Storage; 
Rebalancing between other CVP Reservoirs for 
Shasta Reservoir End of September Storage; 
Reduced Wilkins Slough Minimum Flows for 
Shasta Reservoir End of September Storage; 
SRSC Diversion Spring Delays and Shifting; 
Minimum Refuge Summer Deliveries North of 
Delta; Drought Actions 


Decrease (beneficial; proportion: 
medium; frequency: medium) 


Minimize/compensate: 
Coordination with CVP 


Assumed in consideration of other stressors (in 
particular water temperature) and quantitative 
modeling showing no anticipated change to redd 
scour/entombment as a result of Sites. 


Water Decrease (beneficial; proportion: Minimize/compensate: Shasta Reservoir Decrease (beneficial; proportion: large; Minimize/compensate: Quantitative modeling (HEC-5Q; Anderson and 







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-79 


May 2024 
ICF 103653  


 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


Temperature likely large; frequency: medium); 
increase (lethal; proportion: likely 
small; frequency: medium)  


Water Temperature and Storage Management; 
Allocation Reductions for Shasta Reservoir 
End of September Storage; Rebalancing 
between other CVP Reservoirs for Shasta 
Reservoir End of September Storage; Reduced 
Wilkins Slough Minimum Flows for Shasta 
Reservoir End of September Storage; 
Minimum Refuge Summer Deliveries North of 
Delta; SRSC Diversion Spring Delays and 
Shifting; Drought Actions 


Exacerbate: Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows; Adult 
Migration and Holding Water Temperature 
Objectives; SHOT Determination on 
Temperature Shoulders (requiring releases 
too cold too early and exhausting coldwater 
pool); SHOT Water Transfer Timing Approvals 
(Denials that precludes water transfers) 


frequency: medium) Coordination with CVP Martin models) shows reduction in water 
temperature and egg mortality in critically dry 
years as a result of Sites operations in 
coordination with CVP, benefiting egg 
incubation/fry in August/September/October. 


Juvenile 
Rearing and 
Outmigration 


Pathogens and 
Disease 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change (Delta); 
increase or decrease (Sacramento 
River; sub-lethal or beneficial; 
proportion: small; frequency: medium) 


Minimize/compensate: Red Bluff 
and Hamilton City fish screens and 
operating criteria; coordination 
with CVP. 


Operations-related effects on water temperature 
in the Delta are minimal, with water temperature 
noted as a key driver of pathogens/disease 
(Chapter 5). There is small potential for injury 
leading to disease from juveniles contacting the 
Red Bluff and Hamilton City fish screens, 
minimized by screen design (smooth screen face; 
cleaning system) and operating criteria (e.g., 
approach velocity). At the broad scale, beneficial 
effects could occur as a result of lower water 
temperature (see discussion of Water 
Temperature stressor below). 


 


Toxicity from 
Contaminants 


Increase 
(discountable/insignificant) 


— Increase (sub-lethal; proportion: small; 
frequency: medium) 


Minimize/compensate: Mitigation 
Measure WQ-1.1: Methylmercury 
Management; Mitigation Measure 
WQ-2.2: Prevent Net Detrimental 
Metal and Pesticide Effects 
Associated with Moving Colusa 
Basin Drain Water Through the Yolo 
Bypass 


Sites reservoir releases have minor potential for 
negative effects from metals and pesticides, to be 
mitigated with Mitigation Measures WQ-1.1 and 
WQ-2.2, although juvenile rearing and 
outmigration generally would be outside the 
main period of reservoir releases. 


Predation and 
Competition 


Increase 
(discountable/insignificant) 


— Increase (discountable/insignificant) — Available studies suggest there would be limited 
effects of Sites diversions on predation risk at the 
Red Bluff and Hamilton City intakes; uncertainty 
would be addressed with technical studies of 
predator density and distribution. 


Stranding Risk Increase (lethal; proportion: small; 
frequency: high) 


Minimize/compensate: Minimum Instream 
Flows; Ramping Rates 


Decrease (beneficial; proportion: 
small; frequency: medium) 


Minimize/compensate: 
Coordination with CVP 


Quantitative modeling shows a potential 
beneficial effect of Sites in reducing the stranding 
risk stressor during July-October of some water 
year types. 


Outmigration 
Cues 


Increase (lethal; proportion: large; 
frequency: low) 


Minimize/compensate: Minimum Instream 
Flows; SRSC Diversion Spring Delays and 
Shifting 


Exacerbate: Fall and Winter Base Flows for 


Increase (lethal; proportion: small to 
medium; frequency: medium) 


Minimize/compensate: Diversion 
criteria 


Sites diversions would reduce outmigration 
flows for juveniles in the Sacramento River and 
the Delta, to be minimized with diversion criteria 
(Bend Bridge Pulse Protection and Minimum 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


Shasta Reservoir Refill and Redd Maintenance; 
Shasta Reservoir Water Temperature and 
Storage Management; Allocation Reductions 
for Shasta Reservoir End of September 
Storage; Rebalancing between other CVP 
Reservoirs for Shasta Reservoir End of 
September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 
September Storage; Minimum Refuge Summer 
Deliveries North of Delta; Drought Actions; 
SHOT Water Transfer Timing Approvals 


Bypass Flows in the Sacramento River at Wilkins 
Slough); quantitative modeling (e.g., STARS 
spreadsheet; river migration flow-survival 
analysis) suggests effects would be limited. 
Adaptive management would be utilized to 
assess and if necessary refine operations and 
diversion criteria based on biological monitoring. 


Entrainment 
Risk 


Increase (lethal; proportion: 
small/medium; frequency: high) 


Minimize/compensate: SRSC Transfer Delays; 
Delta Cross Channel Gate Closure; Winter-Run 
Chinook Salmon Early Season Salvage 
Threshold; First Flush and Start of OMR 
Management; January 1 and Start of OMR 
Management; Winter-Run 50% Annual Loss 
Threshold; Winter-Run 75% Annual Loss 
Threshold; Winter-Run Weekly Loss 
Thresholds; Winter and Spring Delta Outflows; 
Salvage Facilities 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill; SHOT Water Transfer 
Timing Approvals; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


Not anticipated to change (Delta); 
increase (Sacramento River; sub-lethal; 
proportion: small; frequency: medium) 


Minimize/compensate: Red Bluff 
and Hamilton City fish screens and 
operating criteria; diversion criteria 


South Delta exports during the main period of 
juvenile entrainment risk would not be changed 
as a result of Sites operations, as indicated by 
quantitative modeling (salvage-density method). 
Diversion criteria such as pulse protection would 
limit potential for entry into interior Delta and 
risk of south Delta entrainment. Entrainment risk 
at the Red Bluff and Hamilton City intakes would 
not change because juveniles small enough to be 
entrained would not temporally overlap the Sites 
diversion period. There is the potential for other 
near-field negative effects such as impingement, 
which would be minimized by the fish screens 
meeting agency criteria, with monitoring in 
addition to long-term hydraulic evaluations of 
screen performance.     


Refuge Habitat Not anticipated to change (more 
seaward end of Delta); increase 
(Sacramento River and more 
landward end of Delta; sub-lethal; 
proportion: large; frequency: 
medium) 


Minimize/compensate: Minimum Instream 
Flows; SRSC Transfer Delays 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd Maintenance; 
Reduced Wilkins Slough Minimum Flows; 
SHOT Water Transfer Timing Approvals; 
Drought Actions 


Not anticipated to change (more 
seaward end of Delta); increase (more 
landward end of the Delta; proportion: 
medium; frequency: medium); increase 
or decrease (Sacramento 
River/floodplains; sub-lethal or 
beneficial; proportion: small; 
frequency: medium) 


Minimize/compensate: Diversion 
criteria  


Quantitative modeling indicates that Sites 
diversions would increase or reduce (depending 
on location/timing; increases are more likely for 
fry than juveniles) flow-inundated habitat in the 
Sacramento River, floodplains, and more 
landward end of the Delta, which would be 
limited by diversion criteria. 


Food 
Availability and 
Quality 


Not anticipated to change (more 
seaward end of Delta); increase 
(Sacramento River and more 
landward end of Delta; sub-lethal; 
proportion: large; frequency: low) 


Minimize/compensate: Minimum Instream 
Flows; SRSC Transfer Delays 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd Maintenance; 
Reduced Wilkins Slough Minimum Flows; 
SHOT Water Transfer Timing Approvals; 
Drought Actions 


Not anticipated to change (more 
seaward end of Delta); increase (more 
landward end of the Delta; proportion: 
medium; frequency: medium); increase 
or decrease (Sacramento 
River/floodplains; sub-lethal or 
beneficial; proportion: small; 
frequency: medium) 


Minimize/compensate: Diversion 
criteria  


Sites diversions could affect food, assuming 
similar effects as to decreases in refuge habitat. 


Water 
Temperature 
and Dissolved 
Oxygen 


Not anticipated to change (Delta); 
decrease or increase (Sacramento 
River; beneficial or sub-
lethal/lethal; proportion: medium to 
large; frequency: high) 


Minimize/compensate: Minimum Instream 
Flows; Shasta Reservoir Water Temperature 
and Storage Management (preserve cold 
water) 


Exacerbate: SHOT Water Transfer Timing 
Approvals (denial of water transfers); SHOT 
Determination on Temperature Shoulders 
(requiring releases too cold too early and 
exhausting coldwater pool) 


Not anticipated to change (Delta); 
decrease (Sacramento River; 
beneficial; proportion: large; 
frequency: medium) 


Minimize/compensate: 
Coordination with CVP 


Operations-related effects on water temperature 
in the Delta are minimal. Quantitative modeling 
(HEC-5Q) shows reduction in Sacramento River 
water temperature in critically dry years as a 
result of Sites operations in coordination with 
CVP, benefiting juveniles in September/October. 
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Table 7A-13. Qualitative Summary of Sites Combined with Proposed Action (PA) Effects on Sacramento River Winter-Run Chinook Salmon Critical Habitat 


Physical and 
Biological Feature Stressor 


PA Effect on Critical 
Habitat PA Conservation Measures 


Sites Effect on 
Critical Habitat Sites Conservation Measures Rationale 


Access from the Pacific 
Ocean to Appropriate 
Spawning Areas 


In-River 
Fishery and 
Poaching 


No adverse effects 
anticipated 


— No adverse effects 
anticipated 


— There are no major changes to river flows from Sites 
operations that suggest in-river fishing or poaching would 
change. 


Stranding Risk No adverse effects 
anticipated 


— No adverse effects 
anticipated 


— Quantitative modeling showed limited effects of Sites 
diversion operations on number of days meeting adult 
upstream passage criteria at Fremont Weir and Colusa 
Weir.   


Dissolved 
Oxygen 


No adverse effects 
anticipated 


— No adverse effects 
anticipated 


— Assumed similar to water temperature. 


Toxicity from 
Contaminants 


No adverse effects 
anticipated 


— No adverse effects 
anticipated 


— Adult migration does not overlap main period of Sites 
reservoir releases that could result in increase in toxicity 
from contaminants. 


Water 
Temperature 


No adverse effects 
anticipated 


— No adverse effects 
anticipated 


— No biologically meaningful effects of Sites based on 
quantitative modeling (HEC-5Q). 


Clean Gravel for 
Spawning Substrate 


Spawning 
Habitat 


Adverse Minimize/compensate: Allocation Reductions for 
Shasta Reservoir End of September Storage; 
Rebalancing between other CVP Reservoirs for Shasta 
Reservoir End of September Storage; Reduced Wilkins 
Slough Minimum Flows for Shasta Reservoir End of 
September Storage; Minimum Refuge Summer 
Deliveries North of Delta; Drought Actions 


Exacerbate: SRSC Diversion Spring Delays and 
Shifting; Shasta Operations Team (SHOT) Water 
Transfer Timing Approvals 


No adverse effects 
anticipated 


— Weighted usable area quantitative analyses show limited 
effects of Sites operations, with minor increases to the 
stressor tending to occur in April-June and minor 
decreases to the stressor tending to occur in July. 


River Flows for 
Spawning, Incubation, 
Fry Development and 
Emergence, and 
Downstream 
Transport of Juveniles 


Spawning 
Habitat 


Adverse Minimize/compensate: Allocation Reductions for 
Shasta Reservoir End of September Storage; 
Rebalancing between other CVP Reservoirs for Shasta 
Reservoir End of September Storage; Reduced Wilkins 
Slough Minimum Flows for Shasta Reservoir End of 
September Storage; Minimum Refuge Summer 
Deliveries North of Delta; Drought Actions 


Exacerbate: SRSC Diversion Spring Delays and 
Shifting; Shasta Operations Team (SHOT) Water 
Transfer Timing Approvals 


No adverse effects 
anticipated 


— Weighted usable area quantitative analyses show limited 
effects of Sites operations, with minor increases to the 
stressor tending to occur in April-June and minor 
decreases to the stressor tending to occur in July. 


Redd Quality No adverse effects 
anticipated 


Minimize/compensate: SHOT Water Transfer Timing 
Approvals 


Exacerbate: Allocation Reductions for Shasta 
Reservoir End of September Storage; Rebalancing 
between other CVP Reservoirs for Shasta Reservoir 
End of September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 
September Storage; SRSC Diversion Spring Delays and 
Shifting; Minimum Refuge Summer Deliveries North 
of Delta; Drought Actions 


No adverse effects 
anticipated 


Minimize/compensate: Coordination with 
CVP 


Assumed in consideration of other stressors (in particular 
water temperature) and quantitative modeling showing no 
anticipated change to redd scour/entombment as a result 
of Sites. 


Redd Stranding 
and 
Dewatering 


Adverse Minimize/compensate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd Maintenance 


Exacerbate: SHOT Water Transfer Timing Approvals 


No adverse effects 
anticipated 


Minimize/compensate: Coordination with 
CVP 


Quantitative modeling shows Sites reducing redd 
dewatering during most water year types in June-
September and July-October. 


Stranding Risk Adverse Minimize/compensate: Minimum Instream Flows; No adverse effects Minimize/compensate: Coordination with Quantitative modeling shows a potential beneficial effect of 
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Physical and 
Biological Feature Stressor 


PA Effect on Critical 
Habitat PA Conservation Measures 


Sites Effect on 
Critical Habitat Sites Conservation Measures Rationale 


Ramping Rates anticipated CVP Sites in reducing the stranding risk stressor during July-
October of some water year types. 


Outmigration 
Cues 


Adverse Minimize/compensate: Minimum Instream Flows; 
SRSC Diversion Spring Delays and Shifting 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance; Shasta 
Reservoir Water Temperature and Storage 
Management; Allocation Reductions for Shasta 
Reservoir End of September Storage; Rebalancing 
between other CVP Reservoirs for Shasta Reservoir 
End of September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 
September Storage; Minimum Refuge Summer 
Deliveries North of Delta; Drought Actions; SHOT 
Water Transfer Timing Approvals 


Adverse Minimize/compensate: Diversion criteria Sites diversions would reduce outmigration flows for 
juveniles in the Sacramento River and the Delta, to be 
minimized with diversion criteria (Bend Bridge Pulse 
Protection and Minimum Bypass Flows in the Sacramento 
River at Wilkins Slough); quantitative modeling (e.g., 
STARS spreadsheet; river migration flow-survival analysis) 
suggests effects would be limited. Adaptive management 
would be utilized to assess and if necessary refine 
operations and diversion criteria based on biological 
monitoring. 


Entrainment 
Risk 


Adverse Minimize/compensate: SRSC Transfer Delays; Delta 
Cross Channel Gate Closure; Winter-Run Chinook 
Salmon Early Season Salvage Threshold; First Flush 
and Start of OMR Management; January 1 and Start of 
OMR Management; Winter-Run 50% Annual Loss 
Threshold; Winter-Run 75% Annual Loss Threshold; 
Winter-Run Weekly Loss Thresholds; Winter and 
Spring Delta Outflows; Salvage Facilities 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill; SHOT Water Transfer Timing 
Approvals; Reduced Wilkins Slough Minimum Flows; 
Drought Actions 


No adverse effects 
anticipated (Delta); 
adverse (Sacramento 
River) 


Minimize/compensate: Red Bluff and 
Hamilton City fish screens and operating 
criteria; diversion criteria 


South Delta exports during the main period of juvenile 
entrainment risk would not be changed as a result of Sites 
operations, as indicated by quantitative modeling (salvage-
density method). Diversion criteria such as pulse 
protection would limit potential for entry into interior 
Delta and risk of south Delta entrainment. Entrainment 
risk at the Red Bluff and Hamilton City intakes would not 
change because juveniles small enough to be entrained 
would not temporally overlap the Sites diversion period. 
There is the potential for other near-field negative effects 
such as impingement, which would be minimized by the 
fish screens meeting agency criteria, with monitoring in 
addition to long-term hydraulic evaluations of screen 
performance.     


Water Temperatures 
between 42.5 and 
57.5°F for Spawning, 
Incubation, and Fry 
Development 


Water 
Temperature 


Primarily no adverse 
effects anticipated 


Minimize/compensate: Shasta Reservoir Water 
Temperature and Storage Management; Allocation 
Reductions for Shasta Reservoir End of September 
Storage; Rebalancing between other CVP Reservoirs 
for Shasta Reservoir End of September Storage; 
Reduced Wilkins Slough Minimum Flows for Shasta 
Reservoir End of September Storage; Minimum 
Refuge Summer Deliveries North of Delta; SRSC 
Diversion Spring Delays and Shifting; Drought Actions 


Exacerbate: Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows; Adult Migration and 
Holding Water Temperature Objectives; SHOT 
Determination on Temperature Shoulders (requiring 
releases too cold too early and exhausting coldwater 
pool); SHOT Water Transfer Timing Approvals 
(Denials that precludes water transfers) 


No adverse effects 
anticipated 


Minimize/compensate: Coordination with 
CVP 


Few biologically meaningful effects of Sites based on 
quantitative modeling (HEC-5Q) for spawning adults. 
Quantitative modeling (HEC-5Q; Anderson and Martin 
models) shows reduction in water temperature and egg 
mortality in critically dry years as a result of Sites 
operations in coordination with CVP, benefiting egg 
incubation/fry in August/September/October. 


Habitat and Adequate 
Prey that are not 
Contaminated 


Toxicity from 
Contaminants 


No adverse effects 
anticipated 


— Adverse Minimize/compensate: Mitigation 
Measure WQ-1.1: Methylmercury 
Management; Mitigation Measure WQ-2.2: 
Prevent Net Detrimental Metal and 
Pesticide Effects Associated with Moving 
Colusa Basin Drain Water Through the 


Sites reservoir releases have minor potential for negative 
effects from metals and pesticides, to be mitigated with 
Mitigation Measures WQ-1.1 and WQ-2.2, although juvenile 
rearing and outmigration generally would be outside the 
main period of reservoir releases; other life stages would 
be upstream of potential reservoir release influence or not 
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Physical and 
Biological Feature Stressor 


PA Effect on Critical 
Habitat PA Conservation Measures 


Sites Effect on 
Critical Habitat Sites Conservation Measures Rationale 


Yolo Bypass temporally overlapping main period of reservoir releases. 


Riparian Habitat for 
Juvenile Development 
and Survival 


Refuge Habitat No adverse effects 
anticipated (more 
seaward end of Delta); 
adverse (Sacramento 
River and more 
landward end of 
Delta) 


Minimize/compensate: Minimum Instream Flows; 
SRSC Transfer Delays 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance; Reduced 
Wilkins Slough Minimum Flows; SHOT Water Transfer 
Timing Approvals; Drought Actions 


No adverse effects 
anticipated (more 
seaward end of Delta); 
adverse (Sacramento 
River and more 
landward end of 
Delta) 


Minimize/compensate: Diversion criteria  Sites diversions would reduce flow-inundated habitat in 
the Sacramento River and more landward end of the Delta, 
which would be limited by diversion criteria. 


Food 
Availability 
and Quality 


No adverse effects 
anticipated (more 
seaward end of Delta); 
adverse (Sacramento 
River and more 
landward end of 
Delta) 


Minimize/compensate: Minimum Instream Flows; 
SRSC Transfer Delays 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance; Reduced 
Wilkins Slough Minimum Flows; SHOT Water Transfer 
Timing Approvals; Drought Actions 


No adverse effects 
anticipated (more 
seaward end of Delta); 
adverse (Sacramento 
River and more 
landward end of 
Delta) 


Minimize/compensate: Diversion criteria  Sites diversions could reduce food, assuming similar effects 
as to decreases in refuge habitat. 


Access Downstream 
for Juvenile Migration 
to San Francisco Bay 
and the Pacific Ocean 


Entrainment 
Risk 


Adverse Minimize/compensate: SRSC Transfer Delays; Delta 
Cross Channel Gate Closure; Winter-Run Chinook 
Salmon Early Season Salvage Threshold; First Flush 
and Start of OMR Management; January 1 and Start of 
OMR Management; Winter-Run 50% Annual Loss 
Threshold; Winter-Run 75% Annual Loss Threshold; 
Winter-Run Weekly Loss Thresholds; Winter and 
Spring Delta Outflows; Salvage Facilities 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill; SHOT Water Transfer Timing 
Approvals; Reduced Wilkins Slough Minimum Flows; 
Drought Actions 


No adverse effects 
anticipated (Delta); 
adverse (Sacramento 
River) 


Minimize/compensate: Red Bluff and 
Hamilton City fish screens and operating 
criteria 


South Delta exports during the main period of juvenile 
entrainment risk would not be changed as a result of Sites 
operations, as indicated by quantitative modeling (salvage-
density method). Entrainment risk at the Red Bluff and 
Hamilton City intakes would not change because juveniles 
small enough to be entrained would not temporally 
overlap the Sites diversion period. There is the potential 
for other near-field negative effects such as impingement, 
which would be minimized by the fish screens meeting 
agency criteria, with monitoring in addition to long-term 
hydraulic evaluations of screen performance.     
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7A.4.2 Central Valley Spring-Run Chinook Salmon 


Chapter 6 discusses the status of Central Valley spring-run Chinook Salmon, including life history and 


habitat requirements, stressors, and an effects analysis of the Proposed Action. Summaries of the effects 


analysis for effects on the species and its critical habitat are provided in Tables SR1_Sites and SR2_Sites. A 


qualitative analysis was conducted to provide a programmatic summary of the effects of Sites for the 


species life stages, critical habitat physical and biological features, and stressors discussed for the 


Proposed Action (Tables SR1_Sites and SR2_Sites)8. The analysis of Sites was based on information in the 


administrative draft Sites BA and FEIR/S, which includes consideration of various quantitative and 


qualitative analyses. 


As illustrated in Tables SR1_Sites and SR2_Sites, the principal potential effects of Sites in addition to the 


Proposed Action would be reduction in early life stage water temperature stressors through coordination 


of operations with CVP, in addition to potential increases in stressors such as outmigration cues and 


refuge habitat because of diversions to Sites Reservoir during winter/spring. Life cycle modeling 


described in Chapter 6 for the Proposed Action with the CVPIA spring-run Chinook salmon life cycle 


model suggested generally similar adult spawner abundance population change for Proposed Action 


phases compared to the No Action Alternative. Spring-run Chinook salmon life cycle modeling has not 


been undertaken for Sites, although the relatively limited nature of effects (Table 7A-14) and available 


life cycle modeling for winter-run Chinook salmon (see Section 7A.4.1) suggests that there would be little 


effect of Sites evident from such modeling.  


As described further in Chapter 3, guiding principles would be applied to ensure that adverse effects of 


the proposed operations of Sites would be avoided, minimized, and offset. Guiding principles relevant to 


spring-run Chinook salmon include: 


⚫ Upper Sacramento River 


 Utilize the additional water supply provided by the Sites Project to address adverse effects of the 


CVP on salmonid and sturgeon habitat in the Sacramento River above the Red Bluff Pumping 


Plant by: 


⚫ Optimizing the use of Reclamation’s storage to facilitate the following: 


 Enhancing conservation of the cold-water pool in Shasta Lake for use in managing 


temperatures in salmonid spawning habitat downstream of Keswick Dam particularly in 


dry water year types; 


 Enhancing pulse flows envisioned in the biological assessment at appropriate times, 


particularly in years when natural pulse events are minimal, to stimulate migration of 


juvenile salmon downstream toward the Delta; and 


 Stabilizing flow to minimize or preclude losses of salmon redds due to flow fluctuations 


associated with management of Shasta Lake for fall storage. 


⚫ Implementing additional mitigation actions as necessary and appropriate to,maintain and/or 


improve spawning and rearing habitat for anadromous fish in the Upper Sacramento River. 


⚫ Implement pulse flow criteria to provide migrating anadromous fish an opportunity to 


migrate past the diversion locations with minimum exposure to diversions. 


 
8 The summary tables include broad consideration of conservation measures that may affect stressors, including those 
that may not be specific to the given stressor or species. 
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⚫ Sacramento River from Red Bluff Pumping Plant to Knights Landing 


 Implement actions necessary to minimize potential impacts to listed species exposed to diversion 


facilities. 


 Implement pulse flow criteria to provide migrating anadromous fish an opportunity to migrate 


past the diversion locations with minimum exposure to diversions. 


 Utilize best available science to establish flow levels necessary to provide migratory and rearing 


habitat to minimize effects to juvenile anadromous fish survival and facilitate their movement 


out of the river toward the delta and bays. 


 Find opportunities to develop and/or restore additional side channel habitat and/or salmonid 


rearing habitat to offset adverse effects to salmonid migratory and rearing habitat associated 


with diversions of flow to Sites Reservoir. 


⚫ Below Knights Landing and in the Delta 


o Operate projects consistent with existing and/or future regulatory requirements in the Delta. 


 Implement pulse flow criteria to provide migrating anadromous fish an opportunity to migrate 


past the diversion locations with minimum exposure to diversions and further minimize effects 


to through-Delta survival. 


 Utilize best available science to establish flow levels necessary to provide migratory and rearing 


habitat to minimize effects to juvenile anadromous fish survival and facilitate their movement 


out of the river toward the delta and bays. 


 Monitor and mitigate effects of diversions on migrating anadromous species and their habitat 


through identification of opportunities to develop additional habitat (i.e. tidal and channel 


margin restoration) to maintain and/or improve productivity of those fish populations.  


 Protect habitat conditions supporting listed pelagic and anadromous species, mitigate potential 


flow related effects of Sites with habitat restoration developed in coordination with National 


Marine Fisheries Service (NMFS), Fish and Wildlife Service (FWS), and California Department of 


Fish and Wildlife (CDFW) to maintain and/or improve productivity of those fish populations. 


 Cooperate in the monitoring of the Fremont Weir Big Notch Project to assess what effect, if any, 


diversions of flow to Sites Reservoir have on the effectiveness of the Big Notch Project’s ability to 


achieve its juvenile entrainment and adult passage performance goals for salmonids in the 


Sacramento River If necessary, implement operational measures to avoid diminishing the 


performance of the Big Notch Project. 


As described in Chapter 3, Sites has an adaptive management program which would integrate with the 


adaptive management program for the Proposed Action and includes a number of general principles such 


as cooperating with resource agencies in monitoring efforts and designing studies to test operational 


modifications to remedy or lessen unanticipated effects.  
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Table 7A-14. Qualitative Summary of Sites Combined with Proposed Action (PA) Effects on Central Valley Spring-Run Chinook Salmon 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor 
Sites Conservation 
Measures Rationale 


Adult Migration In-River Fishery 
and Poaching 


Not anticipated to change — Not anticipated to change — There are no major changes to 
river flows from Sites 
operations that suggest in-
river fishing or poaching 
would change. 


Stranding Risk Not anticipated to change — Increase 
(discountable/insignificant) 


— Quantitative modeling showed 
limited effects of Sites 
diversion operations on 
number of days meeting adult 
upstream passage criteria at 
Fremont Weir and Colusa 
Weir.   


Dissolved Oxygen Decrease (discountable/insignificant) — Not anticipated to change — Assumed similar to water 
temperature. 


Toxicity from 
Contaminants 


Increase or decrease (discountable/insignificant) — Not anticipated to change — Adult migration does not 
overlap main period of Sites 
reservoir releases that could 
result in increase in toxicity 
from contaminants. 


Water 
Temperature 


Decrease (discountable/insignificant) — Not anticipated to change — No biologically meaningful 
effects of Sites based on 
quantitative modeling (HEC-
5Q; Reclamation Temperature 
Model). 


Pathogens and 
Disease 


Increase or decrease (discountable/insignificant) — Not anticipated to change — Assumed similar to water 
temperature. 


Adult Holding and 
Spawning 


In-River Fishery 
and Poaching 


Not anticipated to change — Not anticipated to change — There are no major changes to 
river flows from Sites 
operations that suggest in-
river fishing or poaching 
would change. 


Competition, 
Introgression, and 
Broodstock 
Removal 


Not anticipated to change — Not anticipated to change — There is no mechanism to 
Sites operations that suggests 
a change would occur in the 
influence of hatchery-origin 
fish on natural-origin fish. 


Toxicity from 
Contaminants 


Decrease (discountable/insignificant) — Not anticipated to change — Adult holding and spawning is 
upstream of Sites reservoir 
releases that could result in 
increase in toxicity from 
contaminants. 


Dissolved Oxygen Decrease (discountable/insignificant) — Decrease (Sacramento River; 
discountable/insignificant); 
not anticipated to change 
(Feather River)  


— Assumed similar trend to 
water temperature but to 
lesser degree because of lack 
of specific information. 


Spawning Habitat Increase (lethal; proportion: low) Minimize/compensate: Sacramento River: Minimum 
Instream Flow; Fall and Winter Base Flows for Redd 


Increase or decrease 
(discountable/insignificant) 


— Weighted usable area 
quantitative analyses show 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor 
Sites Conservation 
Measures Rationale 


Maintenance; SRSC Rice Decomposition Smoothing. Clear 
Creek: Minimum Instream Flows, Segregation Weir. 
Exacerbate: Sacramento River: Fall and Winter Base Flows 
for Shasta Refill. 


limited effects of Sites 
operations. 


Water 
Temperature 


Decrease (beneficial; proportion: likely large; 
frequency: high); increase (sublethal; proportion: 
small; frequency: low) 


Minimize/compensate: Sacramento River: Adult Migration 
and Holding Water Temperature Objectives; Shasta 
Reservoir Water Temperature and Storage Management. 
Clear Creek: Water Temperature Management. 


Exacerbate: Drought Tool Kit Warmwater Bypass; 
Voluntary Agreement Pulse Flows; Sacramento River 
Pulse Flows; SHOT Determination on Temperature 
Shoulders (requiring too cold releases too early and 
exhausting the coldwater pool). 


Decrease (Sacramento River; 
beneficial; proportion: small; 
frequency: medium); not 
anticipated to change (Feather 
River) 


Minimize/compensate: 
Coordination with CVP 


Quantitative modeling (HEC-
5Q) shows reduction in 
biologically meaningful effects 
in the Sacramento River with 
Sites coordination with CVP; 
no changes in the Feather 
River (Reclamation 
Temperature Model). 


Pathogens and 
Disease 


Decrease (beneficial; proportion: large; frequency: 
high); increase (sub-lethal; proportion: small; 
frequency: low) 


Minimize/compensate: Adult Migration and Holding Water 
Temperature Objectives 


 


Decrease (Sacramento River; 
discountable/insignificant); 
not anticipated to change 
(Feather River)  


— Assumed similar trend to 
water temperature but to 
lesser degree because of lack 
of specific information. 


Egg Incubation and 
Fry Emergence 


In-River Fishery 
or Trampling 


Not anticipated to change — Not anticipated to change — There are no major changes to 
flow as a result of Sites 
operations that would be 
expected to result in changes 
to the in-river fishery or 
trampling. 


Predation Risk Not anticipated to change — Decrease (Sacramento River; 
discountable/insignificant); 
not anticipated to change 
(Feather River)  


— Water temperature in the 
Sacramento River would 
decrease as a result of Sites 
operations in coordination 
with CVP (see discussion for 
Water Temperature below), 
which could result in a 
decrease in predation risk 
given general decrease in 
predator metabolic demand 
with decreasing temperature; 
assumed such changes would 
be to a lesser degree because 
of a lack of specific 
information. 


Toxicity from 
Contaminants 


Decrease (discountable/insignificant) — Not anticipated to change — Egg incubation and fry 
emergence is upstream of 
Sites reservoir releases that 
could result in increase in 
toxicity from contaminants. 


Dissolved Oxygen Decrease (discountable/insignificant) — Decrease (Sacramento River; 
discountable/insignificant); 
not anticipated to change 
(Feather River)  


— Assumed similar trend to 
water temperature but to 
lesser degree because of lack 
of specific information. 


Pathogens and 
Disease 


Increase or Decrease (discountable/insignificant) — Decrease (Sacramento River; 
discountable/insignificant); 
not anticipated to change 


— Assumed similar trend to 
water temperature but to 
lesser degree because of lack 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor 
Sites Conservation 
Measures Rationale 


(Feather River)  of specific information. 


Sedimentation 
and Gravel 
Quantity 


Decrease (discountable/insignificant) — Decrease (Sacramento River; 
discountable/insignificant); 
not anticipated to change 
(Feather River)  


— Increased flow associated with 
lower temperature (see 
discussion below for Water 
Temperature) could decrease 
sedimentation but there is no 
quantitative analysis available 
to inform the extent; Sites 
does not include any gravel 
augmentation and there are 
limited effects on spawning 
habitat (see above discussion 
of Spawning Habitat for Adult 
Holding and Spawning). 


Redd Stranding 
and Dewatering 


Increase (lethal; proportion: likely small; frequency: 
high) 


Minimize/compensate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Refill and Redd 
Maintenance; Minimum Instream Flows. Clear Creek: 
Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base Flows 
for Shasta Refill; SRSC Transfer Delays 


Decrease or increase 
(Sacramento River; 
discountable/insignificant); 
not anticipated to change 
(Feather River) 


— Quantitative modeling shows 
Sites increasing or reducing 
redd dewatering in the 
Sacramento to a minor extent. 


Redd Quality Decrease (beneficial; proportion: medium; frequency: 
large) 


Minimize/compensate: Sacramento River: Fall and Winter 
Base Flows for Shasta Reservoir Redd Maintenance; SRSC 
Transfer Delayed Timing. Clear Creek: Minimum Flows 


Exacerbate: Sacramento River: Fall and Winter Base Flows 
for Shasta Refill; SHOT Water Transfer Timing Approvals 


Decrease (Sacramento River; 
beneficial; proportion: small; 
frequency: medium); not 
anticipated to change (Feather 
River) 


Minimize/compensate: 
Coordination with CVP 


Assumed in consideration of 
other stressors (in particular 
water temperature) and 
quantitative modeling 
showing no anticipated 
change to redd 
scour/entombment as a result 
of Sites. 


Water 
Temperature 


Decrease (beneficial; proportion: medium; frequency: 
medium to high); increase (lethal; proportion: 
medium; frequency: low) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Clear Creek: Water Temperature 
Management 


Exacerbate: Sacramento River:  


SHOT Determination on Temperature Shoulders 
(requiring releases too cold too early and exhausting 
coldwater pool); Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows 


Decrease (Sacramento River; 
beneficial; proportion: small; 
frequency: medium); not 
anticipated to change (Feather 
River) 


Minimize/compensate: 
Coordination with CVP 


Quantitative modeling (HEC-
5Q) shows reduction in 
biologically meaningful effects 
in the Sacramento River with 
Sites coordination with CVP; 
no changes in the Feather 
River (Reclamation 
Temperature Model). 


Juvenile Rearing 
and Outmigration 


Pathogens and 
Disease 


Increase (discountable/insignificant) — Not anticipated to change 
(Delta; Feather River); increase 
or decrease (Sacramento River; 
sub-lethal or beneficial; 
proportion: small; frequency: 
medium) 


Minimize/compensate: 
Red Bluff and Hamilton 
City fish screens and 
operating criteria; 
coordination with CVP. 


Operations-related effects on 
water temperature in the 
Delta are minimal, with water 
temperature noted as a key 
driver of pathogens/disease 
(Chapter 6). There are no 
temperature-related 
differences in the Feather 
River that would suggest an 
increase or decrease in this 
stressor. There is small 
potential for injury leading to 
disease from juveniles 
contacting the Red Bluff and 
Hamilton City fish screens, 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor 
Sites Conservation 
Measures Rationale 


minimized by screen design 
(smooth screen face; cleaning 
system) and operating criteria 
(e.g., approach velocity). At 
the broad scale, beneficial 
effects could occur as a result 
of lower water temperature 
(see discussion of Water 
Temperature stressor below). 


 


Toxicity from 
Contaminants 


Increase (discountable/insignificant) — Increase (sub-lethal; 
proportion: small; frequency: 
medium) 


Minimize/compensate: 
Mitigation Measure 
WQ-1.1: 
Methylmercury 
Management; 
Mitigation Measure 
WQ-2.2: Prevent Net 
Detrimental Metal and 
Pesticide Effects 
Associated with 
Moving Colusa Basin 
Drain Water Through 
the Yolo Bypass 


Sites reservoir releases have 
minor potential for negative 
effects from metals and 
pesticides, to be mitigated 
with Mitigation Measures WQ-
1.1 and WQ-2.2, although 
juvenile rearing and 
outmigration generally would 
be outside the main period of 
reservoir releases. 


Predation and 
Competition 


Increase (discountable/insignificant) — Increase 
(discountable/insignificant) 


— Available studies suggest 
there would be limited effects 
of Sites diversions on 
predation risk at the Red Bluff 
and Hamilton City intakes; 
uncertainty would be 
addressed with technical 
studies of predator density 
and distribution. 


Stranding Risk Increase (lethal; proportion: medium [Sacramento 
River], low [Clear Creek]; frequency: high [Sacramento 
River], low [Clear Creek]) 


Minimize/compensate: Minimum Instream Flows; Ramping 
Rates 


Increase or decrease 
(discountable/insignificant) 


— Quantitative modeling 
suggests small increases in 
juvenile stranding risk in the 
Sacramento River at Keswick 
and Clear Creek, with small 
reductions at Battle Creek; 
substantial effects would not 
occur. 


Outmigration 
Cues 


Increase (lethal; proportion: large [Sacramento River], 
medium [Clear Creek]; frequency: low [Sacramento 
River and Clear Creek]) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Ramping Rates; Clear Creek: Minimum 
Instream Flows; Spring Pulse Flows; Ramping Rates 


Exacerbate: Sacramento River: Fall and Winter Base Flows 
for Shasta Reservoir Refill; Reduced Wilkins Slough 
Minimum Flows; Sacramento River and Clear Creek: 
Drought Actions 


Increase (lethal; proportion: 
small to medium; frequency: 
medium) 


Minimize/compensate: 
Diversion criteria 


Sites diversions would reduce 
outmigration flows for 
juveniles in the Sacramento 
River and the Delta, to be 
minimized with diversion 
criteria (Bend Bridge Pulse 
Protection and Minimum 
Bypass Flows in the 
Sacramento River at Wilkins 
Slough); quantitative 
modeling (e.g., STARS 
spreadsheet; river migration 
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Sites Conservation 
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flow-survival analysis) 
suggests effects would be 
limited. Adaptive management 
would be utilized to assess 
and if necessary, refine 
diversion criteria and/or 
operations based on biological 
monitoring. 


Entrainment Risk Not anticipated to change (Clear Creek); increase 
(Delta; lethal; proportion: small; frequency: high) 


Minimize/compensate: Delta Cross Channel Gate Closure; 
Winter-Run Chinook Salmon Early Season Salvage 
Threshold; January 1 and Start of OMR Management; 
Spring-run Chinook Salamon and Surrogate Thresholds; 
Winter-Run Weekly Loss Thresholds; Winter and Spring 
Delta Outflows; Salvage Facilities 


Not anticipated to change 
(Delta); increase (Sacramento 
River; sub-lethal; proportion: 
small; frequency: medium) 


Minimize/compensate: 
Red Bluff and Hamilton 
City fish screens and 
operating criteria; 
diversion criteria 


South Delta exports during the 
main period of juvenile 
entrainment risk would not be 
changed as a result of Sites 
operations, as indicated by 
quantitative modeling 
(salvage-density method). 
Diversion criteria such as 
pulse protection would limit 
potential for entry into 
interior Delta and risk of south 
Delta entrainment. 
Entrainment risk at the Red 
Bluff and Hamilton City 
intakes would not appreciably 
change because juveniles 
small enough to be entrained 
would only have little 
temporal overlap with the 
Sites diversion period. There 
is the potential for other near-
field negative effects such as 
impingement, which would be 
minimized by the fish screens 
meeting agency criteria, with 
monitoring in addition to 
long-term hydraulic 
evaluations of screen 
performance.     


Refuge Habitat Not anticipated to change (more seaward end of 
Delta); increase (Sacramento River, Clear Creek, and 
more landward end of Delta; sub-lethal; proportion: 
large; frequency: low [Sacramento River and more 
landward end of Delta], medium [Clear Creek]) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows; Clear Creek: Minimum 
Instream Flows; Spring Pulse Flows 


Exacerbate: Sacramento River: Fall and Winter Base Flows 
for Shasta Reservoir Refill; Reduced Wilkins Slough 
Minimum Flows; Sacramento River and Clear Creek: 
Drought Actions 


Not anticipated to change 
(more seaward end of Delta); 
increase (Sacramento River 
downstream of Sites intakes, 
Yolo Bypass, more landward 
end of the Delta; proportion: 
medium; frequency: medium); 
decrease (Sacramento River 
upstream of Sites intakes; 
beneficial; proportion: small; 
frequency: medium) 


Minimize/compensate: 
Diversion criteria; 
coordination with CVP.  


Quantitative modeling 
indicates that Sites diversions 
would increase or reduce  
flow-inundated habitat in the 
Sacramento River, Yolo 
Bypass, and more landward 
end of the Delta, which would 
be limited by diversion 
criteria. 


Food Availability 
and Quality 


Not anticipated to change (more seaward end of 
Delta); increase (Sacramento River, Clear Creek, and 
more landward end of Delta; sub-lethal; proportion: 
large; frequency: low [Sacramento River and more 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows; Clear Creek: Minimum 
Instream Flows; Spring Pulse Flows 


Not anticipated to change 
(more seaward end of Delta); 
increase (Sacramento River 
downstream of Sites intakes, 


Minimize/compensate: 
Diversion criteria; 
coordination with CVP.  


Sites diversions could affect 
food, assuming similar effects 
as to changes in refuge habitat. 
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Sites Conservation 
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landward end of Delta], medium [Clear Creek]) Exacerbate: Sacramento River: Fall and Winter Base Flows 
for Shasta Reservoir Refill; Reduced Wilkins Slough 
Minimum Flows; Sacramento River and Clear Creek: 
Drought Actions 


Yolo Bypass, more landward 
end of the Delta; proportion: 
medium; frequency: medium); 
decrease (Sacramento River 
upstream of Sites intakes; 
beneficial; proportion: small; 
frequency: medium) 


Water 
Temperature and 
Dissolved Oxygen 


Not anticipated to change (Delta); decrease or increase 
(Sacramento River and Clear Creek; beneficial or sub-
lethal/lethal; proportion: medium to large; frequency: 
high) 


Minimize/compensate: Minimum Instream Flows; Shasta 
Reservoir Water Temperature and Storage Management 
(preserve cold water) 


Exacerbate: SHOT Water Transfer Timing Approvals (denial 
of water transfers); SHOT Determination on Temperature 
Shoulders (requiring releases too cold too early and 
exhausting coldwater pool) 


Decrease (Sacramento River; 
beneficial; proportion: small; 
frequency: medium); not 
anticipated to change (Feather 
River and Delta) 


Minimize/compensate: 
Coordination with CVP 


Quantitative modeling (HEC-
5Q) shows reduction in 
biologically meaningful 
temperature effects in the 
Sacramento River with Sites 
coordination with CVP; no 
changes in the Feather River 
(Reclamation Temperature 
Model). Operations-related 
effects on water temperature 
in the Delta are minimal. 
Dissolved oxygen effects may 
be less than temperature 
effects. 


Yearling Rearing Pathogens and 
Disease 


Decrease (discountable/insignificant) — Not anticipated to change — Sites would not affect 
operations in yearling natal 
tributaries where rearing 
occurs. 


Toxicity from 
Contaminants 


Increase or decrease (discountable/insignificant) — Not anticipated to change — Sites would not affect 
operations in yearling natal 
tributaries where rearing 
occurs. 


Predation and 
Competition 


Increase (discountable/insignificant) — Not anticipated to change — Sites would not affect 
operations in yearling natal 
tributaries where rearing 
occurs. 


Stranding Risk Decrease (beneficial; proportion: small; frequency: 
low) 


Minimize/compensate: Sacramento River and Clear Creek: 
Minimum Instream Flows; Ramping Rates 


Not anticipated to change — Sites would not affect 
operations in yearling natal 
tributaries where rearing 
occurs. 


Refuge Habitat Increase (sub-lethal; proportion: small; frequency: 
medium) or decrease (beneficial) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Clear Creek: Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; SRSC Diversion 
Spring Delays and Shifting; Allocation Reductions for 
Shasta Reservoir End of September Storage; 
Rebalancing between other CVP Reservoirs for Shasta 
Reservoir End of September Storage; Reduced Wilkins 
Slough Minimum Flows for Shasta Reservoir End of 
September Storage; Minimum Refuge Summer 
Deliveries North of Delta  


Not anticipated to change — Sites would not affect 
operations in yearling natal 
tributaries where rearing 
occurs. 


Food Availability 
and Quality 


Increase (sub-lethal; proportion: small; frequency: 
medium) or decrease (beneficial)  


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Clear Creek: Minimum Instream Flows 


Not anticipated to change — Sites would not affect 
operations in yearling natal 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor 
Sites Conservation 
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Exacerbate: Sacramento River: Fall and Winter Base Flows 
for Shasta Reservoir Refill; SRSC Diversion Spring Delays 
and Shifting; Allocation Reductions for Shasta Reservoir End 
of September Storage; Rebalancing between other CVP 
Reservoirs for Shasta Reservoir End of September Storage; 
Reduced Wilkins Slough Minimum Flows for Shasta 
Reservoir End of September Storage; Minimum Refuge 
Summer Deliveries North of Delta 


tributaries where rearing 
occurs. 


Water 
Temperature and 
Dissolved Oxygen 


Decrease (beneficial; proportion: low; frequency: high) Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Fall and Winer Base Flows for Shasta 
Reservoir Redd Maintenance; Shasta Reservoir Water 
Temperature and Storage Management; Clear Creek: 
Minimum Instream Flow; Water Temperature Management 


Exacerbate: Sacramento River: Shasta Reservoir Water 
Temperature Storage Management 


Not anticipated to change — Sites would not affect 
operations in yearling natal 
tributaries where rearing 
occurs. 


Yearling 
Outmigration 


Pathogens and 
Disease 


Increase or decrease (discountable/insignificant) — Not anticipated to change 
(Delta); increase or decrease 
(Sacramento River; sub-lethal 
or beneficial; proportion: 
small; frequency: medium) 


Minimize/compensate: 
Red Bluff and Hamilton 
City fish screens and 
operating criteria; 
coordination with CVP. 


Operations-related effects on 
water temperature in the 
Delta are minimal, with water 
temperature noted as a key 
driver of pathogens/disease 
(Chapter 6). There is small 
potential for injury leading to 
disease from yearlings 
contacting the Red Bluff and 
Hamilton City fish screens, 
minimized by screen design 
(smooth screen face; cleaning 
system) and operating criteria 
(e.g., approach velocity). At 
the broad scale, beneficial 
effects could occur as a result 
of lower water temperature 
(see discussion of Water 
Temperature stressor below). 


 


Toxicity from 
Contaminants 


Increase (discountable/insignificant) — Increase (sub-lethal; 
proportion: small; frequency: 
medium) 


Minimize/compensate: 
Mitigation Measure 
WQ-1.1: 
Methylmercury 
Management; 
Mitigation Measure 
WQ-2.2: Prevent Net 
Detrimental Metal and 
Pesticide Effects 
Associated with 
Moving Colusa Basin 
Drain Water Through 
the Yolo Bypass 


Sites reservoir releases have 
minor potential for negative 
effects from metals and 
pesticides, to be mitigated 
with Mitigation Measures WQ-
1.1 and WQ-2.2, although 
yearling outmigration 
generally would be outside the 
main period of reservoir 
releases. 


Predation and 
Competition 


Increase (discountable/insignificant) — Increase 
(discountable/insignificant) 


— Available studies suggest 
there would be limited effects 
of Sites diversions on 
predation risk at the Red Bluff 
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and Hamilton City intakes; 
uncertainty would be 
addressed with technical 
studies of predator density 
and distribution. 


Stranding Risk Not anticipated to change (Delta); increase 
(Sacramento River; lethal; proportion: small; 
frequency: high) 


Minimize/compensate: Sacramento River and Clear Creek: 
Minimum Instream Flows; Ramping Rates 


Not anticipated to change — Yearlings are unlikely to be 
stranded given small 
differences noted for juveniles 
(see discussion for Juvenile 
Rearing and Outmigration 
above). 


Outmigration 
Cues 


Increase (lethal; proportion: large; frequency: low) Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Fall and Winter Base Flows for Shasta 
Reservoir Redd Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base Flows 
for Shasta Reservoir Refill; Reduced Wilkins Slough 
Minimum Flows; Sacramento River and Clear Creek: 
Drought Actions 


Increase (lethal; proportion: 
small to medium; frequency: 
medium) 


Minimize/compensate: 
Diversion criteria 


Sites diversions would reduce 
outmigration flows for 
juveniles in the Sacramento 
River and the Delta, to be 
minimized with diversion 
criteria (Bend Bridge Pulse 
Protection and Minimum 
Bypass Flows in the 
Sacramento River at Wilkins 
Slough); quantitative 
modeling (e.g., STARS 
spreadsheet; river migration 
flow-survival analysis) 
suggests effects would be 
limited. Adaptive management 
would be utilized to assess 
and if necessary refine 
diversion criteria and/or 
operations based on biological 
monitoring. 


Entrainment Risk Increase (lethal; proportion: small; frequency: high) Minimize/compensate: Delta Cross Channel Gate Closure; 
First Flush and Start of OMR Management; January 1 and 
Start of OMR Management; Spring-run Chinook Salamon 
and Surrogate Thresholds; Winter and Spring Delta 
Outflows; Salvage Facilities 


Exacerbate: SHOT Reduction in Sacramento River Fall and 
Winter Flows; Drought Actions 


Not anticipated to change 
(Delta); increase (Sacramento 
River; sub-lethal; proportion: 
small; frequency: medium) 


Minimize/compensate: 
Red Bluff and Hamilton 
City fish screens and 
operating criteria; 
diversion criteria 


Yearling outmigration through 
the Delta would not overlap 
the period of increase south 
Delta exports of Sites 
Reservoir water. Diversion 
criteria such as pulse 
protection would limit 
potential for entry into 
interior Delta and risk of south 
Delta entrainment. 
Entrainment risk at the Red 
Bluff and Hamilton City 
intakes would not change 
because yearlings would be 
screened. There is the 
potential for other near-field 
negative effects such as 
impingement, which would be 
minimized by the fish screens 
meeting agency criteria, with 
monitoring in addition to 
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long-term hydraulic 
evaluations of screen 
performance.     


Refuge Habitat Increase (Sacramento River; sub-lethal; proportion: 
large; frequency: low); not anticipated to change 
(Delta)  


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Fall and Winter Base Flows for Shasta 
Reservoir Redd Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base Flows 
for Shasta Reservoir Refill; Reduced Wilkins Slough 
Minimum Flows; Sacramento River and Clear Creek: 
Drought Actions 


Not anticipated to change 
(more seaward end of Delta); 
increase (more landward end 
of Delta and Sacramento 
River/Yolo Bypass; proportion: 
low; frequency: medium) 


Minimize/compensate: 
Diversion criteria 


General decrease in flow 
because of Sites diversions, 
quantitative modeling shows 
decrease in Yolo Bypass 
habitat area. 


Food Availability 
and Quality 


Increase (Sacramento River and more landward end of 
the Delta; sub-lethal; proportion: large; frequency: low 
[Sacramento River], high [Delta]); not anticipated to 
change (more seaward end of the Delta) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Fall and Winter Base Flows for Shasta 
Reservoir Redd Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base Flows 
for Shasta Reservoir Refill; Reduced Wilkins Slough 
Minimum Flows; Sacramento River and Clear Creek: 
Drought Actions 


Not anticipated to change 
(more seaward end of Delta); 
increase (more landward end 
of Delta and Sacramento 
River/Yolo Bypass; proportion: 
low; frequency: medium) 


Minimize/compensate: 
Diversion criteria 


Sites diversions could affect 
food, assuming similar effects 
as to changes in refuge habitat. 


Water 
Temperature and 
Dissolved Oxygen 


Increase or decrease (discountable/insignificant) — Not anticipated to change 
(Delta); decrease (Sacramento 
River; proportion: low; 
frequency: medium) 


Minimize/compensate: 
Coordination with CVP 


Operations-related effects on 
water temperature in the 
Delta are minimal. 
Quantitative modeling (HEC-
5Q) shows reduction in 
Sacramento River water 
temperature in critically dry 
years as a result of Sites 
operations in coordination 
with CVP. Dissolved oxygen 
assumed to follow similar 
pattern to temperature. 


 


Table 7A-15. Qualitative Summary of Sites Combined with Proposed Action (PA) Effects on Central Valley Spring-Run Chinook Salmon Critical Habitat 


Physical and 
Biological 
Feature Stressor PA Effect on Critical Habitat PA Conservation Measures Sites Effect on Critical Habitat Sites Conservation Measures Rationale 


Freshwater 
Spawning 
Sites 


Spawning 
Habitat 


Adverse Minimize/compensate: Sacramento River: Minimum 
Instream Flow; Fall and Winter Base Flows for Redd 
Maintenance; SRSC Rice Decomposition Smoothing. 
Clear Creek: Minimum Instream Flows, Segregation 
Weir. Exacerbate: Sacramento River: Fall and Winter 
Base Flows for Shasta Refill. 


No adverse effects anticipated — Weighted usable area quantitative analyses show 
limited effects of Sites operations. 


Redd Quality 
(clean spawning 
gravel) 


Decrease (beneficial; 
proportion: medium; 
frequency: large) 


Minimize/compensate: Sacramento River: Fall and 
Winter Base Flows for Shasta Reservoir Redd 
Maintenance; SRSC Transfer Delayed Timing. Clear 
Creek: Minimum Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Refill; SHOT Water Transfer Timing 
Approvals 


No adverse effects anticipated Minimize/compensate: 
Coordination with CVP 


Assumed in consideration of other stressors (in 
particular water temperature) and quantitative 
modeling showing no anticipated change to redd 
scour/entombment as a result of Sites. 
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Redd Stranding 
and Dewatering 


Increase (lethal; proportion: 
likely small; frequency: high) 


Minimize/compensate: Sacramento River: Fall and 
Winter Base Flows for Shasta Reservoir Refill and 
Redd Maintenance; Minimum Instream Flows. Clear 
Creek: Minimum Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Refill; SRSC Transfer Delays 


No adverse effects anticipated — Quantitative modeling shows Sites increasing or 
reducing redd dewatering in the Sacramento to a minor 
extent. 


Water 
Temperature 


No adverse effects anticipated Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Clear Creek: Water Temperature 
Management 


Exacerbate: Sacramento River:  
SHOT Determination on Temperature Shoulders 
(requiring releases too cold too early and exhausting 
coldwater pool); Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows 


No adverse effects anticipated Minimize/compensate: 
Coordination with CVP 


Quantitative modeling (HEC-5Q) shows reduction in 
biologically meaningful effects in the Sacramento River 
with Sites coordination with CVP; no changes in the 
Feather River (Reclamation Temperature Model). 


Freshwater 
Rearing Sites 


Refuge habitat 
(juvenile) 


No adverse effects anticipated 
(more seaward end of the 
Delta); adverse (Sacramento 
River, Clear Creek, and more 
landward end of the Delta) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows; Clear Creek: Minimum 
Instream Flows; Spring Pulse Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


Adverse (Sacramento River 
downstream of Sites intakes; Yolo 
Bypass; more landward end of the 
Delta); no adverse effects 
anticipated (Sacramento River 
upstream of Sites diversions; 
more seaward end of the Delta) 


Minimize/compensate: 
Diversion criteria; coordination 
with CVP 


Quantitative modeling indicates that Sites diversions 
would increase or reduce flow-inundated habitat in the 
Sacramento River, Yolo Bypass, or more landward end 
of the Delta, which would be limited by diversion 
criteria and coordination with CVP. 


Refuge habitat 
(yearling) 


Adverse or no adverse effects 
anticipated 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Clear Creek: Minimum Instream 
Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; SRSC Diversion 
Spring Delays and Shifting; Allocation Reductions for 
Shasta Reservoir End of September Storage; 
Rebalancing between other CVP Reservoirs for Shasta 
Reservoir End of September Storage; Reduced Wilkins 
Slough Minimum Flows for Shasta Reservoir End of 
September Storage; Minimum Refuge Summer 
Deliveries North of Delta  


No adverse effects anticipated — Sites would not affect operations in yearling natal 
tributaries where rearing occurs. 


Food Availability 
and Quality 
(juvenile) 


Adverse Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows; Clear Creek: Minimum 
Instream Flows; Spring Pulse Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


Adverse (Sacramento River 
downstream of Sites intakes; Yolo 
Bypass; more landward end of the 
Delta); no adverse effects 
anticipated (Sacramento River 
upstream of Sites diversions; 
more seaward end of the Delta) 


Minimize/compensate: 
Diversion criteria; coordination 
with CVP 


Sites diversions could affect food, assuming similar 
effects as to decreases in refuge habitat. 


Food Availability 
and Quality 
(yearling) 


Adverse or no adverse effects 
anticipated 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Clear Creek: Minimum Instream 
Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; SRSC Diversion 
Spring Delays and Shifting; Allocation Reductions for 
Shasta Reservoir End of September Storage; 


No adverse effects anticipated — Sites would not affect operations in yearling natal 
tributaries where rearing occurs. 
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Rebalancing between other CVP Reservoirs for Shasta 
Reservoir End of September Storage; Reduced Wilkins 
Slough Minimum Flows for Shasta Reservoir End of 
September Storage; Minimum Refuge Summer 
Deliveries North of Delta 


Stranding Risk 
(juvenile) 


No adverse effects anticipated — No adverse effects anticipated — Quantitative modeling suggests small increases in 
juvenile stranding risk in the Sacramento at Keswick 
and Clear Creek, with small reductions at Battle Creek; 
substantial effects would not occur. 


Stranding Risk 
(yearling) 


No adverse effects anticipated — No adverse effects anticipated — Sites would not affect operations in yearling natal 
tributaries where rearing occurs. 


Water 
Temperature and 
Dissolved 
Oxygen 
(juvenile) 


Adverse or no adverse effects 
anticipated 


Minimize/compensate: Minimum Instream Flows; 
Shasta Reservoir Water Temperature and Storage 
Management (preserve cold water) 


Exacerbate: SHOT Water Transfer Timing Approvals 
(denial of water transfers); SHOT Determination on 
Temperature Shoulders (requiring releases too cold 
too early and exhausting coldwater pool) 


No adverse effects anticipated Minimize/compensate: 
Coordination with CVP 


Quantitative modeling (HEC-5Q) shows reduction in 
biologically meaningful temperature effects in the 
Sacramento River with Sites coordination with CVP; no 
changes in the Feather River (Reclamation Temperature 
Model). Operations-related effects on water 
temperature in the Delta are minimal. Dissolved oxygen 
effects may be less than temperature effects. 


Water 
Temperature and 
Dissolved 
Oxygen 
(yearling) 


No adverse effects anticipated Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Fall and Winer Base Flows for Shasta 
Reservoir Redd Maintenance; Shasta Reservoir Water 
Temperature and Storage Management; Clear Creek: 
Minimum Instream Flow; Water Temperature 
Management 


Exacerbate: Sacramento River: Shasta Reservoir Water 
Temperature Storage Management 


No adverse effects anticipated — Sites would not affect operations in yearling natal 
tributaries where rearing occurs. 


Freshwater 
Migration 
Corridors 


Outmigration 
Cues (juvenile) 


Adverse Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Fall and Winter Base Flows for Shasta 
Reservoir Redd Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


Adverse Minimize/compensate: 
Diversion criteria 


Sites diversions would reduce outmigration flows for 
juveniles in the Sacramento River and the Delta, to be 
minimized with diversion criteria (Bend Bridge Pulse 
Protection and Minimum Bypass Flows in the 
Sacramento River at Wilkins Slough); quantitative 
modeling (e.g., STARS spreadsheet; river migration flow-
survival analysis) suggests effects would be limited. 
Adaptive management would be utilized to assess and if 
necessary refine diversion criteria and/or operations 
based on biological monitoring. 


Outmigration 
Cues (yearling) 


Adverse Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Fall and Winter Base Flows for Shasta 
Reservoir Redd Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


Adverse Minimize/compensate: 
Diversion criteria 


Sites diversions would reduce outmigration flows for 
juveniles in the Sacramento River and the Delta, to be 
minimized with diversion criteria (Bend Bridge Pulse 
Protection and Minimum Bypass Flows in the 
Sacramento River at Wilkins Slough); quantitative 
modeling (e.g., STARS spreadsheet; river migration flow-
survival analysis) suggests effects would be limited. 
Adaptive management would be utilized to assess and if 
necessary refine diversion criteria and/or operations 
based on biological monitoring. 


Refuge Habitat 
(juvenile) 


Adverse (Sacramento River 
and more landward end of the 
Delta); no adverse effects 
anticipated (more seaward end 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows; Clear Creek: Minimum 
Instream Flows; Spring Pulse Flows 


No adverse effects anticipated 
(more seaward end of Delta); 
adverse (more landward end of 
Delta and Sacramento River/Yolo 


Minimize/compensate: 
Diversion criteria; coordination 
with CVP.  


Quantitative modeling indicates that Sites diversions 
would increase or reduce flow-inundated habitat in the 
Sacramento River, Yolo Bypass, and more landward end 
of the Delta, which would be limited by diversion 







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-98 


May 2024 
ICF 103653  


 


Physical and 
Biological 
Feature Stressor PA Effect on Critical Habitat PA Conservation Measures Sites Effect on Critical Habitat Sites Conservation Measures Rationale 


of the Delta) Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


Bypass) criteria. 


Refuge Habitat 
(yearling) 


Adverse (Sacramento River); 
no adverse effects anticipated 
(Delta) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Fall and Winter Base Flows for Shasta 
Reservoir Redd Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


No adverse effects anticipated 
(more seaward end of Delta); 
adverse (more landward end of 
Delta and Sacramento River/Yolo 
Bypass) 


Minimize/compensate: 
Diversion criteria 


General decrease in flow because of Sites diversions, 
quantitative modeling shows decrease in Yolo Bypass 
habitat area. 


Food Availability 
and Quality 
(juvenile) 


Adverse (Sacramento River 
and more landward end of the 
Delta); no adverse effects 
anticipated (more seaward end 
of the Delta) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows; Clear Creek: Minimum 
Instream Flows; Spring Pulse Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


No adverse effects anticipated 
(more seaward end of Delta); 
adverse (more landward end of 
Delta and Sacramento River/Yolo 
Bypass) 


Minimize/compensate: 
Diversion criteria; coordination 
with CVP.  


Sites diversions could affect food, assuming similar 
effects as to decreases in refuge habitat. 


Food Availability 
and Quality 
(yearling) 


Adverse (Sacramento River 
and more landward end of the 
Delta); no adverse effects 
anticipated (more seaward end 
of the Delta) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Fall and Winter Base Flows for Shasta 
Reservoir Redd Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


No adverse effects anticipated 
(more seaward end of Delta); 
adverse (more landward end of 
Delta and Sacramento River/Yolo 
Bypass) 


Minimize/compensate: 
Diversion criteria 


Sites diversions could affect food, assuming similar 
effects as to decreases in refuge habitat. 


Entrainment Risk 
(juvenile) 


Adverse Minimize/compensate: Delta Cross Channel Gate 
Closure; Winter-Run Chinook Salmon Early Season 
Salvage Threshold; January 1 and Start of OMR 
Management; Spring-run Chinook Salamon and 
Surrogate Thresholds; Winter-Run Weekly Loss 
Thresholds; Winter and Spring Delta Outflows; 
Salvage Facilities 


No adverse effects anticipated 
(Delta); adverse (Sacramento 
River) 


Minimize/compensate: Red 
Bluff and Hamilton City fish 
screens and operating criteria; 
diversion criteria 


South Delta exports during the main period of juvenile 
entrainment risk would not be changed as a result of 
Sites operations, as indicated by quantitative modeling 
(salvage-density method). Diversion criteria such as 
pulse protection would limit potential for entry into 
interior Delta and risk of south Delta entrainment. 
Entrainment risk at the Red Bluff and Hamilton City 
intakes would not appreciably change because juveniles 
small enough to be entrained would only have little 
temporal overlap with the Sites diversion period. There 
is the potential for other near-field negative effects such 
as impingement, which would be minimized by the fish 
screens meeting agency criteria, with monitoring in 
addition to long-term hydraulic evaluations of screen 
performance.     


Entrainment Risk 
(yearling) 


Adverse Minimize/compensate: Delta Cross Channel Gate 
Closure; First Flush and Start of OMR Management; 
January 1 and Start of OMR Management; Spring-run 
Chinook Salamon and Surrogate Thresholds; Winter 
and Spring Delta Outflows; Salvage Facilities 


Exacerbate: SHOT Reduction in Sacramento River Fall 
and Winter Flows; Drought Actions 


No adverse effects anticipated 
(Delta); adverse (Sacramento 
River) 


Minimize/compensate: Red 
Bluff and Hamilton City fish 
screens and operating criteria; 
diversion criteria 


Yearling outmigration through the Delta would not 
overlap the period of increase south Delta exports of 
Sites Reservoir water. Diversion criteria such as pulse 
protection would limit potential for entry into interior 
Delta and risk of south Delta entrainment. Entrainment 
risk at the Red Bluff and Hamilton City intakes would 
not change because yearlings would be screened. There 
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is the potential for other near-field negative effects such 
as impingement, which would be minimized by the fish 
screens meeting agency criteria, with monitoring in 
addition to long-term hydraulic evaluations of screen 
performance.     


Estuarine 
Areas 


Outmigration 
Cues (juvenile) 


Adverse Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Fall and Winter Base Flows for Shasta 
Reservoir Redd Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


Adverse Minimize/compensate: 
Diversion criteria 


Sites diversions would reduce outmigration flows for 
juveniles in the Sacramento River and the Delta, to be 
minimized with diversion criteria (Bend Bridge Pulse 
Protection and Minimum Bypass Flows in the 
Sacramento River at Wilkins Slough); quantitative 
modeling (e.g., STARS spreadsheet) suggests effects 
would be limited. Adaptive management would be 
utilized to assess and if necessary refine diversion 
criteria and/or operations based on biological 
monitoring. 


Outmigration 
Cues (yearling) 


Adverse Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Fall and Winter Base Flows for Shasta 
Reservoir Redd Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


Adverse Minimize/compensate: 
Diversion criteria 


Sites diversions would reduce outmigration flows for 
juveniles in the Sacramento River and the Delta, to be 
minimized with diversion criteria (Bend Bridge Pulse 
Protection and Minimum Bypass Flows in the 
Sacramento River at Wilkins Slough); quantitative 
modeling (e.g., STARS spreadsheet) suggests effects 
would be limited. Adaptive management would be 
utilized to assess and if necessary refine diversion 
criteria and/or operations based on biological 
monitoring. 


Refuge Habitat 
(juvenile) 


No adverse effects anticipated 
(more seaward end of Delta); 
adverse (more landward end 
of Delta) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows; Clear Creek: Minimum 
Instream Flows; Spring Pulse Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


No adverse effects anticipated 
(more seaward end of Delta); 
adverse (more landward end of 
Delta) 


Minimize/compensate: 
Diversion criteria.  


Quantitative modeling indicates that Sites diversions 
reduce flow-inundated habitat in the more landward 
end of the Delta, which would be limited by diversion 
criteria. 


Refuge Habitat 
(yearling) 


No adverse effects anticipated 
(Delta) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Fall and Winter Base Flows for Shasta 
Reservoir Redd Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


No adverse effects anticipated 
(more seaward end of Delta); 
adverse (more landward end of 
Delta) 


Minimize/compensate: 
Diversion criteria 


General decrease in flow because of Sites diversions. 


Food Availability 
and Quality 
(juvenile) 


Adverse (more landward end 
of the Delta); no adverse 
effects anticipated (more 
seaward end of the Delta) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Voluntary Agreement Pulse Flows; 
Sacramento River Pulse Flows; Clear Creek: Minimum 
Instream Flows; Spring Pulse Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


No adverse effects anticipated 
(more seaward end of Delta); 
adverse (more landward end of 
Delta) 


Minimize/compensate: 
Diversion criteria; coordination 
with CVP.  


Sites diversions could affect food, assuming similar 
effects as to decreases in refuge habitat. 


Food Availability Adverse (more landward end Minimize/compensate: Sacramento River: Minimum No adverse effects anticipated Minimize/compensate: Sites diversions could affect food, assuming similar 
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and Quality 
(yearling) 


of the Delta); no adverse 
effects anticipated (more 
seaward end of the Delta) 


Instream Flows; Fall and Winter Base Flows for Shasta 
Reservoir Redd Maintenance; Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Sacramento River and Clear 
Creek: Drought Actions 


(more seaward end of Delta); 
adverse (more landward end of 
Delta) 


Diversion criteria effects as to decreases in refuge habitat. 


Nearshore 
Marine Areas 


— No adverse effects anticipated — No adverse effects anticipated — There would be no Sites effect on nearshore marine 
areas because this is outside the action area. 


Offshore 
Marine Areas 


— No adverse effects anticipated — No adverse effects anticipated — There would be no Sites effect on offshore marine areas 
because this is outside the action area. 
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7A.4.3 California Central Valley Steelhead 


Chapter 7 discusses the status of Central Valley steelhead, including life history and habitat requirements, 


stressors, and an effects analysis of the Proposed Action. Summaries of the effects analysis for effects on 


the species and its critical habitat are provided in Tables SH1_Sites and SH2_Sites. A qualitative analysis 


was conducted to provide a programmatic summary of the effects of Sites for the species life stages, 


critical habitat physical and biological features, and stressors discussed for the Proposed Action (Tables 


SH1_Sites and SH2_Sites)9. The analysis of Sites was based on information in the administrative draft 


Sites BA and FEIR/S, which includes consideration of various quantitative and qualitative analyses. 


As illustrated in Tables SH1_Sites and SH2_Sites, the principal potential effects of Sites would be potential 


increases in stressors such as juvenile outmigration cues and refuge habitat because of diversions to Sites 


Reservoir during winter/spring. As described further in Chapter 3, guiding principles would be applied to 


ensure that adverse effects of the proposed operations of Sites would be avoided, minimized, and offset. 


Guiding principles relevant to steelhead include: 


⚫ Upper Sacramento River 


 Utilize the additional water supply provided by the Sites Project to address adverse effects of the 


CVP on salmonid and sturgeon habitat in the Sacramento River above the Red Bluff Pumping 


Plant by: 


⚫ Optimizing the use of Reclamation’s storage to facilitate the following: 


 Enhancing conservation of the cold-water pool in Shasta Lake for use in managing 


temperatures in salmonid spawning habitat downstream of Keswick Dam particularly in 


dry water year types; 


 Enhancing pulse flows envisioned in the biological assessment at appropriate times, 


particularly in years when natural pulse events are minimal, to stimulate migration of 


juvenile salmon downstream toward the Delta; and 


 Stabilizing flow to minimize or preclude losses of salmon redds due to flow fluctuations 


associated with management of Shasta Lake for fall storage. 


⚫ Implementing additional mitigation actions as necessary and appropriate to maintain and/or 


improve spawning and rearing habitat for anadromous fish in the Upper Sacramento River. 


⚫ Implement pulse flow criteria to provide migrating anadromous fish an opportunity to 


migrate past the diversion locations with minimum exposure to diversions. 


⚫ Sacramento River from Red Bluff Pumping Plant to Knights Landing 


 Implement actions necessary to minimize potential impacts to listed species exposed to diversion 


facilities. 


 Implement pulse flow criteria to provide migrating anadromous fish an opportunity to migrate 


past the diversion locations with minimum exposure to diversions. 


 Utilize best available science to establish flow levels necessary to provide migratory and rearing 


habitat to minimize effects to juvenile anadromous fish survival and facilitate their movement 


out of the river toward the delta and bays. 


 
9 The summary tables include broad consideration of conservation measures that may affect stressors, including those 
that may not be specific to the given stressor or species. 
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 Find opportunities to develop and/or restore additional side channel habitat and/or salmonid 


rearing habitat to offset adverse effects to salmonid migratory and rearing habitat associated 


with diversions of flow to Sites Reservoir. 


⚫ Below Knights Landing and in the Delta 


 Operate projects consistent with existing and/or future regulatory requirements in the Delta. 


 Implement pulse flow criteria to provide migrating anadromous fish an opportunity to migrate 


past the diversion locations with minimum exposure to diversions and further minimize effects 


to through-Delta survival. 


 Utilize best available science to establish flow levels necessary to provide migratory and rearing 


habitat to minimize effects to juvenile anadromous fish survival and facilitate their movement 


out of the river toward the delta and bays. 


 Monitor and mitigate effects of diversions on migrating anadromous species and their habitat 


through identification of opportunities to develop additional habitat (i.e. tidal and channel 


margin restoration) to maintain and/or improve productivity of those fish populations.  


 Protect habitat conditions supporting listed pelagic and anadromous species, mitigate potential 


flow related effects of Sites with habitat restoration developed in coordination with National 


Marine Fisheries Service (NMFS), Fish and Wildlife Service (FWS), and California Department of 


Fish and Wildlife (CDFW) to maintain and/or improve productivity of those fish populations. 


 Cooperate in the monitoring of the Fremont Weir Big Notch Project to assess what effect, if any, 


diversions of flow to Sites Reservoir have on the effectiveness of the Big Notch Project’s ability to 


achieve its juvenile entrainment and adult passage performance goals for salmonids in the 


Sacramento River. i. If necessary, implement operational measures to avoid diminishing the 


performance of the Big Notch Project. 


As described in Chapter 3, Sites has an adaptive management program which would integrate with the 


adaptive management program for the Proposed Action and includes a number of general principles such 


as cooperating with resource agencies in monitoring efforts and designing studies to test operational 


modifications to remedy or lessen unanticipated effects. 
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Table 7A-16. Qualitative Summary of Sites Combined with Proposed Action (PA) Effects on Central Valley Steelhead 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


Adult 
Migration and 
Holding 


In-River Fishery 
and Poaching 


Not anticipated to change — Not anticipated to change — There are no major changes to river 
flows from Sites operations that 
suggest in-river fishing or poaching 
would change. 


 Stranding Risk Not anticipated to change — Increase (discountable/insignificant) — Quantitative modeling showed limited 
effects of Sites diversion operations on 
number of days meeting adult salmon 
upstream passage criteria at Fremont 
Weir and Colusa Weir; assumed 
similar for steelhead.   


 Competition, 
Introgression, 
and Broodstock 
Removal 


Not anticipated to change  Not anticipated to change — There is no mechanism to Sites 
operations that suggests a change 
would occur in the influence of 
hatchery-origin fish on natural-origin 
fish. 


 Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Increase (sub-lethal; proportion: small; 
frequency: medium) 


Minimize/compensate: Mitigation 
Measure WQ-1.1: Methylmercury 
Management; Mitigation Measure 
WQ-2.2: Prevent Net Detrimental 
Metal and Pesticide Effects 
Associated with Moving Colusa 
Basin Drain Water Through the 
Yolo Bypass 


Sites reservoir releases have minor 
potential for negative effects from 
metals and pesticides, to be mitigated 
with Mitigation Measures WQ-1.1 and 
WQ-2.2. 


 Dissolved 
Oxygen 


Increase or decrease 
(discountable/insignificant) 


— Decrease (Sacramento River; 
discountable/insignificant); not anticipated 
to change (Feather River; American River; 
Delta) 


— Assumed similar to water 
temperature. 


 Water 
Temperature 


Decrease (insignificant [Sacramento River, 
Clear Creek, San Joaquin River, Delta], 
beneficial; proportion: small [American River, 
Stanislaus River], frequency: medium  
[American River], low [Stanislaus River] 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: Water 
Temperature Management. American River: 
Water Temperature Management. 
Stanislaus River: Stepped Release Plan.  


Exacerbate: Sacramento River:  
SHOT Determination on Temperature 
Shoulders (requiring releases too cold too 
early and exhausting coldwater pool). 
American River: Fall and Winter Base Flows 
for Shasta Reservoir Refill and Redd 
Maintenance; Rebalancing between other 
CVP Reservoirs for Shasta Reservoir End of 
September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 
September Storage. All streams: Drought 
Action 


Decrease (Sacramento River; 
discountable/insignificant); not anticipated 
to change (Feather River; American River; 
Delta) 


— Quantitative modeling (HEC-5Q) 
shows minor reduction in biologically 
meaningful effects in the Sacramento 
River with Sites coordination with 
CVP; no changes in the Feather River 
(Reclamation Temperature Model) or 
American River (HEC-5Q). Operations-
related effects on water temperature 
in the Delta are minimal. 


 Pathogens and 
Disease 


Decrease (beneficial; proportion: large 
[Sacramento River], small [Clear Creek, 
Stanislaus River], medium [American River]; 
frequency: medium [Sacramento River, Clear 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: Water 
Temperature Management. American River: 


Decrease (Sacramento River; 
discountable/insignificant); not anticipated 
to change (Feather River; American River; 
Delta) 


— Assumed similar trend to water 
temperature but to lesser degree 
because of lack of specific information. 
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Creek], high [American River, Stanislaus River] Water Temperature Management. 
Stanislaus River: Stepped Release Plan.  


Adult 
Spawning 


In-River Fishery 
and Poaching 


Not anticipated to change — Not anticipated to change — There are no major changes to river 
flows from Sites operations that 
suggest in-river fishing or poaching 
would change. 


 Stranding Risk Not anticipated to change — Not anticipated to change — There are no major changes to river 
flows from Sites operations that 
suggest stranding risk would change. 


 Competition, 
Introgression, 
and Broodstock 
Removal 


Not anticipated to change — Not anticipated to change — There is no mechanism to Sites 
operations that suggests a change 
would occur in the influence of 
hatchery-origin fish on natural-origin 
fish. 


 Toxicity from 
Contaminants 


Increase (discountable/insignificant) — Not anticipated to change — Adult holding and spawning is 
upstream of Sites reservoir releases 
that could result in increase in toxicity 
from contaminants. 


 Dissolved 
Oxygen 


Increase (discountable/insignificant) — Not anticipated to change — Assumed similar to water 
temperature. 


 Food 
Availability and 
Quality 


Increase (discountable/insignificant)  Not anticipated to change — Any changes in food availability or 
quality as a result of Sites would have 
limited effects on adults because most 
are fasting (Chapter 7).  


 Water 
Temperature 


Increase (sublethal; proportion: small 
[Sacramento River, Clear Creek, American 
River], medium [Stanislaus River]; frequency: 
high [Sacramento River, American River, 
Stanislaus River], low [Clear Creek]) 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: Water 
Temperature Management. American River: 
Water Temperature Management. 
Stanislaus River: Water Temperature 
Management. 


Exacerbate: Sacramento River: Drought 
Tool Kit Warmwater Bypass 


Not anticipated to change — No biologically meaningful effects of 
Sites based on quantitative modeling 
(HEC-5Q; Reclamation Temperature 
Model). 


 Pathogens and 
Disease 


Increase (sublethal; proportion: small 
[Sacramento River]; frequency: medium 
[Sacramento River]; insignificant [Clear Creek, 
American River, Stanislaus River]) 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: Water 
Temperature Management. American River: 
Water Temperature Management. 
Stanislaus River: Stepped Release Plan 


Not anticipated to change — Assumed similar to water 
temperature. 


 Spawning 
Habitat 


Decrease (discountable [Sacramento River]; 
beneficial; proportion: high [Clear Creek, 
American River, Stanislaus]; frequency: 
medium [Clear Creek, American River], high 
[Stanislaus River]) 


Minimize/compensate: Sacramento 
River: Minimum Instream Flow. Clear 
Creek: Minimum Instream Flows. 
American River: Minimum Instream 
Flows. Stanislaus River:  


Stepped Release Plan. 


Increase (Sacramento River; proportion: 
low; frequency: medium); not anticipated 
to change (Feather River and American 
River) 


— Weighted usable area quantitative 
analyses show minor increases in the 
stressor in the Sacramento River as a 
result Sites operations, and little 
change in the Feather River and 
American River. 


Kelt 
Emigration 


In-River Fishery 
and Poaching 


Not anticipated to change — Not anticipated to change — There are no major changes to river 
flows from Sites operations that 
suggest in-river fishing or poaching 
would change. 


 Stranding Risk Not anticipated to change — Not anticipated to change — There are no major changes to river 
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flows from Sites operations that 
suggest stranding risk would change. 


 Competition, 
Introgression, 
and Broodstock 
Removal 


Not anticipated to change — Not anticipated to change — There is no mechanism to Sites 
operations that suggests a change 
would occur in the influence of 
hatchery-origin fish on natural-origin 
fish. 


 Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Increase (sub-lethal; proportion: small; 
frequency: medium) 


Minimize/compensate: Mitigation 
Measure WQ-1.1: Methylmercury 
Management; Mitigation Measure 
WQ-2.2: Prevent Net Detrimental 
Metal and Pesticide Effects 
Associated with Moving Colusa 
Basin Drain Water Through the 
Yolo Bypass 


Sites reservoir releases have minor 
potential for negative effects from 
metals and pesticides, to be mitigated 
with Mitigation Measures WQ-1.1 and 
WQ-2.2. Effects would likely be limited 
by low temporal overlap with main 
period of reservoir releases (see 
emigration timing in Appendix C). 


 Dissolved 
Oxygen 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Assumed similar to water 
temperature. 


 Food 
Availability and 
Quality 


Increase or decrease 
(discountable/insignificant) 


— Increase or decrease 
(discountable/insignificant) 


— If kelt emigration occurs in 
winter/spring, there could be 
potential for increase of the stressor as 
a result of less inundated habitat 
caused by Sites diversions (see 
discussion for juveniles), although 
such effects would likely be limited 
given relatively fast movement of most 
kelts to the ocean. The stressor could 
decrease if emigration occurs during 
reservoir releases, although this is less 
likely (Appendix C). 


 Water 
Temperature 


Increase or decrease (insignificant 
[Sacramento River, Clear Creek, San Joquin 
River, Delta]; spring; sublethal; proportion: 
small [American River]; frequency: low 
[American River]; summer; beneficial; 
proportion: small [Stanislaus River]; 
frequency: medium [American River], small 
[Stanislaus River]  


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives; Water 
Temperature Management. Clear Creek: 
Water Temperature Management. American 
River: Water Temperature Management. 
Stanislaus River: Stepped Release Plan. 


Exacerbate: Sacramento River: Drought 
Tool Kit Warmwater Bypass 


Not anticipated to change — No biologically meaningful effects of 
Sites based on quantitative modeling 
(HEC-5Q; Reclamation Temperature 
Model). 


 Pathogens and 
Disease 


Increase (insignificant [Clear Creek, San 
Joaquin River, Delta]; sublethal; proportion: 
medium [Sacramento River, American River], 
low [Clear Creek, Stanislaus River]; frequency: 
high [American River], medium [Sacramento 
River, Stanislaus River], low [Clear Creek] 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives; Clear Creek: Water 
Temperature Management; American River: 
Water Temperature Management; 
Stanislaus River: Stepped Release Plan 


Not anticipated to change — Assumed similar to water 
temperature. 


Egg 
Incubation 
and Fry 
Emergence 


Predation Risk Not anticipated to change — Not anticipated to change — The lack of change in the water 
temperature stressor (see discussion 
for Water Temperature below) 
suggests there would not be any 
change in temperature-driven 
predation risk. 


 In-River Fishery Not anticipated to change — Not anticipated to change — There are no major changes to flow as 
a result of Sites operations that would 







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-106 


May 2024 
ICF 103653  


 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


and Trampling be expected to result in changes to the 
in-river fishery or trampling. 


 Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Egg incubation and fry emergence is 
upstream of Sites reservoir releases 
that could result in increase in toxicity 
from contaminants. 


 Dissolved 
Oxygen 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Assumed similar to water 
temperature. 


 Sedimentation 
and Gravel 
Quantity 


Increase (discountable/insignificant) — Increase (Sacramento River; 
discountable/insignificant); not anticipated 
to change (Feather River and American 
River) 


— Potential for small negative effects 
given less spawning habitat (see 
discussion of Spawning Habitat for 
Adult Spawning life stages), but effects 
likely limited and Sites does not 
include gravel augmentation. 


 Redd Quality Increase or decrease 
(discountable/insignificant) 


— Increase (Sacramento River; 
discountable/insignificant); not anticipated 
to change (Feather River and American 
River) 


— Assumed in consideration of other 
stressors (in particular water 
temperature and quantitative results 
from redd scour/entombment 
analyses). 


 Food 
Availability and 
Quality 


Increase or decrease 
(discountable/insignificant 


— Not anticipated to change — Not anticipated to change based on 
limited effects to other stressors. 


 Water 
Temperature 


Increase (sublethal; proportion: small [Clear 
Creek]; frequency: high [Clear Creek]; lethal; 
proportion: small [Sacramento River], medium 
[American River, Stanislaus River]; frequency: 
high [Sacramento River, American River], 
medium [Stanislaus River]) 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: Water 
Temperature Management. American River: 
Water Temperature Management. 
Stanislaus River: Stepped Release Plan. 


Not anticipated to change — No biologically meaningful effects of 
Sites based on quantitative modeling 
(HEC-5Q; Reclamation Temperature 
Model). 


 Pathogens and 
Disease 


Increase (insignificant; [Clear Creek]; 
sublethal; proportion: small [Sacramento 
River, Stanislaus River], medium [American 
River]; frequency: medium [Sacramento River, 
American River], low [Stanislaus River]) 


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: Water 
Temperature Management. American River: 
Water Temperature Management. 
Stanislaus River: Stepped Release Plan. 


Not anticipated to change — Assumed similar to water 
temperature. 


 Redd Stranding 
and Dewatering 


Increase or decrease (beneficial; proportion: 
small to medium [Clear Creek]; frequency: 
high [Clear Creek]); (lethal; proportion: small 
[Sacramento River] small to medium 
[American River, Stanislaus River]; frequency: 
high [Sacramento River, American River, 
Stanislaus River])  


Minimize/compensate: Sacramento River: 
Adult Migration and Holding Water 
Temperature Objectives. Clear Creek: Water 
Temperature Management. American River: 
Water Temperature Management; Redd 
Dewatering Adjustment. Stanislaus River: 
Stepped Release Plan. 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta Refill and 
Redd Maintenance. 


Increase (Sacramento River; 
discountable/insignificant); not anticipated 
to change (Feather River and American 
River) 


— Quantitative analyses show potential 
for minor increases in the stressor in 
the Sacramento River; only small 
differences in the Feather River and 
American River. 


Juvenile 
Rearing and 
Outmigration 


Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Increase (sub-lethal; proportion: small; 
frequency: medium) 


Minimize/compensate: Mitigation 
Measure WQ-1.1: Methylmercury 
Management; Mitigation Measure 
WQ-2.2: Prevent Net Detrimental 
Metal and Pesticide Effects 
Associated with Moving Colusa 
Basin Drain Water Through the 


Sites reservoir releases have minor 
potential for negative effects from 
metals and pesticides, to be mitigated 
with Mitigation Measures WQ-1.1 and 
WQ-2.2. 
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Yolo Bypass 


 Predation and 
Competition 


Increase (discountable/insignificant) — Increase (discountable/insignificant) — Available studies suggest there would 
be limited effects of Sites diversions on 
predation risk at the Red Bluff and 
Hamilton City intakes; uncertainty 
would be addressed with technical 
studies of predator density and 
distribution. 


 Dissolved 
Oxygen 


Increase or decrease (insignificant; 
[Sacramento River, American River, Clear 
Creek, Delta]; sublethal; proportion: high 
[rearing: Stanislaus River], medium 
[outmigration: San Joaquin River, Stanislaus 
River], low [San Joaquin – rearing]; frequency: 
high [rearing: Stanislaus River], medium 
[rearing: San Joaquin River, outmigration: 
Stanislaus River], low [outmigration: San 
Joaquin River]  


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Shasta Reservoir 
Water Temperature and Storage 
Management. Clear Creek; Minimum 
Instream Flows; Water Temperature 
Management. American River: Minimum 
Instream Flows; Water Temperature 
Management. Stanislaus River: Stepped 
Release Plan. 


Exacerbate: Sacramento River: SHOT 
Determination on Temperature 
Shoulders (requiring releases too cold 
too early and exhausting coldwater 
pool). American River: Fall and Winter 
Base Flows for Shasta Reservoir Refill 
and Redd Maintenance; Rebalancing 
between other CVP Reservoirs for 
Shasta Reservoir End of September 
Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir 
End of September Storage. All Basins: 
Drought Action. 


Not anticipated to change — Assumed similar to water 
temperature. 


 Water 
Temperature 


Increase or decrease (summer; beneficial; 
proportion: large [American River]; frequency: 
medium [American River]; sublethal; 
proportion: large [Stanislaus River]; 
frequency: low [Stanislaus River] 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Shasta Reservoir 
Water Temperature and Storage 
Management. Clear Creek; Minimum 
Instream Flows; Water Temperature 
Management. American River: Minimum 
Instream Flows; Water Temperature 
Management. Stanislaus River: Stepped 
Release Plan. 


Exacerbate: Sacramento River: SHOT 
Determination on Temperature Shoulders 
(requiring releases too cold too early and 
exhausting coldwater pool). American 
River: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance; 
Rebalancing between other CVP Reservoirs 
for Shasta Reservoir End of September 
Storage; Reduced Wilkins Slough Minimum 
Flows for Shasta Reservoir End of 
September Storage. All Basins: Drought 
Action. 


Not anticipated to change — Quantitative modeling (HEC-5Q) 
shows few differences in biologically 
meaningful effects in the Sacramento 
River; no changes in the Feather River 
(Reclamation Temperature Model) or 
American River (HEC-5Q). Operations-
related effects on water temperature 
in the Delta are minimal.  
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 Pathogens and 
Disease 


Increase or decrease (spring; sublethal; 
proportion: large [rearing: American River, 
Stanislaus River], medium [rearing: 
Sacramento River, Clear Creek], low 
[outmigration: Sacramento River, Clear Creek, 
American River, Stanislaus River], frequency: 
high [rearing: American River, Stanislaus], 
medium [rearing: Sacramento River, Clear 
Creek, outmigration: Sacramento River, 
American River], low [outmigration: Clear 
Creek, Stanislaus River] 


Minimize/compensate: Sacramento Adult 
Migration and Holding Water Objectives. 
Clear Creek; Water Temperature 
Management. American Water Temperature 
Management. Stanislaus River: Stepped 
Release Plan. 


Not anticipated to change (Delta; Feather 
River; American River); increase 
(Sacramento River; sub-lethal; proportion: 
small; frequency: medium) 


Minimize/compensate: Red Bluff 
and Hamilton City fish screens and 
operating criteria. 


Operations-related effects on water 
temperature in the Delta are minimal. 
There are no temperature-related 
differences in the Feather River or 
American River that would suggest an 
increase or decrease in this stressor. 
There is small potential for injury 
leading to disease from juveniles 
contacting the Red Bluff and Hamilton 
City fish screens, minimized by screen 
design (smooth screen face; cleaning 
system) and operating criteria (e.g., 
approach velocity). 


 


 Outmigration 
Cues 


Increase (insignificant [San Joaquin River, 
Delta]; sublethal; proportion; large  
[Sacramento River, American River, Stanislaus 
River], small [Clear Creek]; frequency: low to 
high [Sacramento River], high [Clear Creek, 
American River, Stanislaus River] 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Spring Pulse 
Flows. Clear Creek: Minimum Instream 
Flows; Spring Pulse Flows; American River: 
Minimum Instream Flows; Spring Pulse 
Flows. Stanislaus River: Stepped Release 
Plan. 


Exacerbate: Sacramento River: Fall and 
Winter Base Flows for Shasta Reservoir 
Refill and Redd Maintenance. American 
River: Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir 
End of September Storage; Rebalancing 
between other CVP Reservoirs for 
Shasta Reservoir End of September 
Storage. All Basins: Drought Action. 


Increase (lethal; proportion: small to 
medium; frequency: medium) 


Minimize/compensate: Diversion 
criteria 


Sites diversions would reduce 
outmigration flows for juveniles in the 
Sacramento River and the Delta, to be 
minimized with diversion criteria 
(Bend Bridge Pulse Protection and 
Minimum Bypass Flows in the 
Sacramento River at Wilkins Slough); 
quantitative modeling (e.g., STARS 
spreadsheet; river migration flow-
survival analysis) suggests effects 
would be limited. Adaptive 
management would be utilized to 
assess and if necessary refine 
diversion criteria and/or operations 
based on biological monitoring. 


 Stranding Risk Not anticipated to change (more seaward end 
of Delta); Increase (winter and spring; lethal; 
proportion: small to medium [Sacramento 
River, San Joquin River, American River, 
Stanislaus River], small [Clear Creek]: 
frequency: high [Sacramento River, Clear 
Creek, San Joaquin River, American River, 
Stanislaus River]  );  decrease (summer and 
fall; beneficial; proportion: small to medium 
[Sacramento River, American River, Stanislaus 
River]; frequency: high [Sacramento River, 
American River, Stanislaus River] 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows; Ramping Rates. 
Clear Creek: Minimum Instream Flows; 
Ramping Rates. American River: Minimum 
Instream Flows; Ramping Rates. Stanislaus 
River: Stepped Release Plan. 


 


Increase (discountable/insignificant) — Quantitative modeling suggests small 
increases in juvenile stranding risk in 
the Sacramento River at Keswick and 
Clear Creek, with small reductions at 
Battle Creek; substantial effects would 
not occur. 


 Refuge Habitat Not anticipated to change (more seaward end 
of Delta); Increase (winter and spring; 
sublethal; proportion: large [Clear Creek, 
American River, Stanislaus River], small to 
medium [Sacramento River/more landward 
end of the Delta, San Joaquin River]; 
frequency: high [San Joaquin River], medium 
[Sacramento River/ more landward end of the 
Delta, Clear Creek, American River, Stanislaus 
River]; decrease (summer and fall: beneficial; 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows. Clear Creek: 
Minimum Instream Flows. American River: 
Minimum Instream Flows. Stanislaus River: 
Stepped Release Plan. 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd 
Maintenance 


Not anticipated to change (more seaward 
end of Delta); increase (Sacramento River 
downstream of Sites intakes, Yolo Bypass, 
more landward end of the Delta; 
proportion: medium; frequency: medium); 
decrease (Sacramento River upstream of 
Sites intakes; beneficial; proportion: small; 
frequency: medium) 


Minimize/compensate: Diversion 
criteria; coordination with CVP.  


Quantitative modeling indicates that 
Sites diversions would increase or 
reduce flow-inundated habitat in the 
Sacramento River, Yolo Bypass, and 
more landward end of the Delta, which 
would be limited by diversion criteria. 







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-109 


May 2024 
ICF 103653  


 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


proportion: large [rearing: American River, 
Stanislaus River], small [outmigration: 
American River, Stanislaus River]; frequency: 
medium [American River, Stanislaus River] 


 Food 
Availability and 
Quality 


Not anticipated to change (more seaward end 
of Delta); increase (entire year; sublethal; 
proportion: small to medium [San Joaquin 
River]; frequency: high [San Joaquin River]; 
winter and spring; sublethal; proportion: large 
[Sacramento River, Clear Creek, American 
River, Stanislaus River]; frequency: medium 
[Sacramento River, Clear Creek], low to 
medium [American River, Stanislaus River]); 
decrease (summer and fall; beneficial; 
proportion: large [rearing: Sacramento River, 
Clear Creek, American River], small to medium 
[outmigration: Sacramento River, Clear Creek, 
American River]) 


Minimize/compensate: Sacramento River: 
Minimum Instream Flows. Clear Creek: 
Minimum Instream Flows. American River: 
Minimum Instream Flows. Stanislaus River: 
Stepped Release Plan. 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill and Redd 
Maintenance 


Not anticipated to change (more seaward 
end of Delta); increase (Sacramento River 
downstream of Sites intakes, Yolo Bypass, 
more landward end of the Delta; 
proportion: medium; frequency: medium); 
decrease (Sacramento River upstream of 
Sites intakes; beneficial; proportion: small; 
frequency: medium) 


Minimize/compensate: Diversion 
criteria; coordination with CVP.  


Sites diversions could affect food, 
assuming similar effects as to changes 
in refuge habitat. 


 Entrainment 
Risk 


Increase (lethal; proportion: small [focused on 
Delta]; frequency: high. 


Minimize/compensate: Delta Cross 
Channel Gate Closure; First Flush and 
Start of OMR Management; January 1 
and Start of OMR Management; 
Steelhead Weekly Thresholds; Winter 
and Spring and Delta Outflows; Salvage 
Facilities  


Exacerbate: SHOT Reduction in 
Sacramento River Fall and Winter 
Flows; Drought Actions.  
 


Not anticipated to change (Delta); increase 
(Sacramento River; sub-lethal; proportion: 
small; frequency: medium) 


Minimize/compensate: Red Bluff 
and Hamilton City fish screens and 
operating criteria; diversion 
criteria 


South Delta exports during the main 
period of juvenile entrainment risk 
would not be changed as a result of 
Sites operations, as indicated by 
quantitative modeling (salvage-
density method). Diversion criteria 
such as pulse protection would limit 
potential for entry into interior Delta 
and risk of south Delta entrainment. 
Entrainment risk at the Red Bluff and 
Hamilton City intakes would not 
appreciably change because only a 
small proportion of juveniles small 
enough to be entrained would 
temporally overlap the Sites diversion 
period; most individuals migrate at 
larger sizes. There is the potential for 
other near-field negative effects such 
as impingement, which would be 
minimized by the fish screens meeting 
agency criteria, with monitoring in 
addition to long-term hydraulic 
evaluations of screen performance.     
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Table 7A-17. Qualitative Summary of Sites Combined with Proposed Action (PA) Effects on Central Valley Steelhead Critical Habitat 


Physical and 
Biological Feature Stressor PA Effect on Critical Habitat PA Conservation Measures 


Sites Effect on Critical 
Habitat 


Sites Conservation 
Measures Rationale 


Freshwater Spawning 
Sites  


Spawning 
Habitat 


No adverse effects anticipated Minimize/compensate: Sacramento River: 
Minimum Instream Flow. Clear Creek: Minimum 
Instream Flows. American River: Minimum 
Instream Flows. Stanislaus River: Stepped 
Release Plan. 


Adverse; no adverse effects 
anticipated (Feather River 
and American River) 


— Weighted usable area quantitative analyses 
show minor increases in the stressor in the 
Sacramento River as a result Sites 
operations, and little change in the Feather 
River and American River. 


Water 
Temperature 


Adverse Minimize/compensate: Sacramento River: Adult 
Migration and Holding Water Temperature Objectives. 
Clear Creek: Water Temperature Management. 
American River: Water Temperature Management. 
Stanislaus River: Stepped Release Plan. 


No adverse effects 
anticipated 


— No biologically meaningful effects of Sites 
based on quantitative modeling (HEC-5Q; 
Reclamation Temperature Model). 


Redd 
Stranding and 
Dewatering 


Adverse [Sacramento River, American 
River, Stanislaus River]; No adverse effects 
anticipated [Clear Creek] 


Minimize/compensate: Sacramento River: Adult 
Migration and Holding Water Temperature Objectives. 
Clear Creek: Water Temperature Management. 
American River: Water Temperature Management; 
Redd Dewatering Adjustment. Stanislaus River: 
Stepped Release Plan. 


Exacerbate: Sacramento River: Fall and Winter Base 
Flows for Shasta Refill and Redd Maintenance. 


No adverse effects 
anticipated 


— Quantitative analyses show potential for 
minor increases in the stressor in the 
Sacramento River; only small differences in 
the Feather River and American River. 


Freshwater Rearing 
Sites 


Water 
Temperature 


Adverse (winter-spring [Stanislaus River, 
American River]); No adverse effects 
anticipated (summer-fall [Stanislaus River, 
American River]) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Shasta Reservoir Water Temperature 
and Storage Management. Clear Creek; Minimum 
Instream Flows; Water Temperature Management. 
American River: Minimum Instream Flows; Water 
Temperature Management. Stanislaus River: Stepped 
Release Plan. 


Exacerbate: Sacramento River: SHOT Determination 
on Temperature Shoulders (requiring releases too 
cold too early and exhausting coldwater pool). 
American River: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance; Rebalancing 
between other CVP Reservoirs for Shasta Reservoir 
End of September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 
September Storage. All Basins: Drought Action. 


No adverse effects 
anticipated 


— Quantitative modeling (HEC-5Q) shows few 
differences in biologically meaningful 
effects in the Sacramento River; no changes 
in the Feather River (Reclamation 
Temperature Model) or American River 
(HEC-5Q). Operations-related effects on 
water temperature in the Delta are minimal.  


Dissolved 
Oxygen 


Adverse (winter-spring [Stanislaus River]) Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Shasta Reservoir Water Temperature 
and Storage Management. Clear Creek; Minimum 
Instream Flows; Water Temperature Management. 
American River: Minimum Instream Flows; Water 
Temperature Management. Stanislaus River: Stepped 
Release Plan. 


Exacerbate: Sacramento River: SHOT Determination 
on Temperature Shoulders (requiring releases too 
cold too early and exhausting coldwater pool). 
American River: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance; Rebalancing 
between other CVP Reservoirs for Shasta Reservoir 
End of September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 


No adverse effects 
anticipated 


— Assumed similar to water temperature. 
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Physical and 
Biological Feature Stressor PA Effect on Critical Habitat PA Conservation Measures 


Sites Effect on Critical 
Habitat 


Sites Conservation 
Measures Rationale 


September Storage. All Basins: Drought Action. 


Stranding Risk Adverse (winter-spring [Sacramento River, 
Clear Creek, Stanislaus River, American 
River]); No adverse effects anticipated 
(summer-fall [Sacramento River, Clear 
Creek, Stanislaus River, American River]) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Ramping Rates. Clear Creek: 
Minimum Instream Flows; Ramping Rates. American 
River: Minimum Instream Flows; Ramping Rates. 
Stanislaus River: Stepped Release Plan. 


No adverse effects 
anticipated 


— Quantitative modeling suggests small 
increases in juvenile stranding risk in the 
Sacramento River at Keswick and Clear 
Creek, with small reductions at Battle 
Creek; substantial effects would not occur. 


Food 
Availability 
and Quality 


Adverse (winter-spring [Sacramento River, 
Clear Creek, Stanislaus River, American 
River]); No adverse effects anticipated 
(summer-fall [Sacramento River, Clear 
Creek, American River, Stanislaus River]) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows. Clear Creek: Minimum Instream 
Flows. American River: Minimum Instream Flows. 
Stanislaus River: Stepped Release Plan. 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance 


No adverse effects 
anticipated (more seaward 
end of Delta and Sacramento 
River upstream of Sites 
intakes); adverse 
(Sacramento River 
downstream of Sites intakes, 
Yolo Bypass, more landward 
end of the Delta) 


Minimize/compensate: 
Diversion criteria; 
coordination with CVP.  


Sites diversions could affect food, assuming 
similar effects as to changes in refuge 
habitat. 


Refuge Habitat Adverse (winter-spring [Sacramento River, 
Clear Creek, American River, Stanislaus 
River]); No adverse effects anticipated 
(summer-fall [Sacramento River, Clear 
Creek, Stanislaus River, American River]) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows. Clear Creek: Minimum Instream 
Flows. American River: Minimum Instream Flows. 
Stanislaus River: Stepped Release Plan. 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance 


No adverse effects 
anticipated (more seaward 
end of Delta and Sacramento 
River upstream of Sites 
intakes); adverse 
(Sacramento River 
downstream of Sites intakes, 
Yolo Bypass, more landward 
end of the Delta) 


Minimize/compensate: 
Diversion criteria; 
coordination with CVP.  


Quantitative modeling indicates that Sites 
diversions would increase or reduce flow-
inundated habitat in the Sacramento River, 
Yolo Bypass, and more landward end of the 
Delta, which would be limited by diversion 
criteria. 


Freshwater Migration 
Corridors/Estuarine 
Areas* 


Water 
Temperature 


Adverse (winter-spring adult migration 
and holding [Sacramento River, Clear 
Creek, American River, Stanislaus River]; 
fall adult migration and holding [Stanislaus 
River]); No adverse effects anticipated 
(summer-fall adult migration and holding 
[Sacramento River, Clear Creek, American 
River]; entire year [San Joaquin River, 
Delta]); 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Shasta Reservoir Water Temperature 
and Storage Management; Adult Migration and 
Holding Water Temperature Objectives. Clear Creek: 
Minimum Instream Flows; Water Temperature 
Management. American River: Minimum Instream 
Flows; Water Temperature Management. Stanislaus 
River: Stepped Release Plan.  


Exacerbate: Sacramento River:  
SHOT Determination on Temperature Shoulders 
(requiring releases too cold too early and exhausting 
coldwater pool). American River: Fall and Winter Base 
Flows for Shasta Reservoir Refill and Redd 
Maintenance; Rebalancing between other CVP 
Reservoirs for Shasta Reservoir End of September 
Storage; Reduced Wilkins Slough Minimum Flows for 
Shasta Reservoir End of September Storage. All 
streams: Drought Action 


 


No adverse effects 
anticipated 


— Quantitative modeling (HEC-5Q; 
Reclamation Temperature Model) shows 
few changes in biologically meaningful 
effects (Reclamation Temperature Model) 
or American River (HEC-5Q). Operations-
related effects on water temperature in the 
Delta are minimal. 


Dissolved 
Oxygen 


Adverse (winter-spring outmigration 
[Sacramento River, Clear Creek, American 
River, Stanislaus River]; fall outmigration 
[Stanislaus River]); No adverse effects 
anticipated (summer-fall outmigration 
[Sacramento River, Clear Creek, American 
River]) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Shasta Reservoir Water Temperature 
and Storage Management. Clear Creek; Minimum 
Instream Flows; Water Temperature Management. 
American River: Minimum Instream Flows; Water 
Temperature Management. Stanislaus River: Stepped 
Release Plan. 


Exacerbate: Sacramento River: SHOT Determination 


No adverse effects 
anticipated 


— Assumed similar to water temperature. 
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Physical and 
Biological Feature Stressor PA Effect on Critical Habitat PA Conservation Measures 


Sites Effect on Critical 
Habitat 


Sites Conservation 
Measures Rationale 


on Temperature Shoulders (requiring releases too 
cold too early and exhausting coldwater pool). 
American River: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance; Rebalancing 
between other CVP Reservoirs for Shasta Reservoir 
End of September Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta Reservoir End of 
September Storage. All Basins: Drought Action. 


Pathogens and 
Disease, 
Juveniles 


Adverse (winter-spring outmigration 
[Sacramento River, Clear Creek, American 
River, Stanislaus River]; fall outmigration 
[Stanislaus River]; entire year outmigration 
[San Joaquin River]; No adverse effects 
anticipated (summer-fall outmigration 
[Sacramento River, Clear Creek, American 
River, Stanislaus River]; fall outmigration 
[Stanislaus]) 


Minimize/compensate: Sacramento Adult Migration 
and Holding Water Objectives. Clear Creek; Water 
Temperature Management. American Water 
Temperature Management. Stanislaus River: Stepped 
Release Plan. 


No adverse effects 
anticipated 


— Assumed similar to water temperature. 


Pathogens and 
Disease, 
Adults 


Adverse (winter-spring migration and 
holding [Sacramento River, Clear Creek, 
American River, Stanislaus River]; fall 
migration and holding [Stanislaus River]); 
No adverse effects anticipated (summer-
fall migration and holding [Sacramento 
River, Clear Creek, American River]) 


Minimize/compensate: Sacramento River: Adult 
Migration and Holding Water Temperature Objectives. 
Clear Creek: Water Temperature Management. 
American River: Water Temperature Management. 
Stanislaus River: Stepped Release Plan.  


No adverse effects 
anticipated 


— Assumed similar to water temperature. 


Stranding Risk Adverse (winter-spring outmigration 
[Sacramento River, Clear Creek, American 
River, Stanislaus River]; fall outmigration 
[Stanislaus River]; entire year outmigration 
[San Joaquin River]); No adverse effects 
anticipated (fall outmigration [Sacramento 
River, Clear Creek, American River]; entire 
year [Delta]) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows; Ramping Rates. Clear Creek: 
Minimum Instream Flows; Ramping Rates. American 
River: Minimum Instream Flows; Ramping Rates. 
Stanislaus River: Stepped Release Plan. 


 


No adverse effects 
anticipated 


— For adults, quantitative modeling showed 
limited effects of Sites diversion operations 
on number of days meeting adult salmon 
upstream passage criteria at Fremont Weir 
and Colusa Weir; assumed similar for 
steelhead. Quantitative modeling suggests 
small increases in juvenile stranding risk in 
the Sacramento River at Keswick and Clear 
Creek, with small reductions at Battle 
Creek; substantial effects would not occur.  


Refuge Habitat Adverse (winter-spring outmigration 
[Sacramento River, Clear Creek, Stanislaus 
River, American River, Stanislaus]; fall 
outmigration [Stanislaus River]; entire year 
outmigration [San Joaquin River); No 
adverse effects anticipated (summer 
outmigration [Sacramento River, Clear 
Creek, American River, Stanislaus River]; 
fall outmigration [Sacramento River, Clear 
Creek, American River]; entire year 
[Delta]) 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows. Clear Creek: Minimum Instream 
Flows. American River: Minimum Instream Flows. 
Stanislaus River: Stepped Release Plan. 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance 


No adverse effects 
anticipated (more seaward 
end of Delta and Sacramento 
River upstream of Sites 
intakes); adverse 
(Sacramento River 
downstream of Sites intakes, 
Yolo Bypass, more landward 
end of the Delta) 


Minimize/compensate: 
Diversion criteria; 
coordination with CVP.  


Quantitative modeling indicates that Sites 
diversions would increase or reduce flow-
inundated habitat in the Sacramento River, 
Yolo Bypass, and more landward end of the 
Delta, which would be limited by diversion 
criteria. 


Food 
Availability 
and Quality 


Adverse (winter-spring outmigration 
[Sacramento River, Clear Creek, Stanislaus 
River, American River]); No adverse effects 
anticipated (summer outmigration 
[Sacramento River, Clear Creek, American 
River, Stanislaus River]; entire year 


Minimize/compensate: Sacramento River: Minimum 
Instream Flows. Clear Creek: Minimum Instream 
Flows. American River: Minimum Instream Flows. 
Stanislaus River: Stepped Release Plan. 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill and Redd Maintenance 


No adverse effects 
anticipated (more seaward 
end of Delta and Sacramento 
River upstream of Sites 
intakes); adverse 
(Sacramento River 
downstream of Sites intakes, 


Minimize/compensate: 
Diversion criteria; 
coordination with CVP.  


Sites diversions could affect food, assuming 
similar effects as to changes in refuge 
habitat. 
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Physical and 
Biological Feature Stressor PA Effect on Critical Habitat PA Conservation Measures 


Sites Effect on Critical 
Habitat 


Sites Conservation 
Measures Rationale 


[Delta]) Yolo Bypass, more landward 
end of the Delta) 


Entrainment 
Risk 


Adverse Minimize/compensate: Delta Cross Channel Gate 
Closure; First Flush and Start of OMR 
Management; January 1 and Start of OMR 
Management; Steelhead Weekly Thresholds; 
Winter and Spring and Delta Outflows; Salvage 
Facilities  


Exacerbate: SHOT Reduction in Sacramento River 
Fall and Winter Flows; Drought Actions.  


No adverse effects 
anticipated (Delta); adverse 
(Sacramento River) 


Minimize/compensate: Red 
Bluff and Hamilton City fish 
screens and operating 
criteria; diversion criteria 


South Delta exports during the main period 
of juvenile entrainment risk would not be 
changed as a result of Sites operations, as 
indicated by quantitative modeling 
(salvage-density method). Diversion 
criteria such as pulse protection would limit 
potential for entry into interior Delta and 
risk of south Delta entrainment. 
Entrainment risk at the Red Bluff and 
Hamilton City intakes would not 
appreciably change because only a small 
proportion of juveniles small enough to be 
entrained would temporally overlap the 
Sites diversion period; most individuals 
migrate at larger sizes. There is the 
potential for other near-field negative 
effects such as impingement, which would 
be minimized by the fish screens meeting 
agency criteria, with monitoring in addition 
to long-term hydraulic evaluations of 
screen performance.     


*Effects noted for the Delta are representative of Estuarine Areas; such effects would not be likely to occur at the more seaward end of the Delta. 
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7A.4.4 Green Sturgeon 


Chapter 8 discusses the status of the southern distinct population segment of North American green 


sturgeon, including life history and habitat requirements, stressors, and an effects analysis of the 


Proposed Action. Summaries of the effects analysis for effects on the species and its critical habitat are 


provided in Tables GS1_Sites and GS2_Sites. A qualitative analysis was conducted to provide a 


programmatic summary of the effects of Sites for the species life stages, critical habitat physical and 


biological features, and stressors discussed for the Proposed Action (Tables GS1_Sites and GS2_Sites)10. 


The analysis of Sites was based on information in the administrative draft Sites BA and FEIR, which 


includes consideration of various quantitative and qualitative analyses. 


As illustrated in Tables GS1_Sites and GS2_Sites, the principal potential effects of Sites in addition to the 


Proposed Action would be from diversions (e.g., entrainment/impingement of larvae at the Red Bluff and 


Hamilton City intakes) or reservoir releases (resulting in potential water quality effects). These effects 


would be limited by various conservation measures, such as fish screens meeting fish agency standards 


for factors such as screen opening size and approach velocity to minimize risk from entrainment and 


impingement. 


Life cycle analyses were conducted using statistical relationships of white sturgeon year class strength 


and Delta outflow. Hypotheses exist that the mechanisms behind positive statistical correlations between 


Delta outflow and white sturgeon year class may also apply to green sturgeon, although statistical 


relationships have not yet been established for green sturgeon. Quantitative modeling between white 


sturgeon year class strength and either April-May or March-July Delta outflow suggests the potential for 


negative effects of Sites based on lower Delta outflow but this was not concluded to be a significant effect 


because the statistical relationships are based on a surrogate species and may be related to upstream 


flow or Delta inflow as opposed to Delta outflow; changes are limited to differences within water year 


type, as opposed to hydrological condition–scale differences; the prediction intervals of the statistical 


relationship range over several orders of magnitude; and there is little difference in estimates based on 


one (April–May) of the averaging periods examined. For the Proposed Action, the analysis showed 


similar white sturgeon year class strength estimates under the Proposed Action phases as the No Action 


Alternative. 


As described further in Chapter 3, guiding principles would be applied to ensure that adverse effects of 


the proposed operations of Sites would be avoided, minimized, and offset. Guiding principles relevant to 


green sturgeon include: 


⚫ Upper Sacramento River 


 Utilize the additional water supply provided by the Sites Project to address adverse effects of the 


CVP on sturgeon habitat in the Sacramento River above the Red Bluff Pumping Plant by: 


⚫ Implementing additional mitigation actions as necessary and appropriate to maintain and/or 


improve spawning and rearing habitat for anadromous fish in the Upper Sacramento River. 


⚫ Implement pulse flow criteria to provide migrating anadromous fish an opportunity to 


migrate past the diversion locations with minimum exposure to diversions.   


⚫ Sacramento River from Red Bluff Pumping Plant to Knights Landing 


 
10 The summary tables include broad consideration of conservation measures that may affect stressors, including those 
that may not be specific to the given stressor or species. 
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 Implement actions necessary to minimize potential impacts to listed species exposed to diversion 


facilities. 


 Implement pulse flow criteria to provide migrating anadromous fish an opportunity to migrate 


past the diversion locations with minimum exposure to diversions. 


 Utilize best available science to establish flow levels necessary to provide migratory and rearing 


habitat to minimize effects to juvenile anadromous fish survival and facilitate their movement 


out of the river toward the delta and bays. 


⚫ Below Knights Landing and in the Delta 


 Operate projects consistent with existing and/or future regulatory requirements in the Delta. 


 Implement pulse flow criteria to provide migrating anadromous fish an opportunity to migrate 


past the diversion locations with minimum exposure to diversions and further minimize effects 


to through-Delta survival. 


 Utilize best available science to establish flow levels necessary to provide migratory and rearing 


habitat to minimize effects to juvenile anadromous fish survival and facilitate their movement 


out of the river toward the delta and bays. 


 Monitor and mitigate effects of diversions on migrating anadromous species and their habitat 


through identification of opportunities to develop additional habitat (i.e. tidal and channel 


margin restoration) to maintain and/or improve productivity of those fish populations.  


 Protect habitat conditions supporting listed pelagic and anadromous species, mitigate potential 


flow related effects of Sites with habitat restoration developed in coordination with National 


Marine Fisheries Service (NMFS), Fish and Wildlife Service (FWS), and California Department of 


Fish and Wildlife (CDFW) to maintain and/or improve productivity of those fish populations. 


 Cooperate in the monitoring of the Fremont Weir Big Notch Project to assess what effect, if any, 


diversions of flow to Sites Reservoir have on the effectiveness of the Big Notch Project’s ability to 


achieve its juvenile entrainment and adult passage performance goals for salmonids in the 


Sacramento River. in. If necessary, implement operational measures to avoid diminishing the 


performance of the Big Notch Project. 
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Table 7A-18. Qualitative Summary of Sites Combined with Proposed Action (PA) Effects on Green Sturgeon 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


Adult Migration, 
River Spawning, 
and Holding 


Barriers Not anticipated to change — Not anticipated to change — Quantitative modeling shows generally similar 
number of days meeting passage criteria at 
Fremont Weir and Sutter Bypass weirs under 
Sites as existing conditions. 


Food Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Recent assessments have suggested no potential 
effects on food resources from Sacramento 
River operations of the type included in Sites. 


Harvest Not anticipated to change — Not anticipated to change — There are no major changes to river flows from 
Sites operations that suggest harvest would 
change; as noted above, fish passage at Fremont 
Weir and Sutter Bypass weirs is not anticipated 
to change, so illegal harvest at these locations 
also would not be anticipated to change. 


Migration and 
Foraging 
Habitat 


Not anticipated to change — Not anticipated to change — Adult foraging areas are not influenced by water 
operations (Appendix D). 


Predation Risk Not anticipated to change — Not anticipated to change — Pinnipeds are noted as predators of green 
sturgeon in Chapter 8. Sites operations would 
not be anticipated to affect California sea lions, 
so predation risk from pinnipeds to adult green 
sturgeon would not be anticipated to change as 
a result of Sites. 


Spawning 
habitat 


Not anticipated to change — Not anticipated to change — Quantitative modeling (weighted usable area 
analysis) indicates no effect on spawning 
habitat in the Sacramento River. 


Flow Increase or decrease 
(discountable/insignificant) 


— Increase or decrease 
(discountable/insignificant) 


— Quantitative modeling (CalSim) indicates 
generally similar flows in the Sacramento River 
during February through December migration, 
spawning, and holding, with some reductions in 
spring and increases in summer and fall. See 
also in-text discussion of life cycle analyses 
related to Delta outflow. 


Dissolved 
Oxygen 


Not anticipated to change — Not anticipated to change 
(Sacramento River); increase 
(discountable/insignificant) [Delta] 


Minimize/compensate: Mitigation Measure 
FISH-8.1: Prevent Detrimental Dissolved 
Oxygen and Water Temperature Effects to 
Fish Associated with Moving Colusa Basin 
Drain Water Through the Yolo Bypass. 


Assumed similar to water temperature. 


Toxicity Increase or decrease 
(discountable/insignificant) 


— Increase (sub-lethal; proportion: 
small; frequency: medium) 


Minimize/compensate: Mitigation Measure 
WQ-1.1: Methylmercury Management; 
Mitigation Measure WQ-2.2: Prevent Net 
Detrimental Metal and Pesticide Effects 
Associated with Moving Colusa Basin Drain 
Water Through the Yolo Bypass 


Sites reservoir releases have minor potential for 
negative effects from metals and pesticides, to 
be mitigated with Mitigation Measures WQ-1.1 
and WQ-2.2, although adult migration generally 
would be outside the main period of reservoir 
releases; spawning and holding would be 
upstream of reservoir releases and would not 
be affected. 


Water 
Temperature 


Decrease [Sacramento River]; 
increase or decrease [Delta] 
(discountable/insignificant) 


— Not anticipated to change 
(Sacramento River); increase 
(discountable/insignificant) [Delta] 


Minimize/compensate: Mitigation Measure 
FISH-8.1: Prevent Detrimental Dissolved 
Oxygen and Water Temperature Effects to 
Fish Associated with Moving Colusa Basin 


Quantitative modeling (HEC-5Q) for Sacramento 
River indicated no effects to biologically 
meaningful criteria for Sites. For the Delta, 
operations-related effects on water 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


Drain Water Through the Yolo Bypass. temperature in the Delta are minimal; 
Mitigation Measure FISH-8.1 addresses the 
possibility that temperature could increase in 
the localized area receiving water from Sites 
Reservoir via the Yolo Bypass in summer/fall.   


Salinity Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Adults are tolerant of a broad range of salinity 
(Appendix D); any operations effects of Sites on 
salinity would be limited in relation to this 
broad range. 


Egg Incubation Flow Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Quantitative modeling (weighted usable area 
analysis) indicates no effect on spawning 
habitat in the Sacramento River, reflecting 
limited differences in flow. 


Predation Risk Not anticipated to change — Increase (discountable/insignificant) — Quantitative modeling (HEC-5Q) for Sacramento 
River water temperature indicated few effects 
to biologically meaningful criteria for Sites, 
which indicates any increase in predation risk 
given general decrease in predator metabolic 
demand with decreasing temperature would 
also be very limited. 


Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Egg incubation is upstream of Sites reservoir 
releases that could result in increase in toxicity 
from contaminants. 


Dissolved 
Oxygen 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Assumed similar to water temperature. 


Water 
Temperature 


Decrease (beneficial; proportion: 
likely large; frequency: likely 
medium) 


— Increase (discountable/insignificant) — Quantitative modeling (HEC-5Q) for Sacramento 
River indicated few effects to biologically 
meaningful criteria for Sites. 


Larvae Entrainment 
Risk 


Not anticipated to change — Increase (sub-lethal to lethal; 
proportion: small; frequency: small) 
or decrease (beneficial; proportion; 
small; frequency: small) 


Minimize/compensate: Red Bluff and 
Hamilton City fish screens and operating 
criteria 


The Red Bluff and Hamilton City intakes’ fish 
screens would be expected to exclude most 
larvae from entrainment based on size, with 
approach velocity limiting risk of impingement; 
relative to existing conditions, Sites may 
increase or decrease the stressor at different 
times. Uncertainty in effects would be 
addressed with monitoring and adaptive 
management if necessary. 


Rearing 
Habitat 


Not anticipated to change — Not anticipated to change — There is uncertainty about rearing habitat 
characteristics and availability for larvae 
(Appendix D). Sites operations would not be 
anticipated to change riverbed substrate. 


Predation Risk Not anticipated to change — Not anticipated to change — Quantitative modeling (HEC-5Q) for Sacramento 
River water temperature indicated no effects to 
biologically meaningful criteria for Sites, which 
indicates an increase in predation risk given 
general decrease in predator metabolic demand 
with decreasing temperature would not be 
anticipated. 


Flow Increase or decrease 
(discountable/insignificant) 


— Increase or decrease 
(discountable/insignificant) 


— Quantitative modeling (CalSim) indicates 
generally limited effects of Sites, with some 
relatively minor increases or decreases to the 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


stressor at times. 


Toxicity Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Larvae are upstream of Sites reservoir releases 
that could result in increase in toxicity from 
contaminants. 


Dissolved 
Oxygen 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Assumed similar to water temperature. 


Food Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Recent assessments have suggested no potential 
effects on food resources from Sacramento 
River operations of the type included in Sites. 


Water 
Temperature 


Decrease (beneficial; proportion: 
likely large; likely medium) 


— Not anticipated to change — Quantitative modeling (HEC-5Q) for Sacramento 
River indicated no effect to biologically 
meaningful criteria for Sites. 


Juveniles Rearing habitat Not anticipated to change — Not anticipated to change — Juveniles occupy a broad range of habitat 
(Appendix D) and so would not be anticipated 
to be affected by Sites operations. 


Predation risk Not anticipated to change — Not anticipated to change — Quantitative modeling (HEC-5Q) for Sacramento 
River water temperature indicated no effects to 
biologically meaningful criteria for Sites, which 
indicates an increase in predation risk given 
general decrease in predator metabolic demand 
with decreasing temperature would not be 
anticipated. 


Flow Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Quantitative modeling (CalSim) indicates Sites 
would be similar to existing conditions. See also 
in-text discussion of life cycle analyses related 
to Delta outflow. 


Water 
Temperature 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change 
(Sacramento River); increase 
(discountable/insignificant) 


Minimize/compensate: Mitigation Measure 
FISH-8.1: Prevent Detrimental Dissolved 
Oxygen and Water Temperature Effects to 
Fish Associated with Moving Colusa Basin 
Drain Water Through the Yolo Bypass. 


Quantitative modeling (HEC-5Q) for Sacramento 
River indicated no effect to biologically 
meaningful criteria for Sites. For the Delta, 
operations-related effects on water 
temperature in the Delta are minimal. 
Mitigation Measure FISH-8.1 addresses the 
possibility that temperature could increase in 
the localized area receiving water from Sites 
Reservoir via the Yolo Bypass in summer/fall.  


Salinity Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Juveniles are tolerant of a broad range of 
salinity and are strong enough swimmers to 
move to acceptable habitat (Chapter 8); any 
operations effects of Sites on salinity would be 
limited in relation to this broad range. 


Dissolved 
Oxygen 


Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change 
(Sacramento River); increase 
(discountable/insignificant) 


Minimize/compensate: Mitigation Measure 
FISH-8.1: Prevent Detrimental Dissolved 
Oxygen and Water Temperature Effects to 
Fish Associated with Moving Colusa Basin 
Drain Water Through the Yolo Bypass. 


Assumed similar to water temperature. 


Toxicity from 
Contaminants 


Increase or decrease 
(discountable/insignificant) 


— Increase (sub-lethal; proportion: 
small; frequency: medium) 


Minimize/compensate: Mitigation Measure 
WQ-1.1: Methylmercury Management; 
Mitigation Measure WQ-2.2: Prevent Net 
Detrimental Metal and Pesticide Effects 
Associated with Moving Colusa Basin Drain 
Water Through the Yolo Bypass. 


Sites reservoir releases have minor potential for 
negative effects from metals and pesticides, to 
be mitigated with Mitigation Measures WQ-1.1 
and WQ-2.2. 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


Food Increase or decrease 
(discountable/insignificant) 


— Not anticipated to change — Recent assessments have suggested no potential 
effects on food resources from Sacramento 
River operations of the type included in Sites. 


Entrainment 
Risk 


Increase (lethal or sublethal; 
proportion: low [Delta]; 
frequency: high [Delta]) 


Minimize/compensate: Delta Cross 
Channel Gate Closure; First Flush and Start 
of OMR Management; January 1 and Start 
of OMR Management; End of OMR 
Management; Winter and Spring Delta 
Outflows; Drought Actions; Salvage 
Facilities 


Exacerbate: SHOT Reduction in Sacramento 
Fall and Winter Flows; Drought Actions 


Not anticipated to change Minimize/compensate: Red Bluff and 
Hamilton City fish screens and operating 
criteria 


The Red Bluff and Hamilton City intakes’ fish 
screens would exclude juveniles from 
entrainment based on size and approach 
velocity would prevent impingement. 
Quantitative modeling (salvage-density 
method) indicates that south Delta entrainment 
would remain at low levels. 


Estuarine 
Subadult and 
Adult Residence 
and 
Outmigration 


— Not anticipated to change — Not anticipated to change — There would not be anticipated to be any effects 
to subadults or adults per the above adult and 
juvenile life stage rationale for operations. 


 


Table 7A-19. Qualitative Summary of Sites Combined with Proposed Action (PA) Effects on Green Sturgeon Critical Habitat 


Location 
Physical and Biological 
Feature/Stressor PA Effect on Critical Habitat 


PA Conservation 
Measures 


Sites Effect on Critical 
Habitat Sites Conservation Measures Rationale 


Freshwater Riverine 
Systems 


Food Resources No adverse effects anticipated — No adverse effects anticipated — Recent assessments have suggested no 
potential effects on food resources from 
Sacramento River operations of the type 
included in Sites. 


Substrate type or size (i.e., 
structural features of substrates) 


No adverse effects anticipated — No adverse effects anticipated — Sites operations would not be anticipated 
to change riverbed substrate. 


Water flow No adverse effects anticipated — No adverse effects anticipated — Quantitative modeling (CalSim) indicates 
Sites would be similar to existing 
conditions. See also in-text discussion of 
life cycle analyses related to Delta outflow. 


Water quality (toxicity) No adverse effects anticipated — Adverse Minimize/compensate: Mitigation 
Measure WQ-1.1: Methylmercury 
Management; Mitigation Measure WQ-
2.2: Prevent Net Detrimental Metal and 
Pesticide Effects Associated with Moving 
Colusa Basin Drain Water Through the 
Yolo Bypass 


Sites reservoir releases have minor 
potential for negative effects from metals 
and pesticides, to be mitigated with 
Mitigation Measures WQ-1.1 and WQ-2.2. 


Water quality (dissolved oxygen) No adverse effects anticipated — No adverse effects anticipated — Assumed similar to water temperature. 


Water quality (temperature) No adverse effects anticipated — No adverse effects anticipated — Quantitative modeling (HEC-5Q) for 
Sacramento River indicated little to no 
effect to biologically meaningful criteria for 
Sites. 


Migratory corridor (barriers, 
entrainment risk) 


No adverse effects anticipated — Adverse Minimize/compensate: Red Bluff and 
Hamilton City fish screens and operating 
criteria 


Quantitative modeling shows generally 
similar number of days meeting passage 
criteria at Fremont Weir and Sutter Bypass 
weirs under Sites as existing conditions, 
which would not be an adverse effect. Red 
Bluff and Hamilton City intakes’ fish 







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-121 


May 2024 
ICF 103653  


 


Location 
Physical and Biological 
Feature/Stressor PA Effect on Critical Habitat 


PA Conservation 
Measures 


Sites Effect on Critical 
Habitat Sites Conservation Measures Rationale 


screens would be expected to exclude most 
larvae from entrainment based on size, 
with approach velocity limiting risk of 
impingement; relative to existing 
conditions, Sites may increase or decrease 
the stressor at different times. Uncertainty 
in effects would be addressed with 
monitoring and adaptive management if 
necessary. 


Depth No adverse effects anticipated — No adverse effects anticipated — Any changes in water depth as a result of 
Sites operations would be marginal in 
relation to available habitat. 


Sediment quality No adverse effects anticipated — Adverse Minimize/compensate: Mitigation 
Measure WQ-1.1: Methylmercury 
Management; Mitigation Measure WQ-
2.2: Prevent Net Detrimental Metal and 
Pesticide Effects Associated with Moving 
Colusa Basin Drain Water Through the 
Yolo Bypass 


Sites reservoir releases have minor 
potential for negative effects from metals 
and pesticides, to be mitigated with 
Mitigation Measures WQ-1.1 and WQ-2.2. 


Estuarine Habitats Food Resources No adverse effects anticipated — No adverse effects anticipated — Recent assessments have suggested no 
potential effects on food resources from 
Sacramento River operations of the type 
included in Sites. 


Substrate type or size (i.e., 
structural features of substrates) 


No adverse effects anticipated — No adverse effects anticipated — Sites operations would not be anticipated 
to change riverbed substrate. 


Water flow No adverse effects anticipated — No adverse effects anticipated — Quantitative modeling (CalSim) indicates 
Sites similar to existing conditions. See also 
in-text discussion of life cycle analyses 
related to Delta outflow. 


Water quality (toxicity) No adverse effects anticipated — Adverse Minimize/compensate: Mitigation 
Measure WQ-1.1: Methylmercury 
Management; Mitigation Measure WQ-
2.2: Prevent Net Detrimental Metal and 
Pesticide Effects Associated with Moving 
Colusa Basin Drain Water Through the 
Yolo Bypass 


Sites reservoir releases have minor 
potential for negative effects from metals 
and pesticides, to be mitigated with 
Mitigation Measures WQ-1.1 and WQ-2.2. 


Water quality (dissolved oxygen) No adverse effects anticipated — No adverse effects anticipated Minimize/compensate: Mitigation 
Measure FISH-8.1: Prevent Detrimental 
Dissolved Oxygen and Water 
Temperature Effects to Fish Associated 
with Moving Colusa Basin Drain Water 
Through the Yolo Bypass. 


Assumed similar to water temperature. 


Water quality (temperature) No adverse effects anticipated — No adverse effects anticipated Minimize/compensate: Mitigation 
Measure FISH-8.1: Prevent Detrimental 
Dissolved Oxygen and Water 
Temperature Effects to Fish Associated 
with Moving Colusa Basin Drain Water 
Through the Yolo Bypass. 


For the Delta, operations-related effects on 
water temperature in the Delta are 
minimal. Mitigation Measure FISH-8.1 
addresses the possibility that temperature 
could increase in the localized area 
receiving water from Sites Reservoir via 
the Yolo Bypass in summer/fall. 


Water quality (salinity) No adverse effects anticipated — No adverse effects anticipated — Adults are tolerant of a broad range of 
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Location 
Physical and Biological 
Feature/Stressor PA Effect on Critical Habitat 


PA Conservation 
Measures 


Sites Effect on Critical 
Habitat Sites Conservation Measures Rationale 


salinity (Appendix D); juveniles are 
tolerant of a broad range of salinity and are 
strong enough swimmers to move to 
acceptable habitat (Chapter 8); any 
operations effects of DCP on salinity would 
be limited in relation to this broad range. 


Migratory corridor (barriers) No adverse effects anticipated — No adverse effects anticipated — Sites operations do not include installation 
of any barriers to migration or change in 
operations of existing barriers. 


Depth No adverse effects anticipated — No adverse effects anticipated — Any changes in water depth as a result of 
Sites operations would be marginal in 
relation to available habitat. 


Sediment quality No adverse effects anticipated — Adverse Minimize/compensate: Mitigation 
Measure WQ-1.1: Methylmercury 
Management; Mitigation Measure WQ-
2.2: Prevent Net Detrimental Metal and 
Pesticide Effects Associated with Moving 
Colusa Basin Drain Water Through the 
Yolo Bypass 


Sites reservoir releases have minor 
potential for negative effects from metals 
and pesticides, to be mitigated with 
Mitigation Measures WQ-1.1 and WQ-2.2. 


Nearshore Coastal 
Marine Areas 


Migratory Corridor No adverse effects anticipated — No adverse effects anticipated — There would be no Sites effect on 
nearshore coastal marine areas because 
this is outside the action area. 


Water quality No adverse effects anticipated — No adverse effects anticipated — There would be no Sites effect on 
nearshore coastal marine areas because 
this is outside the action area. 


Food resources No adverse effects anticipated — No adverse effects anticipated — There would be no Sites effect on 
nearshore coastal marine areas because 
this is outside the action area. 
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7A.4.5 Delta Smelt 


Chapter 9 discusses the status of delta smelt, including life history and habitat requirements, stressors, 


and an effects analysis of the Proposed Action. Summaries of the effects analysis for effects on the species 


and its critical habitat are provided in Tables DS1_Sites and DS2_Sites. A qualitative analysis was 


conducted to provide a programmatic summary of the effects of Sites for the species life stages, critical 


habitat physical and biological features, and stressors discussed for the Proposed Action (Tables 


DS1_Sites and DS2_Sites)11. The analysis of Sites was based on information in the administrative draft 


Sites BA and FEIR/S, which include consideration of various quantitative and qualitative analyses. 


As illustrated in Tables DS1 and DS2, potential effects of Sites in addition to the Proposed Action would 


primarily occur to larval/juvenile life stages from operations effects related to lower Delta outflow 


affecting food availability, in addition to potential water quality (temperature, toxicity) effects from 


reservoir releases through the Yolo Bypass. Water quality effects from reservoir releases would be 


addressed with various mitigation measures, and reservoir releases have the potential for positive effects 


on food availability via stimulation of the north Delta foodweb (for releases through the Yolo Bypass) or 


generally as a result of somewhat increased Delta outflow during the juvenile life stage. Sediment 


entrainment effects by the two Sites intakes are not anticipated to result in negative effects to delta smelt 


because of changes in turbidity but uncertainty is to be addressed with a sediment monitoring plan and 


adaptive management. Life cycle modeling for delta smelt with the Life Cycle Model with Entrainment 


(LCME) described in Chapter 9 showed the Proposed Action phases to have similar population growth 


rate to the No Action Alternative and lower population growth rate than the Run of the River (EXP1) and 


Minimum Releases (EXP3) scenarios; a similar overall pattern was observed with the Maunder and 


Deriso model for delta smelt that is also summarized in Chapter 9. Delta smelt life cycle modeling has not 


been undertaken for Sites but the Sites FEIR/S noted that the drivers of difference in the LCME model 


(Old and Middle River flows and June-August outflow) were little changed by Sites, with small differences 


in June-August Delta outflow being positive in favor of Sites.  


As described further in Chapter 3, guiding principles would be applied to ensure that adverse effects of 


the proposed operations of Sites would be avoided, minimized, and offset. Guiding principles relevant to 


delta smelt include: 


⚫ Operate projects consistent with existing and/or future regulatory requirements in the Delta. 


⚫ Monitor and mitigate effects of diversions on habitat for Delta pelagic fish species through 


identification and implementation of opportunities to develop additional habitat (i.e. tidal habitat 


restoration) to maintain and/or improve productivity of those fish populations. 


⚫ Protect habitat conditions supporting listed pelagic and anadromous species, mitigate potential flow 


related effects of Sites with habitat restoration developed in coordination with NMFS, FWS, and 


CDFW to improve productivity of those fish populations. 


⚫ Cooperate with the fisheries resource agencies to monitor effects of diversions to the Sites Reservoir 


on the location of X2 and Delta outflow and, as appropriate, identify opportunities to offset adverse 


effects to critical habitat through appropriate mitigation measures or adaptive management actions. 


As described in Chapter 3, Sites has an adaptive management program which would integrate with the 


adaptive management program for the Proposed Action and includes a number of general principles such 


 
11 The summary tables include broad consideration of conservation measures that may affect stressors, including those 
that may not be specific to the given stressor or species. 
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as cooperating with resource agencies in monitoring efforts and designing studies to test operational 


modifications to remedy or lessen unanticipated effects. 
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Table 7A-20. Qualitative Summary of Sites Combined with Proposed Action (PA) Effects on Delta Smelt 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


Adult 
Migration 
and 
Spawning 


Toxicity Decrease 
(discountable/insignificant) 


— Not anticipated to change — Changes to toxicity not likely in adult migration and 
spawning season because Sites reservoir releases 
would be limited during this time (mitigation is 
included for potential effects during the main 
release season; see rationale for juveniles). 


Water 
Temperature 


Increase 
(discountable/insignificant) 


— Not anticipated to change — Operations-related effects on water temperature in 
the Delta are minimal. 


Food Visibility Decrease 
(discountable/insignificant) 


— Not anticipated to change — Sites sediment entrainment during 
migration/spawning period is not likely to 
immediately affect turbidity of water. 


Predation Increase 
(discountable/insignificant) 


— Not anticipated to change — Sites operations would not result in major changes 
to water temperature, turbidity (suspended 
sediment), or predators. 


Food 
Availability 


Increase (sub-lethal to lethal; 
proportion: likely medium; 
frequency: likely high) 


Minimize/compensate: Minimum Instream 
Flows; Delta Smelt Supplementation 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Drought Actions 


Not anticipated to change — Potential food availability effects as a result of Sites 
diversions would be unlikely during adult migration 
and spawning; such effects are more likely during 
other life stages, discussed below. 


Entrainment Increase (lethal; proportion: 
variable; frequency: medium) 


Minimize/compensate:  First Flush and Start 
of OMR Management; January 1 and Start of 
OMR Management; Adult Delta Smelt 
Entrainment Protection Action (Turbidity 
Bridge) 


Exacerbate: Drought Actions 


Not anticipated to change — South Delta diversion of Sites water does not 
temporally overlap this life stage’s entrainment 
vulnerability period; modeling shows little 
difference in key drivers of entrainment risk (e.g., 
Old and Middle River flows). 


Eggs and 
Larvae 


Water 
Temperature 


Increase 
(discountable/insignificant) 


— Not anticipated to change — Operations-related effects on water temperature in 
the Delta are minimal. 


Food Visibility Increase 
(discountable/insignificant) 


— Not anticipated to change — Sites sediment entrainment during 
migration/spawning period is not likely to 
immediately affect turbidity of water. 


Predation Increase 
(discountable/insignificant) 


— Not anticipated to change — Sites operations would not result in major changes 
to water temperature, turbidity (suspended 
sediment), or predators. 


Food 
Availability 


Increase (sub-lethal to lethal; 
proportion: likely medium; 
frequency: high) 


Minimize/compensate: Minimum Instream 
Flows; Winter and Spring Delta Outflow 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Drought Actions 


Increase (sub-lethal; proportion: 
small; frequency: medium) 


— Sites diversions could negatively affect zooplankton 
prey correlated with Delta outflow/X2 in the spring, 
but modeling indicates such effects would be 
limited.  


Entrainment Increase (lethal; proportion: 
small to medium; frequency: 
medium) 


Minimize/compensate: First Flush and Start of 
OMR Management; January 1 and Start of OMR 
Management; Larval and Juvenile Delta Smelt 
Protection Action; Spring Delta Outflow; 
Barker Slough Pumping Plant, Maximum 
Spring Diversions, Larval Delta Smelt; Delta 
Smelt Supplementation 


Exacerbate: SHOT Reduction in Sacramento 
River Fall and Winter Flows; Drought Actions 


Not anticipated to change — Modeling indicates little effect of Sites-related 
operations on correlates with larval entrainment 
risk (Old and Middle River flows; X2); criteria for 
limiting south Delta entrainment risk also would be 
in place. 


Juveniles Toxicity from Increase or decrease — Not anticipated to change — Sites operations would have limited effects on 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


Harmful Algal 
Blooms 


(discountable/insignificant) drivers of harmful algal blooms (nutrients, flow, 
and water temperature). There would be no 
significant impact on harmful algal blooms based on 
Sites FEIR Chapter 6: Sites diversions would not 
affect harmful algal blooms because diversions 
would primarily occur during storm events in 
winter when conditions are less conducive to bloom 
formation and maintenance; Sites reservoir 
releases to the Yolo Bypass during August-October 
would not affect harmful algal blooms based on 
available North Delta Food Subsidy studies; any 
cyanobacteria present in Sites reservoir release 
water would not affect harmful algal blooms in the 
Delta because of dilution, degradation, and releases 
not changing conditions (water temperature and 
residence time) in a way that would be more 
conducive to harmful algal blooms.    


Water 
Temperature 


Increase or decrease 
(discountable/insignificant) 


— Increase (sub-lethal to lethal; 
proportion: small; frequency: 
medium) 


Minimize/compensate: Mitigation 
Measure FISH-8.1: Prevent Detrimental 
Dissolved Oxygen and Water 
Temperature Effects to Fish Associated 
with Moving Colusa Basin Drain Water 
Through the Yolo Bypass  


Operations-related effects on water temperature in 
the Delta generally are minimal. Sites reservoir 
releases to Yolo Bypass via Colusa Basin Drain 
could increase temperature in the lower Yolo 
Bypass, although this is uncertain and would be 
addressed with Mitigation Measure FISH-8.1.  


Predation Increase 
(discountable/insignificant) 


— Increase (discountable/insignificant) Minimize/compensate: Sediment 
Monitoring Plan and Adaptive 
Management for Sediment Diverted from 
the Sacramento River 


Sites operations would not result in major changes 
to water temperature, turbidity (suspended 
sediment), or predators. Uncertainty in effects to 
turbidity in relation to resuspension of marginally 
less (0.3-1.5% based on modeling) sediment 
because of Sites intake sediment entrainment 
would be addressed with sediment 
monitoring/adaptive management.  


Food 
Availability and 
Quality 


Increase (sub-lethal to lethal; 
proportion: likely medium; 
frequency: likely medium to 
high) 


Minimize/compensate: Minimum Instream 
Flows; Delta Smelt Supplementation 


Exacerbate: Fall and Winter Base Flows for 
Shasta Reservoir Refill; Reduced Wilkins 
Slough Minimum Flows; Drought Actions 


Decrease (beneficial; proportion: 
small to medium; frequency: 
medium) or increase (sub-lethal; 
proportion: small; frequency: 
medium)  


Minimize/compensate: Releases from 
Sites Reservoir 


A decrease to the stressor could occur as a result of 
Sites reservoir releases because of north Delta food 
subsidy (releases via Yolo Bypass) or broader Delta 
outflow increase (correlation with zooplankton 
prey abundance); an increase to stressor could 
occur as a result of zooplankton entrainment as a 
result of export of Sites reservoir water from south 
Delta. 


Entrainment Increase (lethal; proportion: 
small to medium; frequency: 
medium) 


Minimize/compensate:  January 1 and Start of 
OMR Management; Larval and Juvenile Delta 
Smelt Protection Action; Spring Delta Outflow; 
End of OMR Management; Barker Slough 
Pumping Plant, Maximum Spring Diversions, 
Larval Delta Smelt; Delta Smelt 
Supplementation 


Exacerbate: SHOT Reduction in Sacramento 
River Fall and Winter Flows; Reduced Wilkins 
Slough Minimum Flows; Drought Actions 


Not anticipated to change — Modeling indicates little effect of Sites-related 
operations on correlates with early juvenile 
entrainment risk (Old and Middle River flows; X2); 
SWP/CVP criteria for limiting south Delta 
entrainment risk also would be in place. 


Size and 
Location of the 
Low Salinity 


Increase (sub-lethal; proportion: 
likely medium to large; 
frequency: likely medium to 


Minimize/compensate:  Spring Delta Outflow; 
Summer Suisun Marsh Salinity Control Gate 
Operation; Fall X2 


Decrease 
(discountable/insignificant) 


— There is little difference in low salinity zone as a 
result of Sites operations, as indicated by X2 
modeling generally showing less than 1 km 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


Zone high) Exacerbate: Drought Actions difference between Sites and No Action Alternative 
(with differences tending to be negative, i.e., not 
indicating less low salinity zone under Sites). 


Other toxicity — — Increase (sub-lethal; proportion: 
small; frequency: medium) 


Minimize/compensate: Mitigation 
Measure WQ-1.1: Methylmercury 
Management; Mitigation Measure WQ-2.2: 
Prevent Net Detrimental Metal and 
Pesticide Effects Associated with Moving 
Colusa Basin Drain Water Through the 
Yolo Bypass 


Sites reservoir releases have minor potential for 
negative effects from metals and pesticides, to be 
mitigated with Mitigation Measures WQ-1.1 and 
WQ-2.2. 


 


Table 7A-21. Qualitative Summary of Sites Combined with Proposed Action (PA) Effects on Delta Smelt Critical Habitat 


Physical and 
Biological 
Feature Stressor 


PA Effect on 
Critical 
Habitat PA Conservation Measures 


Sites Effect on 
Critical Habitat Sites Conservation Measures Rationale 


Physical 
Habitat 


Habitat extent — — No adverse effects 
anticipated 


AMM-15: Sediment Monitoring, Modeling, and 
Reintroduction Adaptive Management 


The limited percentage of sediment estimated to be entrained is 
not anticipated to affect habitat extent (e.g., sand for spawning), 
but AMM-15 addresses uncertainty. 


Water 
Quality 


Water 
Temperature 


No adverse 
effects 
anticipated 


— Adverse Minimize/compensate: Mitigation Measure FISH-
8.1: Prevent Detrimental Dissolved Oxygen and 
Water Temperature Effects to Fish Associated 
with Moving Colusa Basin Drain Water Through 
the Yolo Bypass  


Operations-related effects on water temperature in the Delta 
generally are minimal. Sites reservoir releases to Yolo Bypass via 
Colusa Basin Drain could increase temperature in the lower Yolo 
Bypass, although this is uncertain and would be addressed with 
Mitigation Measure FISH-8.1.  


Food Visibility No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


— Sites sediment entrainment during life stages with food visibility 
noted as a stressor is not likely to immediately affect turbidity of 
water. 


Predation No adverse 
effects 
anticipated 


— No adverse effects 
anticipated 


Minimize/compensate: Sediment Monitoring Plan 
and Adaptive Management for Sediment Diverted 
from the Sacramento River 


Sites operations would not result in major changes to water 
temperature, turbidity (suspended sediment), or predators. 
Uncertainty in effects to turbidity in relation to resuspension of 
marginally less (0.3-1.5% based on modeling) sediment because 
of Sites intake sediment entrainment would be addressed with 
sediment monitoring/adaptive management.  


Food 
Availability 


Adverse Minimize/compensate: Minimum Instream Flows; Delta 
Smelt Supplementation; Winter and Spring Delta Outflow 


Exacerbate: Fall and Winter Base Flows for Shasta Reservoir 
Refill; Reduced Wilkins Slough Minimum Flows; Drought 
Actions 


Adverse Minimize/compensate: Releases from Sites 
Reservoir 


For larvae, Sites diversions could negatively affect zooplankton 
prey correlated with Delta outflow/X2 in the spring, but 
modeling indicates such effects would be limited. For juveniles, a 
decrease to the stressor could occur as a result of Sites reservoir 
releases because of north Delta food subsidy (releases via Yolo 
Bypass) or broader Delta outflow increase (correlation with 
zooplankton prey abundance); an increase to stressor could 
occur as a result of zooplankton entrainment as a result of export 
of Sites reservoir water from south Delta. 


Other toxicity — — Adverse Minimize/compensate: Mitigation Measure WQ-
1.1: Methylmercury Management; Mitigation 
Measure WQ-2.2: Prevent Net Detrimental Metal 
and Pesticide Effects Associated with Moving 
Colusa Basin Drain Water Through the Yolo 
Bypass 


Sites reservoir releases have minor potential for negative effects 
from metals and pesticides, to be mitigated with Mitigation 
Measures WQ-1.1 and WQ-2.2. 


River Flow Entrainment Adverse Minimize/compensate:  First Flush and Start of OMR 
Management; January 1 and Start of OMR Management; Adult 
Delta Smelt Entrainment Protection Action (Turbidity 


No adverse effects 
anticipated 


— Modeling indicates little effect of Sites-related operations on 
correlates with early juvenile entrainment risk (Old and Middle 
River flows; X2); SWP/CVP criteria for limiting south Delta 







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-128 


May 2024 
ICF 103653  


 


Physical and 
Biological 
Feature Stressor 


PA Effect on 
Critical 
Habitat PA Conservation Measures 


Sites Effect on 
Critical Habitat Sites Conservation Measures Rationale 


Bridge); Larval and Juvenile Delta Smelt Protection Action; 
Spring Delta Outflow; End of OMR Management; Barker 
Slough Pumping Plant, Maximum Spring Diversions, Larval 
Delta Smelt; Delta Smelt Supplementation 


Exacerbate: Drought Actions; SHOT Reduction in Sacramento 
River Fall and Winter Flows; Reduced Wilkins Slough 
Minimum Flows 


entrainment risk also would be in place. 


Salinity Size and 
Location of the 
Low Salinity 
Zone 


Adverse Minimize/compensate:  Spring Delta Outflow; Summer 
Suisun Marsh Salinity Control Gate Operation; Fall X2 


Exacerbate: Drought Actions 


No adverse effects 
anticipated 


— There is little difference in low salinity zone as a result of Sites 
operations, as indicated by X2 modeling generally showing less 
than 1 km difference between Sites and No Action Alternative 
(with differences tending to be negative, i.e., not indicating less 
low salinity zone under Sites). 
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7A.4.6 Longfin Smelt 


Chapter 10 discusses the status of longfin smelt, including life history and habitat requirements, 


stressors, and an effects analysis of the Proposed Action. A summary of the effects analysis for effects on 


the species is provided in Table 7A-22. A qualitative analysis was conducted to provide a programmatic 


summary of the effects of Sites for the species life stages and stressors discussed for the Proposed Action 


(Table 7A-22)12. The analysis of Sites was based on information in the administrative draft DCP ITP 


Application and FEIR, which includes consideration of various quantitative and qualitative analyses. 


As illustrated in Table 7A-22, potential effects of Sites in addition to the Proposed Action would primarily 


be from operations effects related to lower Delta outflow, to be mitigated with compensatory tidal 


habitat restoration. As described further in Chapter 3, guiding principles would be applied to ensure that 


adverse effects of the proposed operations of Sites would be avoided, minimized, and offset. Guiding 


principles relevant to longfin smelt include: 


• Operate projects consistent with existing and/or future regulatory requirements in the Delta. 


⚫ Monitor and mitigate effects of diversions on habitat for Delta pelagic fish species through 


identification and implementation of opportunities to develop additional habitat (i.e. tidal habitat 


restoration) to maintain and/or improve productivity of those fish populations. 


⚫ Protect habitat conditions supporting listed pelagic and anadromous species, mitigate potential flow 


related effects of Sites with habitat restoration developed in coordination with NMFS, FWS, and 


CDFW to improve productivity of those fish populations. 


⚫ Cooperate with the fisheries resource agencies to monitor effects of diversions to the Sites Reservoir 


on the location of X2 and Delta outflow and, as appropriate, identify opportunities to offset adverse 


effects to critical habitat through appropriate mitigation measures or adaptive management actions. 


As described in Chapter 3, Sites has an adaptive management program which would integrate with the 


adaptive management program for the Proposed Action and includes a number of general principles such 


as cooperating with resource agencies in monitoring efforts and designing studies to test operational 


modifications to remedy or lessen unanticipated effects.  


  


 
12 The summary tables include broad consideration of conservation measures that may affect stressors, including those 
that may not be specific to the given stressor or species. 
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Table 7A-22. Qualitative Summary of Sites Combined with Proposed Action (PA) Effects on Longfin Smelt 


Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


Juveniles 
Rearing and 
Migration 


Water 
Temperature 


Increase 
(discountable/insignificant) 


— Not anticipated to change — Operations-related effects on water temperature in the 
Delta are minimal. 


Toxicity Increase 
(discountable/insignificant) 


— Increase 
(discountable/insignificant) 


— Life stage could temporally overlap the main period of 
reservoir release, during which there may be increased 
toxicity, but there would be little if any spatial overlap 
because the species would be farther downstream. 


Predation Increase 
(discountable/insignificant) 


— Not anticipated to change — Sites operations would not result in major changes to 
water temperature, turbidity (suspended sediment), or 
predators. 


Entrainment Increase (lethal; proportion: likely 
small; frequency: medium) 


Minimize/compensate: January 1 and Start of OMR 
Management; Larval and Juvenile Longfin Smelt 
Protection Action; Minimum Instream Flows; 
Winter and Spring Delta Outflow 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


Not anticipated to change — CalSim modeling indicates that there would be little 
difference in Old and Middle River flows during the 
spring period of entrainment vulnerability, reflecting 
south Delta export of Sites reservoir water occurring 
outside of these months; criteria for limiting south Delta 
entrainment risk also would be in place. 


Freshwater 
Flow 


Increase (sub-lethal to lethal; 
proportion: likely small; frequency: 
likely medium to high) 


Minimize/compensate:  Minimum Instream Flows; 
Winter and Spring Delta Outflow 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


Increase (sub-lethal to lethal; 
proportion: medium; frequency: 
medium) 


Minimize/compensate: 
Mitigation Measure FISH-9.1: 
Tidal Habitat Restoration for 
Longfin Smelt 


Sites operations have the potential for an uncertain 
negative effect on population abundance index caused by 
less winter/spring Delta outflow, mitigated by tidal 
habitat restoration (Mitigation Measure FISH-9.1). 


Food 
Availability 


Increase (sub-lethal to lethal; 
proportion: medium; frequency: 
likely high) 


Minimize/compensate:  Minimum Instream Flows; 
Spring Delta Outflow 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


Increase (sub-lethal; proportion: 
small; frequency: medium) 


Minimize/compensate: 
Mitigation Measure FISH-9.1: 
Tidal Habitat Restoration for 
Longfin Smelt 


Sites diversions could negatively affect zooplankton or 
mysid prey correlated with Delta outflow/X2 in the 
spring, but modeling indicates such effects would be 
limited. 


Adult 
Holding and 
Spawning 


Water 
Temperature 


Increase 
(discountable/insignificant) 


— Not anticipated to change — Operations-related effects on water temperature in the 
Delta are minimal. 


Toxicity Increase 
(discountable/insignificant) 


— Not anticipated to change — Life stage would not temporally overlap the main period 
of reservoir release during which there may be increased 
toxicity. 


Predation Increase 
(discountable/insignificant) 


— Not anticipated to change — Sites operations would not result in major changes to 
water temperature, turbidity (suspended sediment), or 
predators. 


Entrainment Increase (lethal; proportion: small; 
frequency: likely medium) 


Minimize/compensate: First Flush and Start of 
OMR Management; January 1 and Start of OMR 
Management; Adult Longfin Smelt Entrainment 
Protection Action 


Exacerbate: SHOT Reduction in Sacramento River 
Fall and Winter Flows; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


Not anticipated to change — CalSim modeling indicates that there would be little 
difference in Old and Middle River flows during the 
spring period of entrainment vulnerability, reflecting 
south Delta export of Sites reservoir water occurring 
outside of these months; criteria for limiting south Delta 
entrainment risk also would be in place. 


Freshwater 
Flow 


Increase (sub-lethal to lethal; 
proportion: likely medium; 
frequency: likely low) 


Minimize/compensate:  Minimum Instream Flows; 
Winter and Spring Delta Outflow 


Exacerbate: SHOT Reduction in Sacramento River 
Fall and Winter Flows; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


Increase (sub-lethal to lethal; 
proportion: medium; frequency: 
medium) 


Minimize/compensate: 
Mitigation Measure FISH-9.1: 
Tidal Habitat Restoration for 
Longfin Smelt 


Sites operations have the potential for an uncertain 
negative effect on population abundance index caused by 
less winter/spring Delta outflow, mitigated by tidal 
habitat restoration (Mitigation Measure FISH-9.1). 


Food Increase (sub-lethal to lethal; Minimize/compensate: Minimum Instream Flows; Increase (sub-lethal; proportion: Minimize/compensate: Sites diversions could negatively affect zooplankton or 
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Life Stage Stressor PA Effect on Stressor PA Conservation Measures Sites Effect on Stressor Sites Conservation Measures Rationale 


Availability proportion: medium; frequency: 
likely high) 


Winter and Spring Delta Outflow 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


small; frequency: medium) Mitigation Measure FISH-9.1: 
Tidal Habitat Restoration for 
Longfin Smelt 


mysid prey correlated with Delta outflow/X2 in the 
spring, but modeling indicates such effects would be 
limited. 


Eggs and 
Larvae 


Water 
Temperature 


Increase 
(discountable/insignificant) 


— Not anticipated to change — Operations-related effects on water temperature in the 
Delta are minimal. 


Toxicity Increase 
(discountable/insignificant) 


— Not anticipated to change — Life stage would not temporally overlap the main period 
of reservoir release during which there may be increased 
toxicity. 


Predation Increase 
(discountable/insignificant) 


— Not anticipated to change — Sites operations would not result in major changes to 
water temperature, turbidity (suspended sediment), or 
predators. 


Entrainment Increase (lethal; proportion: likely 
small; frequency: medium to high) 


Minimize/compensate:  January 1 and Start of 
OMR Management; Larval and Juvenile Longfin 
Smelt Protection Action; Spring Delta Outflow; 
Barker Slough Pumping Plant, Maximum Spring 
Diversions, Larval Longfin Smelt 


Exacerbate: SHOT Reduction in Sacramento River 
Fall and Winter Flows; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


Not anticipated to change — CalSim modeling indicates that there would be little 
difference in Old and Middle River flows or QWEST 
during the winter/spring period of entrainment 
vulnerability, reflecting south Delta export of Sites 
reservoir water occurring outside of these months; 
criteria for limiting south Delta entrainment risk also 
would be in place. 


Freshwater 
Flow 


Increase (sub-lethal to lethal; 
proportion: likely medium; 
frequency: likely medium to high) 


Minimize/compensate:  Minimum Instream Flows; 
Spring Delta Outflow 


Exacerbate: SHOT Reduction in Sacramento River 
Fall and Winter Flows; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


Increase (sub-lethal to lethal; 
proportion: medium; frequency: 
medium) 


Minimize/compensate: 
Mitigation Measure FISH-9.1: 
Tidal Habitat Restoration for 
Longfin Smelt 


Sites operations have the potential for an uncertain 
negative effect on population abundance index caused by 
less winter/spring Delta outflow, mitigated by tidal 
habitat restoration (Mitigation Measure FISH-9.1). 


Food 
Availability 


Increase (sub-lethal to lethal; 
proportion: likely medium; 
frequency: likely high) 


Minimize/compensate:  Minimum Instream Flows; 
Winter and Spring Delta Outflow 


Exacerbate: Fall and Winter Base Flows for Shasta 
Reservoir Refill; Reduced Wilkins Slough 
Minimum Flows; Drought Actions 


Increase (sub-lethal; proportion: 
small; frequency: medium) 


Minimize/compensate: 
Mitigation Measure FISH-9.1: 
Tidal Habitat Restoration for 
Longfin Smelt 


Sites diversions could negatively affect zooplankton or 
mysid prey correlated with Delta outflow/X2 in the 
spring, but modeling indicates such effects would be 
limited. 
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7A.4.7 Southern Resident Killer Whale 


As described in Chapter 11, the Proposed Action is not anticipated to change the stressors Pollutants and 


Contaminants, Vessel Effects, Oil Spill, or Acoustic. The Proposed Action may increase the Prey 


Availability stressor to a discountable or insignificant level, with effects limited by the Proposed Action 


not impacting hatchery operations, and hatchery release strategies limiting the potential for operational 


effects to outmigration of hatchery-origin fish. Hatchery-origin Chinook salmon are likely to contribute 


far more to the killer whale diet than natural-origin Chinook salmon, with only 10.5% of the diet 


estimated to be of natural-origin Central Valley Chinook salmon (see Chapter 11). As shown in Sections 


7A.4.1 and 7A.4.2, effects of Sites on listed Chinook salmon would be limited; additional analyses in the 


administrative draft Sites BA and FEIR show this would also be the case for unlisted fall-/late fall-run 


Chinook salmon. Therefore any increase in the Prey Availability stressor as a result of Sites would be 


discountable/insignificant for killer whale. 


7A.5 Cumulative Effects of the Proposed Action, DCP, and 
Sites on Chinook Salmon, Central Valley Steelhead, 
Green Sturgeon, Delta Smelt, Longfin Smelt, and 
Killer Whale 


Section 7A.3 includes qualitative effects analysis for DCP combined with the Proposed Action (i.e., the 


updated LTO). Since the DCP is a dual conveyance project, the operable LTO south Delta permits will be 


in effect while DCP is operating, so future consultations for the LTO would also include DCP. The LTO is 


discussed separately in this section because the LTO is being updated and the current LTO was modeled 


rather than the proposed LTO in the DCP EIR.  Section 7A.4 includes qualitative effects analysis for Sites 


combined with the updated LTO because the current LTO was modeled in the Sites EIR.  Each of these 


sections highlights potential impacts associated with project operations and conservation measures on 


listed aquatic species and their designated critical habitat. This programmatic framework is intended to 


identify fisheries issues associated with combined effects of the LTO Proposed Action, DCP, and Sites by 


addressing effects that the qualitative effects analyses in Section 7A.3 and Section 7A.4 identified as 


occurring for all three projects related to given stressors.  


Future coordination between DWR and Reclamation will focus on shared responsibilities as contained in 


the LTO biological opinions. Reclamation and Sites will cooperate in the study of upstream Guiding 


Principles related to the reoperation of Shasta Reservoir related to Reclamation’s participation in Sites.  


The Sites and DCP project teams will focus on the shared downstream Guiding Principles (e.g., reverse 


flows and outflow effects on listed species) to determine whether there is a synergy between the 


operation of the combined Sites and DCP project facilities that changes the nature and/or magnitude of 


effects of the projects in ways not already identified in the individual permit planning documents for each 


project.   


When assessing cumulative effects of DCP, Sites, and LTO, based on analyses done to date, it is important 


to note that these projects are not simply additive to one another as there is a relationship between joint 


operations and relative water right priority that has not been modeled to date.  Future development of a 


combined model will facilitate a better understanding of potential project interactions, and will help 


identify, assess, and potentially alter operations where there is “overlap” resulting in potential new or 


exacerbated impacts to estimated water supply and federally listed species, beyond those identified for 
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the independent project analyses done to date. Additionally, ongoing and future regulatory processes, 


including water rights petitions, will also factor into refinements of project operations and how they 


ultimately (cumulatively) affect species.   


Each project individually, within its respective project descriptions and effects analyses, provides 


information on potential impacts, as well as commitments to avoid, minimize and mitigate those impacts 


to listed species and their designated critical habitat.  This information was summarized in Sections 7A.3 


and 7A.4 above and is summarized below where all three projects could combine to affect species.   


DCP will add an additional point of diversion but is not seeking new water right permits. DCP is planning 


to submit a change in point of diversion petition application to the State Water Resources Control Board 


(SWRCB) in 2024.  The Sites Authority has submitted an application to obtain a water right permit from 


the SWRCB for new diversions to Sites Reservoir. Sites Reservoir operations and the operations of the 


SWP and CVP as they operate the DCP and/or to the LTO, as applicable, will be subject to the terms and 


conditions of their respective water right permits, as well as to all applicable laws, regulations, biological 


opinions and incidental take permits, and any court orders in place at the time. Sites operations will 


require coordination with Reclamation and DWR’s operation of the CVP and SWP.  


The Sites Authority is working with Reclamation and DWR to develop an Operations Agreement that will 


describe how Sites will avoid interfering with DWR and Reclamation’s compliance with D-1641 (and 


subsequent orders or agreements), LTO biological opinions and DWR’s LTO state incidental take 


statement, as well as address water right priority. This coordination will ensure that while Sites is 


operating, water quality standards can continue to be met without negatively impacting CVP and/or SWP 


upstream storage and without interfering with CVP and SWP compliance with their biological opinion 


and state incidental take permits. For example, Reclamation, as a participant in Sites, will need to include 


its reoperation of Shasta Reservoir related to that participation in future LTO consultations; its 


participation is expected to improve cold water conditions at Shasta Reservoir for the benefit of Chinook 


salmon spawning and egg mortality. From a species-by-species standpoint, Section 7A.3 and Section 7A.4, 


for DCP and Sites respectively, evaluate environmental stressors of each project combined with LTO.  The 


evaluation highlights potential effects from each project on each species and designated critical habitat.  


For DCP, Sites, and the Proposed Action, conservation measures are included (and summarized in the 


above tables) to limit potential effects to listed species based on changes to environmental stressors.  


DCP and Sites include guiding principles that would be applied to ensure that adverse effects of the 


proposed operations of each project would be avoided, minimized, and offset.  DCP, Sites, and the 


Proposed Action each contain a form of adaptive management.  The adaptive management processes will 


be used to inform additional studies and modify select operations to the extent that each project is not 


performing as permitted, there are unanticipated synergistic impacts resulting from concurrent 


operation of these projects, or the impacts of a project could be further reduced (while still meeting 


project objectives) and refinements are proposed as part of future permitting activities.  Adaptive 


management allows the best available science to be incorporated into management decisions and actions, 


and to address uncertainties associated with those actions, as well as system responses to processes like 


climate change.  DCP, Sites and the Proposed Action each contain compensatory mitigation measures to 


offset the impacts associated with operations and maintenance. 


Other cumulative effects (agricultural practices; increased urbanization; recreational activities in the 


region; and changes in location, volume, timing and method of delivery for non-CVP/SWP diversions) are 


discussed in Chapter 12. 
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7A.5.1 Sacramento River Winter-Run Chinook Salmon 


The effects analyses in Sections 7A.3.1 and 7A.4.1 indicate that operations of the Proposed Action, DCP, 


and Sites could combine to affect outmigration cues and refuge habitat in the Delta (Table 7A-23). Such 


effects would be limited by conservation measures including tidal habitat and channel margin restoration 


and north Delta intakes operating criteria under DCP and diversion criteria under Sites, in addition to 


various conservation measures under the Proposed Action. Several guiding principles would be applied 


to avoid, minimize, and offset adverse effects to winter-run Chinook salmon and winter-run Chinook 


salmon critical habitat (Table 7A-23). 
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Table 7A-23. Qualitative Summary of Proposed Action (PA), DCP, and Sites Effects on Sacramento River Winter-Run Chinook Salmon, for Operations-Related Stressors Affected by all Three Projects  


Life Stage Stressor 
PA Effect on 
Stressor PA Conservation Measures 


DCP Effect 
on Stressor 


DCP Conservation 
Measures 


Sites Effect on 
Stressor 


Sites Conservation 
Measures Rationale for Combined Effects Guiding Principles 


Juvenile 
Rearing and 
Outmigration 


Outmigration 
Cues (Delta) 


Increase (lethal; 
proportion: 
large; frequency: 
low) 


Minimize/compensate: Minimum 
Instream Flows; SRSC Diversion 
Spring Delays and Shifting 


Exacerbate: Fall and Winter Base 
Flows for Shasta Reservoir Refill and 
Redd Maintenance; Shasta Reservoir 
Water Temperature and Storage 
Management; Allocation Reductions 
for Shasta Reservoir End of 
September Storage; Rebalancing 
between other CVP Reservoirs for 
Shasta Reservoir End of September 
Storage; Reduced Wilkins Slough 
Minimum Flows for Shasta 
Reservoir End of September 
Storage; Minimum Refuge Summer 
Deliveries North of Delta; Drought 
Actions; SHOT Water Transfer 
Timing Approvals 


Increase 
(lethal; 
proportion: 
large; 
frequency: 
high) 


Minimize/compensate: North 
Delta intakes operating 
criteria; Mitigation Measure 
CMP (CMP-25: Tidal Habitat 
Restoration to Mitigate North 
Delta Hydrodynamic Effects 
on Chinook Salmon Juveniles)  


Increase (lethal; 
proportion: small 
to medium; 
frequency: 
medium) 


Minimize/compensate: 
Diversion criteria 


Available quantitative modeling 
indicates that potential effects 
could be greatest in December-
March (based on through-Delta 
survival modeling with STARS 
spreadsheet); however, the 
changes are limited (DCP: 2-4%; 
Sites: 0-1%; reflecting the range 
of month/water year type 
means). Operating/diversion 
criteria and habitat restoration 
would minimize/mitigate 
potential effects for each project, 
as applicable. 


⚫ Operate projects consistent 
with existing and/or future 
regulatory requirements in 
the Delta. 


⚫ Implement pulse flow 
criteria to provide 
migrating anadromous fish 
an opportunity to migrate 
past the diversion locations 
with minimum exposure to 
diversions and further 
minimize effects to 
through-Delta survival. 


⚫ Utilize best available 
science to establish flow 
levels necessary to provide 
migratory and rearing 
habitat to minimize effects 
to juvenile anadromous 
fish survival and facilitate 
their movement out of the 
river toward the delta and 
bays. 


⚫ Monitor and mitigate 
effects of diversions on 
migrating anadromous 
species and their habitat 
through identification of 
opportunities to develop 
additional habitat (i.e. tidal 
and channel margin 
restoration) to improve 
productivity of those fish 
populations.  


⚫ Protect habitat conditions 
supporting listed pelagic 
and anadromous species, 
mitigate potential flow 
related effects of Sites and 
DCP with habitat 
restoration developed in 
coordination with National 
Marine Fisheries Service 
(NMFS), Fish and Wildlife 
Service (FWS), and 
California Department of 
Fish and Wildlife (CDFW) 
to improve productivity of 
those fish populations. 
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Life Stage Stressor 
PA Effect on 
Stressor PA Conservation Measures 


DCP Effect 
on Stressor 


DCP Conservation 
Measures 


Sites Effect on 
Stressor 


Sites Conservation 
Measures Rationale for Combined Effects Guiding Principles 


 Refuge 
Habitat 
(Delta) 


Not anticipated 
to change (more 
seaward end of 
Delta); increase 
(more landward 
end of Delta; 
sub-lethal; 
proportion: 
large; frequency: 
medium) 


Minimize/compensate: Minimum 
Instream Flows; SRSC Transfer 
Delays 


Exacerbate: Fall and Winter Base 
Flows for Shasta Reservoir Refill and 
Redd Maintenance; Reduced Wilkins 
Slough Minimum Flows; SHOT 
Water Transfer Timing Approvals; 
Drought Actions 


Increase 
(sub-lethal; 
proportion: 
small; 
frequency: 
high) 


Minimize/compensate: 
Mitigation Measure CMP 
(CMP-26: Channel Margin 
Habitat Restoration for 
Operations Impacts on 
Chinook Salmon Juveniles); 
North Delta intakes operating 
criteria 


Not anticipated to 
change (more 
seaward end of 
Delta); increase 
(Sacramento River 
and more 
landward end of 
Delta; sub-lethal; 
proportion: 
medium; 
frequency: 
medium) 


Minimize/compensate: 
Diversion criteria  


Primarily winter diversions by 
Sites and DCP could affect refuge 
habitat in the north Delta, but 
effects would be limited by North 
Delta intakes operating criteria 
and Sites diversion criteria, 
together with CMP-26 for DCP. 


⚫ Operate projects consistent 
with existing and/or future 
regulatory requirements in 
the Delta. 


⚫ Utilize best available 
science to establish flow 
levels necessary to provide 
migratory and rearing 
habitat to minimize effects 
to juvenile anadromous 
fish survival and facilitate 
their movement out of the 
river toward the delta and 
bays. 


⚫ Monitor and mitigate 
effects of diversions on 
migrating anadromous 
species and their habitat 
through identification of 
opportunities to develop 
additional habitat (i.e. tidal 
and channel margin 
restoration) to improve 
productivity of those fish 
populations.  


⚫ Protect habitat conditions 
supporting listed pelagic 
and anadromous species, 
mitigate potential flow 
related effects of Sites and 
DCP with habitat 
restoration developed in 
coordination with National 
Marine Fisheries Service 
(NMFS), Fish and Wildlife 
Service (FWS), and 
California Department of 
Fish and Wildlife (CDFW) 
to improve productivity of 
those fish populations. 
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7A.5.2 Central Valley Spring-Run Chinook Salmon 


The effects analyses in Sections 7A.3.2 and 7A.4.2 indicate that operations of the Proposed Action, DCP, 


and Sites could combine to affect juvenile/yearling outmigration cues and refuge habitat in the Delta 


(Table 7A-24). Such effects would be limited by conservation measures including tidal habitat and 


channel margin restoration and north Delta intakes operating criteria under DCP and diversion criteria 


under Sites, in addition to various conservation measures under the Proposed Action. Several guiding 


principles would be applied to avoid, minimize, and offset adverse effects to spring-run Chinook salmon 


and spring-run Chinook salmon critical habitat (Table 7A-24). 
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Table 7A-24. Qualitative Summary of Proposed Action (PA), DCP, and Sites Effects on Central Valley Spring-Run Chinook Salmon, for Operations-Related Stressors Affected by all Three Projects  


Life Stage Stressor 
PA Effect on 
Stressor PA Conservation Measures 


DCP Effect on 
Stressor 


DCP Conservation 
Measures 


Sites Effect on 
Stressor 


Sites Conservation 
Measures Rationale for Combined Effects Guiding Principles 


Juvenile 
Rearing and 
Outmigration 


Outmigration 
Cues (Delta) 


Increase (lethal; 
proportion: large 
[Sacramento 
River], medium 
[Clear Creek]; 
frequency: low 
[Sacramento 
River and Clear 
Creek]) 


Minimize/compensate: 
Sacramento River: Minimum 
Instream Flows; Ramping 
Rates; Clear Creek: Minimum 
Instream Flows; Spring Pulse 
Flows; Ramping Rates 


Exacerbate: Sacramento 
River: Fall and Winter Base 
Flows for Shasta Reservoir 
Refill; Reduced Wilkins 
Slough Minimum Flows; 
Sacramento River and Clear 
Creek: Drought Actions 


Construction: not 
anticipated to 
change. Operations 
and maintenance: 
not anticipated to 
change 
(Sacramento 
River); increase 
(Delta; lethal; 
proportion: high; 
frequency: high). 


Minimize/compensate: 
North Delta intakes 
operating criteria; CMP-25: 
Tidal Habitat Restoration to 
Mitigate North Delta 
Hydrodynamic Effects on 
Chinook Salmon Juveniles  


Increase (lethal; 
proportion: small 
to medium; 
frequency: 
medium) 


Minimize/compensate: 
Diversion criteria 


Available quantitative modeling 
indicates that potential effects 
could be greatest in December-
March (based on through-Delta 
survival modeling with STARS 
spreadsheet); however, the 
changes are limited (DCP: 2-4%; 
Sites: 0-1%; reflecting the range of 
month/water year type means). 
Operating/diversion criteria and 
habitat restoration would 
minimize/mitigate potential 
effects for each project, as 
applicable. 


⚫ Operate projects consistent 
with existing and/or future 
regulatory requirements in 
the Delta. 


⚫ Implement pulse flow 
criteria to provide 
migrating anadromous fish 
an opportunity to migrate 
past the diversion locations 
with minimum exposure to 
diversions and further 
minimize effects to 
through-Delta survival. 


⚫ Utilize best available 
science to establish flow 
levels necessary to provide 
migratory and rearing 
habitat to minimize effects 
to juvenile anadromous fish 
survival and facilitate their 
movement out of the river 
toward the delta and bays. 


⚫ Monitor and mitigate 
effects of diversions on 
migrating anadromous 
species and their habitat 
through identification of 
opportunities to develop 
additional habitat (i.e. tidal 
and channel margin 
restoration) to improve 
productivity of those fish 
populations.  


⚫ Protect habitat conditions 
supporting listed pelagic 
and anadromous species, 
mitigate potential flow 
related effects of Sites and 
DCP with habitat 
restoration developed in 
coordination with National 
Marine Fisheries Service 
(NMFS), Fish and Wildlife 
Service (FWS), and 
California Department of 
Fish and Wildlife (CDFW) 
to improve productivity of 
those fish populations. 


Refuge Not anticipated Minimize/compensate: Increase (sub- Minimize/compensate: CMP- Not anticipated to Minimize/compensate: Primarily winter diversions by ⚫ Operate projects consistent 
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Life Stage Stressor 
PA Effect on 
Stressor PA Conservation Measures 


DCP Effect on 
Stressor 


DCP Conservation 
Measures 


Sites Effect on 
Stressor 


Sites Conservation 
Measures Rationale for Combined Effects Guiding Principles 


Habitat 
(Delta) 


to change (more 
seaward end of 
Delta); increase 
(more landward 
end of Delta; sub-
lethal; 
proportion: large; 
frequency: low) 


Sacramento River: Minimum 
Instream Flows; Voluntary 
Agreement Pulse Flows; 
Sacramento River Pulse 
Flows; Clear Creek: Minimum 
Instream Flows; Spring Pulse 
Flows 


Exacerbate: Sacramento 
River: Fall and Winter Base 
Flows for Shasta Reservoir 
Refill; Reduced Wilkins 
Slough Minimum Flows; 
Sacramento River and Clear 
Creek: Drought Actions 


lethal; proportion: 
small; frequency: 
high) 


26: Channel Margin Habitat 
Restoration for Operations 
Impacts on Chinook Salmon 
Juveniles); North Delta 
intakes operating criteria 


change (more 
seaward end of 
Delta); increase 
(Sacramento 
River more 
landward end of 
the Delta; 
proportion: 
medium; 
frequency: 
medium) 


diversion criteria  Sites and DCP could affect refuge 
habitat in the north Delta, but 
effects would be limited by North 
Delta intakes operating criteria 
and Sites diversion criteria, 
together with CMP-26 for DCP. 


with existing and/or future 
regulatory requirements in 
the Delta. 


⚫ Utilize best available 
science to establish flow 
levels necessary to provide 
migratory and rearing 
habitat to minimize effects 
to juvenile anadromous fish 
survival and facilitate their 
movement out of the river 
toward the delta and bays. 


⚫ Monitor and mitigate 
effects of diversions on 
migrating anadromous 
species and their habitat 
through identification of 
opportunities to develop 
additional habitat (i.e. tidal 
and channel margin 
restoration) to improve 
productivity of those fish 
populations.  


⚫ Protect habitat conditions 
supporting listed pelagic 
and anadromous species, 
mitigate potential flow 
related effects of Sites and 
DCP with habitat 
restoration developed in 
coordination with National 
Marine Fisheries Service 
(NMFS), Fish and Wildlife 
Service (FWS), and 
California Department of 
Fish and Wildlife (CDFW) 
to improve productivity of 
those fish populations. 


Yearling 
Outmigration 


Outmigration 
Cues (Delta) 


Increase (lethal; 
proportion: large; 
frequency: low) 


Minimize/compensate: 
Sacramento River: Minimum 
Instream Flows; Fall and 
Winter Base Flows for Shasta 
Reservoir Redd Maintenance; 
Clear Creek: Minimum 
Instream Flows 


Exacerbate: Sacramento 
River: Fall and Winter Base 
Flows for Shasta Reservoir 
Refill; Reduced Wilkins 
Slough Minimum Flows; 
Sacramento River and Clear 
Creek: Drought Actions 


Increase (lethal; 
proportion: high; 
frequency: high). 


Minimize/compensate: 
North Delta intakes 
operating criteria; CMP-25: 
Tidal Habitat Restoration to 
Mitigate North Delta 
Hydrodynamic Effects on 
Chinook Salmon Juveniles  


Increase (lethal; 
proportion: small 
to medium; 
frequency: 
medium) 


Minimize/compensate: 
Diversion criteria 


Available quantitative modeling 
indicates that potential effects 
could be greatest in December-
March, which overlaps the 
yearling outmigration period. The 
potential effects would be limited 
(based on through-Delta survival 
modeling with STARS 
spreadsheet, i.e., DCP: 3% or less; 
Sites: 0-1%; reflecting the range of 
month/water year type means). 
Operating/diversion criteria and 
habitat restoration would 
minimize/mitigate potential 


⚫ Operate projects consistent 
with existing and/or future 
regulatory requirements in 
the Delta. 


⚫ Utilize best available 
science to establish flow 
levels necessary to provide 
migratory and rearing 
habitat to minimize effects 
to juvenile anadromous fish 
survival and facilitate their 
movement out of the river 
toward the delta and bays. 


⚫ Monitor and mitigate 
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Life Stage Stressor 
PA Effect on 
Stressor PA Conservation Measures 


DCP Effect on 
Stressor 


DCP Conservation 
Measures 


Sites Effect on 
Stressor 


Sites Conservation 
Measures Rationale for Combined Effects Guiding Principles 


effects for each project, as 
applicable. 


 


effects of diversions on 
migrating anadromous 
species and their habitat 
through identification of 
opportunities to develop 
additional habitat (i.e. tidal 
and channel margin 
restoration) to improve 
productivity of those fish 
populations.  


⚫ Protect habitat conditions 
supporting listed pelagic 
and anadromous species, 
mitigate potential flow 
related effects of Sites and 
DCP with habitat 
restoration developed in 
coordination with National 
Marine Fisheries Service 
(NMFS), Fish and Wildlife 
Service (FWS), and 
California Department of 
Fish and Wildlife (CDFW) 
to improve productivity of 
those fish populations. 


 


  







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-144 


May 2024 
ICF 103653  


 


 


This page was intentionally left blank. 


 







CA Department of Water Resources 


 Appendix 7A 
Framework Programmatic Assessment for the Delta  


Conveyance Project and Sites Reservoir Project 
 


Delta Conveyance Project, Biological Assessment 
7A-145 


May 2024 
ICF 103653  


 


7A.5.3 California Central Valley Steelhead 


The effects analyses in Sections 7A.3.3 and 7A.4.3 indicate that operations of the Proposed Action, DCP, 


and Sites could combine to affect juvenile refuge habitat in the Delta (Table 7A-25)13. Such effects would 


be limited by conservation measures including channel margin restoration and north Delta intakes 


operating criteria under DCP and diversion criteria under Sites, in addition to various conservation 


measures under the Proposed Action. Several guiding principles would be applied to avoid, minimize, 


and offset adverse effects to Central Valley steelhead and Central Valley steelhead critical habitat (Table 


7A-25). 


  


 
13 Note that increases to the Outmigration Cues stressor occurs for both DCP and Sites, but is not included in the table 
because it was not a sufficiently large effect for the Proposed Action. 
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Table 7A-25. Qualitative Summary of Proposed Action (PA), DCP, and Sites Effects on Central Valley Steelhead, for Operations-Related Stressors Affected by all Three Projects  


Life Stage Stressor 
PA Effect on 
Stressor PA Conservation Measures 


DCP Effect on 
Stressor DCP Conservation Measures 


Sites Effect on 
Stressor 


Sites Conservation 
Measures 


Rationale for 
Combined Effects Guiding Principles 


Juvenile 
Rearing and 
Outmigration 


Refuge 
Habitat 
(Delta) 


Not anticipated to 
change (more 
seaward end of 
Delta); Increase 
(more landward end 
of the Delta; winter 
and spring; sublethal; 
proportion: small to 
medium; frequency: 
high) 


Minimize/compensate: 
Sacramento River: Minimum 
Instream Flows. Clear Creek: 
Minimum Instream Flows. 
American River: Minimum 
Instream Flows. Stanislaus River: 
Stepped Release Plan. 


Exacerbate: Fall and Winter Base 
Flows for Shasta Reservoir Refill 
and Redd Maintenance 


Increase (sub-
lethal; 
proportion: 
small; 
frequency: 
high) 


Minimize/compensate: CMP-
26: Channel Margin Habitat 
Restoration for Operations 
Impacts on Chinook Salmon 
Juveniles; North Delta intakes 
operating criteria 


Not anticipated to 
change (more 
seaward end of 
Delta); increase 
(more landward 
end of the Delta; 
proportion: 
medium; 
frequency: 
medium) 


Minimize/compensate: 
Diversion criteria.  


Primarily winter 
diversions by Sites and 
DCP could affect refuge 
habitat in the north 
Delta, but effects would 
be limited by North 
Delta intakes operating 
criteria and Sites 
diversion criteria, 
together with CMP-26 
for DCP. 


⚫ Operate projects consistent with 
existing and/or future regulatory 
requirements in the Delta. 


⚫ Implement pulse flow criteria to 
provide migrating anadromous fish 
an opportunity to migrate past the 
diversion locations with minimum 
exposure to diversions and further 
minimize effects to through-Delta 
survival. 


⚫ Utilize best available science to 
establish flow levels necessary to 
provide migratory and rearing 
habitat to minimize effects to 
juvenile anadromous fish survival 
and facilitate their movement out of 
the river toward the delta and bays. 


⚫ Monitor and mitigate effects of 
diversions on migrating 
anadromous species and their 
habitat through identification of 
opportunities to develop additional 
habitat (i.e. tidal and channel 
margin restoration) to improve 
productivity of those fish 
populations.  


⚫ Protect habitat conditions 
supporting listed pelagic and 
anadromous species, mitigate 
potential flow related effects of 
Sites and DCP with habitat 
restoration developed in 
coordination with National Marine 
Fisheries Service (NMFS), Fish and 
Wildlife Service (FWS), and 
California Department of Fish and 
Wildlife (CDFW) to improve 
productivity of those fish 
populations. 
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7A.5.4 Green Sturgeon 


The effects analyses in Sections 7A.3.4 and 7A.4.4 suggest that operations of the Proposed Action, DCP, 


and Sites would not combine to appreciably affect green sturgeon stressors within the Delta. Regardless 


of this programmatic conclusion, several guiding principles would be applied to avoid, minimize, and 


offset adverse effects to green sturgeon and green sturgeon critical habitat in the Delta: 


⚫ Operate projects consistent with existing and/or future regulatory requirements in the Delta. 


⚫ Implement pulse flow criteria to provide migrating anadromous fish an opportunity to migrate past 


the diversion locations with minimum exposure to diversions and further minimize effects to 


through-Delta survival. 


⚫ Utilize best available science to establish flow levels necessary to provide migratory and rearing 


habitat to minimize effects to juvenile anadromous fish survival and facilitate their movement out of 


the river toward the delta and bays. 


⚫ Monitor and mitigate effects of diversions on migrating anadromous species and their habitat 


through identification of opportunities to develop additional habitat (i.e. tidal and channel margin 


restoration) to improve productivity of those fish populations.  


⚫ Protect habitat conditions supporting listed pelagic and anadromous species, mitigate potential flow 


related effects of Sites and DCP with habitat restoration developed in coordination with National 


Marine Fisheries Service (NMFS), Fish and Wildlife Service (FWS), and California Department of Fish 


and Wildlife (CDFW) to improve productivity of those fish populations. 


7A.5.5 Delta Smelt 


The effects analyses in Sections 7A.3.5 and 7A.4.5 indicate that operations of the Proposed Action, DCP, 


and Sites could combine to affect food availability/quality for larval and juvenile delta smelt (Table 


7A-26). Such effects would be limited by conservation measures including tidal habitat restoration under 


DCP and reservoir releases under Sites, in addition to various conservation measures under the Proposed 


Action. Several guiding principles would be applied to avoid, minimize, and offset adverse effects to delta 


smelt and delta smelt critical habitat (Table 7A-26).    
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Table 7A-26. Qualitative Summary of Proposed Action (PA), DCP, and Sites Effects on Delta Smelt, for Operations-Related Stressors Affected by all Three Projects  


Life 
Stage Stressor 


PA Effect on 
Stressor PA Conservation Measures 


DCP Effect on 
Stressor 


DCP Conservation 
Measures 


Sites Effect on 
Stressor 


Sites Conservation 
Measures Rationale for Combined Effects Guiding Principles 


Eggs and 
Larvae 


Food 
Availability 


Increase (sub-
lethal to lethal; 
proportion: 
likely medium; 
frequency: high) 


Minimize/compensate: 
Minimum Instream Flows; 
Winter and Spring Delta 
Outflow 


Exacerbate: Fall and Winter 
Base Flows for Shasta 
Reservoir Refill; Reduced 
Wilkins Slough Minimum 
Flows; Drought Actions 


Increase (sub-
lethal; 
proportion: 
small; 
frequency: 
high) 


Minimize/compensate: 
Mitigation Measure CMP 
(CMP-27: Tidal Habitat 
Restoration for Operations 
Impacts on Delta Smelt) 


Increase (sub-
lethal; proportion: 
small; frequency: 
medium) 


— Less spring Delta outflow (higher X2) 
as a result of DCP and Sites diversions 
could result in small reductions in 
spring zooplankton prey (in particular 
Eurytemora affinis); DCP includes CMP-
27 for mitigation. 


⚫ Operate projects consistent with 
existing and/or future regulatory 
requirements in the Delta. 


⚫ Monitor and mitigate effects of 
diversions on habitat for Delta 
pelagic fish species through 
identification and implementation 
of opportunities to develop 
additional habitat (i.e. tidal 
habitat restoration) to improve 
productivity of those fish 
populations. 


⚫ Protect habitat conditions 
supporting listed pelagic and 
anadromous species, mitigate 
potential flow related effects of 
DCP and Sites with habitat 
restoration developed in 
coordination with NMFS, FWS, 
and CDFW to improve 
productivity of those fish 
populations. 


⚫ Cooperate with the fisheries 
resource agencies to monitor 
effects of diversions to the Sites 
Reservoir and DCP on the location 
of X2 and Delta outflow and, as 
appropriate, identify 
opportunities to offset adverse 
effects to critical habitat through 
appropriate mitigation measures 
or adaptive management actions. 


Juveniles Food 
Availability 
and Quality 


Increase (sub-
lethal to lethal; 
proportion: 
likely medium; 
frequency: 
likely medium 
to high) 


Minimize/compensate: 
Minimum Instream Flows; 
Delta Smelt Supplementation 


Exacerbate: Fall and Winter 
Base Flows for Shasta 
Reservoir Refill; Reduced 
Wilkins Slough Minimum 
Flows; Drought Actions 


Increase (sub-
lethal; 
proportion: 
small; 
frequency: 
high) 


Minimize/compensate: 
Mitigation Measure CMP 
(CMP-27: Tidal Habitat 
Restoration for Operations 
Impacts on Delta Smelt) 


Decrease 
(beneficial; 
proportion: small 
to medium; 
frequency: 
medium) or 
increase (sub-
lethal; proportion: 
small; frequency: 
medium)  


Minimize/compensate: 
Releases from Sites 
Reservoir 


DCP north Delta intake operations may 
entrain foodweb organisms but this is 
limited in extent, particularly relative to 
in situ production. Less June-October 
Delta outflow because of less outflow 
needed meeting Delta salinity 
requirements could result in less 
zooplankton prey (Pseudodiaptomus 
forbesi), but there is uncertainty 
associated with factors such as QWEST 
flow being similar to baseline; effects to 
be mitigated by CMP-27. A decrease to 
the stressor could occur as a result of 
Sites reservoir releases because of 
north Delta food subsidy (releases via 
Yolo Bypass) or broader Delta outflow 
increase (correlation with zooplankton 
prey abundance); an increase to 


⚫ Operate projects consistent with 
existing and/or future regulatory 
requirements in the Delta. 


⚫ Monitor and mitigate effects of 
diversions on habitat for Delta 
pelagic fish species through 
identification and implementation 
of opportunities to develop 
additional habitat (i.e. tidal 
habitat restoration) to improve 
productivity of those fish 
populations. 


⚫ Protect habitat conditions 
supporting listed pelagic and 
anadromous species, mitigate 
potential flow related effects of 
DCP and Sites with habitat 
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Life 
Stage Stressor 


PA Effect on 
Stressor PA Conservation Measures 


DCP Effect on 
Stressor 


DCP Conservation 
Measures 


Sites Effect on 
Stressor 


Sites Conservation 
Measures Rationale for Combined Effects Guiding Principles 


stressor could occur as a result of 
zooplankton entrainment as a result of 
export of Sites reservoir water from 
south Delta during the juvenile life 
stage.  


restoration developed in 
coordination with NMFS, FWS, 
and CDFW to improve 
productivity of those fish 
populations. 


⚫ Cooperate with the fisheries 
resource agencies to monitor 
effects of diversions to the Sites 
Reservoir and DCP on the location 
of X2 and Delta outflow and, as 
appropriate, identify 
opportunities to offset adverse 
effects to critical habitat through 
appropriate mitigation measures 
or adaptive management actions. 
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7A.5.6 Longfin Smelt 


The effects analyses in Sections 7A.3.6 and 7A.4.6 indicate that operations of the Proposed Action, DCP, 


and Sites could combine to increase freshwater flow and food availability stressors for longfin smelt 


(Table 7A-27). Such effects would be limited by conservation measures including tidal habitat restoration 


under Sites and DCP, in addition to various conservation measures under the Proposed Action. Several 


guiding principles would be applied to avoid, minimize, and offset adverse effects to longfin smelt (Table 


7A-27).    
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Table 7A-27. Qualitative Summary of Proposed Action (PA), DCP, and Sites Effects on Longfin Smelt, for Operations-Related Stressors Affected by all Three Projects  


Life Stage Stressor 
PA Effect on 
Stressor PA Conservation Measures 


DCP Effect on 
Stressor DCP Conservation Measures 


Sites Effect on 
Stressor 


Sites Conservation 
Measures Rationale for Combined Effects Guiding Principles 


Juveniles 
Rearing 
and 
Migration 


Freshwater 
Flow 


Increase (sub-
lethal to lethal; 
proportion: 
likely small; 
frequency: likely 
medium to high) 


Minimize/compensate:  
Minimum Instream Flows; 
Winter and Spring Delta 
Outflow 


Exacerbate: Fall and Winter 
Base Flows for Shasta 
Reservoir Refill; Reduced 
Wilkins Slough Minimum 
Flows; Drought Actions 


Increase (sub-
lethal to lethal; 
proportion: 
medium; 
frequency: 
medium to 
high) 


Minimize/compensate: 
Mitigation Measure CMP 
(CMP-28: Tidal Perennial 
Habitat Restoration for 
Operations Impacts on 
Longfin Smelt) 


Increase (sub-
lethal to lethal; 
proportion: 
medium; 
frequency: 
medium) 


Minimize/compensate: 
Mitigation Measure FISH-
9.1: Tidal Habitat 
Restoration for Longfin 
Smelt 


DCP and Sites operations have 
the potential for an uncertain 
negative effect on population 
abundance index caused by less 
winter/spring Delta outflow, 
mitigated by tidal habitat 
restoration (CMP-28 and 
Mitigation Measure FISH-9.1). 


⚫ Operate projects consistent with 
existing and/or future regulatory 
requirements in the Delta. 


⚫ Monitor and mitigate effects of 
diversions on habitat for Delta 
pelagic fish species through 
identification and implementation 
of opportunities to develop 
additional habitat (i.e. tidal habitat 
restoration) to improve 
productivity of those fish 
populations. 


⚫ Protect habitat conditions 
supporting listed pelagic and 
anadromous species, mitigate 
potential flow related effects of 
DCP and Sites with habitat 
restoration developed in 
coordination with NMFS, FWS, and 
CDFW to improve productivity of 
those fish populations. 


⚫ Cooperate with the fisheries 
resource agencies to monitor 
effects of diversions to the Sites 
Reservoir and DCP on the location 
of X2 and Delta outflow and, as 
appropriate, identify opportunities 
to offset adverse effects to critical 
habitat through appropriate 
mitigation measures or adaptive 
management actions. 


⚫  


Food 
Availability 


Increase (sub-
lethal to lethal; 
proportion: 
medium; 
frequency: likely 
high) 


Minimize/compensate:  
Minimum Instream Flows; 
Spring Delta Outflow 


Exacerbate: Fall and Winter 
Base Flows for Shasta 
Reservoir Refill; Reduced 
Wilkins Slough Minimum 
Flows; Drought Actions 


Increase (sub-
lethal to lethal; 
proportion: 
small; 
frequency: 
high). 


Minimize/compensate: 
Mitigation Measure CMP 
(CMP-28: Tidal Perennial 
Habitat Restoration for 
Operations Impacts on 
Longfin Smelt) 


Increase (sub-
lethal; 
proportion: 
small; 
frequency: 
medium) 


Minimize/compensate: 
Mitigation Measure FISH-
9.1: Tidal Habitat 
Restoration for Longfin 
Smelt 


Less Delta outflow because of 
DCP and Sites diversions could 
decrease zooplankton/mysid 
abundance; effects to be 
mitigated by CMP-28 and 
Mitigation Measure FISH-9.1. 


⚫ Operate projects consistent with 
existing and/or future regulatory 
requirements in the Delta. 


⚫ Monitor and mitigate effects of 
diversions on habitat for Delta 
pelagic fish species through 
identification and implementation 
of opportunities to develop 
additional habitat (i.e. tidal habitat 
restoration) to improve 
productivity of those fish 
populations. 


⚫ Protect habitat conditions 
supporting listed pelagic and 
anadromous species, mitigate 
potential flow related effects of 
DCP and Sites with habitat 
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Life Stage Stressor 
PA Effect on 
Stressor PA Conservation Measures 


DCP Effect on 
Stressor DCP Conservation Measures 


Sites Effect on 
Stressor 


Sites Conservation 
Measures Rationale for Combined Effects Guiding Principles 


restoration developed in 
coordination with NMFS, FWS, and 
CDFW to improve productivity of 
those fish populations. 


⚫ Cooperate with the fisheries 
resource agencies to monitor 
effects of diversions to the Sites 
Reservoir and DCP on the location 
of X2 and Delta outflow and, as 
appropriate, identify opportunities 
to offset adverse effects to critical 
habitat through appropriate 
mitigation measures or adaptive 
management actions. 


⚫  


Adult 
Holding 
and 
Spawning 


Freshwater 
Flow 


Increase (sub-
lethal to lethal; 
proportion: 
likely medium; 
frequency: likely 
low) 


Minimize/compensate:  
Minimum Instream Flows; 
Winter and Spring Delta 
Outflow 


Exacerbate: SHOT Reduction 
in Sacramento River Fall and 
Winter Flows; Reduced 
Wilkins Slough Minimum 
Flows; Drought Actions 


Increase (sub-
lethal to lethal; 
proportion: 
medium; 
frequency: 
medium to 
high) 


Minimize/compensate: 
Mitigation Measure CMP 
(CMP-28: Tidal Perennial 
Habitat Restoration for 
Operations Impacts on 
Longfin Smelt) 


Increase (sub-
lethal to lethal; 
proportion: 
medium; 
frequency: 
medium) 


Minimize/compensate: 
Mitigation Measure FISH-
9.1: Tidal Habitat 
Restoration for Longfin 
Smelt 


DCP and Sites operations have 
the potential for an uncertain 
negative effect on population 
abundance index caused by less 
winter/spring Delta outflow, 
mitigated by tidal habitat 
restoration (CMP-28 and 
Mitigation Measure FISH-9.1). 


⚫ Operate projects consistent with 
existing and/or future regulatory 
requirements in the Delta. 


⚫ Monitor and mitigate effects of 
diversions on habitat for Delta 
pelagic fish species through 
identification and implementation 
of opportunities to develop 
additional habitat (i.e. tidal habitat 
restoration) to improve 
productivity of those fish 
populations. 


⚫ Protect habitat conditions 
supporting listed pelagic and 
anadromous species, mitigate 
potential flow related effects of 
DCP and Sites with habitat 
restoration developed in 
coordination with NMFS, FWS, and 
CDFW to improve productivity of 
those fish populations. 


⚫ Cooperate with the fisheries 
resource agencies to monitor 
effects of diversions to the Sites 
Reservoir and DCP on the location 
of X2 and Delta outflow and, as 
appropriate, identify opportunities 
to offset adverse effects to critical 
habitat through appropriate 
mitigation measures or adaptive 
management actions. 


Food 
Availability 


Increase (sub-
lethal to lethal; 
proportion: 
medium; 
frequency: likely 
high) 


Minimize/compensate: 
Minimum Instream Flows; 
Winter and Spring Delta 
Outflow 


Exacerbate: Fall and Winter 
Base Flows for Shasta 


Increase (sub-
lethal to lethal; 
proportion: 
small; 
frequency: 
high). 


Minimize/compensate: 
Mitigation Measure CMP 
(CMP-28: Tidal Perennial 
Habitat Restoration for 
Operations Impacts on 
Longfin Smelt) 


Increase (sub-
lethal; 
proportion: 
small; 
frequency: 
medium) 


Minimize/compensate: 
Mitigation Measure FISH-
9.1: Tidal Habitat 
Restoration for Longfin 
Smelt 


Less Delta outflow because of 
DCP and Sites diversions could 
decrease zooplankton/mysid 
abundance; effects to be 
mitigated by CMP-28 and 
Mitigation Measure FISH-9.1. 


⚫ Operate projects consistent with 
existing and/or future regulatory 
requirements in the Delta. 


⚫ Monitor and mitigate effects of 
diversions on habitat for Delta 
pelagic fish species through 
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Life Stage Stressor 
PA Effect on 
Stressor PA Conservation Measures 


DCP Effect on 
Stressor DCP Conservation Measures 


Sites Effect on 
Stressor 


Sites Conservation 
Measures Rationale for Combined Effects Guiding Principles 


Reservoir Refill; Reduced 
Wilkins Slough Minimum 
Flows; Drought Actions 


identification and implementation 
of opportunities to develop 
additional habitat (i.e. tidal habitat 
restoration) to improve 
productivity of those fish 
populations. 


⚫ Protect habitat conditions 
supporting listed pelagic and 
anadromous species, mitigate 
potential flow related effects of 
DCP and Sites with habitat 
restoration developed in 
coordination with NMFS, FWS, and 
CDFW to improve productivity of 
those fish populations. 


⚫ Cooperate with the fisheries 
resource agencies to monitor 
effects of diversions to the Sites 
Reservoir and DCP on the location 
of X2 and Delta outflow and, as 
appropriate, identify opportunities 
to offset adverse effects to critical 
habitat through appropriate 
mitigation measures or adaptive 
management actions. 


Eggs and 
Larvae 


Freshwater 
Flow 


Increase (sub-
lethal to lethal; 
proportion: 
likely medium; 
frequency: likely 
medium to high) 


Minimize/compensate:  
Minimum Instream Flows; 
Spring Delta Outflow 


Exacerbate: SHOT Reduction 
in Sacramento River Fall and 
Winter Flows; Reduced 
Wilkins Slough Minimum 
Flows; Drought Actions 


Increase (sub-
lethal to lethal; 
proportion: 
medium; 
frequency: 
medium to 
high) 


Minimize/compensate: 
Mitigation Measure CMP 
(CMP-28: Tidal Perennial 
Habitat Restoration for 
Operations Impacts on 
Longfin Smelt) 


Increase (sub-
lethal to lethal; 
proportion: 
medium; 
frequency: 
medium) 


Minimize/compensate: 
Mitigation Measure FISH-
9.1: Tidal Habitat 
Restoration for Longfin 
Smelt 


DCP and Sites operations have 
the potential for an uncertain 
negative effect on population 
abundance index caused by less 
winter/spring Delta outflow, 
mitigated by tidal habitat 
restoration (CMP-28 and 
Mitigation Measure FISH-9.1). 


⚫ Operate projects consistent with 
existing and/or future regulatory 
requirements in the Delta. 


⚫ Monitor and mitigate effects of 
diversions on habitat for Delta 
pelagic fish species through 
identification and implementation 
of opportunities to develop 
additional habitat (i.e. tidal habitat 
restoration) to improve 
productivity of those fish 
populations. 


⚫ Protect habitat conditions 
supporting listed pelagic and 
anadromous species, mitigate 
potential flow related effects of 
DCP and Sites with habitat 
restoration developed in 
coordination with NMFS, FWS, and 
CDFW to improve productivity of 
those fish populations. 


⚫ Cooperate with the fisheries 
resource agencies to monitor 
effects of diversions to the Sites 
Reservoir and DCP on the location 
of X2 and Delta outflow and, as 
appropriate, identify opportunities 
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Life Stage Stressor 
PA Effect on 
Stressor PA Conservation Measures 


DCP Effect on 
Stressor DCP Conservation Measures 


Sites Effect on 
Stressor 


Sites Conservation 
Measures Rationale for Combined Effects Guiding Principles 


to offset adverse effects to critical 
habitat through appropriate 
mitigation measures or adaptive 
management actions. 


Food 
Availability 


Increase (sub-
lethal to lethal; 
proportion: 
likely medium; 
frequency: likely 
high) 


Minimize/compensate:  
Minimum Instream Flows; 
Winter and Spring Delta 
Outflow 


Exacerbate: Fall and Winter 
Base Flows for Shasta 
Reservoir Refill; Reduced 
Wilkins Slough Minimum 
Flows; Drought Actions 


Increase (sub-
lethal to lethal; 
proportion: 
small; 
frequency: 
high) 


Minimize/compensate: 
Mitigation Measure CMP 
(CMP-28: Tidal Perennial 
Habitat Restoration for 
Operations Impacts on 
Longfin Smelt) 


Increase (sub-
lethal; 
proportion: 
small; 
frequency: 
medium) 


Minimize/compensate: 
Mitigation Measure FISH-
9.1: Tidal Habitat 
Restoration for Longfin 
Smelt 


Less Delta outflow because of 
DCP and Sites diversions could 
decrease zooplankton/mysid 
abundance; effects to be 
mitigated by CMP-28 and 
Mitigation Measure FISH-9.1. 


⚫ Operate projects consistent with 
existing and/or future regulatory 
requirements in the Delta. 


⚫ Monitor and mitigate effects of 
diversions on habitat for Delta 
pelagic fish species through 
identification and implementation 
of opportunities to develop 
additional habitat (i.e. tidal habitat 
restoration) to improve 
productivity of those fish 
populations. 


⚫ Protect habitat conditions 
supporting listed pelagic and 
anadromous species, mitigate 
potential flow related effects of 
DCP and Sites with habitat 
restoration developed in 
coordination with NMFS, FWS, and 
CDFW to improve productivity of 
those fish populations. 


⚫ Cooperate with the fisheries 
resource agencies to monitor 
effects of diversions to the Sites 
Reservoir and DCP on the location 
of X2 and Delta outflow and, as 
appropriate, identify opportunities 
to offset adverse effects to critical 
habitat through appropriate 
mitigation measures or adaptive 
management actions. 
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7A.5.7 Southern Resident Killer Whale 


The effects analyses summaries provided in Sections 7A.3.7 and 7A.4.7 indicate that the Proposed 


Action, DCP, and Sites would not combine to affect prey availability for killer whale beyond a 


discountable/insignificant level. 


7A.6 References Cited 
National Marine Fisheries Service. 2019. Biological Opinion on the Long-Term Operation of the 


Central Valley Project and State Water Project. Consultation tracking number WCRO-2016-2 


00069. October 21. National Marine Fisheries Service, West Coast Region. 
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Appendix 5A 
Essential Fish Habitat Assessment 


5A.1 Essential Fish Habitat Assessment 
Section 305(b) of the Magnuson-Stevens Fishery Conservation and Management Act of 1976 for 


Essential Fish Habitat (MSA), as amended by the Sustainable Fisheries Act of 1996 (Public Law 104-


267), requires federal agencies to consult with the National Marine Fisheries Service (NMFS) on 


activities that may adversely affect essential fish habitat (EFH) for species that are managed under 


federal fishery management plans for U.S. waters. Section 3 of the MSA defines EFH as “those waters 


and substrate necessary to fish for spawning, breeding, feeding, or growth to maturity” (16 United 


States Code § 1802). These waters include aquatic areas and their associated physical, chemical, and 


biological habitat features necessary to support the entire life cycle of the species in question and 


may include areas historically used by these species. Adverse effect means any impact that reduces 


the quality or quantity of EFH and may include direct or indirect physical, chemical, or biological 


alteration of the waters or substrate and loss of (or injury to) benthic organisms, prey species and 


their habitat, and other ecosystem components.  


The MSA also requires that NMFS designate habitat areas of particular concern (HAPCs) for each 


federally managed fish species. HAPCs are subsets of EFH, which are rare, particularly susceptible to 


human-induced degradation, ecologically important, or located in an environmentally stressed area. 


HAPCs are not afforded additional protection beyond that of the EFH; however, federal projects with 


potential adverse effects on HAPCs will be given more scrutiny during the consultation process.  


5A.2  Regulatory Setting 
The proposed action constitutes a federal action requiring EFH consultation under Section 305(b) of 


the MSA. The proposed action will also require federal permitting under Section 404 of the Clean 


Water Act and Section 10 of the Rivers and Harbors Act. These federal actions will also require EFH 


consultation. 


The objective of this EFH assessment is to describe potential adverse effects of the proposed action 


on EFH, federally managed fish species, and the habitats upon which these species rely. This 


assessment also describes conservation measures proposed to avoid, minimize, or otherwise offset 


potential adverse effects resulting from the proposed action on EFH. 


5A.2.1 Proposed Action 


For a full description of the proposed action, refer to Chapter 3, Description of the Proposed 


Action. 


5A.2.2 EFH Species and Habitats in the Action Area 


The action area occurs in habitats designated EFH for Pacific salmon, which includes Sacramento 


River winter-run Chinook salmon, Central Valley spring-run Chinook salmon, and Central Valley fall-
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run/late fall–run Chinook salmon. The action area is also designated as EFH for northern anchovy 


(Coastal Pelagic Species) and starry flounder, brown rockfish, and English sole (Pacific Coast 


groundfish species). 


As defined above, EFH is those waters and substrate necessary to fish for spawning, breeding, 


feeding, or growth to maturity. For the purpose of interpreting the definition of EFH, “waters” 


include aquatic areas and their associated physical, chemical, and biological properties that are used 


by fish, and may include areas historically used by fish where appropriate; “substrate” includes 


sediment, hard bottom, structures underlying the waters, and associated biological communities; 


“necessary” means habitat required to support a sustainable fishery and a healthy ecosystem; and 


“spawning, breeding, feeding, or growth to maturity” covers a species full life cycle. The following 


components of EFH must be adequate for spawning, rearing, and migration.  


• Substrate composition  


• Water quality  


• Water quantity  


• Depth and velocity  


• Channel gradient and stability  


• Food  


• Cover and habitat complexity  


• Space  


• Access and passage  


• Habitat connectivity  


The proposed action’s effects on spring and winter-run Chinook salmon, which are listed under the 


federal Endangered Species Act (ESA), and their designated critical habitat is described in Chapter 5, 


Effects Analysis for Chinook Salmon, California Central Valley Steelhead, Green Sturgeon, and Killer 


Whale. Similar to the NMFS (2019) State Water Project (SWP)/Central Valley Project (CVP) 


Biological Opinion (BiOp), these effects generally define the effects of the action on EFH relative to 


these (listed above) Evolutionarily Significant Units (ESUs). The following assessment with respect 


to Pacific salmon EFH focuses on Central Valley fall-run/late fall–run Chinook salmon, which are not 


listed but covered under the MSA. The final conclusions for effects on Pacific Salmon EFH consider 


the effects on all ESUs as necessary.  


Brown rockfish and English sole are found as far landward as Suisun Bay, and English sole are rarely 


caught in the west Delta (only in the drought years of 1989 and 1991 [Baxter et al. 1999]). Brown 


rockfish have been captured only once in Suisun Bay in 1984 and in very low catch-per-unit effort 


(CPUE) (Baxter et al. 1999). In plots of CPUE for English sole, Baxter et al. (1999) showed only trace 


CPUE in both the west Delta and Suisun Bay as compared to other embayments within the San 


Francisco Estuary from 1980–1995. Because these areas are on the extreme margins of these 


species range and because the proposed action would only negligibly affect, if at all, conditions in 


their main ranges, it was concluded that there would be no effect on the EFH for these species. No 


further analysis was conducted for brown rockfish and English sole. 


Because northern anchovy and starry flounder are not listed under ESA, but are covered under the 


MSA, their status, distribution, life history, and habitat requirements are reviewed below. For 


information related to Central Valley fall-run/late fall–run Chinook salmon, refer to Chapter 4, 
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Action Area and Environmental Baseline, Section 4.4.3, Chinook Salmon, Central Valley Fall-Run and 


Late Fall–Run ESU.  


5A.3 Description of Potentially Affected Species 


5A.3.1 Coastal Pelagic Species 


5A.3.1.1 Coastal Pelagic Species EFH in the Action Area 


Northern anchovy is a species for which EFH exists in the San Francisco Estuary and Delta, as one of 


the managed Coastal Pelagic Species. The overall extent of coastal pelagic EFH is based on a thermal 


range bordered by the geographic area where Coastal Pelagic Species occur at any life stage, where 


Coastal Pelagic Species have occurred historically during periods of similar environmental 


conditions, or where environmental conditions do not preclude colonization by Coastal Pelagic 


Species. Species diversity and abundance declines on an upstream gradient as determined by the 


tolerance of individual species for low and variable salinity conditions.  


5A.3.1.2 Northern Anchovy Status and Distribution 


Northern anchovy is distributed along the West Coast from British Columbia to Baja California 


(Miller and Lea 1972). The Central subpopulation, which is present in the action area, ranges from 


approximately San Francisco, California, to Punta Baja, Baja California. Members of the central 


population move north during the summer and south during the winter (Haugen et al. 1969). 


Northern anchovy is an important forage fish for other resident and migratory species in the San 


Francisco Estuary and Delta, including salmon, jacksmelt, and striped bass (Baxter et al. 1999:167). 


It supports a moderate commercial fishery for live bait (Smith and Kato 1979). The annual 


abundance of northern anchovy is highly variable between years (Baxter et al. 1999; Figure 5A.3-1). 


Surveys have shown that the greatest densities occur in San Pablo Bay and central and south San 


Francisco Bay, and only in late summer were they collected in appreciable numbers in Suisun Bay 


(Baxter et al. 1999; Figure 5A.3-2). 
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Figure 5A.3-1. Annual Abundance of Northern Anchovy: (A) Age 0 and (B) Age 1+, No Abundance 
Index Was Calculated for 1994 (following analyses of Baxter et al. 1999) 


Similarly, age-1+ northern anchovy had a similar annual distribution but unlike age-0 fish, the south 


San Francisco Bay catch-per-unit effort of age-l+ fish tended to be greater than the CPUE in San 


Pablo Bay, especially after 1984. 
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Figure 5A.3-2. Catch-per-Unit Effort of Age-0 Northern Anchovy by San Francisco Embayment 1980–
2017 (following analyses of Baxter et al. 1999) 
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Northern Anchovy Life History 


Northern anchovy is a small fish typically found in schools near the surface of the water. They rarely 


live past 4 years of age. A portion of the population reaches maturity at the end of their first year, 


about 50% by the end of their second year, and all are mature by their third or fourth year (Clark 


and Phillips 1952). Female anchovy are batch spawners, spawning 20 to 30 thousand eggs a year in 


two or three events (Baxter 1967). Spawning can occur during every month of the year and is 


temperature dependent, increasing in late winter and early spring and peaking from February to 


April. They spawn in nearshore areas across their entire range, in the upper 50 meters of the water 


column. Spawning in the San Francisco Bay-Delta occurs at higher temperatures and lower salinities 


than spawning in coastal areas (McCrae 1994; Bergen and Jacobson 2001). Northern anchovy eggs 


and larvae are found near the surface, and eggs need 2 to 4 days to hatch, depending on water 


temperatures. The bay is a very productive nursery area because of high abundance of food for both 


larvae and adults, advective losses are lower than in adjacent coastal waters, and the bay is warmer, 


with varying salinity allowing for eggs and larvae throughout the year (Bureau of Reclamation 


2008). Anchovies feed diurnally either by filter feeding or biting, depending on the size of the food. 


Juvenile and adult anchovy feed at a higher trophic level than larvae, selectively feeding on larger 


zooplankton (mysids), fish eggs, and fish larvae and have been observed to eat small fish at times, 


even their own species (Baxter 1967). 


Larvae eat phytoplankton and dinoflagellates, while larger larvae pick up copepods and other 


zooplankton. Larger female anchovies can consume up to 4%–5% of their total body weight per day. 


Competitors with the anchovy for food include sardines and other schooling planktivores, such as 


jacksmelt and topsmelt. These species are also potential predators of young anchovy life stages 


(Goals Project 2000). All life stages of the northern anchovy are important prey for virtually every 


predatory fish, bird, and mammal in San Francisco Bay, including California halibut, Chinook salmon, 


rockfishes, sharks, harbor seal, sea lions, brown pelican, sooty shearwater, and cormorants. 


Factors Affecting Northern Anchovy Abundance 


Factors affecting anchovy production are mostly natural influences, such as ocean temperature. 


Offshore within the California Current, temperature, upwelling, and stable stratification of the water 


column are believed to work together to produce conditions that are favorable to anchovy larvae 


(Lasker 1975). Investigation of the correlations between Delta outflow (X2) and indices of 


abundance and habitat did not find statistically significant relationships (Kimmerer et al. 2009). The 


distribution of northern anchovy shifted toward higher salinity when Potamocorbula invaded in the 


mid- to late 1980s, reducing summer abundance by more than 90% in the low-salinity region of the 


San Francisco Estuary and Delta (Kimmerer 2006). 


5A.3.2 Pacific Coast Groundfish 


5A.3.2.1 Pacific Coast Groundfish EFH in the Action Area 


Starry flounder is a species for which EFH exists in the San Francisco Estuary and Delta. The overall 


extent of Pacific Groundfish EFH includes all water and substrate in depths that are less than or 


equal to 11,483 feet (3,500 meters or 1,914 fathoms) to the mean high-water level or the upriver 


extent of saltwater intrusion (upstream area and landward where waters have salinities less than 


0.5 parts per thousand [ppt]), known spawning habitat and thermal refugia, complex channels and 


floodplains, and areas containing estuarine and marine submerged aquatic vegetation. 
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5A.3.2.2 Starry Flounder Status and Distribution 


Starry flounder is a flatfish that belongs to the family Pleuronectidae (Moyle 2002). Starry flounder 


range from north of the Bering Strait south to Los Angeles Harbor. Older juveniles and adults are 


found from 120 kilometers (km) upstream to the outer continental shelf at 375-meter depth, but 


most adults are found at less than 150-meter depth. Most juvenile fish are found in shallow, fresh to 


brackish water, and shift to salinities of 10–15 ppt as they mature, but appear to remain within 


estuaries through at least their second year (Baxter et al. 1999; Moyle 2002). During the late fall and 


winter, mature starry flounder probably migrate to shallow coastal waters to spawn (Orcutt 1950). 


Adults primarily inhabit coastal marine waters (Orcutt 1950; Haertel and Osterberg 1967; Bottom et 


al. 1984; Hieb and Baxter 1993). Distribution of age-0 juveniles within the San Francisco Estuary 


and Delta is primarily in Suisun Bay and San Pablo Bay, with lower abundance in the west Delta 


(Baxter et al. 1999:410; Figure 5A.3-3). Starry flounder older than age 1 (age-1+ fish) occur 


principally in San Pablo Bay, Suisun Bay, and central San Francisco Bay (Baxter et al. 1999:411–412; 


Figure 5A.3-4). 
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Figure 5A.3-3. Catch-per-Unit Effort of Age-0 Starry Flounder by San Francisco Embayment 1981–2017 
(following analyses of Baxter et al. 1999) 
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Figure 5A.3-4. Catch-per-Unit Effort of Age-1+ Starry Flounder by San Francisco Embayment 1981–
2017 (following analyses of Baxter et al. 1999) 
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Though seldom targeted, the starry flounder is common in both commercial and recreational 


fisheries of Northern and central California (Orcutt 1950, Haugen 1992, Karpov et al. 1995). The 


best indicator of starry flounder abundance within the Delta and Suisun Bay is the number of starry 


flounder salvaged and the UC Davis Suisun Marsh monitoring study. Combined salvage at the 


pumping facilities shows a decline over time although the correlation between year and the number 


of starry flounder salvaged is not significant statistically (Figure 5A.3-5; Spearman rank correlation, 


rho = -0.48, p = 0.0103). 


 


Figure 5A.3-5. Salvage by Year of Starry Flounder at Pumping Facilities 1981–2019 


Similar to the pumping facilities, the UC Davis Suisun Marsh monitoring study shows a negative 


trend by year, but the Spearman rank correlation was not statistically significant (Figure 5A-6; 


Spearman rank correlation, rho = -0.17, p = 0.29).  


The population status of starry flounder has not been studied, but commercial catches and 


recreational catches have trended downward since the 1980s. The California population is now at 


all-time lows. This could be the product of the relocation of adult fish associated with the 1976–


1977 oceanic regime shift or the result of overfishing of spawning adults in commercial catches. The 


large population declines suggested by commercial and recreational catches are substantiated by 


the Bay Study trawl survey that showed age-0 and age-1+ starry founder abundance and CPUE 


dropping dramatically during the late 1980s and remaining at low levels through the 1990s (Baxter 


et al. 1999). 
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Figure 5A.3-6. Total Catch by Year UC Davis Monitoring Study 1980–2020 


Starry Flounder Life History 


In general, abundance indices from the past decade suggest a decline relative to several decades ago, 


consistent with declines in commercial and recreational catch (ICF International 2016:5.E-12 and 


5.E-13). Starry flounder are found on different substrates including gravel, clean shifting sand, hard 


stable sand, and mud substrata, but fishermen report the largest catches over soft sand. Prey from 


mud (sternapsid worms) and sand (Siliqua patula clams) habitats have been observed in the 


stomach of a single individual, suggesting fish move freely from one habitat type to another (Orcutt 


1950). Starry flounder also consume crabs, shrimps, worms, clams and clam siphons, other small 


mollusks, small fishes, nemertean worms, and brittle stars (Hart 1973). Starry flounder can tolerate 


a wide range of salinities. In the Sacramento and San Joaquin Rivers, starry flounder have been 


observed in salinities of 0.02–0.06 ppt (i.e., essentially fresh water) (Orcutt 1950) and have been 


collected 75 miles upstream in the Columbia River. Age-0 and age-1+ starry flounder are a common 


species in estuarine habitats along the West Coast (see Orcutt 1950; Sopher 1974; Pearson 1989; 


Emmett et al. 1991; Baxter et al. 1999; Kimmerer 2002). Spawning occurs primarily during the 


winter months of December and January (Orcutt 1950). Starry flounder reach approximately 110 


millimeters (mm) in length by the end of their first year. By the time they reach age 2 many fish have 


migrated to ocean habitats adjacent to their natal estuaries. Starry flounder become reproductively 


mature at age 2 for males and age 3 for females, which equates to approximately 28 centimeters 


(cm) in males and approximately 35 cm in females. Adults may move seasonally into shallow coastal 


waters to spawn, perhaps in proximity to estuaries to take advantage of estuarine circulation, which 


would advect fertilized eggs near the bottom into nursery areas. 


Factors Affecting Starry Flounder Abundance 


The significance of estuarine rearing for age-0 and age-1 starry flounder is implied from high habitat 


association with fresh to mesohaline waters and from the small numbers of age-0, age-l and age-2 


fish found in coastal marine areas (Rogers et al. 1988; Yoklavich et al. 1991). 
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Hieb and Baxter (1993) established specific habitat criteria for starry flounder young-of-year (<70 


mm) in the San Francisco Estuary: 90% were collected from intertidal and subtidal habitats less 


than 7 meters in depth and with accompanying salinities of less than 22%. The exclusivity of fresh 


and brackish water rearing habitat in age-0 and age-1 starry flounder coupled with the relationship 


between freshwater outflow and abundance makes a strong case for estuarine dependence (Emmett 


et al. 1991; Hieb and Baxter 1993). However, spawning in coastal areas and variation in abundance 


during high outflow years suggest that coastal ocean conditions as well as high outflow work in 


conjunction to determine year class abundance (Hieb and Baxter 1993). There is a significant 


correlation between Delta outflow (X2) and indices of starry flounder abundance in the San 


Francisco Estuary and Delta, although the mechanism underlying the correlation does not appear to 


be related to extent of habitat and may be related to enhanced transport to estuarine rearing 


grounds by increased residual circulation with increased outflow (Kimmerer et al. 2009). It is 


unknown the extent to which this potential enhanced transport and apparent greater abundance in 


the San Francisco Estuary and Delta with greater outflow may contribute to overall coastwide starry 


flounder abundance (Grimaldo 2018:13-14). 


5A.3.3 Pacific Salmon 


5A.3.3.1 Pacific Salmon EFH in the Action Area 


The four races of Chinook salmon occurring in the action area are covered under the MSA 


(collectively as "Pacific salmon").1 Each uses the action area extensively as juvenile rearing habitat 


and juvenile and adult migration corridors. Coho salmon are restricted to the mixed 


marine/estuarine habitats of San Pablo Bay and San Francisco Bay, which they historically used as 


juvenile and adult migratory corridors and foraging habitats between the ocean and natal 


tributaries area. However, any occurrence in the action area is expected to be rare at best because 


this species is believed to have been extirpated from tributaries to San Francisco Bay and San Pablo 


Bay (National Marine Fisheries Service 2012). Pacific Salmon HAPCs include all Pacific Salmon EFH 


within the proposed action area that can serve as spawning habitat or thermal refugia for Pacific 


salmon, contain complex channels, floodplains, and estuarine and marine submerged aquatic 


vegetation, and occur within estuarine waters with an inland extent of ocean-derived salts 


measuring less than 0.5 ppt during the period of average annual low freshwater flow.  


The status, distribution, life history, and habitat requirements of winter-run and spring-run Chinook 


salmon, which are listed under the ESA, are provided in Chapter 4. Chapter 4 also contains a review 


of fall-run/late fall–run Chinook salmon that is referenced in this EFH analysis.  


5A.4 Potential Effects of Proposed Action 


5A.4.1 Coastal Pelagic Species 


Coastal pelagic EFH in the action area is known to support one species, the northern anchovy. The 


proposed action is at the edge of this species occurrence within the San Francisco Estuary, and it is 


likely that its occurrence will be infrequent and generally affect fish during their early life history 


stages.  


 
1 Sacramento River winter-run, Central Valley spring-run, Central Valley fall-run, and Central Valley late fall–run. 
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To the extent that there is exposure, the proposed action has the potential to affect EFH for this 


Coastal Pelagic Species through the following main mechanisms during construction.  


• Water quality effects from turbidity and suspended sediment during construction.  


• Water quality effects from contaminant exposure. 


• Acoustic effects associated with construction. 


• Fish stranding from the placement of the cofferdam during construction. 


• Direct physical injury during active periods of construction. 


• Loss/alteration of habitat associated with construction or permanent placement of engineered 


structures in habitat.  


5A.4.1.1 Northern Anchovy 


Potential action effects may include minimal short- to long-term water quality degradation (e.g., 


from sediment disturbance during construction) and changes in depth, food, cover and habitat 


complexity, and habitat connectivity. However, there is expected to be very low overlap of northern 


anchovy with these near-field effects because, as discussed in Section 5A.3.1.2, Northern Anchovy 


Status and Distribution, the species primarily occurs well downstream of the Delta (Figures 5A.3-1 


and 5A.3-2), with very low abundance even in Suisun Bay (as a result of reduced food availability 


caused by Corbula amurensis invasion; Kimmerer 2006). Therefore, based upon the minimal short-


term impacts, the very low likelihood of species presence, and the small fraction of the habitat 


impacted, any potential adverse effects on EFH would be undetectable. 


Effects of Water Facility Construction 


North Delta Intakes 


Construction of the north Delta intakes (Chapter 5, Figure 5.1-1) could result in turbidity and 


suspended sediment, potential contaminant exposure from spills or mobilization of contaminated 


sediment, underwater noise, fish stranding, direct physical injury, and temporary to long-term 


losses or alteration of migration and rearing habitat. However, as previously noted, such effects 


would be expected to be minimal, and the species principally occurs well downstream of the Delta 


(Figures 5A.3-1 and 5A.3-2); therefore, any adverse effects on coastal pelagic EFH would be 


undetectable (represented by northern anchovy). 


Turbidity and Suspended Sediment 


The construction of the proposed action would result in the generation and release of suspended 


sediments to the water column, temporarily increasing water column turbidity above ambient levels 


and altering habitat conditions for fish and aquatic resource species. Turbidity-producing 


construction activities include bed and bank disturbance during cofferdam and log boom 


installation, dredging for riprap placement adjacent to the new intake locations, and the placement 


of bed and bank armoring. Propeller wash associated with boat traffic at construction sites during 


placement of riprap at the end of construction may also produce localized turbidity pulses, 


depending on location. 


These activities would occur during the expected in-water construction window (typically June 1 


through October 31). Behavioral effects may include alarm reaction, altered schooling behavior, 
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cover abandonment, and avoidance or attraction depending on the type of sediments and sediment 


concentration.  


Such behavioral effects may be caused by changes in light penetration/scattering. Physiological 


effects may include changes in respiration rate, choking, coughing, abrasion and puncturing of 


structures (gills, epidermis), reduced feeding, reduced water filtration rates, smothering, delayed or 


reduced hatching of eggs, reduced larval growth/development, abnormal larval development, and 


reduced responses to physical stimuli. Northern anchovy, similar to bay anchovy, would be 


considered a sensitive species, with 24-hour LC10 > 1,000 milligrams per liter (mg/L) and < 10,000 


mg/L. A 24-hour exposure to 1,000 mg/L of suspended sediment caused mechanical damage to the 


epidermis of Pacific herring larvae (similar to northern anchovy), while 4,000 mg/L caused 


epidermal punctures and abrasion of micro-ridges on scales (Newcombe and Jensen 1996).  


With the implementation of the proposed avoidance and minimization measures (AMMs) to 


minimize potential water quality impacts (Appendix 3A, General Avoidance and Minimization 


Measures), the potential effects of increased turbidity and suspended sediment on EFH would be 


limited to temporary, localized degradation of water quality and substrate in the vicinity of the 


intake construction sites. No substantial, long-term effects on EFH would occur, and the effect would 


be undetectable. 


Contaminant Exposure 


Construction of the north Delta intakes could affect EFH through accidental spills of contaminants, 


including cement, oil, fuel, hydraulic fluids, and paint, and through disturbance and mobilization of 


contaminated soil or sediments within the temporary and permanent footprints of the intake 


facilities. The potential for contaminant exposure is highest during in-water construction activities 


(June 1–October 31), but some risk would exist during the entire construction period. The risk of 


exposure of northern anchovy to contaminants would be effectively minimized by the 


implementation of proposed pollution prevention and control AMMs, specifically AMM-27: Develop 


and Implement a Barge Operations Plan (Appendix 3A), AMM-2: Develop and Implement Hazardous 


Materials Management Plans, and AMM-3: Develop and Implement Spill Prevention, Containment, and 


Countermeasure Plans. These AMMs will minimize contaminants entering waterbodies and, if they 


are accidentally released, cleanup plans will minimize effects on special-status species. These 


measures are explained in detail in Appendix 3A. No substantial, long-term effects would occur on 


EFH and any effects would be immeasurable. 


Acoustic Effects 


Underwater noise would be generated by a variety of construction activities including pile driving, 


boat operations, geotechnical investigations, riprap placement, and tunnel boring machine (TBM) 


activities. Impact pile driving in or near aquatic habitat generates sound levels that can injure or kill 


fish and other aquatic organisms. The proposed action includes physical or structural components 


that would require vibratory and/or impact driving of temporary and permanent piles during 


construction. Several of these components involve pile driving activities within or adjacent to 


waterbodies supporting special-status fish species, resulting in potential exposure of species to pile 


driving noise. 


These activities would cause EFH near pile driving operations to become unsuitable because of the 


potential for injury or mortality of northern anchovy. The acoustic effects of pile driving noise on 


listed salmonids (described in Chapter 5) are generally applicable to northern anchovy. Northern 
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anchovy would likely occur in low abundance, as compared to overall abundance within the San 


Francisco Estuary during in-water construction periods in the north Delta. Cumulative noise levels 


sufficient in intensity and duration to cause injury and mortality would occur for several weeks at 


each facility. Impact pile driving could also result in behavioral responses that may alter normal 


behavior.  


California Department of Water Resources (DWR) proposes to minimize the extent and duration of 


potentially harmful pile driving noise by implementing AMM-26: Develop and Implement an 


Underwater Sound Control and Abatement Plan), in Appendix 3A). This underwater sound control 


and abatement plan will contain measures such as changing the time of activities, best practices, and 


equipment that will be used to avoid and minimize the effects of underwater construction noise on 


fish, particularly the underwater noise effects associated with impact pile driving activities.  


The underwater sound control and abatement plan (AMM-26: Develop and Implement an 


Underwater Sound Control and Abatement Plan) will be provided to the appropriate fish and wildlife 


agencies for their review and approval prior to implementation of any in-water impact pile driving 


activities. The plan will evaluate the potential effects of underwater noise on fish using applicable 


and interim underwater noise thresholds established for disturbance and injury of fish (California 


Department of Transportation 2015:4-21–4-23). It is assumed these measures will also be 


protective to northern anchovy.  


The underwater noise generated by impact pile driving will be abated using the best available and 


practicable technologies. Examples of such technologies include the use of vibratory rather than 


impact pile driving equipment; use of an impact pile driver to proof piles initially placed with a 


vibratory pile driver; noise attenuation with pile caps (e.g., wood or micarta), bubble curtains, air-


filled fabric barriers, or isolation piles; or installation of piling-specific cofferdams. Specific 


techniques to be used will be selected based on site-specific conditions. 


Fish Stranding 


Although unlikely due to their preference for higher salinity water, northern anchovy could be 


present in the vicinity of intake construction on the Sacramento River during the period when 


cofferdams are installed to isolate work areas. This presents the potential for entrapment and also 


temporary loss of EFH habitat in isolated work areas. DWR proposes to implement a fish rescue and 


salvage plan that will identify appropriate procedures for monitoring and implementing appropriate 


collection and relocation methods if special-status species are detected (Appendix 3A, AMM-25: 


Develop and Implement a Fish Rescue and Salvage Plan). 


Reduced Prey Availability  


Construction of the proposed action has the potential to reduce prey availability (e.g., zooplankton, 


benthic invertebrates, small fish) for fish and aquatic species through disturbance of aquatic habitat. 


Prey species may be affected by pile driving (e.g., from noise effects or direct physical contact), 


barge and tugboat operations (e.g., noise, contaminants, and sediment disturbance), dredging (e.g., 


direct entrainment and sediment disturbance), removal of riparian aquatic habitat (i.e., reducing 


habitat structures for prey in or above water), and riprap placement (e.g., direct physical contact 


and sediment disturbance). Isolation of construction areas with cofferdams would prevent fish and 


aquatic species access to prey in these areas. The potential effects would be limited in extent relative 


to the overall area of habitat available to fish and aquatic species in the Delta.  
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Direct Physical Injury  


In-water construction for the proposed action may result in direct physical injury or mortality to 


northern anchovy from activities including pile driving, barge and tugboat operations, enclosing 


construction areas, riprap placement, and construction water diversion from surface waters. Due to 


the timing of construction and salinity preferences of San Pablo and central San Francisco Bay, the 


majority of northern anchovy will not be present during the construction period. Thus, the potential 


for injury to northern anchovy is minimal due to the timing of in-water construction activities and 


likely avoidance of active construction areas. 


Loss/Alteration of Habitat 


Construction of the north Delta intakes would result in temporary to permanent losses or alteration 


of a small fraction of EFH for early life stages of northern anchovy. The species inhabits the whole of 


the San Francisco Estuary, and the loss of this EFH habitat within the proposed action would be a 


fraction of a percent of the total EFH habitat that is available to the species. In addition to the 


temporary effects on water quality and other construction-related hazards described above, the 


overall footprint of construction activities is approximately 7.112 acres of combined temporary and 


permanent impact, including approximately 5.574 acres of permanent impact on tidal perennial 


habitat (Chapter 5, Table 5.4-7).2 The footprint impact on channel margin habitat in the Sacramento 


River is approximately 494 linear feet of temporary impact and approximately 3,124 linear feet of 


permanent impact (Chapter 5, Table 5.4-8).  


The effects of habitat loss or alteration on listed salmonids and their designated critical habitat 


(described in Chapter 5, Section 5.5, Effects of Water Facility Construction on Designated Critical 


Habitat) are generally applicable to coastal pelagic EFH (represented by northern anchovy). DWR 


will implement AMM-14: Construction Best Management Practices for Biological Resources to limit 


the extent of loss and alteration of aquatic and riparian habitat during construction, and following 


construction, to restore temporarily disturbed areas to preconstruction conditions. All construction 


and site restoration BMPs will be subject to an approved construction and postconstruction 


monitoring plan to ensure their effectiveness. Any unavoidable losses of designated EFH will be 


offset through restoration of habitat at an approved restoration site and/or the purchase of 


conservation credits at an approved conservation bank. Consequently, any effects are immeasurable. 


5A.4.2 Pacific Coast Groundfish 


Pacific Coast groundfish EFH in the action area is known to support three species; however, as noted 


in Section 5A.2.2, EFH Species and Habitats in the Action Area, it was concluded that there would be 


no effect on the EFH for brown rockfish and English sole. No further analysis was conducted for 


these two species. Starry flounder inhabit the whole of the San Francisco Estuary, and the proposed 


action area involves the extreme edge of its EFH habitat. Starry flounder would likely be found only 


in the early juvenile life stage and infrequently within the proposed action area EFH habitat; 


therefore, any potential adverse effects on Pacific Coast groundfish EFH would be undetectable 


(represented by starry flounder). 


 
2 Temporary effects are the habitat acres that can be returned to original basic use following completion of 
construction; permanent effects are the habitat acres that cannot be returned to original basic use following 
completion of construction. 
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To the extent there is exposure, the proposed action has the potential to affect EFH for Pacific Coast 


groundfish through the following main mechanisms.  


5A.4.2.1 Effects of Water Facility Construction  


• Water quality effects from turbidity and suspended sediment during construction.  


• Water quality effects from contaminant exposure. 


• Acoustic effects associated with construction. 


• Fish stranding from the placement of the cofferdam during construction. 


• Direct physical injury during active periods of construction. 


• Loss/Alteration of habitat associated with construction or permanent placement of engineered 


structures in habitat.  


5A.4.2.2 Starry Flounder 


The proposed action is expected to have short- and long-term effects on EFH for starry flounder, 


although the species inhabits the whole of the San Francisco Estuary and the loss of EFH habitat 


within the action area would be a fraction of a percent of the total EFH habitat that is available to the 


species. Potential action effects include short- to long-term water quality degradation and changes 


in depth, food, cover and habitat complexity, and habitat connectivity. Overlap of starry flounder 


with near-field effects (e.g., from construction) would be expected to be limited, however, because 


the species’ main range is downstream of the Delta, as discussed in Section 5A.2.2 (Figures 5A.3-3 


and 5A.3-4). 


Effects of Water Facility Construction 


North Delta Intakes 


Construction of the north Delta intakes (see Chapter 5, Figure 5.1-1) could result in turbidity and 


suspended sediment, potential contaminant exposure from spills or mobilization of contaminated 


sediment, underwater noise, fish stranding, direct physical injury, and temporary to long-term 


losses or alteration of migration and rearing habitat. However, the effect would be negligible 


because of the small fraction of habitat affected and the minor potential overlap with starry 


flounder. 


Turbidity and Suspended Sediment 


Because starry flounder are benthic fish and they inhabit naturally turbid waters, they are unlikely 


to be affected by a temporary increase in turbidity within their EFH habitat, although the suspension 


of contaminants within bottom substrates could affect starry flounder if the exposure is prolonged. 


With the implementation of the proposed AMMs to minimize potential water quality impacts 


(Appendix 3A), the potential effects of increased turbidity and suspended sediment on EFH would 


be limited to temporary, localized degradation of water quality and substrate in the vicinity of the 


intake construction sites. 
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Contaminant Exposure 


Construction of the north Delta intakes could affect EFH through accidental spills of contaminants, 


including cement, oil, fuel, hydraulic fluids, and paint, and through disturbance and mobilization of 


contaminated soil or sediments within the temporary and permanent footprints of the intake 


facilities. The potential for contaminant exposure is highest during in-water construction activities 


(June 1–October 31), but some risk would exist during the entire construction period. The risk of 


exposure of starry flounder to contaminants would be effectively minimized by the implementation 


of proposed pollution prevention and control AMMs, specifically AMM-27: Develop and Implement a 


Barge Operations Plan (Appendix 3A), AMM-2: Develop and Implement Hazardous Materials 


Management Plans, and AMM-3: Develop and Implement Spill Prevention, Containment, and 


Countermeasure Plans. These AMMs will minimize contaminants entering waterbodies and, if they 


are accidentally released, cleanup plans will minimize effects on special-status species. These 


measures are explained in detail in Appendix 3A. No substantial, long-term effects would occur on 


EFH, and any effects would be immeasurable. 


Acoustic Effects 


Underwater noise would be generated by a variety of construction activities including pile driving, 


boat operations, geotechnical investigations, riprap placement, and TBM activities. Impact pile 


driving in or near aquatic habitat generates sound levels that can injure or kill fish and other aquatic 


organisms. The proposed action includes physical or structural components that would require 


vibratory and/or impact driving of temporary and permanent piles during construction. Several of 


these components involve pile driving activities within or adjacent to waterbodies supporting 


special-status fish species, resulting in potential exposure of species to pile driving noise. 


These activities would cause EFH near pile driving operations to become unsuitable because of the 


potential for injury or mortality of groundfish, including starry flounder. Young-of-year and juvenile 


starry flounder could be present near the intakes during June through September, with abundance 


then tapering off through December; however, as previously noted, the main range of the species is 


well downstream of the intakes (Figures 5A.3-3 and 5A.3-4). It is assumed the acoustic effects of pile 


driving noise on listed salmonids (described in Chapter 5) are generally applicable to starry 


flounder. Starry flounder would likely occur in low abundance, as compared to overall abundance 


within the San Francisco Estuary during in-water construction periods in the north Delta. 


Cumulative noise levels sufficient in intensity and duration to cause injury and mortality would 


occur for several weeks at each facility. Impact pile driving could also result in behavioral responses 


that may alter normal behavior.  


DWR proposes to minimize the extent and duration of potentially harmful pile driving noise by 


implementing AMM-26: Develop and Implement an Underwater Sound Control and Abatement Plan 


(Appendix 3A). This underwater sound control and abatement plan will contain measures such as 


changing the time of activities, best practices, and equipment that will be used to avoid and 


minimize the effects of underwater construction noise on fish, particularly the underwater noise 


effects associated with impact pile driving activities.  


The underwater sound control and abatement plan (AMM-26: Develop and Implement an 


Underwater Sound Control and Abatement Plan) will be provided to the appropriate fish and wildlife 


agencies for their review and approval prior to implementation of any in-water impact pile driving 


activities. The plan will evaluate the potential effects of underwater noise on fish using applicable 


and interim underwater noise thresholds established for disturbance and injury of fish (California 
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Department of Transportation 2015:4-21–4-23). It is assumed these measures will also be 


protective to starry flounder.  


The underwater noise generated by impact pile driving will be abated using the best available and 


practicable technologies. Examples of such technologies include the use of vibratory rather than 


impact pile driving equipment; use of an impact pile driver to proof piles initially placed with a 


vibratory pile driver; noise attenuation with pile caps (e.g., wood or micarta), bubble curtains, air-


filled fabric barriers, or isolation piles; or installation of piling-specific cofferdams. Specific 


techniques to be used will be selected based on site-specific conditions. 


Fish Stranding 


Starry flounder could be present in the vicinity of intake construction on the Sacramento River 


during the period when cofferdams are installed to isolate work areas, although this is considered 


unlikely due to the preference for higher salinity water (Figures 5A.3-3 and 5A.3-4). This presents 


the potential for entrapment and temporary loss of EFH habitat in isolated work areas. DWR 


proposes to implement a fish rescue and salvage plan that will identify appropriate procedures for 


monitoring and implementing appropriate collection and relocation methods if special-status 


species are detected (Appendix 3A, AMM-25: Develop and Implement a Fish Rescue and Salvage 


Plan). 


Reduced Prey Availability  


Construction of the proposed action has the potential to reduce prey availability (e.g., zooplankton, 


benthic invertebrates, small fish) for fish and aquatic species through disturbance of aquatic habitat. 


Prey species may be affected by pile driving (e.g., from noise effects or direct physical contact), 


barge and tugboat operations (e.g., noise, contaminants, and sediment disturbance), dredging (e.g., 


direct entrainment and sediment disturbance), removal of riparian aquatic habitat (i.e., reducing 


habitat structures for prey in or above water), and riprap placement (e.g., direct physical contact 


and sediment disturbance). Isolation of construction areas with cofferdams would prevent fish and 


aquatic species access to prey in these areas. The potential effects would be limited in extent relative 


to the overall area of habitat available to fish and aquatic species in the Delta.  


Direct Physical Injury 


In-water construction for the proposed action may result in direct physical injury or mortality to 


northern anchovy from activities including pile driving, barge and tugboat operations, enclosing 


construction areas, riprap placement, and construction water diversion from surface waters. Due to 


the timing of construction and salinity preferences of San Pablo and central San Francisco Bay, the 


majority of starry flounder will not be present during the construction period. Thus, the potential for 


injury to northern anchovy is minimal due to the timing of in-water construction activities and likely 


avoidance of active construction areas. 


Loss/Alteration of Habitat 


Construction of the north Delta intakes would result in temporary to permanent losses or alteration 


of a small fraction of EFH for starry flounder. The species’ main range is downstream of the Delta 


and includes the whole of the San Francisco Estuary. The loss of this EFH habitat within the 


proposed action would be a fraction of a percent of the total EFH habitat that is available to the 


species. In addition to the temporary effects on water quality and other construction-related 


hazards described above, the overall footprint of construction activities is approximately 7.112 
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acres of temporary impact and approximately 5.574 acres of permanent impact on tidal perennial 


habitat (Chapter 5, Table 5.4-7).3 The footprint impact on channel margin habitat in the Sacramento 


River is approximately 494 linear feet of temporary impact and approximately 3,124 linear feet of 


permanent impact (Chapter 5, Table 5.4-8).  


5A.4.3 Pacific Salmon 


Pacific salmon EFH in the action area is known to support four ESUs of one species, Chinook salmon. 


As previously noted, this assessment of Pacific salmon EFH follows the NMFS (2019) BiOp in 


concluding that the effects analysis for winter-run and spring-run Chinook salmon presented in 


Chapter 5 of this Biological Assessment (BA) generally is expected to apply to Pacific salmon EFH. 


The analysis presented below focuses on fall-run/late fall–run Chinook salmon, with conclusions for 


Pacific salmon EFH considering all races together, including hatchery-origin fish.  


To the extent there is exposure, the proposed action has the potential to affect EFH for Pacific 


Salmon through the following main mechanisms.  


• Water quality effects from turbidity and suspended sediment during construction.  


• Water quality effects from contaminant exposure. 


• Acoustic effects associated with construction. 


• Fish stranding from the placement of the cofferdam during construction. 


• Direct physical injury during active periods of construction. 


• Loss/alteration of habitat associated with construction or permanent placement of engineered 


structures in habitat.  


5A.4.3.1 Fall-Run and Late Fall–Run Chinook Salmon 


Effects of Water Facility Construction 


Refer to Chapter 5 for details of construction-related effects on fall-run/late fall–run Chinook 


salmon. This includes acoustic effects, sediment disturbance, construction contaminants, direct 


physical injury, reduced prey availability, increased predation, increased water temperature, and 


reduced habitat extent and access.  


5A.4.4 Effects of Mitigation Measures  


5A.4.4.1 Compensatory Mitigation 


Northern Anchovy  


The Compensatory Mitigation Plan (CMP) (Appendix 3B, Compensatory Mitigation Plan for Special-


Status Species and Aquatic Resources) could result in impacts on northern anchovy. Compensatory 


mitigation (tidal perennial and channel margin habitat restoration) would be upstream of areas 


 
3 Temporary effects are the habitat acres that can be returned to original basic use following completion of 
construction; permanent effects is the habitat acres that cannot be returned to original basic use following 
completion of construction. 
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where northern anchovy typically occur (Baxter et al. 1999), although there could be some spatial 


overlap, thereby providing the benefit of some additional habitat for the species. 


Starry Flounder  


The CMP could result in impacts on starry flounder. Compensatory mitigation (tidal perennial and 


channel margin habitat restoration) would be upstream of areas where starry flounder typically 


occur (Baxter et al. 1999), although there could be some spatial overlap, thereby providing the 


benefit of some additional habitat for the species.  


Pacific Salmon  


The CMP could result in impacts on Pacific salmon. Additional details of this analysis can be found in 


Chapter 5. 


5A.4.4.2 Avoidance and Minimization Measures Effects  


The AMMs are actions that are incorporated into the engineering or design of the proposed action 


and are intended to avoid, reduce, or minimize adverse effects that apply to one or more species. 


AMMs vary depending on the protected resource, with different approaches used for wildlife and 


fish. Biological differences between listed species of wildlife and fish species result in very different 


AMMs. Fish are generally not known to occur in a given site; rather, if the site is known to provide 


suitable habitat, fish are assumed to be potentially present, at least at certain times of the year. 


Therefore, AMMs for fish are heavily focused on protecting their habitat from stresses such as water 


quality impairment, dewatering, and/or underwater noise. Wildlife species, on the other hand, often 


have very specific habitat requirements, and the individual animals can often be detected through 


application of established survey protocols, making field surveys a key component of wildlife AMMs. 


Refer to Appendix 3A for additional information.  


Pacific Salmon  


The AMMs proposed could result in impacts on Pacific salmon. Additional details of this analysis can 


be found in Chapter 5. 


5A.5 Conclusions 


5A.5.1 Effects of Water Facility Construction and Maintenance 


Construction and maintenance of water facilities under the proposed action has the potential to 


affect EFH for Coastal Pelagic Species, Pacific Coast groundfish, and Pacific salmon. The effects of 


construction activities will be minimized through AMMs, and temporary and permanent habitat 


losses will be offset by habitat creation and enhancement through channel margin enhancement and 


tidal wetland restoration (Appendix 3B).  


Underwater noise generated by impact pile driving in or near surface waters will result in 


temporary reductions in habitat suitability in the vicinity of the pile driving. This will be minimized 


by implementation of, AMM-26: Develop and Implement an Underwater Sound Control and 


Abatement Plan (Appendix 3A).  
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Structural changes associated with temporary (construction) or permanent placement of 


engineered structures in habitat include placement of in-water pilings and over-water structures. 


Such structures may offer cover for predators and may locally reduce foraging habitat quality. These 


effects will be minimized by implementation of the AMMs described in Appendix 3A. Additionally, 


these effects will be offset by habitat creation at ratio of 1:1 acre created for each acre affected, to be 


provided at an approved NMFS mitigation bank (Appendix 3B).  


Water quality effects from in-water construction may occur as a result of turbidity, disturbance of 


existing contaminated sediments, or due to accidental spills of contaminants such as cement, oil, 


fuel, hydraulic fluid, paint, or other construction-related materials. These potential effects will be 


minimized by implementing the AMMS described in Appendix 3A, including AMM14: Construction 


Best Management Practices for Biological Resources, AMM-4b: Develop and Implement Stormwater 


Pollution Prevention Plans, AMM-4a: Develop and Implement Erosion and Sediment Control Plans, and 


AMM-3: Develop and Implement Spill Prevention, Containment, and Countermeasure Plans.  


Northern anchovy, starry flounder, or Pacific salmon could be present in the vicinity of intake 


construction on the Sacramento River during the period when cofferdams are installed to isolate 


work areas. This presents the potential for entrapment within the isolated work areas and the 


subsequent blockage of their use of their total EFH habitat. Effects would also be minimized through 


the implementation of avoidance and minimization measures in Appendix 3A. 


In summary, the expected construction and maintenance effects on EFH for Coastal Pelagic Species, 


Pacific Coast groundfish, and Pacific salmon primarily would be temporary, localized, and for Pacific 


Coast groundfish and Coastal Pelagic Species, well outside the species’ main range. Permanent 


habitat changes associated with new in-water structures would be offset by creation of equal or 


higher quality habitat at a NMFS-approved location or mitigation bank. Therefore, the effects of 


construction and maintenance of the proposed action on EFH would be negligible. 


5A.6 References 
Baxter, J. L. 1967. Summary of Biological Information on the Northern Anchovy Engraulis mordax 


Girard. California Cooperative Oceanic Fisheries Investigations Reports 11:110–116. 


Baxter, R., K. Hieb, S. DeLeón, K. Fleming, and J. Orsi. 1999. Report on the 1980-1995 Fish, Shrimp, and 


Crab Sampling in the San Francisco Estuary, California. Interagency Ecological Program for the 


Sacramento-San Joaquin Estuary, Technical Report 63, California Department of Fish and Game, 


Stockton, CA. 


Bergen, D. R., and L. D. Jacobson. 2001. Northern Anchovy. In W. S. Leet, C. M. Dewees, R. Klingbeil, 


and E. J. Larson (eds.), California’s Living Marine Resources: A Status Report. pp. 303–305. Davis, 


CA: University of California Agriculture and Natural Resources SG01-11. 


Bottom, D. L., K. K. Jones, and M. J. Herring. 1984. Fishes of the Columbia River Estuary. Columbia 


River Estuary Data Development Program. Prepared by Oregon Department of Fish and Wildlife, 


Corvallis, OR. 


Bureau of Reclamation. 2008. Biological Assessment on the Continued Long-Term Operations of the 


Central Valley Project and the State Water Project. Sacramento, CA: Mid-Pacific Region. 







CA Department of Water Resources 


 Appendix 5A 
Essential Fish Habitat Assessment 


 


 


Delta Conveyance Project, Biological Assessment 
5A-23 


May 2024 
ICF 103653 


 


California Department of Transportation. 2015. Technical Guidance for Assessment and Mitigation of 


the Hydroacoustic Effects of Pile Driving on Fish. California Department of Transportation, 


Sacramento, CA. 


Clark, F. N., and J. B. Phillips 1952. The Northern Anchovy (Engraulis mordax) in the California 


Fishery. California Fish and Game 38(2):189–207. 


Emmett, R. L., S. L. Stone, S. A. Hinton, and M. E. Monaco. 1991. Distribution and Abundance of Fishes 


and Invertebrates in West Coast Estuaries, Volume II: Species Life History Summaries. ELMR Rep. 


No. 8. NOOAA/NOS strategic Environmental Assessments division, Rockville, MD. 


Goals Project. 2000. Baylands Ecosystem Species and Community Profiles: Life Histories and 


Environmental Requirements of Key Plants, Fish and Wildlife. Prepared by the San Francisco Bay 


Area Wetlands Ecosystem Goals Project. P.R. Olofson, editor. San Francisco Bay Regional Water 


Quality Control Board, Oakland, CA. 


Grimaldo, L. 2018. Written Testimony of Lenny Grimaldo, Expert Witness for California Department 


of Water Resources. Exhibit DWR-1222. Part 2 of Hearing in the Matter of California Department 


of Water Resources and United States Bureau of Reclamation Request for a Change in Point of 


Diversion for California WaterFix Before the California State Water Resources Control Board. 


Haertel, L., and C. Osterberg. 1967. Ecology of Zooplankton, Benthos and Fishes in the Columbia 


River Estuary. Ecology 48:459–472. 


Hart, J. L. 1973. Pacific Fishes of Canada, Bulletin 180. Ottawa, Canada: Fisheries Resource Board of 


Canada. 


Haugen, C. W. 1992. Starry Flounder. In W. S. Leet, C. D. Dewees and C. W. Haugen (eds.), California’s 


Living Marine Resources and Their Utilization. pp. 103-104. Sea Grant Extension Program, 


UCSGEP-92-12. Davis, CA: University of California, Department of Wildlife and Fisheries Biology.  


Haugen, C. W., J. D. Messersmith, and R. H. Wickwire. 1969. Progress Report on Anchovy Tagging off 


California and Baja California, March 1966 through May 1969. In The Northern Anchovy 


(Engraulis mordax) and its Fishery (1965–1968). California Department of Fish and Game, Fish 


Bulletin 147:75–89. 


Hieb, K., and R. Baxter. 1993. Delta Outflow/San Francisco Bay. In P. L. Herrgesell (ed.), 1991 Annual 


Report, Interagency Ecological Studies Program for the Sacramento–San Joaquin Estuary. pp. 


101–116. Sacramento, CA. 


ICF International. 2016. Biological Assessment for the California WaterFix. July. (ICF 00237.15.) 


Sacramento, CA. Prepared for the United States Department of the Interior, Bureau of 


Reclamation, Sacramento, CA. 


Karpov, K. A., D. P. Albin, and W. H. Van Buskirk. 1995. The Marine Recreational Fishery in Northern 


and Central California: A Historical Comparison (1958–86), Status of Stocks (1980–86) and 


Effects of Changes in the California Current. California Department of Fish and Game, Fish 


Bulletin 176. 


Kimmerer, W. J. 2002. Effects of Freshwater Flow on Abundance of Estuarine Organisms: Physical 


Effects or Trophic Linkages? Marine Ecology Progress Series 243:39–55. 







CA Department of Water Resources 


 Appendix 5A 
Essential Fish Habitat Assessment 


 


 


Delta Conveyance Project, Biological Assessment 
5A-24 


May 2024 
ICF 103653 


 


Kimmerer, W. J. 2006. Response of Anchovies Dampens Effects of the Invasive Bivalve Corbula 


amurensis on the San Francisco Estuary Foodweb. Marine Ecology Progress Series 324:207–218. 


doi:10.3354/meps324207. 


Kimmerer, W. J., E. S. Gross, and M. L. MacWilliams. 2009. Is the Response of Estuarine Nekton to 


Freshwater Flow in the San Francisco Estuary Explained by Variation in Habitat Volume? 


Estuaries and Coasts 32(2):375–389. 


Lasker, R. 1975. Field Criteria for Survival of Anchovy Larvae: The Relation between Inshore 


Chlorophyll Maximum Layers and Successful First Feeding. Fishery Bulletin 73(3):453–462. 


McCrae, J. 1994. Oregon Developmental Species, Pacific Sardine. Oregon Department of Fish and 


Wildlife, Newport, OR 


Miller, D. J., and R. N. Lea. 1972. Guide to the Coastal Marine Fishes of California. California 


Department of Fish and Game, Fish Bulletin 157. 


Moyle, P. B. 2002. Inland Fishes of California. Revised and expanded. Berkeley, CA: University of 


California Press. 


National Marine Fisheries Service. 2012. Central California Coast Coho Salmon Recovery Plan 


Executive Summary. Available: https://repository.library.noaa.gov/view/noaa/15987. Accessed: 


February 28, 2022.  


National Marine Fisheries Service. 2019. Biological Opinion on Long-Term Operation of the Central 


Valley Project and the State Water Project. WCRO-2016-00069. October. West Coast Region, 


Sacramento, CA. 


Newcombe, C. P., and J. O. T. Jensen. 1996. Channel Suspended Sediment and Fisheries: A Synthesis 


for Quantitative Assessment of Risk and Impact. North American Journal of Fisheries 


Management 16(4):693–727. 


Orcutt, H. G. 1950. The Life History of the Starry Flounder, Platichthys stellatus (Pallas). California 


Department of Fish and Game, Fish Bulletin 78. 


Pearson, D. E. 1989. Survey of Fishes and Water Properties of South San Francisco Bay, California, 


1973–82. NOAA-NMFS Technical Report 78. Springfield, VA: U.S. Department of Commerce. 


Rogers, C. W., D. R. Gunderson, and D. A. Armstrong. 1988. Utilization of a Washington Estuary by 


Juvenile English Sole, Parophrys vetulus. Fishery Bulletin 86:823–831. 


Smith, S. E., and S. Kato. 1979. The Fisheries of San Francisco Bay: Past, Present, and Future. In T. J. 


Conomos (ed.), San Francisco Bay: The Urbanized Estuary, pp. 445–468. San Francisco, CA: 


Pacific Division, American Association for the Advancement of Science. 


Sopher, T. R. 1974. A Trawl Survey of the Fishes of Arcata Bay, California. M. S. Thesis, Humboldt 


State University, Arcata, CA. 103 pp. 


Yoklavich, M. M., G. M. Cailliet, J. P. Barry, D. A. Ambrose, and B. S. Antrim. 1991. Temporal and 


Spatial Patterns in Abundance and Diversity Offish Assemblages in Elkhorn Slough, California. 


Estuaries 14:465–480. 



https://repository.library.noaa.gov/view/noaa/15987





Appendix 5B 
Delta Conveyance Project North Delta Diversion 


Fisheries Field Studies Workplan 


 







DELTA CONVEYANCE PROJECT NORTH DELTA 


DIVERSION FISHERIES FIELD STUDIES 


WORKPLAN  


P R E P A R E D  F O R :  


California Department of Water Resources 


1516 9th Street, 2nd Floor 


Sacramento, CA 95814 


Contact: Gardner Jones, Aquatic Resources Program Manager III and  


Chris Geach, Program Manager I 


P R E P A R E D  B Y :  


ESA 


2600 Capitol Avenue, Suite 200 
Sacramento, CA 95816 
916.564.4500 
esassoc.com 


May 2024 


 
  







 


ESA. 2024. Delta Conveyance Project North Delta Diversion Fisheries Field Studies 
Workplan. Draft. May. Sacramento, CA. Prepared for California Department of 
Water Resources, Sacramento, CA. 







 


Delta Conveyance Project, Biological Assessment 
5B-i 


May 2024 
ICF 103653 


 


Table of Contents 


Appendix 5B  North Delta Diversion Fisheries Field Studies Workplan ............................................ 5B-1 


5B.1 Introduction and Background ........................................................................................ 5B-1 


5B.2 Purpose .......................................................................................................................... 5B-1 


5B.3 Study Identification ........................................................................................................ 5B-2 


5B.3.1 Link to Delta Conveyance Project Effect Mechanisms ............................................ 5B-2 


5B.3.2 Identified Studies .................................................................................................... 5B-3 


5B.3.3 Relationship to Previous Planning Efforts ............................................................... 5B-3 


5B.4 Study Organization and Phasing .................................................................................... 5B-5 


5B.5 Study Plan Requirements and Considerations ............................................................... 5B-7 


5B.6 Draft Study Plans ............................................................................................................ 5B-7 


5B.6.1 Migration and Survival Study .................................................................................. 5B-7 


5B.6.2 Predation Study ..................................................................................................... 5B-17 


5B.6.3 Abundance and Distribution Study ....................................................................... 5B-25 


5B.7 Future Real-Time Decision Making .............................................................................. 5B-32 


5B.8 Implementation Schedule ............................................................................................ 5B-32 


5B.9 Preliminary Cost Estimates .......................................................................................... 5B-33 


5B.10 References and Links ................................................................................................... 5B-33 


5B.10.1 Useful Links ............................................................................................................ 5B-33 


5B.10.2 References Cited ................................................................................................... 5B-33 


 
  







California Department of Water Resources 


 Appendix 5B 
Delta Conveyance Project North Delta Diversion Fisheries Field Studies Workplan 


 


 


Delta Conveyance Project, Biological Assessment 
5B-ii 


May 2024 
ICF 103653 


 


Tables 


5B-1 Summary of Fisheries Field Study Needs, Primary Effect Mechanisms, Study 
Objectives, and Relationship to Previous Permitting Efforts for the Delta 
Conveyance Project .............................................................................................................. 5B-4 


5B-2 Requirements and Key Considerations for Delta Conveyance Project Study Plans ............. 5B-7 


 


 


Figures 


5B-1 Delta Conveyance Project, North Delta Diversion Facilities—Primary Effect 
Mechanisms and Their Biological Responses ....................................................................... 5B-3 


5B-2 Fisheries Field Studies and Delta Conveyance Project Implementation Chart .................... 5B-6 


5B-3 Example of How the Preliminary Interagency Telemetry Advisory Group Acoustic 
Array in the North Delta Would Be Supplemented with Proposed Nodes to 
Enhance Arrays ................................................................................................................... 5B-11 


5B-4 Example of How the Current DJFMP Surveys in the North Delta Would Be 
Supplemented with Proposed Additional Survey Sites ...................................................... 5B-28 


 


 


 







California Department of Water Resources 


 Appendix 5B 
Delta Conveyance Project North Delta Diversion Fisheries Field Studies Workplan 


 


 


Delta Conveyance Project, Biological Assessment 
5B-iii 


May 2024 
ICF 103653 


 


Acronyms and Other Abbreviations 


Acronym Definition 


2D two-dimensional 


3D three-dimensional 


ARIS Adaptive Resolution Imaging Sonar 


BDCP Bay Delta Conservation Plan 


CDFW California Department of Fish and Wildlife 


cm centimeters 


CVP Central Valley Project 


  


Delta Sacramento–San Joaquin Delta 


DELVE Data Explorer for Learning, Visualization, and Export 


DFW California Department of Fish and Wildlife 


DIDSON Dual-Frequency Identification Sonar 


DJFMP Delta Juvenile Fish Monitoring Program 


DWR California Department of Water Resources 


eDNA environmental DNA 


GPS global positioning system 


IEP Interagency Ecological Program 


ITAG Interagency Telemetry Advisory Group 


mm millimeters 


NDD north Delta diversion 


PIT passive integrated transponder 


project Delta Conveyance Project 


SAIL Salmon and Sturgeon Assessment of Indicators by Life Stage 


SWP State Water Project 


USFWS U.S. Fish and Wildlife Service 







California Department of Water Resources 


 Appendix 5B 
Delta Conveyance Project North Delta Diversion Fisheries Field Studies Workplan 


 


 


Delta Conveyance Project, Biological Assessment 
5B-iv 


May 2024 
ICF 103653 


 


  


This page was intentionally left blank  







 


Delta Conveyance Project, Biological Assessment 
5B-1 


May 2024 
ICF 103653 


 


Appendix 5B 
North Delta Diversion Fisheries Field Studies Workplan 


5B.1 Introduction and Background 
The State Water Project (SWP) water conveyance facilities in the Sacramento–San Joaquin Delta 
(Delta), including Clifton Court Forebay and the Harvey O. Banks Pumping Plant in the south Delta, 
enable the California Department of Water Resources (DWR) to divert water from the Delta into the 
California Aqueduct. The proposed Delta Conveyance Project ( proposed action) would construct 
and operate new conveyance facilities in the Delta that would add to the existing SWP 
infrastructure. New intake facilities would be constructed in the north Delta along the Sacramento 
River between Freeport and the divergence with Sutter Slough. The new facilities would also include 
a tunnel and associated infrastructure that would convey water from the new intakes to existing 
SWP conveyance facilities in the south Delta. The new facilities would provide alternative locations 
for diverting water from the Delta and would be operated in coordination with the existing SWP 
south Delta pumping facilities, in compliance with state and federal regulatory requirements. New 
facilities proposed for the proposed action may include, but are not limited to, the following:  


• Intake facilities on the Sacramento River (referred to in this report as the north Delta diversion 
[NDD] facilities). 


• A tunnel and tunnel shafts. 


• South Delta Pumping Plant. 


• Southern Forebay on Byron Tract. 


• Bethany Complex (a potential alternative to the South Delta Pumping Plant and Southern 
Forebay under consideration). 


5B.2 Purpose 
This workplan for fisheries field studies has been developed as part of the proposed action to 
address uncertainties concerning the proposed action’s potential effects on fishery resources and 
inform the operation and adaptive management of the proposed future NDD facilities to protect 
those resources. This workplan focuses on study elements related to species loss and habitat 
modification to provide adequate detail to support their consideration in the consultation process 
and expedite their implementation. This document describes fisheries-related studies that would 
primarily assess and influence operations and adaptive management and require characterization of 
the baseline condition as a basis for comparison. Additional topics, such as hydrologic and hydraulic 
modeling, species life-cycle modeling, and potential specific operational monitoring components 
(e.g., fish entrainment and impingement monitoring) are covered in other project documents, 
including technical analyses, engineering analyses, and the Delta Conveyance Project Biological 
Assessment. 


This document defines a plan for field studies and monitoring that would be conducted in the 
north Delta to characterize baseline conditions and monitor effects of and inform proposed action 
implementation, including future real-time operations, as part of an adaptive management process. 
The workplan is organized as follows: 
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• Section 5B.3, Study Identification, identifies specific potential effect mechanisms of the 
proposed action on listed fish species and describes links to research questions and/or 
uncertainties, ultimately identifying fisheries field studies intended to inform study questions 
and/or uncertainties. 


• Section 5B.4, Study Organization and Phasing, provides the sequence for all studies based on 
the proposed action timeline and phases. 


• Section 5B.5, Study Plan Requirements and Considerations, describes study plan 
organization, requirements, and considerations for implementation. 


• Section 5B.6, Draft Study Plans, details draft plans for each proposed study. 


• Section 5B.7, Future Real-Time Decision Making, describes the decision-making processes 
for real-time changes to current SWP and Central Valley Project (CVP) operations.  


• Section 5B.8, Implementation Schedule, presents a draft schedule of study implementation. 


• Section 5B.9, Preliminary Cost Estimates, will be developed in future drafts. 


• Section 5B.10, References and Links, provides details for websites presented in the text, as 
well as full reference information for the citations in this document. 


5B.3 Study Identification 


5B.3.1 Link to Delta Conveyance Project Effect Mechanisms 


Several potential operational effects and their consequential linkages to listed fish species and/or 
habitats have been identified to support investigations characterizing baseline conditions and 
informing operation and adaptive management of the proposed action. This workplan focuses on 
the proposed NDD facilities because they do not currently exist. There are several existing study and 
monitoring programs throughout the Delta, many of which focus on the south Delta facilities (e.g., 
pre-screen loss management and monitoring [predatory fish removal and relocation], fish facility 
evaluations, Old and Middle River flow regulation and monitoring). It is assumed that these existing 
programs provide an adequate characterization of baseline conditions in this region, against which 
proposed action operations and adaptive management could be measured.  


Because of the size and scope of the proposed action, the analysis of potential proposed action 
effects associated with the NDD facilities has been organized by spatial scale as near-field and far-
field effects.1 At each scale, primary effect mechanisms were identified that require additional field 
studies to characterize baseline conditions, thus providing a basis of comparison for monitoring the 
effects of proposed proposed action operations, and to inform adaptive management (Figure 5B-1).  


 
1 While potential project effects are organized at near- and far-field spatial scales, future analyses/studies would 
also consider potential effects at an intermediate scale, focusing on cross-sectional fish distribution in the river and 
the proportion of fish potentially at increased risk of exposure to the intakes from implementation of the Delta 
Conveyance Project. For example, these efforts would help capture effects during the transition from far-field to 
near-field spatial scales and associated effects near the intakes. Additionally, the study areas identified in this 
workplan focus on the north Delta, where potential effects from the project would be more directly detectable.  
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Note: The primary effect mechanisms of the proposed north Delta diversion facilities are shown in the white boxes; 
the bulleted items list their biological responses. 


Figure 5B-1. Delta Conveyance Project, North Delta Diversion Facilities—Primary Effect 
Mechanisms and Their Biological Responses 


5B.3.2 Identified Studies 


Five fisheries field studies, organized into three study elements (Migration and Survival, Predation, 
and Abundance and Distribution), have been identified to evaluate the proposed action’s effect 
mechanisms and biological responses. Table 5B-1 identifies the fisheries field studies that would 
characterize baseline conditions, monitor DCP operations, and inform adaptive management. 
Table 1 describes the listed fish species affected by each biological response, the primary objectives 
of each study, and the relationship to previous and current environmental compliance and 
permitting efforts (see the operations adaptive management and monitoring plan in Appendix 3C, 
North Delta Diversion Operations Adaptive Management and Monitoring). The details of each study 
are provided in Section 5B.6. 


5B.3.3 Relationship to Previous Planning Efforts 


Most of the fisheries field studies identified in Table 5B-1 have their origins in previous planning 
efforts (i.e., Bay Delta Conservation Plan [BDCP] and California WaterFix). The technical studies 
identified as part of the previously proposed BDCP, or terms and conditions required in the National 
Marine Fisheries Service biological opinion or California Department of Fish and Wildlife (CDFW) 
incidental take permit for California WaterFix, are cross-referenced to the field studies being 
proposed as part of the proposed action in Table 5B-1. The draft study plans detailed in Section 5B.6 
consider previous planning efforts (e.g., the 2013 workplan for the Intake Design Criteria and 
Performance Monitoring of the BDCP) and incorporate study components that were aligned with the 
proposed action. 
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Table 5B-1. Summary of Fisheries Field Study Needs, Primary Effect Mechanisms, Study Objectives, and Relationship to Previous Permitting 
Efforts for the Delta Conveyance Project 


Scale Effect Response Focal Species1 
Study 
Element Study Objectives 


Relationship to Previous Planning 
Efforts2 


N
ea


r-
F


ie
ld


 


Exposure to 
Fish Screen and 
Altered 
Hydrodynamics 


Survival CHK, STH, GS,  
(DS, LFS by 
inference) 


Migration 
and Survival 


Three-Dimensional 
Distribution, Movement 
Patterns 


BDCP: Technical Study #10 


WaterFix NMFS BO: N/A 


WaterFix ITP: Pre-Con and Post-Con #11 


New In-Water 
Structures 


Predation 
Risk 


Predatory fish 
that prey on 
CHK, STH, DS, 
LFS, GS 


Predation Predator Distribution and 
Abundance 


BDCP: Technical Study #9 


WaterFix NMFS BO: T&C 3aii 


WaterFix ITP: Pre-Con and Post-Con #9 
and Pre-Con and Post-Con #5  


Predation Rate BDCP: N/A 


WaterFix NMFS BO: N/A 


WaterFix ITP: Post-Con #5 


F
ar


-F
ie


ld
 


North Delta 
Diversion Flow 
Alterations 


Survival and 
Routing 


CHK, STH Migration 
and Survival 


Route 
Entrainment/Selection 
and Survival 


BDCP: Technical Study #10 


WaterFix NMFS BO: N/A 


WaterFix ITP: Pre-Con and Post-Con #10 
and #12  


Predation 
Risk 


Fish that prey 
on CHK, STH, 
DS, LFS, GS 


Predation  Predator Distribution and 
Abundance 


BDCP: Technical Study #9 


WaterFix NMFS BO: T&O 3aii 


WaterFix ITP: Pre-Con and Post-Con #9 


Abundance 
and 
Distribution 


CHK, STH, GS, 
DS, LFS 


Abundance 
and 
Distribution 


Demographics, Regional-
Scale Abundance and 
Distribution, Reach-Scale 
Abundance and 
Distribution 


BDCP: Technical Study #11 


WaterFix NMFS BO: N/A 


WaterFix ITP: Pre-Con and Post-Con #11 


Notes:  
1 CHK = Chinook Salmon, DS = delta smelt, GS = green sturgeon, LFS = longfin smelt, STH = steelhead. 
2 BDCP = Bay Delta Conservation Plan; BiOp = biological opinion; ITP = incidental take permit; NMFS = National Marine Fisheries Service; Post-Con = postconstruction 
survey; Pre-Con = preconstruction survey; T&C = term and condition; WaterFix = California WaterFix. 
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5B.4 Study Organization and Phasing 
The studies identified in Section 5B.3 need to be sequenced relative to the proposed action’s 
implementation timeline to ensure that outcomes and results are available to inform the 
development of intake operations and adaptive management (Figure 5B-2). Therefore, the 
identified studies were mapped to the following study phases that relate to the proposed action 
implementation timeline: 


1. Project Development and Refinement: If the proposed action is approved after the 
completion of appropriate environmental review, the Project Development and Refinement 
study phase would occur during the first 1 to 2 years of proposed action implementation (after 
applicable permits have been obtained), before final design and construction activities. During 
this study phase, the project may incorporate relevant design elements such as predator refugia 
features or other structural elements that can be introduced during adaptive management to 
improve the performance of the NDD facilities, if warranted. 


2. Baseline: During the Baseline proposed action study phase, field monitoring studies of 
predatory fish, the survival and abundance of listed fish, and other ecological responses would 
be conducted, building on baseline information from existing programs and the prior 
environmental analyses. The field monitoring studies would be conducted before and during in-
water construction (i.e., during the preconstruction and construction phases) to characterize 
baseline conditions and inform adaptive management during the Initial Operations phase. Field 
studies would be initiated prior to in-water construction (i.e., prior to intake construction) to 
characterize preconstruction conditions. During in-water construction, field studies would 
continue to monitor intake study sites under a transitional condition (i.e., during in-water 
construction, before intake operations). The baseline conditions (preconstruction and 
construction) would inform trends in study site characteristics and aid analyses in refining 
potential effects, including those that were initially identified through prior environmental 
review. 


3. Initial Operations: proposed action operations would have two sub-phases: Initial Operations 
and Long-Term Operations. Field monitoring studies initiated during the Baseline DCP study 
phase would continue into the Initial Operations sub-phase, to evaluate the performance of 
initial design and operations of the proposed action intakes and inform the adaptive 
management of proposed action operations. In addition to informing operations, monitoring 
studies would inform the adaptive management of relevant design elements previously 
identified during the proposed action’s Project Development and Refinement study phase. The 
Initial Operations phase is anticipated to last approximately 5 years. 


4. Long-Term Operations:  During the Long-Term Operations sub-phase, field monitoring studies 
would be merged with existing interagency monitoring programs for coordinated long-term 
operations of the SWP and CVP, as part of broader system-wide long-term operations and 
associated fisheries-based real-time operation decision support processes. 


In addition to the chronological sequencing of study elements, it is important to understand the 
connection of each study element to the relevant design components and operations of the NDD 
facilities, and connections to other studies. The link between the study elements and relevant design 
components or operations are performance metrics by which each study would be evaluated to 
inform the NDD. Section 5B.6 describes the preliminary, generalized performance metrics evaluated 
by each study element.  
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Figure 5B-2. Fisheries Field Studies and Delta Conveyance Project Implementation Chart 
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5B.5 Study Plan Requirements and Considerations  
Each study plan has been organized to accommodate information necessary to successfully implement 
the study. Each study plan would include interagency coordination with regulatory agencies for 
collaboration or input and comments on the study plans. The plan would provide the study 
objective, key questions to be addressed by the study, and preliminary performance metrics that 
would be used to inform the adaptive management of NDD operations and relevant design elements 
(e.g., experimental refugia integrated within intake design). Table 5B-2 details the general 
requirements and key considerations for each study plan. These requirements would be treated as 
individual sections of each study plan. 


Table 5B-2. Requirements and Key Considerations for Delta Conveyance Project Study Plans 


Study Plan Element Requirement or Consideration 


Focal Species List the affected species and life stages that are the focus of the study or 
to which the results of the study pertain. 


Proposed Action Effect 
Links 


Diagram the conceptual links to the effect mechanisms as detailed in 
Table 5B-1 of this workplan.  


Objective(s) Describe the high-level objective(s) of the study.  


Key Questions Describe the key questions to be addressed by the study that inform 
either the design or the operations of the NDD facilities.  


Background Detail previous/ongoing efforts in the Central Valley and Delta to inform 
the study plan’s objective. This includes a review of previous studies 
and literature addressing this objective. This review should provide 
information regarding ongoing study efforts and explain how they may 
be used to supplement or work in concert with the new study. 


Methods Study Area: Provide details of the study area, including maps depicting 
the extent of the fieldwork. 


Methods: Provide detailed methods for all aspects of the study. The 
methods should be described at a level of detail that allows for 
environmental review and permit acquisition. Additional details (e.g., 
power analysis, analytical methods, technology, study fish quantity and 
origin) should be developed by the study implementation team. 


Performance Metrics Include performance metrics to provide the direct connection to the 
operation (adaptive management) of the NDD facilities and attempt to 
answer the key questions of the study (listed above).  


Links to Other Delta 
Conveyance Project Studies 
and Analytical Tools 


Describe any direct or indirect links to other proposed action studies or 
analytical tools. 


Notes: NDD = north Delta diversion. 


5B.6 Draft Study Plans 


5B.6.1 Migration and Survival Study 


The migration and survival study elements identified in this section have been developed to assess 
the survival of listed species in reaches that could be affected by implementation of the proposed 
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action, as well as changes to baseline (preconstruction and construction) as the proposed action is 
implemented. The baseline telemetry study elements detailed in this section are designed to collect 
and synthesize data on a range of factors (e.g., hydrodynamics, fish health, other abiotic factors) that 
contribute to survival and passage at both the near-field and far-field scales. Each study element 
addresses a specific subset of factors and has been developed in close coordination with related 
studies. The findings of these study elements would be used to determine how the proposed action 
would influence survival and behavior. Data generated during the study would also be used to 
inform other studies (e.g., see Section 5B.6.2.1, Predatory Fish Distribution, and Section 5B.6.2.2, 
Direct Predation Rate), model development, and performance metrics.  


The goal of the migration and survival study is to determine whether and to what extent the 
proposed DCP would alter the survival of listed species relative to baseline conditions, and to inform 
management actions targeted toward improving survival. To meet this goal, two study elements are 
proposed to address specific areas of interest for informing management actions related to survival: 


• Far-Field Routing and Survival: This study element is proposed to determine overall survival. 


• Near-Field Survival: This study element is proposed to determine the direct influence of the 
NDD facilities on the downstream survival of juvenile salmonids. 


Together, these study elements would provide the information necessary to evaluate survival 
before, during, and after proposed action construction at the reach-specific, near-field (in the 
vicinity of the intakes), and through-Delta (far-field) scales. The results of the migration and survival 
study would be documented in annual technical reports. The following subsections detail each 
individual element of the migration and survival study.  


5B.6.1.1 Far-Field Routing and Survival 


The far-field routing and survival element of the study would be used to analyze baseline 
(preconstruction and construction) migration survival and route entrainment conditions for 
juvenile Chinook salmon and steelhead by reach within the lower Sacramento River and through the 
Delta. These baseline conditions would be compared to levels of survival and route entrainment in 
the same reaches during proposed action operations, thus enabling the detection of changes in 
survival and route entrainment that may result from the construction and operation of the NDD 
facilities. This study would be coordinated with ongoing outmigration studies in the lower 
Sacramento River and Delta, including the lower San Joaquin River (and south Delta channels), to 
leverage resources and improve overall efficiency, improve statistical power, and maximize the 
value of the collected data.  


Although green sturgeon could be affected by NDD construction and operation, the ability of this 
proposed action to detect changes would be hindered by the potential for difficulties related to the 
rearing, tagging, tracking, and behavioral attributes of green sturgeon within the Delta (e.g., the 
species does not exhibit unidirectional migration). Moreover, capturing green sturgeon in the 
numbers needed to meet statistical power objectives may not be possible. However, future 
improvements to green sturgeon monitoring, production, and/or tracking efforts would be 
considered for incorporation into survival and route entrainment studies for this species. 


Focal Species 


The study element would evaluate migration survival and route entrainment for juvenile Chinook 
salmon and steelhead (salmonids). 
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Proposed Action Effect Links 


 


Objectives 


The objectives and associated research questions of the far-field routing and survival study element 
are as follows:  


1. Route Entrainment: Evaluate the impacts of NDD operations on route entrainment. 


a. How does route entrainment of juvenile salmonids vary at key Delta junctions (e.g., Sutter, 
Steamboat, and Georgiana sloughs) within and among years under baseline 
(preconstruction and during construction) and operating (postconstruction) conditions? 


b. Which factors—if any—that explain differences in route entrainment variation between 
baseline (preconstruction and during construction) and operating (postconstruction) 
conditions are attributable to the NDD facilities? 


2. Survival: Evaluate the impacts of NDD operations on reach-scale and regional-scale 
outmigration survival. 


a. How does the survival of juvenile salmonids vary during their outmigration within and 
among years under baseline (preconstruction and during construction) and operating 
(postconstruction) conditions? 


b. Which factors—if any—that explain differences in outmigration survival between baseline 
(preconstruction and during construction) and operating (postconstruction) conditions are 
attributable to the NDD facilities? 


Methods 


The far-field routing and survival study element would adapt methods described in other acoustic 
telemetry studies of routing and survival in the Delta (e.g., Peven et al. 2005; Burau et al. 2007; Perry 
et al. 2010; California Department of Water Resources 2012, 2014; Holbrook et al. 2013; Romine et 
al. 2013; Perry et al. 2018). The methods seek to answer key questions and achieve study objectives 
through monitoring of juvenile salmonids’ migration from their release site(s) to Chipps Island, 
which has been identified as the monitoring endpoint for through-Delta survival. The results of prior 
power analyses are provided below (see the “Fish Tagging and Release” subsection); however, 
additional power analyses would be used before study implementation to verify the number of 
tagged salmonids needed to detect a relative change in the probability of survival or route 
entrainment as a function of the NDD facilities.  


Study Area 


The study area for the far-field routing and survival study element would include waters throughout 
the lower Sacramento River in the Delta. Designated junctions and study reaches of the lower 
Sacramento River, defined by nodes (hydrophone locations) in survival and route selection models, 
would be identified and would include reaches where the NDD intake structures are proposed to be 
sited (Figure 5B-3).  


Routing and Survival Salmonids 


Scale Effect Response Focal Species Study Component 


Far-Field NDD Flow Alterations Route Selection and 
Survival 
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Telemetry System 


Currently, the Interagency Ecological Program (IEP) Interagency Telemetry Advisory Group (ITAG)2 
is working to establish a coordinated acoustic telemetry array within the Central Valley and Delta 
that consists of numerous acoustic nodes (hydrophone locations; see Figure 3). To estimate routing 
and survival, the study element proposes to use and supplement the ITAG array (or other 
coordinated acoustic telemetry efforts) with additional receiver nodes and associated beacon 
transmitters. These additional receivers would include up to four acoustic hydrophones/receivers at 
upstream and downstream boundaries of the study reaches for the proposed NDD intake locations, 
and at the upstream and downstream junctions of major migration routes through the Delta (e.g., 
mainstem Sacramento River, Sutter and Steamboat sloughs, the Delta Cross Channel, and Georgiana 
Slough as in Perry et al. [2010]; see Figure 5B-3). At route junctions, nodes would consist of one or 
more receivers, as needed, to maximize the probability of detection at each station. These receiver 
stations would continuously monitor the passage of tagged salmonids released as part of the study, 
as well as salmonids and sturgeon tagged as part of other studies. The selection of acoustic 
telemetry technology (e.g., Vemco, Juvenile Salmon Acoustic Telemetry System) for tags 
(transmitters), hydrophones, and receivers would likely be consistent with other concurrent studies 
and the regional acoustic telemetry array unless one technology is more optimal for a given 
experimental design. To minimize direct take, receivers and hydrophones should be able to detect 
and decode transmissions from acoustic-tagged fish that are released by other studies and should be 
installed in a manner that would augment and leverage acoustic detections by other monitoring 
programs using the array. Investigations of tag life and detection efficiency within the array would 
be incorporated to accurately parameterize models.  


 
2 ITAG was founded to meet the following management objectives, designed to achieve a reliable coordinated 
acoustic telemetry program to fulfill implementation of the Salmon and Sturgeon Assessment of Indicators by Life 
Stage (SAIL) monitoring improvements: 
• Annual estimates of reach-specific survival, including to the Golden Gate: winter-run, late fall–run, spring-run, 


fall-run. 


• Route-specific survival estimates. 


• Run-specific abundance estimates entering the Delta (Sacramento River) and exiting the Delta (Chipps Island). 


• Real-time survival detections, with potential application for the biological opinion and Water Infrastructure 
Improvements for the Nation Act. 


• Acoustic telemetry support for SAIL objectives for green sturgeon. 
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Note: Although three proposed intake sites are shown, only two sites would likely be selected, requiring only two 
enhanced arrays.  


Figure 5B-3. Example of How the Preliminary Interagency Telemetry Advisory Group Acoustic Array in 
the North Delta Would Be Supplemented with Proposed Nodes to Enhance Arrays 
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Fish Tagging and Release 


In addition to salmonids tagged for use in concurrent studies and programs, supplemental hatchery-
raised fish (late fall–run, fall-run, winter-run, and spring-run Chinook salmon, and steelhead) 
ranging in fork length from 80 to 220 millimeters (mm) would be tagged and released upstream of 
the receiver array annually to estimate regional and reach-level survival as scaled by travel time, 
and routing at junctions. Based on the reach-scale and through-Delta survival estimates of Perry et 
al. (2010, 2016), recommendations from Burau et al. (2007), and power analyses, approximately 
4,000 to 6,000 study fish would need to be tagged and released upstream of the new diversions at 
regular intervals from December through May. 


Release intervals would be defined using one of three methods—semi-continuous, blocked, or 
adaptive—summarized as follows:  


• Semi-continuous method: This method was used in DWR’s Georgiana Slough non-physical 
barrier studies (California Department of Water Resources 2012, 2014, 2015) and the 6-year 
steelhead outmigration study (e.g., U.S. Bureau of Reclamation 2018a, 2018b, 2018c). In this 
approach, groups of study fish are released semi-continuously at 3-hour intervals across 24-
hour days for the duration of the study. This method ensures an even distribution of fish moving 
through the study area over a wide range of conditions; however, it is labor intensive and would 
require significant investment.  


• Blocked method: This approach involves semi-continuously releasing groups of study fish 
every 3 hours for a defined period (e.g., 16 days) as a “release block” and then halting releases 
for a defined period, which constitutes a “no release block.” This results in reduced labor while 
still accommodating statistical power requirements and the ability to analyze covariates, albeit 
at a coarser resolution that may not fully characterize some covariates, such as flow and 
associated conditions (e.g., turbidity) for a given period or season.  


• Adaptive method: This method uses a power analysis based on survival rates from previous 
studies (California Department of Water Resources 2012, 2014, 2015) and adapts release 
strategies in semi–real time based on statistical power. The power analysis estimates the 
minimum number of acoustic tags that must be detected through the entire route to meet the 
power requirements to detect a change under a given condition or set of conditions 
(e.g., predefined range of flows, turbidities, water temperatures). Releases begin as in the semi-
continuous or blocked methods, but they are halted once a real-time count of tags that have 
passed through the array exceeds the minimum for a given condition. This is followed by a no 
release block, which lasts for the remaining period where the predefined condition occurs. This 
strategy may result in reduced costs; however, it may also sacrifice understanding of certain 
covariates, such as dynamic weather events, flow, and pumping rates, which may not be fully 
captured within the predefined condition sets.  


The release strategy and total number of tagged salmonids may need to be reassessed based on the 
results of the initial study year(s) to ensure that study objectives are met in subsequent years. If 
juvenile green sturgeon from a hatchery are not available for study purposes to inform survival 
estimates, alternative analytical approaches (e.g., modeling) may be needed to help estimate the 
probability of survival and route entrainment for this species. 


After tagging, fish would be transported to their release site (if not tagged at the release site) and 
allowed to acclimate for 24 hours before release for recovery from transportation and tagging. After 
acclimation, the fish would be released following the release schedule. The release schedule would 
be selected to ensure an even distribution of study fish across tidal and diel cycles. Final decisions 
regarding study fish and release strategy would be developed and described in a detailed study plan 
before study implementation. (See California Department of Water Resources 2012, 2014,2015 for a 
more detailed description of fish tagging, and release procedures.) 
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Array Maintenance and Data Management 


Equipment would be checked at regular intervals with field crews and via remote monitoring, which 
would allow for regular assessment of the functionality of systems. Field crews would be available 
as needed to perform routine maintenance or equipment checks (e.g., battery replacement, 
hydrophone cleaning, maintenance or replacement of hydrophones and receivers, and tag detection 
checks). Field crews would maintain detailed standardized logs of receiver checks and ensure that 
system functionality is always maintained. Data collected during the study would require storage on 
a secure, remote cloud server, given the volume of data to be produced. Data would be stored and 
organized in a repository that is readily accessible for analysis, consistent with industry standard 
practices for database sharing (e.g., California fish tracking consortium, DWR Data Explorer for 
Learning, Visualization, and Export [DELVE] platform data standards). 


Data Processing 


In general, data processing for routing and survival analysis would require processing transmissions 
from acoustic transmitters into time-ordered detection histories. In some cases, data processing 
procedures would be somewhat determined by the requirements of the chosen acoustic tagging 
technology.  


Survival Estimation 


Survival and routing estimation would follow statistical models described in Burau et al. (2007), 
Perry et al. (2010, 2016), Holbrook et al. (2013), and others, and would be scaled by travel time to 
account for differing survival rates as a function of spending more time in certain areas (Hassrick et 
al. 2022). A Cormack-Jolly-Seber mark-recapture model (e.g., Perry et al. 2010; Holbrook et al. 2013) 
would form the basis of the statistical analysis for survival estimation and routing probabilities. 
Results would be evaluated in the context of findings from other studies. Additionally, estimates 
would incorporate new and advancing methods to reduce bias of estimates, including estimation of 
premature tag failure (Holbrook et al. 2013), removal of eaten individuals from the movement 
analysis (e.g., Romine et al. 2014), and body size and migration timing of study fish used as 
surrogates for wild, listed fish (see Section 5B.6.3, Abundance and Distribution Study). Results from 
baseline data on routing and survival would be compared to results during operations to inform 
operational effects and adaptive management, as necessary. 


Reporting 


The results of the far-field routing and survival study element would be documented in annual 
technical reports. The reports would be reviewed annually and revised as needed. 


Links to Other Delta Conveyance Project Studies and Analytical Tools 


The far-field routing and survival study element should be coordinated, when possible, with ongoing 
routing and survival studies in the study area to improve efficiency and maximize the collection of 
spatial and temporal data. In addition, the acoustic array would also be used in the predation study 
(see Section 5B.6.2, Predation Study). The results of the predation study may be used to inform 
predation parameters within the survival model, while information from the migration and survival 
study would also help to scope when the predation study experiments should take place. 


5B.6.1.2 Near-Field Survival 


This near-field element of the study would be used to analyze baseline passage and near-field 
survival characteristics for juvenile salmonids in reaches surrounding the proposed NDD intakes. 
These baseline characteristics would be compared to passage and near-field survival characteristics 
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during proposed action operations in the same reaches, so that a difference, as determined a priori 
by a power analysis, could be detected. The movement patterns of tagged juvenile salmonids would 
be tracked during their passage along reaches covering the proposed NDD intake sites. The results 
of the study would be used to compare movement at the NDD intake locations before construction, 
during construction, and after construction of the intakes to determine whether movement and 
survival have changed in response to installation of the diversion structures or proposed action 
operations. This study would be coordinated with ongoing outmigration studies in the area to 
leverage efficiency and maximize the collection of spatial and temporal data. 


Focal Species 


Near-field behavior and survival of juvenile Chinook salmon and steelhead would be evaluated. 
(Note that effects on habitat and survival associated with the NDD facilities would also be assessed 
in the abundance and distribution study [see Section 5B.6.3].) 


Conceptual Links 


 


Objectives 


The objectives and associated research questions of the near-field survival study element are as 
follows:  


1. Three-Dimensional (3D) Distribution: Evaluate the impact of NDD structure and operations 
on horizontal and vertical density distributions of juvenile salmonids in the vicinity of the NDD 
intakes. 


a. How are juvenile salmonid densities distributed in 3D space at the locations of the intakes 
during baseline (preconstruction and during construction) and operating (postconstruction) 
conditions? 


b. Which factors—if any—that explain differences in 3D density distribution between baseline 
(preconstruction and during construction) and operating (postconstruction) conditions are 
attributable to the NDD facilities? 


2. Movement Patterns: Evaluate the impacts of NDD structure and operations on fine-scale 
movement patterns of juvenile fish in the vicinity of the NDD intakes. 


a. How much do the movement patterns of juvenile salmonids vary during their outmigration 
within and among years during baseline (preconstruction and during construction) and 
operating (postconstruction) conditions?  


b. Which factors—if any—that explain differences in fine-scale movement patterns between 
baseline (preconstruction and during construction) and operating (postconstruction) 
conditions are attributable to the NDD facilities? 


Near-Field 
NDD Flow 
Alterations Fish Survival 


Route Selection and 
Survival Salmonids 


Scale Effect Response Focal Species Study Component 
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Methods 


The near-field survival study element would adapt methods found in studies using 3D acoustic 
telemetry positioning and tracking to evaluate movement at the intake structures (e.g., Perry et al. 
2003) and movements associated with near- and intermediate-field hydrodynamics, including those 
related to critical streakline concepts (e.g., Hance et al. 2020) and predation (e.g., Romine et al. 
2014). Power analyses based on past studies (e.g., Perry et al. 2016) and initial study years would be 
used to evaluate the number of tagged individuals needed to detect significant differences (e.g., α = 
0.1 [type 1 error rate of 10% or a 90%confidence interval]) in behavior patterns, considering 
scheduled releases of juvenile salmonids from concurrent nearby studies.  


Study Area 


The study area for the near-field survival study element would include study reaches, defined by 
nodes (see Figure 5B.3), at NDD intake structures as well as control reaches near the NDD intake 
facilities, within the lower Sacramento River.  


Telemetry System  


For 3D tracking and positioning, enhanced arrays would be installed along reaches encompassing 
the proposed intake screen faces, and along control reaches. Each enhanced array would consist of 
approximately 9 to 12 acoustic receivers, depending on the shoreline length of the reach 
(approximately 0.9 to 1 kilometer) and channel width (approximately 165 to 225 meters) designed 
and operated to provide 3D positioning capability. This array would contain four receivers (two 
upstream and two downstream of the proposed screen location) that would function as nodes in the 
routing and survival estimation, but it would also contain additional receivers positioned to provide 
the ability to estimate the 3D position of an acoustically tagged individual. The array would be able 
to characterize movements by tagged smolt and predatory fish (see Section 5B.6.2), and provide for 
determination of predation events on smolts using a mixture model approach (e.g., Romine et al. 
2014). The number and position of each hydrophone would need to be determined based on 
hydrodynamics and channel morphology; however, there should be enough vertical and horizontal 
difference between hydrophone positions to accurately position the tagged study fish. Receivers and 
hydrophones would be located on permanent or semi-permanent structures to improve positioning 
error estimates and provide the highest confidence reasonably possible in tracking data.  


Fish Tagging 


It is anticipated that no additional fish would be required for this element of the migration and 
survival study. Fish tagged for other studies or tagged as part of the far-field routing and survival 
element of this study could also be used for this element of the study. As described in Section 
5B.6.1.1, Far-Field Routing and Survival, based on power analyses and the results of the initial study 
year(s), the total number of tagged salmonids may need to be reassessed (and increased) to ensure 
that study objectives (and statistical power requirements) are met. 


Array Maintenance and Data Management 


Equipment would be checked at regular intervals with field crews or via remote monitoring that 
would allow for the regular assessment of the functionality of systems. Field crews would perform 
routine maintenance or equipment checks (e.g., battery replacement, hydrophone cleaning, 
maintenance or replacement of receivers, and tag detection checks). Field crews (data management 
and field) would maintain detailed standardized logs of receiver checks and ensure that system 
functionality is always maintained. Data collected during the study would require storage on a 
secure, remote cloud server. The data would be stored and organized in a manner that would allow 
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for safe repository and access for analysis, consistent with industry standard practices for data (e.g., 
California fish tracking consortium, DWR DELVE platform data standards). 


Near-Field and Intermediate-Field Hydrodynamics 


For hydrodynamic evaluations, side-looking horizontal acoustic Doppler current profilers would be 
installed along reaches encompassing the proposed intake screen faces to measure surface water 
velocity fields. With this information, it would be possible to estimate the location of entrainment 
zones by delineating critical streaklines associated with varying discharge and diversion rates. The 
critical streakline concept is a way of collapsing a complex flow field into understanding how fish 
are likely to route, considering the side of the critical streakline on which they are located. This 
provides a simple metric for comparing the potential for entrainment (or other measures of intake 
influence) under a variety of conditions at the proposed intake screen faces.  


The location of the critical streakline can be estimated using flow station discharge records and 
diversion rates to compute intake entrainment ratios, which can then be scaled by the cross-
sectional width of the river to produce estimates of critical streakline locations (Hance et al. 2020). A 
detailed analysis of critical streakline estimates produced using this approach, in combination with 
two-dimensional (2D) and/or 3D fish tracks and potentially other techniques (e.g., fish behavior 
models [Eulerian-Lagrangian Agent Models]), would be used to inform an evaluation of near- and 
intermediate-field effects of the intakes on fish passage and near-field survival. The critical 
streakline estimate developed as part of this study element would also be compared to 2D 
modeling–based critical streakline estimates developed as part of planning-level analyses.  


Data Processing 


Data processing procedures would be influenced by the chosen technology. In general, data 
processing for movement and tracking analyses requires processing transmissions from acoustic 
transmitters into time-ordered position estimates for each fish. These are then converted into vector 
tracks that can be analyzed for density and movement patterns. 


Movement Analysis 


Tagged fish tracks and position estimates would be statistically analyzed to characterize 3D density 
distributions and movement patterns (e.g., Perry et al. 2003; Gurarie et al. 2009; Romine et al. 2014; 
Signer et al. 2019) from baseline data, and compared to movements under with- proposed 
operations to inform adaptive management. Horizontal and vertical distribution density within the 
water column would inform the extent to which fish interact with or avoid the intake structures or 
hydrodynamics created by operations, which would be compared with densities before and during 
structure construction. Additionally, this array would be used to inform passage performance (e.g., 
Castro-Santos and Perry 2012). Finally, this array would be used to track predatory fish and inform 
predator distributions, predation losses (e.g., Romine et al. 2014), and impacts on migration from 
changes in predation risk.  


Given the nature of this study element (e.g., movement patterns in the vicinity of the proposed 
intake sites), this study would need to consider the approximate 5-year in-water intake construction 
period as a transitional condition between preconstruction, construction, and operations (Initial 
Operations and Long-Term Operations sub-phases). Further, construction activities may require a 
reduced array that limits 3D positioning capabilities.  


Reporting 


The results of the near-field survival study element would be documented in annual technical 
reports. The reports would be reviewed annually and revised as needed.  
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Links to Other Delta Conveyance Project Studies and Analytical Tools 


The near-field survival study element should be coordinated, when possible, with ongoing routing 
and survival studies in the area to minimize directed take, improve efficiency, and maximize the 
collection of spatial and temporal data. The data from this study element could be used to inform 
survival estimates within the study and control reaches for the far-field routing and survival study 
element, as well as informing the predation study through additional evidence of predation events 
and predator distribution; the acoustic array would also be utilized in the predation study (see 
Section 5B.6.2). The predation study would concurrently use the enhanced arrays to examine 
movements by predatory fish associated with the intake structures, informing predatory fish 
abundance, distribution, and predation risk. 


5B.6.1.3 Performance Metrics 


Each study element is designed to meet its objectives by answering the associated research 
questions, which would inform adaptive management of proposed action operations by providing 
data to assess performance metrics and associated criteria. Performance metrics and associated 
criteria for each element would be developed by the study implementation team and would provide 
the direct connection to operation and adaptive management of the NDD intakes. Preliminary, 
generalized performance metrics for each element are as follows: 


Far-Field Routing and Survival 


a. Trends in route entrainment conditions attributable to NDD operations relative to trends under 
baseline (preconstruction and during construction) conditions.  


b. Trends in north Delta salmonid survival attributable to NDD operations relative to trends under 
baseline (preconstruction and during construction) conditions. 


c. Trends in through-Delta (Sacramento River corridor to Chipps Island, also considering 
pathways to the central and south Delta) salmonid survival attributable to NDD operations 
relative to trends under baseline (preconstruction and during construction) conditions. 


Near-Field Survival 


a. Trends in horizontal and vertical distribution of juvenile salmonids within the locations of the 
NDD intakes during operation of the facilities relative to trends under baseline (preconstruction 
and construction) conditions and/or compared to control reaches. 


b. Trends in movement patterns within the locations of the NDD intakes during operation relative 
to trends under baseline (preconstruction and construction) conditions and/or compared to 
control reaches. 


c. Trends in salmonid survival past the NDD intake structures during operations relative to trends 
under baseline (preconstruction and construction) conditions and/or compared to control 
reaches within the locations of the NDD structures.  


5B.6.2 Predation Study 


The predation study elements identified below have been developed to assess a baseline risk of 
predation to which listed fish species are exposed in the reaches likely to be affected by proposed 
action implementation and changes to that baseline (preconstruction and construction) as the 
proposed action is implemented. The study elements detailed in this section are designed to collect 
and synthesize data on a range of factors that contribute to predation risk at both the near-field and 
far-field scales. Each study element is tailored to address a specific subset of these factors and has 
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been developed in close coordination with other related studies. Baseline data would be collected 
over multiple years to capture and characterize a wide range of water year types and environmental 
conditions. 


The findings of the predation study would be used to determine changes in predation risk associated 
with the project. Data derived from the study elements would also be used to inform other related 
studies, model development, and performance metrics. The study elements would also provide the 
foundation on which to develop adaptive management strategies.  


The goal of the predation study is to determine whether the proposed action would increase 
predation risks for listed species relative to baseline conditions and to inform adaptive management 
actions aimed at reducing predation risks. To meet this goal, two study elements are proposed to 
address specific areas of interest for informing management actions related to predation risk: 


• Predatory Fish Distribution: This study element is proposed to characterize relative 
abundance and distribution of the predatory fish community and to determine habitat use. 


• Predation Rate: This study element is proposed to quantify changes in predation rate relative 
to baseline (preconstruction and construction) conditions. 


Together, these study elements would provide the information necessary to evaluate predation risks 
during baseline (preconstruction and during construction) and operations (Initial Operations and 
Long-Term Operations sub-phases). The results of the predation study would be documented in 
annual technical reports. The following subsections detail each individual element. 


5B.6.2.1 Predatory Fish Distribution 


The predatory fish distribution study element would be used to establish the baseline species 
composition, demographics, and distribution of predatory fish in the study area. The results of the 
field studies would be used to identify the geographic and seasonal distribution of predatory fish 
within each designated treatment and control reach of the river, species composition, diet, and size 
composition. 


Focal Species 


The study element would evaluate predatory fishes that are known to prey on juvenile Chinook 
salmon and steelhead, adult delta smelt and longfin smelt, and juvenile green sturgeon (e.g., black 
bass, catfish, Sacramento pikeminnow, striped bass). 


Action Effect Links 


 


Far-field 


Increased In-Water 
Structure 


NDD Flow 
Alterations 


Predator 
Distribution 


Salmonids, 
Sturgeon, & Smelt Predation Risk 


Scale Effect Response Focal Species Study Element 


Near-field 
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Objectives 


The objectives and associated research questions of the predatory fish distribution study element 
are as follows:  


1. Predator Demographics: Establish the baseline species composition, size class distribution, 
and diet of predatory fish in reaches where the NDD facilities are proposed. Compare operations 
(postconstruction) conditions to both baseline (preconstruction and during construction) and 
control reach conditions.  


a. What are the predatory fish species that inhabit the study sites? What is the species 
composition, relative and absolute abundance, and length and weight? How do these 
characteristics vary within and among years, and among locations, and with other abiotic 
factors within the lower river? 


b. What is the diet of the predatory fish inhabiting the study sites? How does the diet of these 
predatory fish vary on a species-specific basis, by predatory fish and prey size, and by 
season or other abiotic factors? 


2. Habitat Use, Distribution, and Density: Establish a baseline of predatory fish habitat use, 
distribution, and density in reaches where the NDD intakes are proposed.  


a. How do predatory fish use habitat features in the study area? How does habitat use in the 
area where the NDD intakes are proposed compare during baseline (preconstruction and 
during construction) and operating (postconstruction) conditions? 


b. What are the densities of predatory fish at each study site? How do predator densities 
compare between baseline (preconstruction and during construction) and operating 
(postconstruction) conditions?  


c. How do predatory fish densities vary by season and in response to changes in Sacramento 
River flow, water temperatures, turbidity, time of day, and other factors such as water 
velocity, areas of turbulence, and proximity to shorelines and physical structures between 
baseline (preconstruction and during construction) and operating (postconstruction) 
conditions? 


3. Predation Risk: Identify which factors contribute to predation risk in the study area. 


a. Which habitat features and associated hydraulic conditions influence predatory fish 
behavior in the study area? 


b. How does predatory fish density and movement behavior relate to direct predation 
observed during the direct predation rate study element (see Section 5B.6.2.2)? How does 
this relationship inform predation risk? 


c. Where in the study area is the probability of encountering predatory fish highest? When and 
where do listed species share habitat with predatory fish? 


To meet these objectives, several discrete data collection efforts are proposed to address specific 
areas of interest under the umbrella of predator distribution. 


Methods 


Several methods would be employed to capture, enumerate, and track predatory fish. The 
application of each method would be tailored to achieve thorough sampling of fish species that are 
representative of the predatory fish community (e.g., black bass, striped bass, catfish, Sacramento 
pikeminnow), temporally and spatially throughout the course of the study. Once captured, all 
predatory fish would be identified to species, weighed, and measured to fork length. A subset of 
captured fish would be euthanized and preserved for diet analysis. Others would be implanted with 
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either a passive integrated transponder (PIT) tag or a PIT plus an acoustic tag (dependent on tag 
burden) and released. PIT tags are important for identifying previously captured fish during capture 
efforts. 


Study Area 


The study area for the predatory fish distribution study element would include the lower 
Sacramento River in the vicinity of the NDD facilities. Four control sites (two upstream of NDD and 
two downstream of NDD) would be selected based on data collected during the baseline phase, in 
addition to the treatment site(s) at the NDD facilities to control for temporal changes in the river not 
associated with the NDD facilities. The boundary of the sampling and monitoring efforts would be 2 
miles downstream of the downstream-most control site and 2 miles upstream of the upstream-most 
control site.  


Predatory Fish Collection and Tagging 


Predatory fish would be captured using the following methods: 


• Hook-and-line 


• Electrofishing 


• Fyke and hoop traps 


• Trawling 


• Seining 


All predatory fish of sufficient size to be implanted with acoustic tags (not exceeding a tag burden 
weight of 5% [weight of tag/weight of fish]) would be eligible for tagging. A determination of species 
composition and whether a fish is large enough to prey n listed species/relevant life stage would be 
made before study implementation, based on the available literature. 


Hook-and-Line 


Hook-and-line sampling using bait and artificial lures would be conducted from shore or on boats. 
Two boats suitable for fishing the lower Sacramento River would be used on each sampling day. 
Each boat would be equipped with a recirculating live well. Each boat would be staffed by two crew 
members. Hooks would be removed carefully immediately after capture and fish would be placed in 
well-aerated live wells filled with cool water. 


Electrofishing 


Boat-based electrofishing would be implemented, when feasible, to capture predatory fish along the 
channel margins. Two electrofishing boats, each specifically designed and outfitted with equipment 
necessary to temporarily stun fish and hold them in recirculating live wells, would be used on each 
day of sampling. Each electrofishing boat would be staffed by four crew members, consisting of two 
netters, a data collector, and a boat operator. 


Fyke and Hoop Trapping 


Stationary fyke and hoop traps would be used at the downstream and upstream ends of the study 
area to capture migratory/roaming predatory fish species such as striped bass, Sacramento 
pikeminnow, catfish, and black bass. Sampling would follow plans like those used in annual striped 
bass monitoring conducted by CDFW (Dubois and Danos 2018), where fyke traps would be 
anchored to shore and rolled in and out of the water by electric winches, and like those at Clifton 
Court Forebay, where hoop traps are deployed in paired sets and anchored on the bottom. 
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Depending on the characteristics of the site and/or the conditions of the river, fish would be 
removed from the trap either via boat or from shore. A crew of four would be required for each day 
of sampling. 


Trawling 


Surface trawls, otter trawls, or lampara purse seines may be used to capture predatory fishes 
throughout the water column. Surface and otter trawls would sample at fixed depths, towed from 
the stern of a single boat. Trawls would follow transects parallel to shore across the river, towing 
nets downstream, or down-current on reversing tides. A second boat may be used to set the lampara 
net, depending on river conditions. 


Seining 


Beach seines may be used to capture predatory fishes from shore, where the bank is shallow enough 
for this technique to be feasible. Beach seines would follow protocols used by the Delta Juvenile Fish 
Monitoring Program and by predatory fish removal studies carried out in Clifton Court Forebay.  


Tagging 


Tagging stations would be assembled at pre-identified locations (e.g., stable, shaded, providing safe 
access from boat or land, and located no more than 1 mile from sampling sites) throughout the study 
reach. Each station would be equipped with all materials necessary to safely tag and recover 
predatory fish. On each day of sampling, the tagging stations would be staffed by three trained crew 
members, consisting of one tagger, one tagging assistant, and one data recorder. Fish would be 
tagged with PIT tags for identification of recaptured individuals or with acoustic transmitters for 
detection within the acoustic array (see Section 5B.6.1, Migration and Survival Study). 


Acoustic Tracking of Predatory Fish 


Predatory fish would be tagged with acoustic transmitters compatible with the dominant 
concurrently installed acoustic array within the Delta (e.g., Vemco, Juvenile Salmon Acoustic 
Telemetry System, or other technology) and match those from the migration and survival study. 
Final decisions regarding the technology used would be coordinated with concurrent studies and/or 
programs to leverage existing instrumentation and ensure maximum usefulness of generated data.  


Tagged predatory fish would be monitored using the acoustic detection and monitoring network 
used by the migration and survival study (described in Section 5B.6.1). All array maintenance, data 
management, and data processing efforts would be combined with the migration and survival study 
as well. 


Fixed and Mobile Split-Beam Echo Sounder 


Fixed and mobile echo sounder surveys would be conducted to estimate near-field and far-field 
relative abundance, biomass, and size distribution of predatory fish throughout the study reach. 
Fixed split-beam echo sounders would be deployed in the immediate vicinity of the NDD facilities to 
assess temporal changes in fish use of the NDD structural components. Boats equipped with 
portable autonomous split-beam echo sounders would survey along transect lines from the 
upstream-most control site through the treatment site and extending to the downstream-most 
control site. Two boats, each staffed with three crew members, would be used on each day of 
sampling. 
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Predatory Fish Demographics 


Collected predatory fish would be identified to species and measured to fork length and weight. 
Analyses of relative abundance and size class distribution would be conducted. The findings would 
be incorporated into predatory fish populations and bioenergetics models.  


Reporting 


The results of the predatory fish distribution study element would be documented in annual 
technical reports. The reports would be reviewed annually and revised as needed. 


Links to Other Delta Conveyance Project Studies and Analytical Tools 


When feasible, the predatory fish distribution study element should be coordinated with ongoing 
predator distribution studies in the area to improve efficiency and maximize the value of the 
collected data. In addition, the acoustic array used for the migration and survival study (see Section 
5B.6.1) would be used in this study. Acoustic data from the migration and survival study would be 
used in combination with predator tracking data and active hydroacoustic sampling data to assess 
the probability of predator encounters. Findings from the direct predation rate study element (see 
Section 5B.6.2.2) would be used in conjunction to inform predation risk estimates for the study 
reach. 


5B.6.2.2 Direct Predation Rate 


The direct predation rate element of the study would be used to establish the rate at which listed 
species would be lost to predation in the study area during baseline (preconstruction and 
construction) and operating (postconstruction) conditions. This effort is also designed to identify 
which environmental factors are most associated with increased rates of predation. Selected study 
sites (four control, NDD treatment) would provide temporal controls to allow for the inference of 
relationships between predation risk and numerous environmental covariates (e.g., flow, 
temperature, turbidity, habitat variables). 


Findings would be used in combination with the species composition, geographic and seasonal 
distribution, diet, and size composition of predatory fish data collected in the predatory fish 
distribution study element to estimate predation risk for the study area. 


Focal Species 


This study would evaluate where, when, and how frequently predation on juvenile Chinook salmon, 
and by extension, steelhead, adult delta smelt and longfin smelt, and juvenile green sturgeon, occurs. 


Conceptual Links 


 


Near-Field 
Increased In-Water 
Structure and Flow 


Alterations 
Predatory Fish Direct Predation 


Rate 
Predation Risk 


Scale Effect Response Focal Species Study Element 
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Objectives 


The objectives and associated research questions of the direct predation rate study element are as 
follows: 


1. Predation Rate: Establish the loss to predation in reaches where the NDD facilities are 
proposed and in control reaches. Monitor changes in predation rate at NDD locations during 
operating (postconstruction) conditions relative to baseline (preconstruction and during 
construction) conditions and at control reaches. 


a. What is the rate of loss to predation at the study sites? How does direct loss to predation 
vary within and among years and among locations? What is the net rate of loss across all 
study reaches/locations? 


2. Identify Factors: Assess the range of environmental conditions that may contribute to different 
rates of direct predation during periods when listed species are most likely to be present. 
Monitor changes to these conditions relative to the control. 


a. How do predation rates vary by season (winter and spring) and in response to changes in 
Sacramento River flow, water temperatures, turbidity, time of day, and other factors such as 
water velocity, areas of turbulence, and proximity to shorelines and physical structures 
within the river between baseline (preconstruction and during construction) and operating 
(postconstruction) conditions? 


Methods 


The predation rate of salmonids would be determined with tethered devices for recording fish 
predation events (Michel et al. 2020) and with acoustic tag data (Romine et al. 2014). Methods 
would be adapted from the most recent available local literature and would be comparable to 
similar ongoing efforts.  


Study Area 


The study area for the direct predation rate study element would include the lower Sacramento 
River in the vicinity of the NDD facilities. Four control sites (two upstream of the NDD facilities and 
two downstream of the facilities) would be selected in addition to the treatment site at the NDD 
facilities. The boundary of the sampling and monitoring efforts would be 2 miles downstream of the 
downstream-most control site and 2 miles upstream of the upstream-most control site.  


Tethering 


Predation rates would be quantified throughout the lower Sacramento River using floating 
predation event recorders that would record the exact times and locations of predation events, like 
the recorders used by Demetras et al. (2016) and Michel et al. (2020). Sampling would occur weekly 
to capture seasonal variability in conditions and cover the entire range of predator and prey life 
history. These recorders are drifting buoys with a live hatchery-origin juvenile Chinook salmon 
attached as bait. (Alternatively, surrogate prey species such as a golden shiner, Notemigonus 
crysoleucas, may be used. Golden shiners may be chosen instead of juvenile Chinook salmon because 
they are more resilient to the warmer ambient water temperatures that are expected to occur 
during the warmer months [May through July] and may be more readily available). The drifting 
recorders are outfitted with a global positioning system (GPS) tracker and triggering timer to 
determine the exact time and back-calculate the location of predation events. Daily sampling 
sessions would occur during crepuscular periods, to amplify any potential predation risk and 
develop more robust relationships between predation risk and variables associated with the NDD 
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facilities. Previous studies have shown that predation risk is highest at sunset (Demetras et al. 2016) 
and artificial light tends to influence predation rates after dark (Nelson et al. 2021).  


Recorders would be deployed in the water for preestablished durations per day. A boat-based crew 
would begin deploying floating recorders at the upstream end of the study reach (as determined by 
the direction of the current during that tide cycle). That boat would tend to the floating recorders as 
needed, dislodging them from submerged aquatic vegetation and redeploying at the upstream end of 
the reach once they reach the end of the reach. If necessary, a floating line, suspended from 
anchored buoys, may be used to guide recorders and corral them at the terminal end. When there is 
little to no flow, recorders would be allowed to soak for fixed durations within 100 meters of the 
NDD facilities. The goal would be to have the same “soak” time per day and let the number of 
deployments vary. Every time a recorder is removed from the water, the status of the predation-
triggered timer and bait would be recorded, the timer reset, and the bait replaced before 
redeployment, if necessary.  


Either a Cox proportional hazard model used by Michel et al. (2020), a temporally explicit model 
that allows spatial and temporal conditions to be associated for each unique recorder drift, or a 
boosted regression tree approach would be used to evaluate predation rates as a function of 
distance to the NDD facilities. Because distance to the NDD facilities would be used as a covariate, 
the model would be able to identify the effects of seasonal trends (e.g., increasing water 
temperature) or daily trends (e.g., time to sunset). 


Acoustic Tag Analysis 


Acoustic data from the migration and survival study would be analyzed for evidence of predation 
events. The analysis of fish movement behavior would be informed by the most recent available 
scientific literature, and predation events of acoustically tagged juvenile salmon and/or steelhead 
would be assigned accordingly. Environmental data and fish release and tracking data would be 
used to assess each predation event and identify contributing factors. 


Stationary Sonar Imaging Camera 


In addition to studies to evaluate increased predation rate at the NDD facilities, dual-frequency 
identification sonar (DIDSON) or similar (e.g., adaptive resolution imaging sonar [ARIS]) camera 
surveys would be used to assess predator management strategies at in-water structures and habitat 
features of interest. Upon assessment of the habitat features likely to aggregate predatory fish in the 
study reach, sonar cameras would be used to assess fine-scale abundance and behavior at control 
sites, at the locations of proposed action -related in-water structures, or in the vicinity of 
experimental refugia. 


Reporting 


The results of the direct predation rate study element would be documented in annual technical 
reports. The reports would be reviewed annually and revised as needed. 


Links to Other Delta Conveyance Project Studies and Analytical Tools 


To the extent feasible, the direct predation rate study element should be coordinated with ongoing 
predator distribution studies in the area to improve efficiency and maximize the value of the 
collected data. In addition, the acoustic array used for the migration and survival study (see Section 
5B.6.1) would also be used in this study. Acoustic data from the migration and survival study would 
be used in combination with predator tracking data and active hydroacoustic sampling data to 
assess the probability of predator encounters. Findings from the predatory fish distribution study 
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element (see Section 5B.6.2.1) would be used in conjunction to inform predation risk estimates for 
the study reach. 


5B.6.2.3 Performance Metrics 


Each study element would inform adaptive management of proposed action operations by providing 
data to assess performance metrics and associated criteria. Performance metrics and associated 
criteria for each element would be developed by the study implementation team and would provide 
a direct connection to operation and adaptive management of the NDD intakes. Preliminary, 
generalized performance metrics for each element are as follows: 


a. Trends in net losses to predation attributable to the proposed action relative to trends under 
baseline (preconstruction and during construction) conditions and compared to control sites. 


b. Trends in predation risk (i.e., changes in predatory fish abundance) in areas affected by the 
proposed action relative to trends under baseline (preconstruction and during construction) 
conditions and compared to control sites.  


5B.6.3 Abundance and Distribution Study 


5B.6.3.1 Summary of Study 


The abundance and distribution study identified below has been developed to determine baseline 
densities and seasonal and geographic distribution of all life stages of listed fish species inhabiting 
the reaches of the lower Sacramento River likely to be affected by the proposed action and changes 
to baseline conditions as the proposed action is implemented. Findings would be used to determine 
the distribution and abundance of all listed fish species associated with the proposed action. Data 
derived from the study would also be used to inform related studies, model development, and 
performance metrics used in adaptive management. The results would be documented in annual 
technical reports. This study would be critically reviewed annually and revised as needed. 


Focal Species 


The study would primarily monitor the abundance and distribution of all life stages of all listed fish 
species (i.e., salmonids, green sturgeon, delta smelt, longfin smelt). 


Proposed Action Effect Links 


 


Objectives 


The objectives of the abundance and distribution study are as follows: 


1. Fish Demographics: Evaluate the impacts of the NDD facilities on the demographics of listed 
fish species observed at the NDD facilities and at sites upstream and downstream. 


Far-Field NDD Flow 
Alterations 


All Listed Fish 
Species 


Fish Abundance 
and Distribution 


Abundance and 
Distribution 


Scale Effect Response Focal Species Study 
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a. What are the demographics (i.e., length, weight, maturity, species composition, relative 
abundance) of all life stages of listed fish species observed at the NDD facilities and at 
nearby sites? 


b. Are there any factors attributable to the NDD facilities that explain differences in 
demographics between baseline (preconstruction and during construction) and operating 
(postconstruction) conditions? 


2. 2. Regional-Scale Abundance and Distribution: Evaluate the impacts of the NDD 
facilities on the seasonal and geographic distribution of listed fish species in the lower 
Sacramento River within the Delta. 


a. What is the seasonal and geographic abundance and distribution of each life stage of listed 
fish species in the vicinity of the NDD facilities and in adjacent reaches in the lower 
Sacramento River? 


b. Are there any factors attributable to the NDD facilities that explain differences in regional-
scale abundance and distribution between baseline (preconstruction and during 
construction) and operating (postconstruction) conditions? 


3. Fine-Scale Abundance and Distribution: Evaluate the impacts of the NDD facilities on the 
abundance and distribution of listed species within the water column and laterally across the 
channel during baseline (preconstruction and during construction) and operating 
(postconstruction) conditions. 


a. Is the distribution of each life stage of listed fish species inhabiting the lower Sacramento 
River uniform vertically within the river water column and laterally across the channel 
width, or does the distribution vary spatially? Does the spatial distribution vary between 
day and night? 


b. Are there any factors attributable to the NDD facilities that explain differences in local 
abundance and distribution between baseline (preconstruction and during construction) 
and operating (postconstruction) conditions? 


Methods 


This study would adapt methods the U.S. Fish and Wildlife Service (USFWS) and CDFW have used to 
conduct a number of fishery surveys on the lower Sacramento River, including beach seine, Kodiak 
trawl sampling, and 20-mm and larval fish sampling. Additionally, the U.S. Bureau of Reclamation’s 
Directed Outflow Project uses these methods to sample at fixed depths. Night sampling may be 
required to characterize changes in fish distribution in response to the vertical migration of the prey 
field. Additional field fishery surveys would be designed in collaboration with CDFW and USFWS to 
collect similar information on the occurrence, density, and seasonal, spatial, and geographic 
distribution of each life stage of listed fish species in the study area. The sample design would be 
consistent with the Enhanced Delta Smelt Monitoring Program, initiated as part of the Delta Juvenile 
Fish Monitoring Program (DJFMP). Non-invasive sampling methods like environmental DNA (eDNA) 
and echo sounder abundance estimates may be employed to minimize handling and incidental take 
of critically endangered species like delta smelt. Existing long-term data sets would be used to 
calibrate expanded data collection efforts under the baseline condition to characterize the abundance 
and distribution of listed fish communities in the study area. 


Study Area 


The study area would include waters throughout the lower Sacramento River and in the San 
Francisco Estuary (Figure 5B-4). 
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Regional-Scale Methods 


Regional-scale collection methods would rely primarily on existing surveys conducted by the IEP, 
specifically the CDFW Summer Townet Survey and Fall Midwater Trawl Survey, and the USFWS 
Enhanced Delta Smelt Monitoring Program and DJFMP, as well as supplemental sampling performed 
with specific gear types. Surveys and gear types are described briefly below. For some supplemental 
sampling methods, eDNA transects and/or echo sounder transects would be run simultaneously to 
verify and calibrate catch detection data for newer, less-invasive sampling techniques. 


Summer Townet Survey 


CDFW operates the Summer Townet Survey, which collects zooplankton and juvenile fish samples at 
multiple stations in the Delta on a biweekly basis in June, July, and August. The townet consists of a 
fixed D-frame sled on runners with an 18-foot net. The main net body is 11 feet long with 0.5-inch 
stretch, knotted, nylon mesh tapering down to a 7-foot cod-end with a section of woven mesh with 
approximately eight holes per inch. A zooplankton net (modified Clarke-Bumpas net, 160-micron 
mesh) is attached to the top of the net frame to sample mesozooplankton prey availability during 
one of the fish tows at each station. Two 10-minute stepped oblique tows are performed at each 
station. A third tow is conducted if any fish are captured during the first two tows. All fishes and 
several invertebrate species are counted and measured.  



https://www.wildlife.ca.gov/Conservation/Delta/Townet-Survey
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Note: Although three proposed intake sites are shown, only two sites would ultimately be selected. 


Figure 5B-4. Example of How the Current DJFMP Surveys in the North Delta Would Be Supplemented 
with Proposed Additional Survey Sites 
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Fall Midwater Trawl 


In September, the Summer Townet Survey is replaced by the Fall Midwater Trawl, which operates 
monthly and collects zooplankton samples in addition to fish sampling at a subset of its fish 
sampling stations. The midwater trawl net has mouth dimensions of 12 feet by 12 feet. Net mesh 
sizes graduate in nine sections from 8-inch stretch-mesh at the mouth to 0.5-inch stretch-mesh at 
the cod-end. All four corners of the net mouth are connected to doors that hold the net mouth open 
when being towed through the water. At each station, a 12-minute stepped oblique tow is 
conducted. All fishes and several invertebrate species are counted and measured. At stations where 
zooplankton is collected, a mesozooplankton net (modified Clarke-Bumpas net, 160-micron mesh) 
and a net attached to a steel frame is sampled by a stepwise-oblique tow immediately before or after 
fish sampling. 


Delta Juvenile Fish Monitoring Program 


The USFWS DJFMP has monitored juvenile Chinook salmon and other fish species within the San 
Francisco Estuary since 1976 using a combination of surface trawls and beach seines. Since 2000, 
three trawl sites and 58 beach seine sites have been sampled weekly or biweekly within the estuary 
and the lower Sacramento and San Joaquin Rivers. Surface trawls at Sacramento, Mossdale, and 
Chipps Island (Kodiak or midwater trawls) are used to assess the timing of Delta entry and exit, and 
survival of juvenile salmonids through the Delta. Each trawl site is sampled 3 days per week, 10 
tows per day, and throughout the year, ten 20-minute tows are collected between approximately 7 
a.m. and 1 p.m. at all trawl sites. Beach seines are used to evaluate the spatial distribution of fishes 
occurring in shallow near-shore habitats throughout the lower Sacramento and San Joaquin Rivers, 
the Delta, and the lower San Francisco Estuary. The beach seine net used by the DJFMP is a 15.2-
meter by 1.3-meter seine net with 0.3-square-centimeter mesh and a 1.3-meter by 1.3-meter bag. 
Each net has a float line and lead line attached to 1.8-meter-long wooden poles at each end. Seines 
are conducted weekly or once every 2 weeks (depending on region) year-round. Full details on 
methods and data are available in the Environmental Data Initiative data package.  


Enhanced Delta Smelt Monitoring Program 


The Enhanced Delta Smelt Monitoring Program was initiated by USFWS in 2016 to provide 
estimates of delta smelt distribution and abundance. It also provides data on other fishes, including 
salmon. The program conducts stratified random sampling via Kodiak trawls (July through March) 
and larval gear (May through June). Over the course of a week, field crews sample between 18 and 
37 random sites, with at least two samples in the Suisun Marsh (sites are randomly selected, so they 
are not shown on the sampling figure). A minimum of two tows are conducted at each site. All fish 
collected are identified (in the field when possible, and in the lab for early life stages), measured, 
enumerated, and recorded. In addition to fish information, environmental data are collected for each 
sampling event. Full details on methods and data are available in the Environmental Data Initiative 
data package. Because this data set began in 2016, it could not be used to make many historical 
comparisons, but it provides the best information on delta smelt distribution and abundance from 
recent years.  


Kodiak Trawl 


Currently, CDFW, USFWS, and the DJFMP operate Kodiak trawl survey protocols within the Delta 
annually from January to May, extending from the estuary up the Sacramento River to Ryde. This 
effort would be supplemented with four additional study sites extending up the Sacramento River to 
Clarksburg and two sites in Georgiana Slough (Figure 5B-4). Methods for the supplemental Kodiak 
trawl would match methods from the current monitoring program, and efforts would be closely 
coordinated with the monitoring to ensure that data from both surveys are comparable. The Kodiak 



https://www.wildlife.ca.gov/Conservation/Delta/Fall-Midwater-Trawl

https://portal.edirepository.org/nis/mapbrowse?packageid=edi.244.8

https://www.fws.gov/project/enhanced-delta-smelt-monitoring-program)

https://portal.edirepository.org/nis/mapbrowse?packageid=edi.415.8

https://portal.edirepository.org/nis/mapbrowse?packageid=edi.415.8
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trawl net would comprise five panels of decreasing mesh size (5.1 centimeters [cm], 3.8 cm, 2.5 cm, 
1.3 cm, 0.6 cm) and end in a live box cod-end, and a mouth opening of 7.62 meters by 1.96 meters.  


20 mm Trawl 


Currently, CDFW and USFWS operate a 20 mm survey protocol within the Delta annually, extending 
from the estuary up the Sacramento River to Ryde. This effort begins in early spring (March/April) 
and conducted every 2 weeks through July/August. This effort would be supplemented with four 
additional study sites extending up the Sacramento River to Clarksburg (Figure 5B-4). Methods for 
the supplemental 20 mm surveys would match methods from the 20 mm survey protocol, and 
efforts would be closely coordinated with the ongoing monitoring to ensure that data from both 
surveys are comparable. The net would be a conical plankton net 5.5 meters in length with a mouth 
opening of 1.51 square meters, mounted on a weighted tow frame with skids. The net would be 
made of 1,600-micrometer nylon delta mesh. At the cod-end, a 2.2-liter collection jar would be 
screened with 474-micrometer stainless steel wire bolting cloth. At each site, three 10-minute 
stepped oblique tows (1.2 meters per step) would be completed.  


Smelt Larval Surveys 


The Smelt Larval Surveys, initiated in January 2009 by CDFW, provide near real-time distribution 
data for longfin smelt larvae in the Delta, Suisun Bay, and the Suisun Marsh. These data are used by 
agency managers to assess the vulnerability of longfin smelt larvae to entrainment in the south Delta 
export pumps. This effort would be supplemented to include delta smelt in addition to longfin smelt 
and would occur from December through May. Consistent with CDFW surveys, sampling would 
repeat every other week through the second week in March. Paired 10-minute fixed-depth tows 
conducted deep and shallow at each survey location would be performed during the day and at 
night, using an egg and larva net. The 505-micron mesh net is hung on a rigid frame shaped like an 
inverted U, which in turn is attached to skis to prevent it from digging into the bottom when 
deployed. The net mouth area measures 0.37 square meters. The conical net tapers back from the 
frame 3.35 meters to a 1-liter cod-end jar, which collects and concentrates the sample. Immediately 
after each tow, larval and juvenile-stage fishes would be removed, identified, measured, and returned 
to the water, and the remaining larvae would be preserved in 10% formalin for later identification in 
a laboratory. 


Beach Seining  


Beach seining conducted by the DJFMP in the Sacramento River is currently conducted at eight 
regions. Regions 2 and 3 would be especially important for documenting proposed action impacts 
on native fish abundance and distributions within the lower Sacramento River and Georgiana 
Slough. Beach seining would be conducted following the methods from the DJFMP, supplementing 
current efforts with additional sites to better resolve changes in distribution and abundance.  


Environmental DNA 


Simultaneous samples for eDNA can be collected while trawling using any of the methods identified 
above, using a continuous sampling pump fitted to a pole with glass fiber filters. This technique 
would be used to generally provide presence/absence data. Presence/absence data can be used to 
verify the presence of species, although abundance estimates cannot be obtained at this time. 
Detection range may be verified using caged fish placed at a known location and sampled over a 
tidal cycle from measured distances from the point source. Cage experiments could also be used to 
inform distribution and abundance estimates (see Carraro et al. 2018; Pont et al. 2018). Any 
detections upstream of the NDD facilities could be assumed to be produced from an upstream 
source, given the unidirectional nature of flow that far upstream in the river.  
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Split Beam Echo Sounder 


Split beam echo sounders can be deployed in two ways, depending on the research objective. The 
first is a stationary deployment at the NDD facilities to detect temporal dynamics of fishes moving 
around the facilities. It is possible to estimate the temporal abundance and velocity trajectories of 
target fish species and investigate how these dynamics relate to environmental covariates like 
temperature, turbidity, and flow. The second approach is a mobile survey to capture relative 
changes in spatial variation in abundance around the NDD facilities. Echo sounders produce a 
continuous count of relative abundance called the nautical area scattering coefficient; these values 
can be used to identify predator hotspots along a transect. 


Image-Recognition Survey 


Photogrammetry is being developed as a less-invasive alternative to traditional net capture and 
handling surveys with the development of machine learning algorithms for identifying species and 
individuals by capturing unique identifying features on camera. SmeltCam (Feyrer et al. 2013) is one 
example of this technique, in which a camera is deployed in an open cod-end of a trawl net to count 
and identify each fish species encountered by the net without having to handle them. Another 
example in development uses a push net in front of a pontoon barge to funnel fish into a live well 
outfitted with cameras that can capture and identify every individual passing through the system. 


Fine-Scale Methods 


A combination of acoustic telemetry (as detailed in Section 5B.6.1), side-scan sonar, and sonar 
imaging (as detailed in Section 5B.6.2) would be used to evaluate fish density and distribution 
within the proposed locations of the NDD facilities and nearby reaches. Given the inability to 
accurately identify species using side-scan sonar and sonar imaging, results would focus on the 
density and distribution of all fish within specified size categories. The density and distribution of 
each size category would be analyzed separately to evaluate the impacts of NDD intake construction, 
structure, and operation.  


Reporting 


The results of the fish abundance and distribution study would be documented in annual technical 
reports. The reports would be reviewed annually and revised as needed. 


Links to Other Delta Conveyance Project Studies and Analytical Tools 


This study should be coordinated with ongoing fish abundance and distribution studies in the area 
to improve efficiency and maximize the value of collected data. In addition, the acoustic array from 
the migration and survival study would be used to inform the fine-scale density and distribution of 
salmonids within control and study reaches. Predator abundance and distribution sampling 
methods from the predation study would be used to provide data for this study as well. 


5B.6.3.2 Performance Metrics 


The study element is designed to answer research questions that would inform adaptive 
management of proposed action operations by providing data to assess performance metrics and 
associated criteria. Performance metrics and associated criteria for the study would be developed by 
the study implementation team and would provide the direct connection to operation and adaptive 
management of the NDD intakes. Preliminary, generalized performance metrics for each element are 
as follows: 
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a. Trends in the geographic distribution of listed fish species relative to trends under baseline 
(preconstruction and during construction) conditions and historical data. 


b. Trends in abundance (i.e., catch data indices and catch per unit of effort) from regional sampling 
efforts relative to trends under baseline (preconstruction and during construction) conditions 
and historical data. 


c. Trends in fine-scale density and distribution relative to trends under baseline (preconstruction 
and during construction) conditions. 


5B.7 Future Real-Time Decision Making 
Real-time changes to current SWP/CVP operations, supported by established decision-making 
processes and work groups (e.g., the IEP, Water Operations Management Team, Collaborative 
Adaptive Management Team) are critical to avoid and minimize adverse effects on listed species 
while also considering public health, safety, and water supply reliability. Like current SWP/CVP 
operations, operations under the proposed action have the potential to be influenced by several 
real-time factors. To facilitate future real-time operational decisions and coordination with the fish 
and wildlife agencies (USFWS, National Marine Fisheries Service, and CDFW), a set of processes to 
collect data, disseminate information, develop recommendations, make decisions, and provide 
transparency consistent with the processes (and work groups and/or teams) already in place for 
current SWP/CVP operations would be developed for the proposed action. These processes are 
anticipated to be informed by information generated through the implementation of this workplan 
across the Baseline phase and Initial and Long-Term Operations sub-phases and may also include 
data associated with existing monitoring programs (e.g., trawls, beach seines, screw traps) that are 
separate or proposed to be supplemented by the proposed action. 


5B.8 Implementation Schedule 
Each study would be conducted annually, corresponding to when listed species are expected to be in 
the study area.  


Each study would begin before in-water construction begins, to form a baseline set of data against 
which data from subsequent years could be assessed. The first 1 to 2 years of the baseline period 
would constitute a pilot study period. This pilot study period would be necessary to ensure that 
sample sizes and study designs have sufficient power to answer key questions, meet study 
objectives, and inform adaptive resource management.  


Baseline monitoring would continue during the construction period to inform construction impacts 
and ensure compliance. Because the in-water work window, which generally extends from May to 
October, would occur outside of the time of juvenile outmigration, it is unlikely that monitoring 
would occur during physical construction work efforts (i.e., during the period of the in-water work 
window); however, the potential presence of green sturgeon during this period may make it 
necessary to conduct monitoring for this species.  


Monitoring would continue during the proposed action Initial and Long-Term Operations sub-
phases which is anticipated to last for 5 years. Afterward, continued monitoring of survival, route 
entrainment, fish distribution, and abundance is anticipated to continue as part of established 
interagency monitoring programs. 
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5B.9 Preliminary Cost Estimates  
To be developed in subsequent drafts. 


5B.10 References and Links 


5B.10.1 Useful Links 


The items listed here appear in blue font within this plan, where they are linked to their respective 
documents or web pages. 


California Department of Fish and Wildlife Summer Townet Survey: 
https://wildlife.ca.gov/Conservation/Delta/Townet-Survey  


California Department of Fish and Wildlife Fall Midwater Trawl: https://www.wildlife.ca.gov/
Conservation/Delta/Fall-Midwater-Trawl 


Environmental Data Initiative EDI Data Portal: 
https://portal.edirepository.org/nis/mapbrowse?packageid=edi.244.8 


U.S. Fish and Wildlife Service Enhanced Delta Smelt Monitoring Program: 
https://www.fws.gov/project/enhanced-delta-smelt-monitoring-program 
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Study Study Element Activity  ESA/CESA Take Considerations Permitting Considerations 


Migration and 
Survival 


Far-Field 
Routing and 
Survival 


Pile driving required for anchoring 
telemetry hydrophones for 1D array. 


Impact to benthic habitat (food 
production) & natural river habitat. 
Increased boat traffic, construction-
related disturbance to aquatic habitat. 
Sound impacts requiring  acoustic 
monitoring for mitigation, WQ (turbidity) 
monitoring during in-water installations 
of scientific equipment and supporting 
infrastructure.  


ITP, LSAA 


Shore-based install of cables, solar 
panels, on-site support 
infrastructure, or other scientific 
equipment. 


Develop WQ Control Plan, Spill Prevention 
and Control Plan. Conduct preconstruction 
surveys and biological monitoring for 
sensitive plant and animal species. 


N/A 


Tagging, holding, & releasing 
hatchery-reared salmonids  


N/A CDFW SCP, CDFW MOU, & 
10(a)(1)(A) or 4(d) (for 
Steelhead) 


Near-Field 
Survival 


Pile driving required for anchoring 
telemetry hydrophones for 3D array. 


Impact to benthic habitat (food 
production) & natural river habitat. 
Increased boat traffic, construction-
related disturbance to aquatic habitat. 
Sound impacts requiring  acoustic 
monitoring for mitigation, WQ (turbidity) 
monitoring during in-water installations 
of scientific equipment and supporting 
infrastructure.  


ITP, LSAA 


Shore-based install of cables, solar 
panels, on-site support 
infrastructure, or other scientific 
equipment. 


Develop WQ Control Plan, Spill Prevention 
and Control Plan. Conduct preconstruction 
surveys and biological monitoring for 
sensitive plant and animal species. 


N/A 


Tagging, holding, & releasing 
hatchery-reared salmonids  


N/A CDFW SCP, CDFW MOU, & 
10(a)(1)(A) or 4(d) (for 
Steelhead) 


Predation 
Study 


Predatory fish 
Capture, 


Hook-and-Line Minimal bycatch with careful gear 
selection. 


CDFW SCP 
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Study Study Element Activity  ESA/CESA Take Considerations Permitting Considerations 


Tagging, 
Holding, 
Release, & 
Tracking 


Electrofishing, Trawling, Seining, 
Fyke & Hoop Trapping 


Bycatch of non-target (including listed) 
fish, bird, mammal, reptile, & amphibian 
species. 


CDFW SCP, CDFW MOU, & 
10(a)(1)(A),  4(d)  


Tagging, holding, & releasing 
predatory fish 


N/A CDFW SCP 


Pile driving required for anchoring 
telemetry hydrophones for 3D array. 


Impact to benthic habitat (food 
production) & natural river habitat. 
Increased boat traffic, construction-
related disturbance to aquatic habitat. 
Sound impacts requiring  acoustic 
monitoring for mitigation, WQ (turbidity) 
Monitoring during in-water installations 
of scientific equipment and supporting 
infrastructure.  


ITP, LSAA 


Shore-based install of cables, solar 
panels, on-site support 
infrastructure, or other scientific 
equipment. 


Develop WQ Control Plan, Spill Prevention 
and Control Plan. Conduct preconstruction 
surveys and biological monitoring for 
sensitive plant and animal species. 


N/A 


Fixed and 
Mobile Split-
Beam Echo 
Sounder 
Surveys 


Install of fixed equipment Minimal impact during install. Minimal 
equipment in water & on land, minor 
alteration of habitat. Take via 
sonar/photography. 


  


Mobile surveys Increased boat traffic. Take via 
sonar/photography. 


CDFW SCP, CDFW MOU, & 
10(a)(1)(A),  4(d)  


Direct Predation 
Rate (PERs) 


Tethering prey, Conducting Study Increased boat traffic.  CDFW SCP, CDFW MOU (for 
Chinook) 


DIDSON Install of fixed equipment, operating 
DIDSON 


Minimal impact during install. Minimal 
equipment in water & on land, minor 
alteration of habitat. Take via 
sonar/photography. 


CDFW SCP, CDFW MOU, & 
10(a)(1)(A),  4(d)  


Abundance & 
Distribution 


Supplemental 
Data Collection 


Kodiak Trawl, Beach Seine Bycatch of non-target (including listed) 
fish, bird, mammal, reptile, & amphibian 
species. 


CDFW SCP, CDFW MOU, & 
10(a)(1)(A),  4(d)  
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Study Study Element Activity  ESA/CESA Take Considerations Permitting Considerations 


20-mm & larval fish sampling Bycatch of non-target (including listed) 
fish, bird, mammal, reptile, & amphibian 
species. 


CDFW SCP, CDFW MOU, & 
10(a)(1)(A),  4(d)  


eDNA N/A N/A 


Split-Beam Echo Sounder Minimal impact during install. Minimal 
equipment in water & on land, minor 
alteration of habitat. Take via 
sonar/photography. 


CDFW SCP, CDFW MOU, & 
10(a)(1)(A),  4(d)  


Mobile split-beam, side scan & sonar 
imaging surveys 


Increased boat traffic. Take via 
sonar/photography. 


CDFW SCP, CDFW MOU, & 
10(a)(1)(A),  4(d)  
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Appendix 5C  
Operations and Maintenance Effects Analysis for 


Chinook Salmon, California Central Valley Steelhead, 
Green Sturgeon, and Killer Whale 


5C.1 Introduction 
This appendix includes analyses to describe effects of the proposed action on species under the 


jurisdiction of the National Marine Fisheries Service (NMFS). Those species include the following. 


• Chinook salmon (Oncorhynchus tshawytscha), Sacramento River winter-run evolutionarily 


significant unit (ESU) 


• Chinook salmon, Central Valley spring-run ESU1 


• Chinook salmon, Central Valley fall-/late fall–run ESU 


• Steelhead (Oncorhynchus mykiss), California Central Valley distinct population segment (DPS) 


• Green sturgeon (Acipenser medirostris), Southern DPS 


• Killer whale (Orcinus orca), Southern Resident DPS 


Specifically, this appendix includes operations and maintenance effect analyses to inform 


programmatic consultation under Section 7(a)(1) of the Endangered Species Act. More information 


on the consultation strategy can be found in Section 1.7, Consultation Approach. 


5C.2 Temporal Occurrence 
Refer to Chapter 5, Effects Analysis for Chinook Salmon, California Central Valley Steelhead, Green 


Sturgeon, and Killer Whale, Section 5.2, Temporal Occurrence.  


5C.3 Spatial Occurrence 
Refer to Chapter 5, Section 5.3, Spatial Occurrence.  


 
1 As described in Section 4.4.2, Chinook Salmon, Central Valley Spring-Run ESU, of Chapter 4, Action Area and 
Environmental Baseline, this effects analysis includes consideration of effects in the Delta on both San Joaquin River 
spring-run Chinook salmon, which are considered to represent both the experimental, non-essential population 
reintroduced as part of the San Joaquin River Restoration Program and spring-running Chinook salmon observed in 
San Joaquin River tributaries in recent years. 
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5C.4 Effects of Water Facility Construction on Chinook 
Salmon, Central Valley Steelhead, and Green 
Sturgeon 


Refer to Chapter 5, Section 5.4, Effect of Water Facility Construction on Chinook Salmon, Central 


Valley Steelhead, and Green Sturgeon, for project specific construction analyses.  


5C.5 Effects of Water Facility Construction on 
Designated Critical Habitat 


Refer to Chapter 5, Section 5.5, Effect of Water Facility Construction on Designated Critical Habitat, 


for project specific construction analyses.  


5C.6 Effects of Conservation Measures 
Refer to Chapter 5, Section 5.6, Effects of Conservation Measures.  


5C.7 Effects of Operations and Maintenance of Water 
Conveyance Facilities on Sacramento River 
Winter-Run Chinook Salmon 


Potential effects of the proposed action on winter-run Chinook salmon are discussed in terms of 


near-field effects (i.e., in the immediate proximity) of north Delta exports and south Delta exports 


(e.g., entrainment), in addition to far-field effects (e.g., changes to through-Delta survival and habitat 


suitability). Analyses were focused primarily on the San Francisco Estuary and Sacramento–San 


Joaquin Delta (Delta). Life cycle modeling integrates potential effects within the Delta and upstream 


habitat and was undertaken using three available life cycle models for winter-run Chinook salmon 


(i.e., Interactive Object-Oriented Simulation [IOS], Oncorhynchus Bayesian Analysis (OBAN), and the 


Sacramento River Winter-Run Chinook Salmon Life Cycle Model). Analyses were developed in 


consideration of habitat attributes believed to be of importance to the species based on existing 


conceptual models (e.g., Windell et al. 2017) and best available methods (e.g., ICF International 


2016; California Department of Water Resources 2020). 


5C.7.1 Near-Field Effects 


5C.7.1.1 North Delta Exports 


The potential for negative near-field effects of the north Delta intakes on juvenile winter-run 


Chinook salmon (i.e., entrainment, impingement, and predation) is dependent on the occurrence of 


the species close to the intakes, both vertically (i.e., at similar water depth) and horizontally (i.e., on 


the same side of the river and near the edge of the river), as well as exposure time. At the scale of the 
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whole downstream-migrating juvenile winter-run Chinook salmon population, only those 


individuals remaining in the Sacramento River (as opposed to entering Yolo Bypass) would pass the 


north Delta intakes. Under existing conditions, flows enter the Yolo Bypass in approximately 60%–


70% of years, with the estimated percentage of the juvenile winter-run Chinook salmon population 


remaining in the Sacramento River averaging around 94% of the population in wet and above-


normal years and more than 99% of the population in dry and critically dry years (Acierto et al. 


2014).2  


With respect to vertical distribution, migrating juvenile salmonids generally are in the upper portion 


of the water column (Smith et al. 2009). This was illustrated in a hydroacoustic study near the Delta 


Cross Channel, for which fish were particularly abundant between around 4 and 7 meters (13 and 


23 feet) below the surface of the 13-meter-deep (43-foot) water column (Blake and Horn 


2006:Figure 41); that is, fish were found at approximately 30%–50% of water-column depth. Based 


on available design information (Table 5C.7-2), the top of the cylindrical tee screens for the intakes 


would be located in the upper half of the water column much of the time during the main months of 


winter-run occurrence (i.e., November–April): generally 75%–95% or more of the time at Intake B 


(Table 5C.7-3), and 25%–50% of the time at Intake C (Table 5C.7-4), reflecting the relative position 


of each intake in the water column (i.e., Intake C is closer to the bottom, see Table 5C.7-1). This 


suggests that exposure of juvenile migrating winter-run Chinook salmon to the screens could be 


frequent, based on their typical vertical migration distribution, if they occurred near the left 


riverbank, where the proposed intakes would be located.  


Table 5C.7-2. Elevation of North Delta Diversion Intakes 


Intake 
Mean River Bottom 
Elevation (ft, NAVD) 


Bottom of Cylindrical 
Tee Screen (ft, NAVD) 


Top of Cylindrical Tee 
Screen (ft, NAVD) 


B -25 -13 -5 


C -17 -13 -5 


Source: Delta Conveyance Design and Construction Authority (2022a:11, 2022b:53). 
ft, NAVD = feet elevation, North American Vertical Datum. 


Table 5C.7-3. Water Column Position (U = Upper 50%; L = Lower 50%) of Top of Cylindrical Tee 
Screens at Intake B during Various Monthly Water Surface Elevation Exceedance Percentiles  


Month 1% 5% 25% 50% 75% 95% 99% 


Jan L L U U U U U 


Feb L L U U U U U 


Mar L L U U U U U 


Apr L L U U U U U 


May L U U U U U U 


Jun U U U U U U U 


 
2 The Yolo Bypass Salmonid Habitat Restoration and Fish Passage Project Final Environmental Impact 
Statement/Environmental Impact Report estimated that, on average, 1.2% of juvenile winter-run <80-millimeter 
fork length enter Yolo Bypass under existing conditions (Bureau of Reclamation and California Department of 
Water Resources 2019:8-291). Note that with notching of the Fremont Weir, as would occur prior to 
implementation of the proposed action, the percentage of the juvenile winter-run Chinook salmon population 
remaining in the mainstem Sacramento River would be less than existing conditions (e.g., an overall mean of ~93% 
for juveniles <80-millimeter fork length; Bureau of Reclamation and California Department of Water Resources 
2019:8-291). 
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Month 1% 5% 25% 50% 75% 95% 99% 


Jul U U U U U U U 


Aug U U U U U U U 


Sep U U U U U U U 


Oct U U U U U U U 


Nov U U U U U U U 


Dec L U U U U U U 


Source: Based on elevation data in Table 5C.7-18 and data sources in Delta Conveyance Design and Construction 
Authority (2022a). 
Note: Percentiles indicate water surface elevation that would be exceeded 1%, 5%, etc., of the time, so, for example, 
an “L” in the 5% column indicates that the top of the cylindrical tee screens would be in the lower 50% of the water 
column 5% of the time. As a further example, in January, “U” in the 25%–99% columns but not in the 1% and 5% 
columns indicates that the top of cylindrical tee screens would be in the upper 50% of the water column at least 75% 
of the time. 


Table 5C.7-4. Water Column Position (U = Upper 50%; L = Lower 50%) of Top of Cylindrical Tee 
Screens at Intake C during Various Monthly Water Surface Elevation Exceedance Percentiles.  


Month 1% 5% 25% 50% 75% 95% 99% 


Jan L L L U U U U 


Feb L L L U U U U 


Mar L L L U U U U 


Apr L L L U U U U 


May L L L U U U U 


Jun L L U U U U U 


Jul L L U U U U U 


Aug L L U U U U U 


Sep L U U U U U U 


Oct U U U U U U U 


Nov L U U U U U U 


Dec L L L U U U U 


Source: Based on elevation data in Table 5C.7-18 and data sources in Delta Conveyance Design and Construction 
Authority (2022a). 
Note: Percentiles indicate water surface elevation that would be exceeded 1%, 5%, etc., of the time, so, for example, 
an “L” in the 25% column indicates that the top of the cylindrical tee screens would be in the lower 50% of the water 
column 25% of the time. As a further example, in January, “U” in the 25%–99% columns but not in the 1% and 5% 
columns indicates that the top of cylindrical tee screens would be in the upper 50% of the water column at least 75% 
of the time. 


With respect to horizontal distribution of juvenile winter-run Chinook salmon across the river 


cross-section and potential exposure to the near-bank cylindrical tee screens proposed under the 


proposed action, several studies in the Sacramento River provide evidence for the distribution of 


fish being toward the outer sides of river bends, including at Clarksburg Bend (Burau et al. 


2007:Figure C.17), the Delta Cross Channel (Burau et al. 2007:Figure 2.5), and near Fremont Weir 


(Blake et al. 2017:Figures 2 and 20). The distribution of fish toward the outside of bends is the result 


of centrifugal and pressure forces in bends that induce a secondary flow that lies in a plane 


perpendicular to the primary flow direction (Dinehart and Burau 2005) and is reflected in the 


bathymetry of such areas. The deeper areas, including the thalweg (i.e., the line of lowest elevation 


within the river channel), coincide with the areas subject to the secondary flow (Burau et al. 


2007:Figure C.1). These observations are consistent with the general pattern of downstream-
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migrating juvenile salmonids in the Pacific northwest often being distributed near the thalweg or 


shoreline (Smith et al. 2009), and the coincidence of fish occurring near the thalweg with the 


secondary flow results in fish being moved to the outside of bends. The two proposed sites for the 


north Delta intakes reflected the Fish Facilities Technical Team’s3 (2011:42) earlier 


recommendation to locate the north Delta intakes within straight reaches of the river or mild 


outside bends to avoid complex flow patterns, sedimentation, and excessive scour. Locating the 


intakes at the outside of the river bends may lead to a greater proportion of juvenile salmonids 


passing close to the intakes than if the fish were evenly distributed across the channel cross section. 


However, when holding (e.g., during the day; Plumb et al. 2016), juvenile salmonids could also occur 


on the inside of river bends, as illustrated at Clarksburg Bend (Burau et al. 2007:Figure C.15). 


Two-dimensional modeling of the hydrodynamic effects of the north Delta intakes illustrates that 


the proportion of the river channel width from which water is drawn toward the intakes4 varies 


depending on diversion rate and river flow (Table 5C.7-5). Beyond this, streamlines proceed past 


the intakes, which indicates that any potential increase in exposure to near-field effects of the 


screens as a result of fish being drawn toward the intakes would be limited to this portion of the 


channel cross-section. Note, however, that fish being on the intake side of the critical streakline does 


not necessarily mean that the fish would be drawn to the intakes;5 as described in Chapter 3, 


Description of the Proposed Action, sweeping velocity would be at least double the approach velocity 


(see additional discussion below), thereby limiting the potential for fish to be drawn to the intakes 


and minimizing the potential for negative near-field effects, such as injury from contacting the 


screens. The CalSim modeling of the north Delta diversions provides context for the frequency of 


occurrence of diversions at different river flows and, therefore, the potential portion of the river 


channel flow drawn toward the north Delta intakes, by showing the percentage of months that 


would be within various combinations of river flows and diversions (Table 5C.7-6).6 For example, 


under the proposed action, in December during Freeport flows of 18,000 cfs or less, the streakline at 


intakes B and C would be around 13%–17% of the river width or less, based on the results of 


modeling run 4F (Table 5C.7-5), coupled with consideration of the frequency of diversion in relation 


to Freeport flow (Table 5C.7-6). Based on the operating criteria, high levels of diversion at low river 


flows would be very rare (see, for example, percentages for Table 5C.7-6 corresponding to Freeport 


flow <=18,000 cfs and diversions >5,000–6,000 cfs). The two-dimensional modeling does not 


account for fish behavior or the distribution of fish in the channel (see above discussion). In 


addition, as described in the next section, Entrainment and Impingement, north Delta intake 


operations would meet fishery agency standards for approach and sweeping velocity in order to 


limit the potential for negative effects on juvenile winter-run Chinook salmon and other species. 


 
3 The Fish Facilities Technical Team included as participating agencies the Bay Delta Conservation Plan, 
Reclamation, CDFW (then the California Department of Fish and Game), DWR, NMFS, and USFWS (Fish Facilities 
Technical Team 2011:10). 
4 This location is the critical streakline, defined as the location dividing the parcel of water that is diverted into the 
intake and the parcel that remains in the river channel (adapting the definition of Hance et al. [2020] for open 
channels), as determined by examining animated streamlines from hydrodynamic modeling. 
5 For example, at the Sacramento River and Georgiana Slough junction, Hance et al. (2020) found that the 
probability of Chinook salmon smolts entering Georgiana Slough when on the Georgiana Slough side of the critical 
streakline varied between ~0.2 and ~0.9 depending on Sacramento River flow. Note that the Sacramento River and 
Georgiana Slough junction is an open river channel junction, and therefore velocity entering the junction would be 
greater than the limited approach velocity at the north Delta intake screens, likely resulting in greater probability 
of fish being drawn toward the junction than would be the case at the north Delta intake screens.  
6 See Appendix 5D, Section 5D.1, Juvenile Chinook Salmon Screen Passage Duration. 
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Table 5C.7-5. Distance and Percentage of River Width of Critical Streakline at North Delta Intakes B and C from Two-Dimensional 
Hydrodynamic Modeling 


Model 
Run 


Freeport 
Flow (cfs) 


Diversion 
Flow by 


Intake (cfs) 


Intake B 
River 


Width (ft) 


Intake B 
Streakline (ft; 


% of River 
Width) 


Intake B 
% of 
Flow 


Diverted 


Intake C 
River 


Width (ft) 


Intake C 
Streakline (ft; 


% of River 
Width) 


Intake C % 
of Flow 


Diverted Notes 


2D 50,000 a 3,000 B&C c 560 80 (14%) 6.0% d 660 100 (15%) 6.4% d High river velocity 
during operation 


3D 30,000 a 3,000 B&C c 550 80 (15%) 10.0% d 650 120 (18%) 11.1% d Moderate river 
velocity during 
operation, high 
diversion 


3E 30,000 a 2,000 B&C c 550 70 (13%) 6.7% d 650 100 (15%) 7.1% d Moderate river 
velocity during 
operation, moderate 
diversion 


3F 30,000 a 1,000 B&C c 550 50 (9%) 3.3% d 650 70 (11%) 3.4% d Moderate river 
velocity during 
operation, low 
diversion 


4D 18,000 a 3,000 B&C c 540 110 (20%) 16.7% d 630 180 (29%) 20.0% d Low river velocity 
during operation, 
high diversion 


4E 18,000 a 2,000 B&C c 540 90 (17%) 11.1% d 640 140 (22%) 12.5% d Low river velocity 
during operation, 
moderate diversion 


4F 18,000 a 1,000 B&C 540 70 (13%) 5.6% d 640 110 (17%) 5.9% d Low river velocity 
during operation, low 
diversion 


5B Hydrograph b 3,000 B&C c 540 130 (24%) 14.2% d 640 160 (25%) 15.3% d Low tide, 
12/01/2016 02:00 


5C Hydrograph b 3,000 B&C c 540 150 (28%) 16.7% d 640 180 (28%) 19.1% d Dropping tide, 
12/01/2016 11:00 


5D Hydrograph b 3,000 B&C c 540 180 (33%) 23.4% d 640 280 (44%) 37.1% d High tide, 
12/01/2016 18:00 


Source: Delta Conveyance Design and Construction Authority (2022b). 
Note: The critical streakline is the location in the river channel dividing the parcel of water that is diverted into the intake and the parcel that remains in the river 
channel, as determined by examining animated streamlines from hydrodynamic modeling. The location of the critical streakline is measured as the distance from the left 
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bank of the river to the flow streamline that enters the intake screens at the most downstream location; this streakline extends to a point a short distance upstream of 
the intake structure, where the streamline is consistent with the upstream streamlines that are unaffected by the diversions. River width is at the upstream end of the 
intake. 
cfs = cubic feet per second; ft = feet. 
a Steady-state runs (river flow constant, no tidal changes). 
b Tidally varying flows at mean daily Freeport flow of around 18,000 cfs. Note that this run was done to understand potentially worst-case hydraulic conditions at the 
facilities; CalSim modeling of the proposed action shows that the likelihood of this operational scenario occurring is zero.  
c Amount of diversion shown is at each intake. 
d Percent of flow diverted is calculated by dividing the intake diversion level by flow upstream of the specific intake site. For example, under model run 2D, Intake B is 
diverting 3,000 cfs during Freeport flows of 50,000 cfs, which would equate to 6% of flow diverted at Intake B. Under this scenario, Intake C would be diverting 6.4% of 
flow (3,000 cfs diversions/ 47,000 cfs flow upstream of Intake C).  
 


Table 5C.7-6. Percentage of Months with North Delta Diversions Within 1,000-cfs Ranges, Categorized by Sacramento River at Freeport Flow, 
Proposed Action, Based on CalSim Modeling 


Freeport Flow Total North Delta Diversion Sep Oct Nov Dec Jan Feb Mar Apr May Jun 


<=18,000 cfs 0 cfs 48% 78% 53% 19% 4% 10% 13% 48% 53% 67% 


<=18,000 cfs <=1,000 cfs 9% 5% 16% 38% 28% 12% 9% 1% 7% 5% 


<=18,000 cfs >1,000–2,000 cfs 7% 5% 4% 5% 5% 2% 0% 4% 1% 3% 


<=18,000 cfs >2,000–3,000 cfs 2% 3% 3% 0% 0% 1% 2% 0% 3% 0% 


<=18,000 cfs >3,000–4,000 cfs 2% 1% 5% 0% 0% 0% 0% 0% 0% 0% 


<=18,000 cfs >4,000–5,000 cfs 2% 0% 2% 0% 0% 0% 0% 0% 0% 0% 


<=18,000 cfs >5,000–6,000 cfs 0% 0% 1% 0% 0% 0% 0% 0% 0% 0% 


<=18,000 cfs All 70% 93% 85% 63% 37% 24% 23% 53% 65% 76% 


>18,000–30,000 cfs 0 cfs 23% 1% 0% 0% 0% 2% 2% 15% 5% 0% 


>18,000–30,000 cfs <=1,000 cfs 2% 1% 1% 2% 3% 5% 2% 2% 4% 1% 


>18,000–30,000 cfs >1,000–2,000 cfs 2% 3% 1% 4% 7% 5% 1% 1% 2% 2% 


>18,000–30,000 cfs >2,000–3,000 cfs 0% 1% 1% 2% 10% 6% 6% 1% 0% 6% 


>18,000–30,000 cfs >3,000–4,000 cfs 1% 0% 6% 3% 3% 6% 15% 2% 0% 0% 


>18,000–30,000 cfs >4,000–5,000 cfs 0% 0% 0% 0% 3% 2% 5% 0% 1% 3% 


>18,000–30,000 cfs >5,000–6,000 cfs 1% 0% 0% 0% 0% 0% 2% 0% 1% 2% 


>18,000-30,000 cfs All 30% 6% 10% 12% 27% 28% 34% 21% 14% 15% 


>30,000–50,000 cfs 0 cfs 0% 0% 1% 1% 1% 0% 3% 13% 6% 0% 


>30,000–50,000 cfs <=1,000 cfs 0% 0% 0% 0% 0% 1% 1% 0% 3% 1% 


>30,000–50,000 cfs >1,000–2,000 cfs 0% 0% 1% 1% 0% 1% 1% 0% 1% 2% 
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Freeport Flow Total North Delta Diversion Sep Oct Nov Dec Jan Feb Mar Apr May Jun 


>30,000–50,000 cfs >2,000–3,000 cfs 0% 0% 1% 2% 2% 1% 2% 1% 3% 3% 


>30,000–50,000 cfs >3,000–4,000 cfs 0% 1% 2% 3% 0% 1% 4% 1% 1% 0% 


>30,000–50,000 cfs >4,000–5,000 cfs 0% 0% 0% 4% 3% 4% 7% 0% 0% 0% 


>30,000–50,000 cfs >5,000–6,000 cfs 0% 0% 0% 3% 6% 7% 2% 0% 1% 1% 


>30,000-50,000 cfs All 0% 1% 5% 15% 13% 16% 21% 15% 16% 7% 


>50,000–70,000 cfs 0 cfs 0% 0% 0% 2% 2% 5% 7% 6% 4% 1% 


>50,000–70,000 cfs <=1,000 cfs 0% 0% 0% 0% 0% 2% 1% 0% 1% 0% 


>50,000–70,000 cfs >1,000–2,000 cfs 0% 0% 0% 0% 0% 2% 1% 0% 0% 1% 


>50,000–70,000 cfs >2,000–3,000 cfs 0% 0% 0% 0% 3% 1% 2% 0% 0% 0% 


>50,000–70,000 cfs >3,000–4,000 cfs 0% 0% 0% 0% 2% 3% 1% 1% 0% 0% 


>50,000–70,000 cfs >4,000–5,000 cfs 0% 0% 0% 2% 2% 4% 2% 1% 0% 0% 


>50,000–70,000 cfs >5,000–6,000 cfs 0% 0% 0% 4% 7% 4% 2% 0% 0% 0% 


>50,000-70,000 cfs All 0% 0% 0% 9% 17% 22% 17% 9% 5% 2% 


>70,000 cfs 0 cfs 0% 0% 0% 2% 2% 5% 4% 0% 0% 0% 


>70,000 cfs <=1,000 cfs 0% 0% 0% 0% 1% 0% 0% 2% 0% 0% 


>70,000 cfs >1,000–2,000 cfs 0% 0% 0% 0% 1% 1% 0% 0% 0% 0% 


>70,000 cfs >2,000–3,000 cfs 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 


>70,000 cfs >3,000–4,000 cfs 0% 0% 0% 0% 0% 2% 0% 0% 0% 0% 


>70,000 cfs >4,000–5,000 cfs 0% 0% 0% 0% 1% 0% 0% 0% 0% 0% 


>70,000 cfs >5,000–6,000 cfs 0% 0% 0% 0% 1% 1% 0% 0% 0% 0% 


>70,000 cfs All 0% 0% 0% 2% 6% 10% 4% 2% 0% 0% 


Note: The values in each month column (excluding the “All” row) sum to 100%, reflecting that each cell in the table represents the percentage of the total number of 
months (i.e., from a total of 94 months for the CalSim modeling of water years 1922–2015) with the given Freeport flow and total north Delta diversion range shown in 
the two left-hand columns. The “All” row indicates the percentage of the total months within the given Freeport flow category (i.e., the sum of all the diversion categories 
for each Freeport flow category). 
cfs = cubic feet per second. 
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Screen-passage time is a useful measure of the duration that potential negative effects on Chinook 


salmon could occur, with shorter passage times limiting the potential for negative near-field effects 


(e.g., predation or screen contact or impingement). A fish moving downstream at the same velocity 


as river flow with 0.4-foot sweeping velocity would pass a single, approximately 30-foot7 cylindrical 


tee screen unit in 75 seconds (i.e., 30 feet ÷ 0.4 foot per second = 75 seconds); a combined screen 


unit length of 900 feet—the approximate screen unit length of each of Intakes B and C with 3,000-cfs 


capacity—in 37.5 minutes (i.e., 900 feet ÷ 0.4 foot per second = 2,250 seconds = 37.5 minutes). 


However, laboratory studies of juvenile Chinook salmon in close proximity to a test fish screen 


showed that fish may swim against the current, resulting in longer passage time than sweeping 


velocity alone may produce (Swanson et al. 2004). 


Application of the relationships from the laboratory studies of Swanson et al. (2004) for a 


representative water temperature of 12°C8 illustrated how screen-passage time may differ in 


relation to sweeping velocity at an approach velocity of 0.2 feet per second9 (Table 5C.7-7). It should 


be noted that the equations of Swanson et al. (2004) give very long screen-passage times at certain 


sweeping velocity and approach velocity combinations—for example, almost 3,000 minutes for 7.9-


centimeter fish along a 900-foot combined screen unit length at sweeping velocity of 0.4 feet per 


second10 during the day—and that fish had to remain within the vicinity of the screens and were not 


able to swim away as they would in the wild. Such estimates are far in excess of the duration of the 


experimental trials (i.e., 120 minutes) used to derive the swimming data and, therefore, should be 


treated with caution. Very high estimated screen-passage time reflects fish that would be holding 


station in front of a screen for a long time. Larger fish have greater swimming ability and, therefore, 


are able to hold station for longer periods than smaller fish, so their peak screen-passage time is 


somewhat greater than that of smaller fish, based on the results of Swanson et al. (2004). Swanson 


et al. (2004) found that older (i.e., smolt-size) fish acclimated to warmer temperature exhibited 


higher rates of negative rheotaxis (i.e., swimming with flow rather than against it), a behavior 


consistent with downstream migration, which would decrease passage time. 


The laboratory studies of Swanson et al. (2004) showed that swimming velocity is lower at night 


than during the day for a given set of flow conditions; this generally results in screen-passage time 


decreasing as sweeping velocity increases over the full range of sweeping flows examined here, 


because screen-passage velocity becomes more negative (i.e., fish move downstream more quickly). 


As noted above, most migration occurs at night (Plumb et al. 2016) and so the estimates for night 


may be more representative of conditions that migrating juvenile fish could experience at the north 


Delta intake screens.11 Longer screen lengths increase screen-passage time: For example, at a 


 
7 The cylindrical fish screen units actually would be 29.33 feet long and separated by a gap of 1 foot; each screen 
unit would include 7.66 feet of manifold between the two screens comprising each unit, so that there actually 
would be a 21.67-foot length of fish screen per screen unit. 
8 Swanson et al. (2004) tested fish at 12°C (February–June) and 19°C (June–August), with the latter testing period 
including only larger fish by day. Based on the available relationships, greater temperatures increased negative 
rheotaxis, that is, the tendency to orient more with flow (rather than against it) and swim downstream more 
quickly. 
9 Note that approach velocity may be less than 0.2-foot per second at lower rates of diversion. 
10 Note that north Delta diversion operators would be likely to employ a safety margin for sweeping velocity, so 
diversions would be likely to occur at sweeping velocity greater than 0.4-foot per second. 
11 Note, however, that as described in Final EIR Appendix 5A, Section C.6.5.1, to avoid nocturnal pumping during 
the main juvenile salmonid outmigration season, Delta Simulation Model II modeling assumed the north Delta 
intakes generally operated during daytime hours (6 a.m.–6 p.m.) to the extent possible (except during the months 
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sweeping velocity of 0.4 feet per second during the night, a 4.4-centimeter juvenile encountering a 


single 30-foot cylindrical tee screen may pass in 3.1 minutes, compared to nearly 94 minutes for the 


combined length of thirty 30-foot screens. For the proposed action, juvenile winter-run Chinook 


salmon migrating downstream close to shore could encounter more than one of the north Delta 


intakes within a few hours and be susceptible to potential near-field effects, depending on travel 


time. For example, based on mean migration rates of acoustic tagged winter-run Chinook salmon 


discussed further below (Table 5C.7-9), a winter-run juvenile could move from Intake B to Intake C 


(2.5 river miles) in 2.0–4.3 hours. There is uncertainty in the applicability of the laboratory results 


to cylindrical tee screens given that the laboratory studies were more suited to vertical flat plate 


screens that fish would be passing horizontally next to, as opposed to potentially immediately above 


or under as well as horizontally next to as in the case of cylindrical tee screens, and the fish in the 


laboratory had to remain within relatively close proximity (< 5 feet) to the fish screen as opposed to 


the proposed cylindrical screen locations within the several-hundred-foot-wide Sacramento River 


channel. This is illustrated by conducting the same analysis at 19°C (Table 5C.7-6a). 


Table 5C.7-7. Estimated Screen Passage Time (minutes) of Juvenile Chinook Salmon for Screen 
Lengths of 30 Feet, 450 Feet, and 900 Feet at 0.2-Foot-per-Second Approach Velocity Based on 
Laboratory Studies of Swanson et al. (2004) at Temperature of 12 Degrees Celsius 


Fish Size 
(centimeters) Day/Night 


Sweeping 
Velocity (feet 
per second) 


Time to pass 
30 Feet 


(minutes) 


Time to pass 
450 Feet 


(minutes) 


Time to pass 
900 Feet 


(minutes) 


4.4 Day 0.4 3.1 46.9 93.8 


4.4 Day 0.5 2.1 32.2 64.5 


4.4 Day 0.75 1.3 19.2 38.5 


4.4 Day 1 0.9 14.1 28.2 


4.4 Day 1.25 0.8 11.3 22.5 


4.4 Day 1.5 0.6 9.4 18.8 


4.4 Day 1.75 0.5 8.1 16.2 


4.4 Day 2 0.5 7.1 14.2 


4.4 Night 0.4 1.3 18.9 37.8 


4.4 Night 0.5 1.1 17.0 34.0 


4.4 Night 0.75 0.9 14.2 28.3 


4.4 Night 1 0.8 12.5 24.9 


4.4 Night 1.25 0.7 11.2 22.5 


4.4 Night 1.5 0.7 10.3 20.6 


4.4 Night 1.75 0.6 9.5 19.0 


4.4 Night 2 0.6 8.8 17.7 


7.9 Day 0.4 99.4 >120 a >120 a 


7.9 Day 0.5 7.4 110.7 >120 a 


7.9 Day 0.75 2.2 33.3 66.6 


 
of July–September). As described in Chapter 3, operators would operate the facility within the constraints at each 
intake, including minimum sweeping requirements and allowable approach velocities. To the extent possible, the 
SWP will prioritize north Delta diversion sub-daily diversions during daylight hours. As noted in Chapter 3, the diel 
behavior in the intake reaches would be further studied. 
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Fish Size 
(centimeters) Day/Night 


Sweeping 
Velocity (feet 
per second) 


Time to pass 
30 Feet 


(minutes) 


Time to pass 
450 Feet 


(minutes) 


Time to pass 
900 Feet 


(minutes) 


7.9 Day 1 1.4 20.5 40.9 


7.9 Day 1.25 1.0 15.0 29.9 


7.9 Day 1.5 0.8 11.8 23.7 


7.9 Day 1.75 0.7 9.8 19.7 


7.9 Day 2 0.6 8.4 16.8 


7.9 Night 0.4 2.2 32.4 64.7 


7.9 Night 0.5 1.8 27.1 54.2 


7.9 Night 0.75 1.4 20.6 41.1 


7.9 Night 1 1.1 17.2 34.3 


7.9 Night 1.25 1.0 14.9 29.8 


7.9 Night 1.5 0.9 13.3 26.6 


7.9 Night 1.75 0.8 12.0 24.0 


7.9 Night 2 0.7 11.0 21.9 


Note: Estimates for 7.9-centimeter fish at night involve extrapolation beyond range of experimental data. 
a Values greater than 120 minutes are beyond the length of time of experimental trials from which the statistical 
relationships were developed. 


Table 5C.7-8a. Estimated Screen Passage Time (minutes) of Juvenile Chinook Salmon for Screen 
Lengths of 30 Feet, 450 Feet, and 900 Feet at 0.2-Feet-per-Second Approach Velocity Based on 
Laboratory Studies of Swanson et al. (2004), at Temperature of 19 Degrees Celsius 


Fish Size 
(centimeters) Day/Night 


Sweeping 
Velocity (feet 
per second) 


Time to pass 
30 Feet 


(minutes) 


Time to pass 
450 Feet 


(minutes) 


Time to pass 
900 Feet 


(minutes) 


4.4 Day 0.4 1.0 15.5 31.1 


4.4 Day 0.5 0.9 13.5 27.0 


4.4 Day 0.75 0.7 10.5 21.1 


4.4 Day 1 0.6 8.8 17.6 


4.4 Day 1.25 0.5 7.6 15.2 


4.4 Day 1.5 0.4 6.7 13.4 


4.4 Day 1.75 0.4 6.0 12.0 


4.4 Day 2 0.4 5.4 10.9 


4.4 Night 0.4 0.7 10.4 20.9 


4.4 Night 0.5 0.7 9.8 19.6 


4.4 Night 0.75 0.6 8.8 17.6 


4.4 Night 1 0.5 8.1 16.2 


4.4 Night 1.25 0.5 7.6 15.1 


4.4 Night 1.5 0.5 7.1 14.3 


4.4 Night 1.75 0.4 6.7 13.5 


4.4 Night 2 0.4 6.4 12.8 


7.9 Day 0.4 1.6 23.6 47.3 


7.9 Day 0.5 1.3 19.2 38.4 
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Fish Size 
(centimeters) Day/Night 


Sweeping 
Velocity (feet 
per second) 


Time to pass 
30 Feet 


(minutes) 


Time to pass 
450 Feet 


(minutes) 


Time to pass 
900 Feet 


(minutes) 


7.9 Day 0.75 0.9 13.7 27.4 


7.9 Day 1 0.7 10.9 21.8 


7.9 Day 1.25 0.6 9.1 18.2 


7.9 Day 1.5 0.5 7.9 15.7 


7.9 Day 1.75 0.5 6.9 13.8 


7.9 Day 2 0.4 6.2 12.4 


7.9 Night 0.4 0.9 13.5 27.1 


7.9 Night 0.5 0.8 12.5 25.0 


7.9 Night 0.75 0.7 10.9 21.8 


7.9 Night 1 0.7 9.9 19.7 


7.9 Night 1.25 0.6 9.1 18.2 


7.9 Night 1.5 0.6 8.5 16.9 


7.9 Night 1.75 0.5 7.9 15.8 


7.9 Night 2 0.5 7.5 14.9 


Note: Estimates for 7.9-cm fish at night involve extrapolation beyond range of experimental data.  
 


The estimates of screen-passage time based on laboratory swimming trials can be compared to 


migration-speed estimates from acoustically tagged juvenile winter-run Chinook salmon in the 


Sacramento River between Freeport and Hood. Based on data from 2013–2019, the time to travel 30 


feet (i.e., equivalent to one cylindrical tee screen) ranged from 0.09 minute to 3.3 minutes; the time 


to travel 450 feet (i.e., the equivalent of 15 cylindrical tee screens) ranged from 1.4 minutes to just 


under 50 minutes; and the time to travel 900 feet (i.e., the equivalent of 30 cylindrical tee screens) 


ranged from 2.8 minutes to nearly 100 minutes (Table 5C.7-9). In general, these estimates are 


comparable to or lower than the screen passage estimates based on swimming behavior in the 


laboratory at 12°C (Table 5C.7-7).
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Table 5C.7-9. Mean, Minimum, and Maximum Time (Minutes) for Juvenile Salmon Acoustic Telemetry System (JSATS)-Tagged Winter-Run 
Chinook Salmon to Travel Distances of 30, 450, and 900 Feet in 2013–2019 


Year 
Number 
of Fish 


30 Feet 
Mean 


30 Feet 
Minimum 


30 Feet 
Maximum 


450 Feet 
Mean 


450 Feet 
Minimum 


450 Feet 
Maximum 


900 Feet 
Mean 


900 Feet 
Minimum 


900 Feet 
Maximum 


2013 7 0.58 0.37 0.76 8.74 5.52 11.34 17.48 11.05 22.68 


2014 116 0.27 0.15 2.33 4.00 2.25 34.95 8.01 4.51 69.89 


2015 184 0.31 0.14 2.68 4.67 2.07 40.15 9.33 4.13 80.30 


2016 257 0.26 0.09 a 3.89 1.38 a 7.78 2.77 a 


2017 223 0.30 0.11 2.94 4.45 1.58 44.09 8.90 3.15 88.18 


2018 145 0.28 0.11 1.20 4.14 1.61 18.03 8.28 3.21 36.07 


2019 199 0.30 0.11 3.28 4.45 1.71 49.17 8.90 3.42 98.35 


Mean – 0.33 0.15 2.20 4.91 2.30 32.96 9.81 4.61 65.91 


Source: Ammann pers. comm. 
a Maximum could not be calculated because slowest migration was upstream movement. Mean fish size was generally 90–100-millimeter fork length. Migration 
speed was based on detections between Freeport and Hood. 
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Fisheries studies would be undertaken to provide information on the near-field effects of the north 


Delta intakes on juvenile salmonids once they are operational, to inform the refinement of future 


operations and adaptive management (Appendix 5B, Delta Conveyance Project North Delta Diversion 


Fisheries Field Studies Workplan). 


Entrainment and Impingement 


North Delta intake operations would meet fishery agency standards for approach velocity (0.2 foot 


per second per USFWS criteria for delta smelt) and a minimum sweeping velocity of 0.4 feet per 


second to limit the potential for negative effects on juvenile winter-run Chinook salmon and other 


species. As noted in Chapter 3, refinements to these criteria will be considered through ongoing fish 


agency coordination as well as through real time operations and adaptive management. 


Calculations suggest that a 1.75-millimeter screen-opening size, as proposed for the north Delta 


intakes to meet fishery agency criteria (National Marine Fisheries Service 1997; California 


Department of Fish and Game 2000), would be effective at excluding juvenile salmonids of 22-


millimeter standard length and greater (ICF International 2016:5-103), which is the equivalent of 


approximately 25-millimeter fork length. This would be expected to exclude all juvenile winter-run 


Chinook salmon occurring in the vicinity of the north Delta intakes (see summary of fish sizes in the 


north Delta by National Marine Fisheries Service 2017:579). Cylindrical tee screens installed in the 


Columbia River have a hydraulic bypass effect created by moving water encountering the nose cone 


at the upstream end of the screens and forming a bow wave, which physically keeps organisms away 


from the screens and also allows organisms to detect and avoid it (Coutant 2021). The upstream end 


of the most-upstream screen of each of the north Delta intakes also would have a nose cone, so a 


bow-wave effect could, in addition to screen characteristics meeting protective velocity criteria, 


limit the potential for entrainment, as well as impingement, over the extent of the intakes 


experiencing the bow-wave effect. The extent to which the bow-wave effect would extend over the 


length of the multiple-screen array (i.e., 15 or 30 screens) and other hydrodynamics along the 


screen face is not known, and it is uncertain how observations made in the Columbia River (Coutant 


2021) with a different screen configuration and generally greater flow may translate to the Delta. 


During design of the intakes, computational modeling would be undertaken, and field measurements 


or baffle adjustments would be performed during commissioning and operation, both to 


demonstrate compliance with velocity criteria (Delta Conveyance Design and Construction 


Authority 2022c). 


The potential for juvenile salmonids to contact and become impinged on the screens of the north 


Delta intakes would be very limited. Experimental studies at the University of California, Davis, Fish 


Treadmill facility found that Chinook salmon experienced frequent contact with the simulated fish 


screen, but rarely became impinged (i.e., prolonged screen contacts of >2.5 minutes), and 


impingement was not related to any of the experimental variables examined (Swanson et al. 2004). 


Of the experiments they conducted, Swanson et al. (2004:274) noted: 


The injury rates of both pre-experiment and experimental fish were generally high but most injuries 
consisted of minor damage to fins and scales. Among the four treatments, significant differences in 
injury indices were apparently related to the duration of laboratory holding, with larger, older fish 
exhibiting more damage. Within treatments, the injury index was not significantly affected by either 
flow regime or screen contact rate (regression and correlation, P > 0.3, all tests) and, in general, pre-
experimental indices were similar to those measured for fish after exposure in the Fish Treadmill. 


Survival in all experiments was high. Of the more than 3,200 fish tested, only five fish from four 
experiments died during the experiment and one fish, from a fifth experiment, during the 48-hour 







CA Department of Water Resources 


 Effects Analysis for Chinook Salmon, Central Valley 
Steelhead, Green Sturgeon, and Killer Whale 


 


Delta Conveyance Project, Biological Assessment 
5C-15 


May 2024 
ICF 103653  


 


post-experiment period. Two of the mortalities were from daytime experiments and four were from 
nighttime experiments. All mortalities were from flow treatments with a sweeping flow component, 
but the small number precluded the detection of significant flow effects on survival. The death of 
these fish did not appear to be related to observed impingements. 


The laboratory environment described above does not fully represent Sacramento River conditions 


for factors such as water quality conditions and only provides information on the subset of all fish 


that would be in relatively close proximity to the screens. The proposed north Delta intake 


cylindrical tee screens would have a smooth screen surface and would be frequently (i.e., several 


times a day, with capability of once every 5 minutes, if necessary) cleaned by internal and external 


brushes, which would provide additional protection to minimize screen-surface impingement of 


juvenile winter-run Chinook salmon. The smooth surface also would serve to reduce the risk of 


abrasion and scale loss for any fish that do come into contact with the screens (Swanson et al. 2004). 


As noted above, the hydraulic bypass effect of cylindrical tee screens may also limit potential 


negative effects from screen contact. Overall, the observed experimental results and the design of 


the fish screens indicate that minimal risk would be expected from entrainment or impingement for 


juvenile winter-run Chinook salmon. 


Diversions by the north Delta intakes are likely to entrain foodweb organisms for juvenile winter-


run Chinook salmon. As described further for delta smelt in Chapter 6, Effects Analysis for Delta 


Smelt, Longfin Smelt, and Terrestrial Species, Section 6.1, Effects on Delta Smelt, the potential for 


entrainment of phytoplankton carbon at the north Delta intakes to affect the Delta foodweb is 


limited, particularly considering the in situ production within the Delta. Juvenile Chinook salmons’ 


diet in the north Delta and lower Sacramento River mostly includes zooplankton and insects 


(Kjelson et al. 1982; Sommer et al. 2001). Although some entrainment of zooplankton is likely to 


occur, effects on juvenile Chinook salmon prey availability are likely to be limited, given relatively 


high in situ production within the Delta compared to inputs from freshwater flow (Jassby et al. 2002; 


Sobczak et al. 2002). For additional information, refer to the analysis of Food Availability in Section 


6.1.3.4, Habitat Effects. 


Predation 


Increased predation of juvenile winter-run Chinook salmon at the north Delta intakes could occur if 


predatory fish aggregate along the north Delta intake cylindrical tee screens or associated in-water 


structures (i.e., the floating log boom and its support pilings, including accumulated debris) at 


greater density than existing conditions. Studies in the Delta have shown greater abundance of 


predatory fish at manmade structures (Sabal et al. 2016), but, as discussed in Section 5.4, Effects of 


Water Facility Construction on Special-Status Species, the relatively limited extent of in-water human-


made structures in the Delta suggests that these are unlikely to have a population-level effect on 


species such as migrating juvenile salmonids (Lehman et al. 2019). Two Central Valley studies 


provide an assessment of predation in the vicinity of cylindrical screens (Demetras et al. 2013) or 


intakes projecting into the river (Michel et al. 2014). Demetras et al. (2013) found very few potential 


juvenile salmonid predators and no predator aggregations near cylindrical fish screens in the 


Sacramento River at Redding (Bella Vista Water District’s Wintu Pumping Plant). There was no 


evidence of predation upon juvenile salmonids that might be attributed to or influenced by the 


design of the diversion facility (Demetras et al. 2013), although the studied intakes were 
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considerably smaller and in water of lower temperature than the proposed north Delta intakes.12 In 


the Delta, Michel et al. (2014) found predation rate at the City of Sacramento Water Treatment Plant 


diversion—which includes an intake with flat plate fish screens on both sides of an in-river intake 


structure located approximately 240 feet from the left bank of the approximately 720-foot-wide 


river channel—was similar to other non-diversion bank locations in the vicinity. 


Aggregation of predatory fish has been previously observed at the Hamilton City intake (Vogel 


2008), which is the only completed study of predation at long fish screens in the Central Valley, and 


which involved calculation of survival along the fish screen based on recapture of marked juvenile 


Chinook salmon released from several locations. Vogel’s (2008) study found that mean survival of 


tagged juvenile Chinook salmon at the Hamilton City intake in 2007—the only year of the study in 


which flow-control blocks at the weir at the downstream end of the fish screen were removed to 


reduce predatory fish concentration—was approximately 95% along the fish screen. However, the 


percentage of tagged juvenile Chinook salmon released at the upstream end of the fish screen that 


were recaptured at a downstream sampling location was similar to or slightly greater than for fish 


released at the downstream end of the fish screen, when standardized for the distance that the fish 


had to travel to the recapture site. These data suggest that survival along the screen was at least 


similar to survival in the portion of the channel without the screen (i.e., screen survival was similar 


to baseline survival, if the latter is assumed to be represented by the channel downstream of the 


screen). Note that sweeping velocity at the Hamilton City intake is higher than at the proposed north 


Delta intakes, which could give a lower predation risk based on available flow-survival studies (e.g., 


Perry et al. 2018). However, test fish providing the estimate of survival in the channel downstream 


of the screen were released prior to the fish that were released at the upstream end of the fish 


screen, which could have confounded comparisons of relative survival between these groups if 


predatory fishes became partly satiated prior to the arrival of the fish released at the upstream end 


of the screen (thus potentially making their survival relatively higher than otherwise would have 


occurred) (Vogel 2008:12). In addition, batch releases of relatively high numbers of test fish could 


have given greater survival than if smaller numbers of fish had passed along the fish screen (Vogel 


2008:20). 


A recent study of acoustically tagged juvenile late fall–run Chinook salmon survival by Henderson et 


al. (2019) primarily provides information regarding far-field effects of flow, but also has value in 


allowing inference regarding near-field effects of diversions. Henderson et al. (2019:Table 1) 


hypothesized that the density of diversions (i.e., number per kilometer) would be negatively related 


to survival because of higher predator densities near the diversions. In fact, they found the opposite 


and speculated that greater survival with higher diversion density may be more a function of habitat 


conditions where diversions are more abundant, for example, armored banks resulting in reduced 


predator density and predation mortality (Henderson et al. 2019:1558). Reach-specific survival 


estimates by Henderson et al. (2019) give context for the near-field effects provided by the physical 


structure of the existing long Red Bluff Diversion Dam and Glenn Colusa Irrigation District Hamilton 


City intakes. During the 2007–2011 study years, survival in the reach, including the Red Bluff intake, 


ranged in rank from highest survival (2007, 2011) to second-lowest survival of 19 reaches in 2008. 


Survival in the Hamilton City reach ranged from highest survival (2010, 2011) to 12th highest 


survival of 19 reaches in 2008. The studies by Henderson et al. (2019) and Vogel (2008) are not 


 
12 Note that the study by Demetras et al. (2013) was based on two 70–100-cfs diversion facilities in the upper 
Sacramento River at 6–10-foot depth where the main predatory species were rainbow trout. Water temperature at 
these sites is lower than at the proposed north Delta intakes. 
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inconsistent in suggesting that near-field survival at large fish screens does not appear to be greatly 


different from reaches without intakes. (These studies do not quantify predation directly. It is 


assumed that predation is the main reason for survival differences, although it is possible that 


factors such as injury from screen contact and subsequent mortality could occur, although this 


appears less likely based on the laboratory studies of Swanson et al. [2004], discussed above.) 


Overall, the weight of available information suggests that near-field predation effects of the north 


Delta intakes on juvenile winter-run Chinook salmon would be limited, albeit with some uncertainty, 


given that the studies were not of long cylindrical tee screen structures in the north Delta. Fisheries 


studies would be undertaken to provide information on predatory fish and predation rate at the 


north Delta intakes once they are operational, to inform the refinement of future operations and 


adaptive management (Appendix 5B). 


5C.7.1.2 South Delta Exports 


Juvenile Entrainment 


As described in Chapter 3, the existing facilities in the south Delta would be governed by the 


applicable regulatory requirements, such as the SWRCB’s Bay-Delta Water Quality Control Plan, 


federal BiOps (National Marine Fisheries Service 2019; U.S. Fish and Wildlife Service 2019), 


California Endangered Species Act Incidental Take Permit for SWP (California Department of Fish 


and Wildlife 2020), and USACE Clifton Court diversion limits. 


The CalSim modeling for existing conditions and the proposed action includes representation of 


regulatory requirements, although not all real-time requirements, such as those based on 


monitoring of fish presence, are able to be fully represented by the modeling (Appendix 5D, Bay-


Delta Methods and Results). The risk of winter-run Chinook salmon entrainment under existing 


conditions and the proposed action would be minimized by the inclusion of the various regulatory 


requirements from the existing permits noted above (e.g., take limits for number of winter-run 


Chinook salmon lost to entrainment at the south Delta export facilities).  


Two analyses assess the potential for changes to south Delta entrainment risk for juvenile winter-


run Chinook salmon. As described in Appendix 5D (Section 5D.2, Salvage-Density Method), the 


salvage-density method weights CalSim-modeled south Delta exports by historical patterns of 


juvenile winter-run Chinook salmon entrainment loss density (i.e., fish per acre-foot of water 


exported). Note that although this method provides an index of entrainment loss, it primarily 


functions to illustrate south Delta export rate differences between modeling scenarios. The method 


does not account for differences in salvage and entrainment loss that could occur because of other 


operational effects (e.g., changes in juvenile salmonid routing because of the north Delta intakes13). 


The results from application of the salvage-density method illustrated that south Delta exports 


generally would be similar or slightly lower under the proposed action relative to existing 


conditions at the SWP Banks and CVP Jones south Delta export facilities during the December–April 


time period when winter-run Chinook salmon are generally salvaged ( 


Table 5C.7-10 and Table 5C.7-11).14 Generally somewhat lower south Delta exports at the SWP 


Banks Pumping Plant occur for several reasons, which vary by month. For example, in spring the 


 
13 Such changes are analyzed below in the Hydrodynamic Effects section and are considered as part of the Delta 
Passage Model in the Through-Delta Survival section below, which also includes south Delta export effects. 
14 Results averaged by water year type and month are provided in Appendix 5D (Tables 5D.2 1 and 5D.2 2). 
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most common factors are (1) SWP San Luis Reservoir share is fuller under the proposed action than 


existing conditions because of prior north Delta exports, so Banks Pumping Plant cannot or does not 


need to export as much, and (2) regulatory control has shifted to E:I ratio under the proposed action 


due to north Delta exports, leading to a shift in exports in the south Delta from Banks Pumping Plant 


to Jones Pumping Plant to satisfy COA sharing requirements. Also, more rarely, (3) Banks Pumping 


Plant exports less due to an ITP export cut that only occurs under the proposed action because of 


north Delta exports diverting outflow below the 44,500 cfs threshold for triggering that cut.  


As noted above, various regulatory requirements would be implemented under existing conditions 


and therefore are part of the Existing Conditions and are incorporated into the proposed action to 


minimize entrainment effects on winter-run Chinook salmon. The proposed action includes 


mitigation15 for the north Delta hydrodynamics effects of the north Delta diversions, particularly 


with respect to reversing flows at the Sacramento River–Georgiana Slough junction, has the 


potential to increase juvenile fish entry into the interior Delta. Although such hydrodynamic effects 


could affect the potential for south Delta entrainment at the SWP and CVP facilities, take of winter-


run Chinook salmon would not exceed existing authorized take because of the same operational 


criteria being in place as existing conditions and because the mitigation would offset the 


hydrodynamic effects of the north Delta diversions. The mitigation, which is proposed to offset the 


north Delta hydrodynamics effects of the north Delta diversions, would, in association with the 


existing restrictive criteria for south Delta operations, ensure that take at the south Delta export 


facilities does not exceed that authorized by the existing permits.  


Table 5C.7-10. Entrainment Loss of Juvenile Winter-Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 2,217 1,987 (-10%) 


Above normal N/A (-6%) 


Below normal 1,519 1,380 (-9%) 


Dry 1,011 939 (-7%) 


Critically dry 890 824 (-7%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. Absolute 
and percentage values are rounded; as a result, differences between absolutes and differences between percentages may 
not always appear consistent. 
The analysis was based on historical salvage data during 2009–2019, which did not include any above-normal water years; 
results for above-normal years focus only on relative difference in exports based on salvage-density patterns from wet 
years. Results are not future predictions and are intended only to compare proposed action. 
EC = existing conditions; N/A = not applicable. 


 
15 See description of Mitigation Measure CMP in Appendix 3B, Compensatory Mitigation Plan for Special-Status 
Species and Aquatic Resources, specifically CMP-25: Tidal Habitat Restoration to Mitigate North Delta Hydrodynamic 
Effects on Chinook Salmon Juveniles in Table 3B.1-3 in Attachment 3B.1, Compensatory Mitigation Design 
Parameters. 
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Table 5C.7-11. Entrainment Loss of Juvenile Winter-Run Chinook Salmon at CVP Jones Pumping 
Plant, Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 228 233 (2%) 


Above normal N/A (3%) 


Below normal 526 552 (5%) 


Dry 304 317 (4%) 


Critically dry 82 83 (1%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. Absolute 
and percentage values are rounded; as a result, differences between absolutes and differences between percentages may 
not always appear consistent. 
The analysis was based on historical salvage data during 2009–2019, which did not include any above-normal water years; 
results for above-normal years focus only on relative difference in exports based on salvage-density patterns from wet 
years. Results are not future predictions and are intended only to compare proposed action. 
EC = existing conditions; N/A = not applicable. 


As described above, the salvage-density method is essentially a means of examining changes in 


south Delta exports weighted by historical salvage density to account for species timing between 


months; the method does not account for potential nonlinear relationships between salvage (i.e., 


entrainment) and south Delta exports, nor does it account for other factors that may influence 


salvage, such as Delta channel flows that could influence the survival or migration routes that 


juvenile salmonids may take. Zeug and Cavallo (2014) demonstrated that these other factors could 


be linked statistically to salvage of marked hatchery-reared juvenile Chinook salmon. The methods 


employed by Zeug and Cavallo (2014) were used to assess potential differences in juvenile winter-


run Chinook salmon entrainment risk between existing conditions and the proposed action (see 


detailed methods description in Appendix 5D, Section 5D.3, Juvenile Winter-Run Chinook Salmon 


Salvage Based on Zeug and Cavallo [2014]). The results of this method were consistent with the 


salvage-density method in suggesting that salvage of juvenile winter-run Chinook salmon would be 


similar or somewhat lower under the proposed action relative to existing conditions (Table 5C.7-12; 


summary plots of the results are also provided in Appendix 5D, Section 5D.3.2, Results), reflecting 


differences in south Delta exports between the scenarios. As noted above in the analysis based on 


the salvage-density method, the proposed action includes mitigation for the north Delta 


hydrodynamics effects of the north Delta diversions, particularly with respect to reversing flows at 


the Sacramento River–Georgiana Slough junction, which as discussed further below in Section 


5C.7.2, Far-Field Effects, has the potential to increase juvenile fish entry into the interior Delta. 


Although such hydrodynamic effects could affect the potential for south Delta entrainment at the 


SWP and CVP facilities, take of winter-run Chinook salmon would be expected to be consistent with 


existing take limits because of the same operational criteria being in place as existing conditions and 


because the mitigation would offset the hydrodynamic effects of the north Delta diversions. The 


mitigation, which is proposed to offset the north Delta hydrodynamics effects of the north Delta 


diversions, would, in association with the existing restrictive criteria for south Delta operations, 


ensure that take is consistent with the existing permits. 


Table 5C.7-12. Proportion of Juvenile Winter-Run Chinook Salmon Entering the Delta Salvaged at 
the South Delta Export Facilities, Averaged by Water Year Type, Based on Zeug and Cavallo (2014) 


Water Year Type EC Proposed Action 


Wet 0.0037 0.0031 (-18%) 


Above normal 0.0022 0.0022 (-2%) 
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Water Year Type EC Proposed Action 


Below normal 0.0022 0.0022 (-1%) 


Dry 0.0018 0.0018 (-2%) 


Critically dry 0.0017 0.0016 (-2%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. Absolute 
and percentage values are rounded; as a result, differences between absolutes and differences between percentages may 
not always appear consistent. 
This table only includes mean responses and does not consider model uncertainty. Results are not future predictions and 
are intended only to compare proposed action. 
EC = existing conditions. 


Adult Entrainment 


In addition to juvenile winter-run Chinook salmon, adult winter-run Chinook salmon are also 


subject to entrainment at the south Delta export facilities (California Department of Fish and 


Wildlife 2020, Attachment 8:60–63). It is estimated that 466 adult Chinook salmon were salvaged 


during 1993–2018 (i.e., an annual mean of ~18 fish), all during the months of September through 


May, with highest salvage in November, December, and March, which overlaps with adult winter-run 


Chinook salmon occurrence in the Delta (California Department of Fish and Wildlife 2020, 


Attachment 8:60–63; Table 2-4 shows February–April as the main period of occurrence). South 


Delta exports under the proposed action generally would be similar or slightly less than under 


existing conditions, indicating entrainment risk for adult winter-run Chinook salmon generally 


would be similar or slightly less than existing conditions (California Department of Water Resources 


2023). 


5C.7.2 Far-Field Effects 


5C.7.2.1 Indirect Mortality within the Delta 


In addition to potential near-field effects, direct effects on winter-run Chinook salmon resulting 


from the proposed action have the potential to result indirectly in changes to mortality of juvenile 


winter-run Chinook salmon in the Delta because of changes in flow patterns and resulting survival 


or routing of fish into migration pathways with differing survival probabilities. This section includes 


a summary of hydrodynamic effects based on potential indicators of indirect mortality risk (e.g., 


channel velocity and flow routing into junctions), as well as an assessment of through-Delta survival, 


using available models. 


As described in more detail in Chapter 3, the proposed action includes operational criteria for the 


proposed north Delta intakes to minimize potential negative effects on fish—in particular, juvenile 


winter-run Chinook salmon. In addition to the previously discussed velocity criteria for minimizing 


potential for near-field effects (see Entrainment and Impingement in Section 5C.7.1.1, North Delta 


Exports), the new operational criteria would include bypass-flow criteria and pulse protection and 


low-level pumping.  


As described in Chapter 3, the proposed operations criteria and tidal restoration16 are intended to 


minimize and fully mitigate the potential impacts of the north Delta diversion operations. The real-


time decision-making specific to the north Delta diversion operations would be mainly associated 


with reviewing real-time abiotic and fish monitoring data and ensuring proposed weekly, daily, and 


 
16 See description of Mitigation Measure CMP in Appendix 3B, specifically CMP-25: Tidal Habitat Restoration to 
Mitigate North Delta Hydrodynamic Effects on Chinook Salmon Juveniles in Table 3B.1-3 in Attachment 3B.1. 
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sub-daily operations are consistent with the permitted criteria and within the effects analyzed in the 


permits. Tables 3.1-3 and 3.1-4 in Chapter 3 provide preliminary proposed operations criteria and 


proposed north Delta intake bypass flow and pulse protection requirements. 


Hydrodynamic Effects 


Diversion of flow by the north Delta diversion would result in less Sacramento River flow moving 


downstream, which would increase the effect of tides, juvenile Chinook salmon travel time (and, 


therefore, potential exposure to predatory fish), and the potential for flow to be diverted into the 


interior Delta at Georgiana Slough and Delta Cross Channel,17 where juvenile Chinook salmon 


survival is lower than on the mainstem Sacramento River (Perry et al. 2018; Hance et al. 2022). An 


assessment of potential hydrodynamic changes was undertaken, using Delta Simulation Model II-


HYDRO outputs. This illustrated the reduced overlap in north Delta velocity of the proposed action 


compared to existing conditions, including during key portions of the juvenile winter-run Chinook 


salmon downstream-migration period, with little difference in interior and south Delta 


hydrodynamics reflecting little difference in south Delta exports as suggested by the salvage-density 


discussed previously with respect to Juvenile Entrainment. The reduced overlap in velocity between 


the proposed action and existing conditions generally reflected the somewhat-lower velocity 


associated with the proposed action, as illustrated for the Sacramento River, just downstream of 


Intake C (Table 5C.7-13). The Delta Simulation Model II modeling also indicated that a somewhat 


greater proportion of flow would enter the interior Delta at Georgiana Slough in some months, with 


relatively high occurrence of juvenile winter-run Chinook salmon—in particular January–March 


(Figure 5D.4-29 in Appendix 5D)—which generally indicates that a greater proportion of juvenile 


Chinook salmon would enter Georgiana Slough based on available studies (e.g., Cavallo et al. 2015) 


and that there generally would be greater incidence of reversing flow in the Sacramento River just 


downstream of Georgiana Slough (Table 5C.7-14). Months with smaller differences in these 


hydrodynamic indicators (e.g., April) reflect other operational constraints on overall Delta water 


operations, such as meeting the longfin smelt spring-outflow requirements from the California 


Department of Fish and Wildlife (CDFW) (2020) ITP. Reduced velocity, increased reversing flow just 


downstream of Georgiana Slough, and increased flow into the interior Delta at Georgiana Slough 


would tend to reduce juvenile winter-run Chinook salmon through-Delta survival, as analyzed 


further below, in Through-Delta Survival. As discussed previously, the proposed action includes 


mitigation18 for the north Delta hydrodynamics effects of the north Delta diversions, particularly 


with respect to reversing flows at the Sacramento River–Georgiana Slough junction. This would 


offset north Delta hydrodynamic effects, would also offset the potential for increased movement of 


juvenile winter-run Chinook salmon toward the south Delta export facilities; as noted above, even 


without this mitigation being shown in modeling, interior and south Delta hydrodynamics are little 


different between existing conditions and the proposed action. 


  


 
17 Perry et al. (2016:16–17) illustrated the concept of the “critical streakline” (i.e., the spatial divide 


between parcels of water that enter a side channel or remain in the main channel) and how this is affected by the 
riverine and tidal hydrodynamics at channel junctions. 
18 See description of Mitigation Measure CMP in Appendix 3B, Compensatory Mitigation Plan for Special-Status 
Species and Aquatic Resources, specifically CMP-25: Tidal Habitat Restoration to Mitigate North Delta 
Hydrodynamic Effects on Chinook Salmon Juveniles in Table 3B.1-3 in Attachment 3B.1. 
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Table 5C.7-13. Mean Channel Velocity (feet per second) in the Sacramento River Downstream of Intake C 


Water Year 


Type 


September October November  December January February March April May June 


EC Proposed Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action 


Wet 1.51 1.49 (-2%) 1.10 1.07 (-3%) 1.40 1.33 (-5%) 2.51 2.43 (-3%) 3.18 3.11 (-2%) 3.59 3.60 (0%) 3.24 3.24 (0%) 2.65 2.66 (0%) 2.31 2.28 (-1%) 1.75 1.68 (-4%) 


Above normal 1.46 1.44 (-1%) 0.94 0.93 (-1%) 1.05 0.98 (-7%) 1.59 1.49 (-6%) 2.70 2.54 (-6%) 2.93 2.80 (-4%) 2.76 2.62 (-5%) 1.76 1.72 (-3%) 1.78 1.71 (-4%) 1.42 1.32 (-8%) 


Below normal 1.14 0.98 (-14%) 0.93 0.90 (-2%) 1.07 0.98 (-8%) 1.36 1.29 (-5%) 1.59 1.48 (-7%) 1.94 1.81 (-7%) 1.82 1.63 (-11%) 1.27 1.28 (1%) 1.24 1.23 (-1%) 1.13 1.11 (-1%) 


Dry 0.80 0.76 (-5%) 0.88 0.90 (1%) 0.93 0.89 (-5%) 1.02 0.97 (-5%) 1.17 1.10 (-6%) 1.77 1.65 (-7%) 1.55 1.44 (-7%) 1.04 1.04 (0%) 0.98 0.98 (0%) 1.12 1.12 (0%) 


Critically dry 0.69 0.69 (0%) 0.72 0.70 (-3%) 0.71 0.68 (-4%) 1.03 1.00 (-3%) 1.09 1.01 (-7%) 1.22 1.17 (-4%) 1.11 1.06 (-4%) 0.81 0.81 (1%) 0.76 0.75 (-1%) 0.86 0.86 (0%) 


Note: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences between percentages may not always appear consistent. 
EC = existing conditions. 


Table 5C.7-14. Number of Hours Within Each Month with Reversing Flow in the Sacramento River Downstream of Georgiana Slough (Delta Simulation Model II Channel 423) 


Water Year Type 


EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action 


September October November December January February March April May June 


Wet (720) 7.3 10.1  
(2.8/38%) 


- - 144.9 155.2 
(10.3/7%) 


- - - - - - - - 197.5 202.0  
(4.5/2%) 


- - 98.2 121.1  
(22.9/23%) 


Above normal (720) 12.8 18.3 
(5.5/43%) 


- - 172.3 182.2  
(9.9/6%) 


- - - - - - - - 190.4 198.6  
(8.2/4%) 


- - 191.1 205.6  
(14.5/8%) 


Below normal (720) 44.3 53.7  
(9.3/21%) 


- - 202.5 208.2  
(5.7/3%) 


- - - - - - - - 206.2 210.4  
(4.2/2%) 


- - 210.6 212.8  
(2.2/1%) 


Dry (720) 93.2 113.2  
(20.0/21%) 


- - 210.3 214.9  
(4.6/2%) 


- - - - - - - - 244.4 242.3  
(-2.1/-1%) 


- - 220.9 221.2  
(0.3/0%) 


Critically dry (720) 129.0 141.4  
(12.3/10%) 


- - 252.2 251.4  
(-0.8/0%) 


- - - - - - - - 291.0 290.6  
(-0.4/0%) 


- - 256.7 255.7  
(-1.0/0%) 


Wet (744) - - 180.4 180.0  
(-0.4/0%) 


- - 16.8 20.4  
(3.6/22%) 


0.0 0.1  
(0.1) 


- - 173.3 176.1  
(2.8/2%) 


- - 11.4 14.7  
(3.3/29%) 


- - 


Above normal (744) - - 236.3 235.7 
(-0.6/0%) 


- - 25.9 29.6  
(3.7/14%) 


0.4 5.2 
(4.8/1076%) 


- - 198.1 204.9  
(6.7/3%) 


- - 22.5 27.9  
(5.4/24%) 


- - 


Below normal (744) - - 227.3 220.8  
(-6.4/-3%) 


- - 79.7 85.3  
(5.5/7%) 


19.6 23.7  
(4.1/21%) 


- - 232.5 252.4  
(19.9/9%) 


- - 71.5 71.5  
(0.1/0%) 


- - 


Dry (744) - - 241.9 242.0  
(0.1/0%) 


- - 142.7 143.4  
(0.8/1%) 


35.7 48.6  
(13.0/36%) 


- - 279.8 286.1  
(6.3/2%) 


- - 144.9 140.9  
(-4.0/-3%) 


- - 


Critically dry (744) - - 252.1 254.7  
(2.7/1%) 


- - 221.3 221.5  
(0.3/0%) 


91.5 104.0  
(12.4/14%) 


- - 294.8 297.7  
(3.0/1%) 


- - 209.6 206.5  
(-3.1/-1%) 


- - 


Wet (675) - - - - - - - - - - 0.0 2.2  
(2.2/6700%) 


- - - - - - - - 


Above normal (680) - - - - - - - - - - 0.0 1.2  
(1.2) 


- - - - - - - - 


Below normal (680) - - - - - - - - - - 9.1 24.1  
(15.0/164%) 


- - - - - - - - 


Dry (677) - - - - - - - - - - 39.3 53.0  
(13.7/35%) 


- - - - - - - - 


Critically dry (680) - - - - - - - - - - 115.1 117.7  
(2.6/2%) 


- - - - - - - - 


Note: Numbers in parentheses after water year type indicate total number of hours by month. Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. Absolute and percentage values are rounded; as a result, differences between 
absolutes and differences between percentages may not always appear consistent. Absolute differences are shown in parentheses when existing conditions percentage is zero. 
EC = existing conditions
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Through-Delta Survival 


Operation of the proposed action could affect juvenile winter-run Chinook salmon migrating 


through the Delta by reducing Sacramento River flow downstream of the north Delta intakes, which 


could influence through-Delta survival based on flow-survival relationships. The potential for such 


effects was assessed using a spreadsheet version of the through-Delta survival function formulated 


by Perry et al. (2018),19 which estimates through-Delta survival as a function of daily Sacramento 


River flow at Freeport, as well as the Delta Cross Channel gate position. The results of this analysis 


showed that, during the main period of juvenile winter-run Chinook salmon, occurrence in the Delta 


(i.e., December–April; see Table 4.4.1-1 in Chapter 4, Action Area and Environmental Baseline) meant 


that through-Delta survival under the proposed action was 0%–3% less than existing conditions 


(Table 5C.7-15). The results reflect the various operational criteria described further in Chapter 3, 


for example, meeting the longfin smelt spring outflow requirements from the CDFW (2020) ITP 


during April and May. Larger differences in through-Delta survival occurred in September (up to 


5%–6% less than existing conditions in below normal years), a period that generally is prior to the 


first juvenile winter-run occurrence in trawls or beach seines at Sacramento, except in some years 


(see Delta Conveyance Project Final Environmental Impact Report (Final EIR) Appendix 12A, 


Attachment 12A.1, Juvenile Salmonid Monitoring, Sampling, and Salvage Timing Summary from 


SacPAS [California Department of Water Resources 2023]). Relatively large differences in survival 


(8%–10% less under the proposed action) also occurred in June of above-normal years, although 


this is after the period of nearly all juvenile winter-run occurrence and has more relevance to 


juvenile spring-run and fall-run Chinook salmon (discussed further in Section 5C.8, Effects of 


Operations and Maintenance of Water Conveyance Facilities on Central Valley Spring-Run Chinook 


Salmon). 


Note that the spreadsheet version of the Perry et al. (2018) model does not account for the 


variability in coefficient estimates (Perry et al. 2018:Figure 6), which likely would give appreciable 


overlap of estimates in through-Delta survival between existing conditions and the proposed action, 


particularly in relation to the relatively small differences. Note also that the CDFW (2020) SWP ITP 


requires a Georgiana Slough Migratory Barrier to be installed to reduce juvenile winter- and spring-


run Chinook salmon entry into Georgiana Slough by means of acoustic and light stimuli deterring the 


juveniles from entering Georgiana Slough (California Department of Water Resources 2015). To 


illustrate the potential effects of such a barrier being implemented on relative survival differences 


between existing conditions and the proposed action, a sensitivity analysis was undertaken with the 


assumption that the barrier was installed and reduced proportional entry into Georgiana Slough by 


 
19 The spreadsheet model was provided by Perry (pers. comm.) and reproduces the mean response of the STARS 


(Survival, Travel time, And Routing Simulation) model (Perry et al. 2019). There is some uncertainty in the extent 


to which the relationships in the model are representative of wild-origin, winter-run Chinook salmon juveniles, 


given that the model was based on results from larger hatchery-origin, late fall–run Chinook salmon juveniles; 


however, the results of the Delta Passage Model, described below, are based on hatchery-origin, winter-run 


Chinook salmon juveniles. Note that for both models, the analyses are based on studies of smolt-sized fish because 


there is no information on through-Delta survival for smaller-sized migrants, with the assumption that the relative 


differences between scenarios are reasonably representative of smaller migrants as well. 
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50%,20 compared to no barrier, during January through May.21 Although the sensitivity analysis gave 


higher absolute estimates of through-Delta survival in January–May, as expected, there was no 


change in the relative pattern of percentage differences between existing conditions and the 


proposed action (compare corresponding cells in Table 5C.7-16 with Table 5C.7-15).  


 


 
20 A 50% reduction in entry to Georgiana Slough was observed during the 2012 pilot testing of the barrier 


(California Department of Water Resources 2015). 
21 Implementation of the Georgiana Slough Migratory Barrier, consisting of a BioAcoustic Fish Fence (BAFF) would 
be as follows during 2023–2030 (National Marine Fisheries Service 2022:9-10): “BAFF operations would occur 
from January 1 until May 31 during Project Year 1. During Project Years 2 through 8, BAFF operations would occur 
from January 1 until April 30; however, BAFF operations in November, December, and May would be adaptively 
managed each Project year by DWR in coordination with CDFW, NMFS, and USFWS. PG&E would provide electricity 
to the BAFF from January until April in all Project years. If the BAFF will be operated in May, diesel generators 
would be located at the Point Ranch Property to provide power to the BAFF for the month of May. The full 
operations plan is being developed by DWR in coordination with NMFS, USFWS, and CDFW, which may result in 
changes to the optimal BAFF operation period (i.e., January to May) to better cover a greater portion of the juvenile 
SR winter-run and CV spring-run Chinook salmon migration period.” For the purposes of the illustrative analysis in 
this BA, it was assumed that a BAFF would be installed from January to May. 
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Table 5C.7-15. Probability of Juvenile Chinook Salmon Through-Delta Survival, Averaged by Month and Water Year Type, Based on Perry et al. (2018) 


Water Year Type 


September October November  December January February March April May June 


EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action 


Wet 0.37 0.37 (-1%) 0.37 0.37 (0%) 0.40 0.39 (-2%) 0.47 0.46 (-2%) 0.61 0.60 (-2%) 0.64 0.63 (-1%) 0.62 0.61 (-1%) 0.57 0.57 (-1%) 0.55 0.54 (-1%) 0.43 0.41 (-4%) 


Above normal 0.36 0.36 (-1%) 0.34 0.34 (1%) 0.38 0.37 (0%) 0.46 0.45 (-2%) 0.58 0.56 (-3%) 0.60 0.58 (-2%) 0.59 0.57 (-3%) 0.50 0.49 (-1%) 0.50 0.49 (-2%) 0.39 0.35 (-10%) 


Below normal 0.31 0.29 (-6%) 0.31 0.32 (2%) 0.37 0.37 (1%) 0.48 0.47 (-2%) 0.48 0.47 (-3%) 0.51 0.50 (-3%) 0.50 0.48 (-4%) 0.44 0.44 (0%) 0.44 0.44 (0%) 0.33 0.33 (0%) 


Dry 0.27 0.26 (-2%) 0.34 0.34 (0%) 0.33 0.33 (0%) 0.42 0.41 (-3%) 0.43 0.42 (-2%) 0.50 0.49 (-3%) 0.48 0.46 (-3%) 0.41 0.41 (0%) 0.41 0.41 (0%) 0.33 0.33 (0%) 


Critically dry 0.26 0.25 (-3%) 0.32 0.31 (-2%) 0.31 0.31 (0%) 0.38 0.38 (-1%) 0.42 0.41 (-2%) 0.44 0.43 (-1%) 0.42 0.42 (-1%) 0.38 0.38 (0%) 0.37 0.37 (0%) 0.29 0.29 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences between percentages may not always appear consistent. 
The main period of juvenile winter-run Chinook salmon occurrence in the Delta is December–April. The table only includes mean responses and does not consider model uncertainty. Results are not future predictions and are intended only to compare EC to the proposed action. 
EC = existing conditions. 


Table 5C.7-16. Probability of Juvenile Chinook Salmon Through-Delta Survival, Averaged by Month and Water Year Type, Based on Perry et al. (2018), Including Assumption that Georgiana Slough Migratory Barrier Reduces Entry in 
Georgiana Slough by 50% During January–May 


Water Year Type 


September October November  December January February March April May June 


EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action EC 


Proposed 


Action 


Wet  0.37 0.37 (-1%) 0.37 0.37 (0%) 0.40 0.39 (-2%) 0.47 0.46 (-2%) 0.37 0.63 (-2%) 0.67 0.66 (-1%) 0.65 0.64 (-1%) 0.61 0.60 (-1%) 0.58 0.58 (-1%) 0.43 0.41 (-4%) 


Above Normal  0.36 0.36 (-1%) 0.34 0.34 (1%) 0.38 0.37 (0%) 0.46 0.45 (-2%) 0.36 0.60 (-2%) 0.63 0.62 (-2%) 0.62 0.61 (-2%) 0.54 0.53 (-1%) 0.54 0.53 (-1%) 0.39 0.35 (-10%) 


Below Normal  0.31 0.29 (-6%) 0.31 0.32 (2%) 0.37 0.37 (1%) 0.48 0.47 (-2%) 0.31 0.51 (-2%) 0.55 0.54 (-2%) 0.54 0.52 (-4%) 0.48 0.48 (0%) 0.48 0.48 (0%) 0.33 0.33 (0%) 


Dry  0.27 0.26 (-2%) 0.34 0.34 (0%) 0.33 0.33 (0%) 0.42 0.41 (-3%) 0.27 0.46 (-2%) 0.54 0.53 (-2%) 0.52 0.50 (-2%) 0.45 0.46 (0%) 0.45 0.45 (0%) 0.33 0.33 (0%) 


Critically Dry  0.26 0.25 (-3%) 0.32 0.31 (-2%) 0.31 0.31 (0%) 0.38 0.38 (-1%) 0.26 0.45 (-2%) 0.48 0.47 (-1%) 0.46 0.46 (-1%) 0.43 0.43 (0%) 0.42 0.42 (0%) 0.29 0.29 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences between percentages may not always appear consistent. 
The main period of juvenile winter-run Chinook salmon occurrence in the Delta is December–April. Table only includes mean responses and does not consider model uncertainty. Results are not future predictions and are intended only to compare the proposed action to EC. 
EC = existing conditions. 
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The results of the Delta Passage Model (see description of method in Appendix 5D, Section 5D.5, 


Delta Passage Model) were similar to those of the analysis based on the Perry et al. (2018) through-


Delta survival function, with mean estimated through-Delta survival of juvenile winter-run Chinook 


salmon under the proposed action ranging from 1% to 3% less than existing conditions (Table 


5C.7-17; compare in particular to the December–April results in Table 5C.7-15, which as previously 


described represents the main period of juvenile winter-run occurrence in the Delta and is reflected 


in the Delta Passage Model entry distribution; see Figure 5D.5-2_entry in Appendix 5D).22 


Table 5C.7-17. Through-Delta Survival of Juvenile Winter-Run Chinook Salmon, Averaged by Water 
Year Type, Based on the Delta Passage Model 


Water Year Type EC Proposed Action 


Wet 0.31 0.31 (-2%) 


Above normal 0.25 0.24 (-2%) 


Below normal 0.19 0.18 (-3%) 


Dry 0.16 0.16 (-3%) 


Critically dry 0.14 0.14 (-1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
This table only includes mean responses and does not consider model uncertainty. Results are not future predictions 
and are intended only to compare the proposed action to EC. 
EC = existing conditions. 


The two through-Delta survival analyses (spreadsheet implementation of the Perry et al. [2018] 


survival function and the Delta Passage Model) suggested that the potential for through-Delta 


survival under the proposed action would be somewhat less than existing conditions. As previously 


described, these modeling results reflect flow-based criteria and requirements, but do not account 


for adjustments to operations. These adjustments may be in response to real-time monitoring of fish 


to further limit potential negative effects. Fisheries studies would be undertaken to provide 


information on the far-field effects of the north Delta intakes on juvenile salmonids once they are 


operational, to inform the refinement of future operations and adaptive management, as needed 


(Appendix 5B). 


5C.7.2.2 Habitat Suitability 


Several aspects of habitat suitability for winter-run Chinook salmon and the potential far-field 


effects of the proposed action were examined: riparian and wetland bench inundation (i.e., juvenile 


rearing habitat); water temperature; Microcystis harmful algae blooms; and metals (i.e., selenium 


and mercury). 


Riparian and Wetland Bench Inundation 


Channel-margin habitat in the Delta—and in much of the Sacramento and San Joaquin Rivers, in 


general—has been considerably reduced in relation to historical extent due to the construction of 


levees and armoring of their banks with riprap (Williams 2006). These practices have reduced the 


extent of high-value rearing or holding habitat for Chinook salmon juveniles. Whereas previous 


 
22 Note that the Delta Passage Model is based on results from juvenile Chinook salmon ≥80 millimeter in length. 
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riverbank protection of levees focused on solely riprap installation, more recent protection 


incorporates riparian and wetland benches, as well as other habitat features, to restore habitat 


function (H.T. Harvey & Associates and PRBO Conservation Science 2010; Hellmair et al. 2018). The 


riparian and wetland benches are shallow, restored areas along the channel margins that have 


relatively gentle slopes (e.g., 10:1 instead of the customary 3:1; Casas et al. 2012) and are designed 


to be wetted or flooded during certain parts of the year to provide habitat for listed species of fish, 


including juvenile Chinook salmon and other species. Wetland benches are at lower elevations, 


where more frequent wetting and inundation may be expected, and riparian benches occupy higher 


portions of the slope, where inundation is restricted to high-flow events. These benches are planted 


and often secured with riprap or other materials. 


Several levee improvement projects in the north Delta have been implemented and included the 


restoration of benches intended to be inundated under specific flows during certain months to 


provide suitable habitat for listed species of fish; the total length is approximately 47,000 linear feet 


(~8.9 miles).23 Restored benches in the north Delta potentially could be affected by the water 


operations of the proposed action because of changes in water level; for example, less water in the 


Sacramento River below the north Delta intakes could result in riparian benches being inundated 


less frequently. This possibility was examined by calculating bench-inundation indices for juvenile 


Chinook salmon (see detailed method description in Appendix 5D, Section 5D.6, Riparian and 


Wetland Bench Inundation). These indices range from 0 (i.e., no availability of bench habitat) to 1 


(i.e., water depth on the bench is optimal for juvenile Chinook salmon all the time).24 The analysis 


was undertaken for riparian and wetland benches in five geographic locations within the north Delta 


by linking bench elevation data to Delta Simulation Model II-HYDRO-simulated water surface 


elevation for three seasonal periods (i.e., fall: October–November; winter: December–February; 


spring: March–June). 


The analysis of bench inundation suggested the potential for changes in inundation under the 


proposed action relative to existing conditions, ranging from little difference to just over 20% 


(relative difference) less bench inundation under the proposed action (Table 5C.7-18). The largest 


differences were for riparian benches in the Sacramento River downstream of the north Delta 


diversion in winter and spring, with little difference in areas well downstream (e.g., Cache Slough). 


There was also little difference for wetland benches, which are intended to be inundated at lower 


water-surface elevations that would be available at much-lower flows. The proposed action would 


result in less availability of inundated bench habitat for juvenile winter-run Chinook salmon 


compared to existing conditions. Multiplying the proportional difference in inundation indices 


between the proposed action and existing conditions by the length of bench in each area allows the 


differences as a result of the proposed action to be expressed in linear feet, which subsequently is 


used for mitigation calculations; the overall differences relative to existing conditions can be found 


in Table 5C.7-19. 


 
23 By way of comparison, the total length of riverbank (including both banks) along the main migratory pathways in 


the north Delta upstream of Rio Vista is ~90 miles (mainstem Sacramento River), ~12 miles (Sutter Slough), ~18 


miles (Steamboat Slough), and ~14 miles (Miner Slough). 
24 For example, a bench inundation index of 0.20 equates to optimal depth (suitability = 1) 20% of the time within a 


season (with no other inundation occurring), or equates to relatively poor depth (suitability = 0.20) 100% of the 


time within a season. Note that, depending on water depth under existing conditions, bench inundation indices 


could be greater, the same, or less under the proposed action, as a result of differences in suitability with 


differences in water depth (Figure 5A-2), although the modeling indicated mostly lower inundation indices under 


the proposed action because of the north Delta diversions. 
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Table 5C.7-18. Mean Riparian and Wetland Bench Inundation Index by Geographic Group, Season, 
and Water Year Type 


Geographic Group 
Bench 
Type WYT Season EC 


Proposed 
Action 


Cache Slough Riparian W Winter 0.23 0.23 (-2%) 


Cache Slough Riparian AN Winter 0.16 0.15 (-3%) 


Cache Slough Riparian BN Winter 0.10 0.09 (-3%) 


Cache Slough Riparian D Winter 0.08 0.08 (-2%) 


Cache Slough Riparian C Winter 0.08 0.08 (-2%) 


Cache Slough Wetland W Winter 0.64 0.63 (0%) 


Cache Slough Wetland AN Winter 0.61 0.60 (-1%) 


Cache Slough Wetland BN Winter 0.55 0.54 (0%) 


Cache Slough Wetland D Winter 0.53 0.53 (0%) 


Cache Slough Wetland C Winter 0.53 0.53 (0%) 


Sacramento River above north Delta intakes Riparian W Winter 0.22 0.23 (4%) 


Sacramento River above north Delta intakes Riparian AN Winter 0.26 0.26 (1%) 


Sacramento River above north Delta intakes Riparian BN Winter 0.24 0.23 (-2%) 


Sacramento River above north Delta intakes Riparian D Winter 0.16 0.15 (-6%) 


Sacramento River above north Delta intakes Riparian C Winter 0.12 0.12 (-5%) 


Sacramento River above north Delta intakes Wetland W Winter 0.14 0.15 (4%) 


Sacramento River above north Delta intakes Wetland AN Winter 0.27 0.28 (6%) 


Sacramento River above north Delta intakes Wetland BN Winter 0.49 0.50 (3%) 


Sacramento River above north Delta intakes Wetland D Winter 0.61 0.63 (2%) 


Sacramento River above north Delta intakes Wetland C Winter 0.69 0.70 (2%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian W Winter 0.42 0.42 (0%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian AN Winter 0.35 0.34 (-3%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian BN Winter 0.18 0.15 (-16%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian D Winter 0.07 0.06 (-22%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian C Winter 0.05 0.04 (-19%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland W Winter 0.32 0.35 (9%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland AN Winter 0.46 0.49 (7%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland BN Winter 0.57 0.58 (1%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland D Winter 0.58 0.57 (-1%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland C Winter 0.56 0.55 (-1%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian W Winter 0.56 0.55 (-2%) 
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Geographic Group 
Bench 
Type WYT Season EC 


Proposed 
Action 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian AN Winter 0.44 0.41 (-7%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian BN Winter 0.21 0.18 (-14%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian D Winter 0.11 0.10 (-13%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian C Winter 0.09 0.08 (-9%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland W Winter 0.43 0.45 (6%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland AN Winter 0.55 0.58 (5%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland BN Winter 0.64 0.64 (1%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland D Winter 0.63 0.63 (-1%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland C Winter 0.63 0.62 (-1%) 


Sutter/Steamboat Sloughs Riparian W Winter 0.54 0.54 (-1%) 


Sutter/Steamboat Sloughs Riparian AN Winter 0.48 0.46 (-4%) 


Sutter/Steamboat Sloughs Riparian BN Winter 0.31 0.29 (-7%) 


Sutter/Steamboat Sloughs Riparian D Winter 0.24 0.22 (-5%) 


Sutter/Steamboat Sloughs Riparian C Winter 0.21 0.21 (-3%) 


Sutter/Steamboat Sloughs Wetland W Winter 0.44 0.47 (6%) 


Sutter/Steamboat Sloughs Wetland AN Winter 0.59 0.62 (5%) 


Sutter/Steamboat Sloughs Wetland BN Winter 0.74 0.76 (2%) 


Sutter/Steamboat Sloughs Wetland D Winter 0.78 0.78 (1%) 


Sutter/Steamboat Sloughs Wetland C Winter 0.79 0.79 (0%) 


Cache Slough Riparian W Spring 0.14 0.14 (-1%) 


Cache Slough Riparian AN Spring 0.09 0.09 (-3%) 


Cache Slough Riparian BN Spring 0.07 0.07 (-2%) 


Cache Slough Riparian D Spring 0.07 0.07 (-1%) 


Cache Slough Riparian C Spring 0.07 0.07 (0%) 


Cache Slough Wetland W Spring 0.60 0.60 (0%) 


Cache Slough Wetland AN Spring 0.56 0.56 (-1%) 


Cache Slough Wetland BN Spring 0.53 0.53 (0%) 


Cache Slough Wetland D Spring 0.52 0.52 (0%) 


Cache Slough Wetland C Spring 0.52 0.52 (0%) 


Sacramento River above north Delta intakes Riparian W Spring 0.27 0.27 (0%) 


Sacramento River above north Delta intakes Riparian AN Spring 0.31 0.29 (-5%) 


Sacramento River above north Delta intakes Riparian BN Spring 0.17 0.17 (-4%) 


Sacramento River above north Delta intakes Riparian D Spring 0.12 0.11 (-5%) 


Sacramento River above north Delta intakes Riparian C Spring 0.07 0.07 (-3%) 


Sacramento River above north Delta intakes Wetland W Spring 0.25 0.26 (5%) 


Sacramento River above north Delta intakes Wetland AN Spring 0.37 0.39 (6%) 
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Geographic Group 
Bench 
Type WYT Season EC 


Proposed 
Action 


Sacramento River above north Delta intakes Wetland BN Spring 0.61 0.62 (2%) 


Sacramento River above north Delta intakes Wetland D Spring 0.69 0.70 (1%) 


Sacramento River above north Delta intakes Wetland C Spring 0.77 0.77 (0%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian W Spring 0.38 0.36 (-5%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian AN Spring 0.24 0.21 (-10%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian BN Spring 0.07 0.06 (-17%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian D Spring 0.04 0.03 (-19%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian C Spring 0.02 0.02 (-16%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland W Spring 0.46 0.46 (1%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland AN Spring 0.59 0.58 (0%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland BN Spring 0.58 0.58 (-1%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland D Spring 0.55 0.55 (0%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland C Spring 0.50 0.50 (0%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian W Spring 0.44 0.42 (-4%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian AN Spring 0.27 0.24 (-10%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian BN Spring 0.11 0.09 (-12%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian D Spring 0.07 0.07 (-9%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian C Spring 0.05 0.05 (-5%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland W Spring 0.55 0.56 (0%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland AN Spring 0.65 0.64 (0%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland BN Spring 0.64 0.64 (0%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland D Spring 0.62 0.62 (0%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland C Spring 0.60 0.60 (0%) 


Sutter/Steamboat Sloughs Riparian W Spring 0.47 0.46 (-3%) 


Sutter/Steamboat Sloughs Riparian AN Spring 0.36 0.34 (-6%) 


Sutter/Steamboat Sloughs Riparian BN Spring 0.23 0.22 (-4%) 


Sutter/Steamboat Sloughs Riparian D Spring 0.20 0.19 (-3%) 
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Geographic Group 
Bench 
Type WYT Season EC 


Proposed 
Action 


Sutter/Steamboat Sloughs Riparian C Spring 0.18 0.17 (-1%) 


Sutter/Steamboat Sloughs Wetland W Spring 0.60 0.61 (1%) 


Sutter/Steamboat Sloughs Wetland AN Spring 0.72 0.74 (2%) 


Sutter/Steamboat Sloughs Wetland BN Spring 0.79 0.79 (0%) 


Sutter/Steamboat Sloughs Wetland D Spring 0.79 0.79 (0%) 


Sutter/Steamboat Sloughs Wetland C Spring 0.79 0.79 (0%) 


Cache Slough Riparian W Fall 0.07 0.07 (-1%) 


Cache Slough Riparian AN Fall 0.07 0.07 (-1%) 


Cache Slough Riparian BN Fall 0.06 0.06 (-1%) 


Cache Slough Riparian D Fall 0.05 0.05 (-1%) 


Cache Slough Riparian C Fall 0.06 0.06 (0%) 


Cache Slough Wetland W Fall 0.54 0.54 (0%) 


Cache Slough Wetland AN Fall 0.54 0.54 (0%) 


Cache Slough Wetland BN Fall 0.53 0.52 (0%) 


Cache Slough Wetland D Fall 0.52 0.52 (0%) 


Cache Slough Wetland C Fall 0.52 0.52 (0%) 


Sacramento River above north Delta intakes Riparian W Fall 0.15 0.15 (0%) 


Sacramento River above north Delta intakes Riparian AN Fall 0.07 0.07 (1%) 


Sacramento River above north Delta intakes Riparian BN Fall 0.08 0.08 (-4%) 


Sacramento River above north Delta intakes Riparian D Fall 0.07 0.06 (-3%) 


Sacramento River above north Delta intakes Riparian C Fall 0.04 0.04 (-2%) 


Sacramento River above north Delta intakes Wetland W Fall 0.64 0.64 (1%) 


Sacramento River above north Delta intakes Wetland AN Fall 0.76 0.76 (0%) 


Sacramento River above north Delta intakes Wetland BN Fall 0.75 0.75 (0%) 


Sacramento River above north Delta intakes Wetland D Fall 0.77 0.77 (0%) 


Sacramento River above north Delta intakes Wetland C Fall 0.78 0.78 (0%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian W Fall 0.09 0.08 (-8%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian AN Fall 0.02 0.02 (-4%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian BN Fall 0.02 0.02 (-15%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian D Fall 0.01 0.01 (-13%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Riparian C Fall 0.01 0.01 (-3%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland W Fall 0.54 0.54 (0%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland AN Fall 0.53 0.53 (-1%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland BN Fall 0.51 0.51 (-1%) 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland D Fall 0.49 0.49 (0%) 
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Geographic Group 
Bench 
Type WYT Season EC 


Proposed 
Action 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Slough 


Wetland C Fall 0.47 0.47 (-1%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian W Fall 0.12 0.11 (-6%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian AN Fall 0.05 0.05 (-2%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian BN Fall 0.05 0.04 (-6%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian D Fall 0.04 0.04 (-4%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Riparian C Fall 0.03 0.03 (-1%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland W Fall 0.62 0.62 (0%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland AN Fall 0.61 0.61 (0%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland BN Fall 0.60 0.60 (0%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland D Fall 0.59 0.59 (0%) 


Sacramento River from Sutter/Steamboat 
Slough to Rio Vista 


Wetland C Fall 0.58 0.58 (0%) 


Sutter/Steamboat Sloughs Riparian W Fall 0.24 0.23 (-2%) 


Sutter/Steamboat Sloughs Riparian AN Fall 0.19 0.19 (-1%) 


Sutter/Steamboat Sloughs Riparian BN Fall 0.18 0.17 (-2%) 


Sutter/Steamboat Sloughs Riparian D Fall 0.17 0.16 (-1%) 


Sutter/Steamboat Sloughs Riparian C Fall 0.16 0.16 (-1%) 


Sutter/Steamboat Sloughs Wetland W Fall 0.78 0.78 (0%) 


Sutter/Steamboat Sloughs Wetland AN Fall 0.80 0.80 (0%) 


Sutter/Steamboat Sloughs Wetland BN Fall 0.80 0.80 (0%) 


Sutter/Steamboat Sloughs Wetland D Fall 0.80 0.80 (0%) 


Sutter/Steamboat Sloughs Wetland C Fall 0.80 0.80 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action to existing conditions. Absolute 
and percentage values are rounded; as a result, differences between absolutes and differences between percentages 
may not always appear consistent. 
Results are not future predictions and are intended only to compare the proposed action to EC. 
EC = existing conditions; WYT = water year type (W = wet, AN = above normal, BN = below normal, D = dry, C = 
critically dry). 


Table 5C.7-19. Riparian Bench Length and Total Deficit Compared to Existing Conditions 
(linear feet) 


Geographic Location Bench Type Length Proposed Action 


Cache Slough Riparian 2,950 -91 


Cache Slough Wetland 3,992 -27 


Sacramento River above north Delta intakes Riparian 18,251 -1,089 


Sacramento River above north Delta intakes Wetland 3,766 -14 
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Geographic Location Bench Type Length Proposed Action 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Sloughs 


Riparian 3,037 -669 


Sacramento River below north Delta intakes to 
Sutter/Steamboat Sloughs 


Wetland 3,115 -41 


Sacramento River from Sutter/Steamboat Sloughs 
To Rio Vista 


Riparian 1,685 -236 


Sacramento River from Sutter/Steamboat Sloughs 
To Rio Vista 


Wetland 2,430 -14 


Sutter/Steamboat Sloughs Riparian 5,235 -358 


Sutter/Steamboat Sloughs Wetland 2,670 0 


Total Both 47,131 -2,540 (-5%) 


Note: Results are not future predictions and are intended only to compare the proposed action to existing conditions. 


Water Temperature 


The proposed action would have minimal effects on water temperature relative to existing 


conditions. Kimmerer (2004:19–20) noted that the water temperature in the San Francisco Estuary 


depends mainly on air temperature and that even in the Delta the relationship between air and 


water temperature is only affected slightly by freshwater inflow. Kimmerer (2004) further noted 


that at Freeport high inflow reduces water temperature on cool days, presumably because water 


reaches the Delta before its temperature equilibrates with air temperature; at Antioch, low inflow 


increases water temperature on cool days, likely because of the moderating effect of warmer 


estuarine water moving farther upstream. USFWS (2008:194) suggested, based on Kimmerer 


(2004), that water temperatures at Freeport can be cooled up to about 3°C by high Sacramento 


River flows, but only by very high river flows that cannot be sustained by SWP and CVP (reservoir) 


operations. Operations-based flow-related effects on Delta water temperatures are expected to be 


minor (Wagner et al. 2011). This was illustrated by Delta Simulation Model II-QUAL modeling for 


representative locations on the Sacramento River (downstream of Intake C and at Rio Vista; Table 


5C.7-20 and Table 5C.7-21) and San Joaquin River (at Jersey Point; Table 5C.7-22). 


Table 5C.7-20. Mean Water Temperature (degrees Celsius) by Water Year Type and Month from 
Delta Simulation Model II-QUAL Modeling, Sacramento River Immediately Downstream of Intake 
C 


Water 
Year 
Type 


EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action 


Wet Above Normal Below Normal Dry Critically Dry 


Jan 9.4 9.4 (0.0) 9.4 9.4 (0.0) 8.7 8.7 (0.0) 8.4 8.4 (0.0) 8.7 8.7 (0.0) 


Feb 10.8 10.8 (0.0) 10.6 10.6 (0.0) 10.3 10.3 (0.0) 10.4 10.4 (0.0) 10.8 10.8 (0.0) 


Mar 12.6 12.6 (0.0) 12.8 12.9 (0.0) 12.5 12.5 (0.0) 12.7 12.7 (0.0) 13.1 13.1 (0.0) 


Apr 14.7 14.7 (0.0) 15.0 15.0 (0.0) 15.1 15.1 (0.0) 15.0 15.0 (0.0) 14.9 14.9 (0.0) 


May 17.7 17.7 (0.0) 17.8 17.8 (0.0) 17.3 17.3 (0.0) 17.3 17.3 (0.0) 17.1 17.1 (0.0) 


Jun 19.5 19.5 (0.0) 19.6 19.6 (0.0) 19.7 19.7 (0.0) 19.7 19.7 (0.0) 19.3 19.3 (0.0) 


Jul 20.9 20.9 (0.0) 21.2 21.2 (0.0) 21.0 21.0 (0.0) 20.7 20.7 (0.0) 21.0 21.0 (0.0) 


Aug 20.7 20.7 (0.0) 20.7 20.7 (0.0) 20.5 20.5 (0.0) 20.3 20.3 (0.0) 20.3 20.3 (0.0) 


Sep 19.6 19.6 (0.0) 19.6 19.6 (0.0) 19.3 19.3 (0.0) 19.1 19.1 (0.0) 19.2 19.2 (0.0) 
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Water 
Year 
Type 


EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action 


Wet Above Normal Below Normal Dry Critically Dry 


Oct 16.5 16.5 (0.0) 16.8 16.8 (0.0) 16.6 16.6 (0.0) 16.2 16.2 (0.0) 16.7 16.7 (0.0) 


Nov 12.7 12.7 (0.0) 12.1 12.1 (0.0) 12.4 12.4 (0.0) 12.2 12.2 (0.0) 12.6 12.6 (0.0) 


Dec 10.0 10.0 (0.0) 9.4 9.4 (0.0) 9.2 9.2 (0.0) 9.2 9.1 (0.0) 9.0 9.0 (0.0) 


Note: Values in parentheses indicate absolute differences of the proposed action compared to existing conditions. 
EC = existing conditions. 


Table 5C.7-21. Mean Water Temperature (degrees Celsius) by Water Year Type and Month from 
Delta Simulation Model II-QUAL Modeling, Sacramento River at Rio Vista 


Water 
Year 
Type 


EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action 


Wet Above Normal Below Normal Dry Critically Dry 


Jan 9.3 9.2 (0.0) 9.1 9.1 (0.0) 8.1 8.1 (0.0) 7.6 7.6 (0.0) 8.1 8.0 (0.0) 


Feb 10.9 10.9 (0.0) 10.6 10.6 (0.0) 10.2 10.2 (0.0) 10.2 10.2 (0.0) 10.7 10.7 (0.0) 


Mar 12.8 12.8 (0.0) 13.1 13.1 (0.0) 12.7 12.7 (0.0) 12.9 12.9 (0.0) 13.5 13.5 (0.0) 


Apr 14.7 14.7 (0.0) 14.9 14.9 (0.0) 14.8 14.8 (0.0) 14.8 14.8 (0.0) 14.5 14.5 (0.0) 


May 17.4 17.4 (0.0) 17.4 17.4 (0.0) 16.6 16.6 (0.0) 16.6 16.6 (0.0) 16.5 16.5 (0.0) 


Jun 19.1 19.1 (0.0) 19.1 19.1 (0.0) 19.2 19.2 (0.0) 19.1 19.1 (0.0) 18.8 18.8 (0.0) 


Jul 20.8 20.8 (0.0) 21.2 21.2 (0.0) 20.9 20.9 (0.0) 20.4 20.4 (0.0) 21.2 21.2 (0.0) 


Aug 20.5 20.5 (0.0) 20.5 20.5 (0.0) 20.3 20.2 (0.0) 19.9 19.9 (0.0) 20.5 20.5 (0.0) 


Sep 19.2 19.2 (0.0) 19.2 19.2 (0.0) 19.0 18.9 (0.0) 18.7 18.6 (0.0) 19.2 19.2 (0.0) 


Oct 16.1 16.1 (0.0) 16.6 16.7 (0.0) 16.3 16.3 (0.0) 15.8 15.8 (0.0) 16.6 16.6 (0.0) 


Nov 12.8 12.8 (0.0) 12.3 12.3 (0.0) 12.6 12.6 (0.0) 12.4 12.4 (0.0) 12.9 12.9 (0.0) 


Dec 9.8 9.8 (0.0) 9.0 9.0 (0.0) 8.9 8.8 (0.0) 8.8 8.8 (0.0) 8.6 8.6 (0.0) 


Note: Values in parentheses indicate absolute differences of the proposed action compared to existing conditions. 
EC = existing conditions. 


Table 5C.7-22. Mean Water Temperature (degrees Celsius) by Water Year Type and Month from 
Delta Simulation Model II-QUAL Modeling, San Joaquin River at Jersey Point 


Water 
Year 
Type 


EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action 


Wet Above Normal Below Normal Dry Critically Dry 


Jan 8.9 8.9 (0.0) 8.7 8.7 (0.0) 12.8 12.8 (0.0) 7.0 7.0 (0.0) 7.5 7.4 (0.0) 


Feb 10.9 10.9 (0.0) 10.5 10.4 (0.0) 14.6 14.6 (0.0) 9.8 9.8 (0.0) 10.2 10.2 (0.0) 


Mar 13.1 13.1 (0.0) 13.4 13.5 (0.0) 16.3 16.3 (0.0) 13.0 13.0 (0.0) 13.6 13.6 (0.0) 


Apr 14.8 14.8 (0.0) 14.8 14.8 (0.0) 18.9 18.9 (0.0) 14.8 14.8 (0.0) 14.5 14.5 (0.0) 


May 17.2 17.1 (0.0) 17.0 17.0 (0.0) 20.8 20.8 (0.0) 16.3 16.3 (0.0) 16.3 16.3 (0.0) 


Jun 18.9 18.9 (0.0) 18.8 18.8 (0.0) 20.1 20.1 (0.0) 18.9 18.9 (0.0) 18.6 18.6 (0.0) 


Jul 20.6 20.6 (0.0) 21.0 21.0 (0.0) 18.9 18.9 (0.0) 20.3 20.3 (0.0) 21.2 21.2 (0.0) 


Aug 20.5 20.5 (0.0) 20.5 20.5 (0.0) 16.3 16.3 (0.0) 19.9 19.9 (0.0) 20.6 20.6 (0.0) 


Sep 19.0 19.0 (0.0) 18.9 18.9 (0.0) 12.9 12.9 (0.0) 18.6 18.6 (0.0) 19.2 19.2 (0.0) 


Oct 16.0 16.0 (0.0) 16.7 16.7 (0.0) 8.9 8.9 (0.0) 15.8 15.8 (0.0) 16.6 16.6 (0.0) 
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Water 
Year 
Type 


EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action EC 
Proposed 


Action 


Wet Above Normal Below Normal Dry Critically Dry 


Nov 13.1 13.1 (0.0) 12.7 12.7 (0.0) 12.8 12.8 (0.0) 12.8 12.8 (0.0) 13.2 13.2 (0.0) 


Dec 9.8 9.8 (0.0) 8.9 8.9 (0.0) 14.6 14.6 (0.0) 8.9 8.9 (0.0) 8.7 8.7 (0.0) 


Note: Values in parentheses indicate absolute differences of the proposed action compared to existing conditions. 
EC = existing conditions. 


Cyanobacteria Harmful Algal Blooms 


Early migrating juvenile winter-run Chinook salmon entering the Delta could have the potential to 


encounter cyanobacteria harmful algal blooms (CHABs), including Microcystis, which occur during 


the warmer part of the year with temperature above 19°C (66.2°F; see discussion in Impact WQ-14: 


Effects on Cyanobacteria Harmful Algal Blooms Resulting from Facility Operations and Maintenance in 


Chapter 9, Water Quality, of the Final EIR [California Department of Water Resources 2023]). 


However, as discussed in the Final EIR, changes in CHABs are concluded to be less than significant 


and, therefore, would not affect early migrating winter-run in the Delta (California Department of 


Water Resources 2023). 


Metals 


Methylmercury and selenium have the potential to negatively affect habitat suitability for winter-


run Chinook salmon in the Delta. As discussed in detail in Chapter 9 of the Final EIR changes in 


water operations related to the proposed action would have very little effect on Delta fish tissue 


concentrations of methylmercury and selenium relative to existing conditions (California 


Department of Water Resources 2023). 


Adult Straying 


There is little information from which to infer the potential for adult winter-run Chinook salmon 


migratory delay because of reductions in Delta inflow as a result of north Delta exports, although the 


available information for hatchery fall-run Chinook salmon indicates straying rates of fish returning 


to the Sacramento River are always low across a wide range of hydrological conditions (Marston et 


al. 2012). This suggests relatively little influence of flows within the range of likely hydrological 


conditions and therefore no likely difference between the project alternatives and existing 


conditions for potential straying of adult winter-run Chinook salmon. 


5C.7.3 Life Cycle Modeling 


Three life cycle models were run to provide population-level assessment of operations impacts of 


the proposed action: IOS, OBAN, and the Sacramento River Winter-Run Chinook Salmon Life Cycle 


Model (Hendrix et al. 2014, 2019). The methods for IOS and OBAN are described in Appendix 5D, 


Section 5D.7, Interactive Object-Oriented Simulation (IOS), and in Appendix 5D, Attachment 5D.2, 


Results of OBAN Analysis of Delta Conveyance Project Alternatives 2020. The methods for the Winter-


Run Chinook Salmon Life Cycle Model are described in Appendix 5D. 


Under the proposed action, the results of the IOS modeling gave overall (all-year) mean adult female 


winter-run Chinook salmon escapement under the proposed action of 8%–11% less than existing 


conditions (Table 5C.7-23). This reflected lower juvenile through-Delta survival under proposed 


operations as compared to existing conditions (Table 5C.7-22) because survival was similar 
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between proposed operations and existing conditions for egg, fry, and riverine life stages (Table 


5C.7-22, Table 5C.7-25, Table 5C.7-26, and Table 5C.7-27). (Graphical summaries are also provided 


in Appendix 5D, Section 5D.7.3, Results). 


Table 5C.7-23. Mean Adult Female Winter-Run Chinook Salmon Escapement (Number of Fish) 
Based on the IOS Model 


Water Year Type EC Proposed Action 


Wet 3,769 3,448 (-9%) 


Above normal 3,498 3,210 (-8%) 


Below normal 3,319 2,945 (-11%) 


Dry 3,468 3,157 (-9%) 


Critically dry 2,128 1,931 (-9%) 


All 3,301 2,993 (-9%) 


Notes: Percentage values in parentheses indicate differences of the proposed action to existing conditions. Absolute 
and percentage values are rounded; as a result, differences between absolutes and differences between percentages 
may not always appear consistent. 
This table only includes mean responses and does not consider model uncertainty. Results are not future predictions 
and are intended only to compare the proposed action to the EC. 
EC = existing conditions; IOS = Interactive Object-Oriented Simulation. 


Table 5C.7-24. Mean Juvenile Winter-Run Chinook Salmon Through-Delta Proportional Survival 
Based on the IOS Model 


Water Year Type EC Proposed Action 


Wet 0.35 0.34 (-1%) 


Above normal 0.31 0.30 (-3%) 


Below normal 0.26 0.25 (-4%) 


Dry 0.20 0.19 (-5%) 


Critically dry 0.17 0.16 (-4%) 


Notes: Percentage values in parentheses indicate differences of the proposed action to existing conditions. Absolute 
and percentage values are rounded; as a result, differences between absolutes and differences between percentages 
may not always appear consistent. 
This table only includes mean responses and does not consider model uncertainty. Results are not future predictions 
and are intended only to compare the proposed action to the EC. 
EC = existing conditions; IOS = Interactive Object-Oriented Simulation. 


Table 5C.7-25. Mean Winter-Run Chinook Salmon Egg Proportional Survival Based on the IOS 
Model 


Water Year Type EC Proposed Action 


Wet 1.00 1.00 (0%) 


Above normal 1.00 1.00 (0%) 


Below normal 1.00 1.00 (0%) 


Dry 1.00 1.00 (0%) 


Critically dry 0.86 0.89 (3%) 


Notes: Percentage values in parentheses indicate differences of the proposed action to existing conditions. Absolute 
and percentage values are rounded; as a result, differences between absolutes and differences between percentages 
may not always appear consistent. 
This table only includes mean responses and does not consider model uncertainty. Results are not future predictions 
and are intended only to compare the proposed action to the EC. 
EC = existing conditions; IOS = Interactive Object-Oriented Simulation. 
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Table 5C.7-26. Mean Winter-Run Chinook Salmon Fry Proportional Survival Based on the IOS 
Model 


Water Year Type EC Proposed Action 


Wet 0.95 0.95 (0%) 


Above normal 0.96 0.96 (0%) 


Below normal 0.96 0.96 (0%) 


Dry 0.95 0.95 (0%) 


Critically dry 0.81 0.83 (2%) 


Notes: Percentage values in parentheses indicate differences of the proposed action to existing conditions. Absolute 
and percentage values are rounded; as a result, differences between absolutes and differences between percentages 
may not always appear consistent. 
This table only includes mean responses and does not consider model uncertainty. Results are not future predictions 
and are intended only to compare the proposed action to the EC. 
EC = existing conditions; IOS = Interactive Object-Oriented Simulation. 


Table 5C.7-27. Mean Juvenile Winter-Run Chinook Salmon Riverine Proportional Survival Based on 
the IOS Model 


Water Year Type EC Proposed Action 


Wet 0.29 0.29 (0%) 


Above normal 0.26 0.26 (0%) 


Below normal 0.25 0.25 (0%) 


Dry 0.25 0.25 (0%) 


Critically dry 0.25 0.25 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action to existing conditions. Absolute 
and percentage values are rounded; as a result, differences between absolutes and differences between percentages 
may not always appear consistent. 
This table only includes mean responses and does not consider model uncertainty. Results are not future predictions 
and are intended only to compare the proposed action to the EC. 
EC = existing conditions; IOS = Interactive Object-Oriented Simulation. 


The methods and results of the OBAN model are discussed in detail in Appendix 5D, Attachment 


5D.2. The proposed action had median abundance less than existing conditions when averaged 


across the timeseries. Differences in the performance of the proposed action compared to existing 


conditions was due in large part to the egg-through-fry survival stage of the OBAN model, which 


uses temperature at Bend Bridge and minimum flow at Bend Bridge as physical drivers. The OBAN 


model’s Delta survival component only includes south Delta exports as the predictor of Delta 


survival, as described further in Appendix 5D, Attachment 5D.2. To address the potential for the 


proposed action to increase mortality because of the north Delta intakes, the OBAN model was run 


with two mortality assumptions (5% and 10% relative increase in mortality in the Delta survival 


stage).25 These sensitivity results showed that the proposed action had lower median abundance 


than existing conditions with the 5% and 10% mortality assumption (see “Mean Escapement % 


Difference” in Table 5C.7-18).  


 
25 The discussion in Appendix 5D, Attachment 5D.2, focuses on the additional mortality as being related to near-


field mortality, although the results are relevant to mortality generally and need not pertain only to near-field 


mortality; as previously discussed above in the Predation section of Section 5C.7.1.1, North Delta Exports, analysis 


of near-field effects, there is little evidence supporting a substantial near-field mortality effect. Values of +5% and 


+10% mortality were generally informed by the mid- and upper range of differences suggested by through-Delta 


survival modeling. 







CA Department of Water Resources 


 Effects Analysis for Chinook Salmon, Central Valley 
Steelhead, Green Sturgeon, and Killer Whale 


 


Delta Conveyance Project, Biological Assessment 
5C-41 


May 2024 
ICF 103653  


 


Table 5C.7-28. OBAN Winter-Run Chinook Salmon Escapement Results: Mean Difference 
(Proposed Action Minus Existing Conditions, Based on Annual Median) and Mean Probability of 
Greater Escapement under Proposed Action Compared to Existing Conditions 


Alternative 
Mean Escapement 


Absolute Difference 
Mean Escapement 


% Difference Mean Probability > EC 


Proposed Action  -1.5 -12 0.41 


Proposed Action 5% -3.4 -25 0.31 


Proposed Action 10% -5.2 -36 0.24 


 
Note: This table only includes mean responses and does not consider model uncertainty; 5% and 10% after the 
proposed action indicates sensitivity analyses for additional through-Delta mortality of 5% and 10% representing 
additional near- or far-field mortality not captured by the OBAN model—that was added to the through-Delta 
survival calculated by the OBAN model. The 5% and 10% values were chosen on the basis of other analyses, such as 
through-Delta survival analyses suggesting potential decreases of this general magnitude. 
EC = existing conditions; OBAN = Oncorhynchus Bayesian Analysis. 


In contrast to the IOS and OBAN models, the Winter-Run Chinook Salmon Life Cycle Model results 


suggested spawner abundance, freshwater productivity, and cohort replacement rate may be 


slightly greater under the proposed action than existing conditions (Table 5C.7-27). The 


mechanisms and explanation for these results will be fully investigated and reported during the 


project permitting process. 


Table 5C.7-27. Summary of Winter-Run Chinook Salmon Life Cycle Model Results. 


Output Result 


Spawner abundance (mean % difference relative to EC) 5.16% 


Probability of spawner abundance > EC 1.00 


Freshwater productivity (mean % difference in gulf smolts per spawner relative to EC) 0.52% 


Cohort replacement rate (mean % difference relative to EC) 0.62% 


Probability of cohort replacement rate > EC 0.98 


EC = existing conditions. 


5C.7.4 Maintenance Effects 


Maintenance of the north Delta intake facilities associated with the proposed action would have very 


limited effects on the adjacent aquatic environment and, hence, very little potential for effects on 


winter-run Chinook salmon. The cylindrical tee screens at each intake would be lifted out of the 


water with the intake’s gantry crane for cleaning purposes and may be fixed at the top of the guide 


rail before being washed with a high-pressure, mobile-power washer approximately every 6 months 


(Delta Conveyance Design and Construction Authority 2022d:11), with approximately half a day of 


associated work (including 1 hour of actual washing) for each screen at each intake (i.e., a total of 15 


days of washing for each 3,000-cfs intake). This washing process may cause removed sediment and 


aquatic growth or vegetation to reenter the river, resulting in its redistribution by river currents and 


minimal effects on the river and species, such as winter-run Chinook salmon, because of the very 


small amount of material compared to the size of the receiving waterbody. The velocity of diverted 


water through the cylindrical tee screen system and piping generally is expected to be sufficient to 


keep sediment moving until it reaches the settling basins (Delta Conveyance Design and 


Construction Authority 2022d:13). Sediment jetting would only be required at the base of the screen 


structure to help keep sediment from accumulating beneath the screens; this jetting would be 
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performed frequently (i.e., hourly to daily, depending on needs), thereby resulting in minimal 


changes to suspended sediment and turbidity, with sediment jetted from the screen rapidly 


dispersing within the river channel and, therefore, having very limited or no effects on any winter-


run Chinook salmon occurring in the vicinity. When the screen units are lifted up to the deck for 


cleaning, solid panels would be installed behind the screen in the back guide rail for the unit being 


cleaned. These panels would seal off that unit’s intake area from diversions, so there would be no 


potential to divert water through an unscreened area while the screen is being cleaned and, 


therefore, no risk of fish entrainment. Periodic removal of debris from the log booms at each intake 


(e.g., accumulations following storms) would involve hand and power tools (Delta Conveyance 


Design and Construction Authority 2022e), but would not be likely to affect juvenile winter-run 


Chinook salmon negatively, which, if in the vicinity, would be startled and swim away. Removal of 


accumulated debris would limit increases in potential predatory-fish holding habitat. 


5C.8 Effects of Operations and Maintenance of Water 
Conveyance Facilities on Central Valley Spring-
Run Chinook Salmon 


Effects of the proposed action on spring-run Chinook salmon generally would be similar to those 


previously discussed in Section 5C.7, Effects of Operations and Maintenance of Water Conveyance 


Facilities on Sacramento River Winter-Run Chinook Salmon, for winter-run Chinook salmon, with 


some differences caused by spring-run biology and ecology. 


5C.8.1 Near Field Effects 


5C.8.1.1 North Delta Exports 


Entrainment and Impingement 


Similar to winter-run Chinook salmon, there would be no risk of juvenile entrainment at the north 


Delta intakes based on spring-run size distribution (National Marine Fisheries Service 2017:579). As 


discussed in more detail for winter-run Chinook salmon (Section 5C.7.1.1, North Delta Exports, 


under Entrainment and Impingement), experimental results and the design of the fish screens 


indicate that minimal risk would be expected from entrainment or impingement for juvenile spring-


run Chinook salmon.  


The timing of juvenile spring-run occurrence in the Delta generally is December through May 


(Chapter 4, Table 4.4.2-2, with a quantitative summary for juveniles in Tables 4.4.2-2a and 4.4.2-


2b26), with very few individuals occurring following May; however, yearlings may begin to occur in 


the fall months (see Final EIR Appendix 12A, Attachment 12A.1), beginning in October (California 


Department of Water Resources 2023). Within the period of occurrence, the potential for near-field 


 
26 As shown in the Final EIR Appendix 12A, Attachment 12A.1, the earliest occurrence of juvenile spring-run-sized 
Chinook salmon can be in October; Table 4.4.2-2 reflects the prevailing patterns noted by NMFS (2019:84); see also 
Tables 4.4.2-2a and 4.4.2-2b. 
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effects from entrainment and impingement, as well as entrainment for foodweb organisms, 


generally would be as discussed in detail for winter-run Chinook salmon.  


Predation 


As discussed under winter-run Chinook salmon, Section 5C.7.1.1, under Predation, the weight of 


available information regarding predation suggests that near-field predation effects of the north 


Delta intakes on juvenile spring-run Chinook salmon would be limited, albeit with some uncertainty 


given that the studies were not of long cylindrical tee screen structures in the north Delta. Fisheries 


studies would be undertaken to provide information on predatory fish and predation rate at the 


north Delta intakes once they are operational, to inform the potential refinement of future 


operations and adaptive management (Appendix 5B). 


5C.8.1.2 South Delta Exports 


Juvenile Entrainment 


The results from application of the salvage-density method illustrated that south Delta exports 


generally would be similar or slightly lower under the proposed action, relative to existing 


conditions at the SWP Banks and CVP Jones south Delta export facilities during the time period that 


spring-run Chinook salmon generally are salvaged (Table 5C8-1 and Table 5C 8-2).27 As noted in 


more detail for winter-run Chinook salmon, north Delta diversion hydrodynamics effects have the 


potential to increase juvenile fish entry into the interior Delta via Georgiana Slough but would be 


mitigated, thereby ensuring that take at the south Delta export facilities does not exceed that 


authorized by the existing permits. 


As noted for winter-run Chinook salmon, various regulatory requirements that are required under 


existing conditions would also apply to the proposed action; therefore, they are part of the existing 


conditions and are incorporated into the proposed action to minimize south Delta entrainment 


effects on spring-run Chinook salmon. As noted in more detail for winter-run Chinook salmon, north 


Delta diversion hydrodynamics effects have the potential to increase juvenile fish entry into the 


interior Delta via Georgiana Slough but would be mitigated, thereby ensuring that take at the south 


Delta export facilities does not exceed that authorized by the existing permits. 


Table 5C.8-1. Entrainment Loss of Juvenile Spring-Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 43,712 39,676 (-9%) 


Above normal N/A (-12%) 


Below normal 3,256 3,079 (-5%) 


Dry 3,120 3,121 (0%) 


Critically dry 3,043 3,038 (0%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 


 
27 Results averaged by water year type and month are provided in Appendix 5D (Tables 5D.2-3 and 5D.2-4). 
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The analysis was based on historical salvage data during 2009–2019, which did not include any above-normal water 
years; results for above-normal years focus only on relative difference in exports based on salvage-density patterns 
from wet years. 
EC = existing conditions; SWP = State Water Project. 


Table 5C.8-2. Entrainment Loss of Juvenile Spring-Run Chinook Salmon at CVP Jones Pumping 
Plant, Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 8,259 8,776 (6%) 


Above normal N/A (8%) 


Below normal 3,401 3,419 (1%) 


Dry 3,152 3,156 (0%) 


Critically dry 156 157 (1%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
The analysis was based on historical salvage data during 2009–2019, which did not include any above-normal water 
years; results for above-normal years focus only on relative difference in exports based on salvage-density patterns 
from wet years. 
CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Maintenance of the north Delta intake facilities for the proposed action would have very limited 


effects on the adjacent aquatic environment and, hence, very little potential for effects on spring-run 


Chinook salmon. Screen pressure washing and sediment jetting would have very minor effects at the 


riverscape scale based on redistribution of sediment or accumulated vegetation and other materials. 


Adult Entrainment 


In addition to juvenile spring-run Chinook salmon, adult spring-run Chinook salmon are also subject 


to entrainment at the south Delta export facilities (California Department of Fish and Wildlife 2020, 


Attachment 8:60–63). It is estimated that 466 adult Chinook salmon were salvaged during 1993–


2018 (i.e., an annual mean of ~18 fish), all during the months of September through May, with 


highest salvage in November, December, and March, which overlaps with adult spring-run Chinook 


salmon occurrence in the Delta (California Department of Fish and Wildlife 2020, Attachment 8:60–


63; Table 4.4.2-2 in Chapter 4 shows January through June as the period of occurrence). South Delta 


exports under the proposed action generally would be similar or slightly less than under existing 


conditions (Appendix 5D, Figure 5C.8-1and Tables 5D.2-3, 5D.2-4, 5D.2-5, 5D.2-6, 5D.2-7, and 5D.2-


8), indicating entrainment risk for adult spring-run Chinook salmon generally would be similar or 


slightly less than existing conditions (California Department of Water Resources 2023). 


5C.8.2 Far Field Effects 


5C.8.2.1 Indirect Mortality within the Delta 


In addition to potential near-field effects, direct effects on spring-run Chinook salmon resulting from 


the proposed action has the potential to indirectly result in changes to mortality of juvenile spring-


run Chinook salmon in the Delta as a result of changes in flow patterns and resulting survival or 


routing of fish into migration pathways with differing survival probabilities. This section includes a 


summary of hydrodynamic effects based on potential indicators of indirect mortality risk (e.g., 
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channel velocity and flow routing into junctions) as well as an assessment of through-Delta survival 


using available models 


Hydrodynamic Effects 


Diversion of flow by the north Delta diversions would result in less Sacramento River flow moving 


downstream. Less Sacramento River flow would increase the effect of tides, would increase juvenile 


Chinook salmon travel time and therefore potential exposure to predatory fish, and would increase 


the potential for flow to be diverted into the interior Delta at Georgiana Slough and the DCC, where 


juvenile Chinook salmon survival is lower than on the mainstem Sacramento River (Perry et al. 


2018). As described in Appendix 5D, Section 5D.4, Hydrodynamic Effects Based on DSM2-HYDRO 


Data, an assessment of potential hydrodynamic changes was undertaken using DSM2-HYDRO 


outputs. This illustrated the reduced overlap in north Delta velocity of the proposed action 


compared to existing conditions, including during key portions of the juvenile spring-run Chinook 


salmon downstream migration period (see, for example, Figures 5D.4-1 through 5D.4-3 in Appendix 


5D), with very little difference in interior and south Delta hydrodynamics (e.g., Figures 5D.4-4 


through 5D.4-6 in Appendix 5D). The reduced overlap in velocity between the proposed action and 


existing conditions generally reflected the somewhat lower velocity associated with the proposed 


action, as illustrated for the Sacramento River just downstream of Intake C (Table 5C.8-3 in 


Appendix 5D). The DSM2 modeling also indicated that a somewhat greater proportion of flow would 


enter the interior Delta at Georgiana Slough in some months with relatively high occurrence of 


juvenile spring-run Chinook salmon, in particular January–March (Figure 5D.4 29 in Appendix 5D), 


which generally indicates a greater proportion of juvenile Chinook salmon would enter Georgiana 


Slough based on available studies (e.g., Cavallo et al. 2015), and that there generally would be 


greater incidence of reversing flow in the Sacramento River just downstream of Georgiana Slough 


(Table 5C.8-4 in Appendix 5D). Months with smaller differences in these hydrodynamic indicators 


(e.g., April) reflect other operational constraints on overall Delta water operations, such as meeting 


the longfin smelt spring outflow requirements from the CDFW (2020) ITP. Reduced velocity, 


increased reversing flow just downstream of Georgiana Slough, and increased flow into the interior 


Delta at Georgiana Slough would tend to reduce juvenile spring-run Chinook salmon through-Delta 


survival, as analyzed further below in Through-Delta Survival. 


Through-Delta Survival 


Operations of the proposed action could affect juvenile spring-run Chinook salmon migrating 


through the Delta by reducing Sacramento River flow downstream of the north Delta intakes, which 


could influence through-Delta survival based on flow-survival relationships. The potential for such 


effects was assessed using a spreadsheet version of the through-Delta survival function formulated 


by Perry et al. (2018),28 which estimates through-Delta survival as a function of daily Sacramento 


River flow at Freeport as well as Delta Cross Channel gate position. The results of this analysis 


showed that during the main period of juvenile spring-run Chinook salmon occurrence in the Delta 


(i.e., November–May; Table 4.4.2-2 in Chapter 4), mean through-Delta survival under the proposed 


action was 0%–4% less than existing conditions (Table 5D.2-3 in Appendix 5D). The largest 


 
28 The spreadsheet model was provided by Perry (pers. comm.) and reproduces the mean response of the STARS 


(Survival, Travel time, And Routing Simulation) model (Perry et al. 2019). There is some uncertainty in the extent 


to which the relationships in the model are representative of wild-origin winter-run Chinook salmon juveniles, 


given that the model was based on results from larger hatchery-origin late fall–run Chinook salmon juveniles; 


however, the results of the Delta Passage Model are based on hatchery-origin winter-run Chinook salmon juveniles.  
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differences in through-Delta survival occurred in September (up to 5%–6% less than existing 


conditions in below normal years), which is a period that is generally prior to the first juvenile 


spring-run occurrence in trawls or beach seines at Sacramento except in some years (see Final EIR 


Appendix 12A, Attachment 12A.1). Relatively large differences in survival (10% less under the 


proposed action) also occurred in June of above normal years. However, spring-run juveniles 


generally are not expected to be present in June (Table 4.4.2-1 in Chapter 4), but presence of spring-


run-sized juveniles has been noted in small numbers (see Final EIR Appendix 12A, Attachment 


12A.1; for example, Sacramento trawls at Sherwood Harbor). Differences during the fall (i.e., 


September, October, and November) yearling migration period range from 6% less than existing 


conditions to 2% more than existing conditions (i.e., October in below-normal years under the 


proposed action; Table 5D.2-3 in Appendix 5D). 


As discussed above under winter-run Chinook salmon, the CDFW (2020) SWP ITP requires a 


Georgiana Slough Migratory Barrier to be installed to reduce juvenile winter- and spring-run 


Chinook salmon entry into Georgiana Slough by means of acoustic and light stimuli deterring the 


juveniles from entering Georgiana Slough (California Department of Water Resources 2015). To 


illustrate the potential effects of the barrier on relative survival differences between existing 


conditions and the proposed action, a sensitivity analysis was undertaken assuming the barrier was 


installed and reduced proportional entry into Georgiana Slough by 50%29 compared to no barrier, 


during September through June. Although the sensitivity analysis gave higher absolute estimates of 


through-Delta survival, as expected, there was no change in the relative pattern of percentage 


differences between existing conditions and the proposed action (compare corresponding cells in 


Table 5D.2-2with Table 5D.2-3 in Appendix 5D). 


The results of the Delta Passage Model (see description of method in Appendix 5D, Section 5D.5) 


were similar to those of the analysis based on the Perry et al. (2018) through-Delta survival 


function, with mean estimated through-Delta survival of juvenile spring-run Chinook salmon under 


the proposed action ranging from 1% to 3% less than existing conditions (Table 5C.8-3; compare in 


particular to the November through May results in Table 5D.2 3, which as previously described 


represents the main period of juvenile spring-run occurrence in the Delta and is reflected in the 


Delta Passage Model entry distribution; see Figure 5C.8-2 in Appendix 5D).30  


Table 5C.8-5. Through-Delta Survival of Juvenile Spring-Run Chinook Salmon, Averaged by Water 
Year Type, Based on the Delta Passage Model 


Water Year Type EC Proposed Action 


Wet 0.33 0.32 (-2%) 


Above normal 0.26 0.26 (-2%) 


Below normal 0.19 0.19 (-3%) 


Dry 0.17 0.17 (-2%) 


Critically dry 0.14 0.14 (-1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
This table only includes mean responses and does not consider model uncertainty. 


 
29 A 50% reduction in entry to Georgiana Slough was observed during the 2012 pilot testing of the barrier 


(California Department of Water Resources 2015). 
30 Note that the Delta Passage Model is based on results from juvenile Chinook salmon ≥80 mm in length. 
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Spring-run Chinook salmon have been reintroduced to the San Joaquin River Basin, and there is 


evidence for through-Delta flow-survival effects on juvenile Chinook salmon following entry from 


the San Joaquin River Basin (e.g., Buchanan and Skalski 2020), through-Delta survival effects on 


juveniles were analyzed with the Structured Decision Model San Joaquin River routing application. 


The results of this analysis indicated that changes in south Delta operations as a result of the 


proposed action generally would not result in lower through-Delta survival relative to existing 


conditions, although there may be somewhat lower survival in dry years (Table 5C.8-6). The results 


reflect the relatively small differences in south Delta export operations between the proposed action 


and existing conditions, because the other model components related to San Joaquin River flows are 


essentially the same for the proposed action and existing conditions. 


Table 5C.8-6. Through-Delta Survival of Juvenile Spring-Run Chinook Salmon from the San Joaquin 
River Basin, Averaged by Water Year Type, Based on the Structured Decision Model Routing 
Application 


Water Year Type EC Proposed Action 


Wet 0.033 0.032 (0%) 


Above normal 0.033 0.033 (0%) 


Below normal 0.028 0.028 (2%) 


Dry 0.026 0.024 (-5%) 


Critically dry 0.017 0.017 (0%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
Table only includes mean responses and does not consider model uncertainty. 
EC = existing conditions. 


5C.8.2.2 Habitat Suitability 


Several aspects of habitat suitability for spring-run Chinook salmon and the potential far-field 


effects of the proposed action were examined: riparian and wetland bench inundation (juvenile 


rearing habitat); water temperature; Microcystis harmful algae blooms; and metals (selenium and 


mercury). 


Riparian bench and wetland inundation 


As discussed under winter-run Chinook salmon, restored benches in the north Delta could 


potentially be affected by the water operations of the proposed action because of changes in water 


level; for example, less water in the Sacramento River below the north Delta intakes could result in 


riparian benches being inundated less frequently. This possibility was examined by calculating 


bench inundation indices for juvenile Chinook salmon (see detailed method description in Appendix 


5D, Section 5D.6). These indices range from 0 (no availability of bench habitat) to 1 (water depth on 


the bench is optimal for juvenile Chinook salmon all the time).31 The analysis was undertaken for 


 
31 For example, a bench inundation index of 0.20 equates to optimal depth (suitability = 1) 20% of the time within a 


season (with no other inundation occurring); or equates to relatively poor depth (suitability = 0.20) 100% of the 


time within a season. Note that depending on water depth under existing conditions, bench inundation indices 


could be greater, the same, or less under the proposed action, as a result of differences in suitability with 


differences in water depth (see Figure 5D.3 2 in Appendix 5D), although the modeling indicated mostly lower 


inundation indices under the proposed action because of the north Delta diversions. 
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riparian and wetland benches in five geographic locations within the north Delta, by linking bench 


elevation data to DSM2-HYDRO-simulated water surface elevation for three seasonal periods (fall: 


October–November; winter: December–February; spring: March–June). 


The analysis of bench inundation suggested the potential for changes in inundation under the 


proposed action relative to existing conditions, ranging from little difference to 19% (relative 


difference) less bench inundation under the proposed action (Table 5D.6-1 in Appendix 5D). The 


largest differences were for riparian benches in the Sacramento River downstream of the north 


Delta diversions in winter and spring, with little difference in areas well downstream (e.g., Cache 


Slough). There was also little difference for wetland benches, which are intended to be inundated at 


lower water surface elevations that would be available at much lower flows. Riparian bench-rearing 


and holding habitat in the Sacramento River downstream of the north Delta diversions under the 


proposed action would be around 5%–19% less than existing conditions during March–May in 


wetter water year types (Table 5D.6-1 in Appendix 5D). The proposed action would result in less 


availability of inundated bench habitat for juvenile spring-run Chinook salmon compared to existing 


conditions. Multiplying the proportional difference in inundation indices between the proposed 


action and existing conditions by the length of bench in each area allows the differences as a result 


of the proposed action to be expressed in linear feet, which is subsequently used for mitigation 


calculations; the overall differences relative to existing conditions can be found in Table 5D.6-1 in 


Appendix 5D. 


Water Temperature 


As discussed above under winter-run Chinook salmon, the proposed action would have minimal 


effects on water temperature relative to existing conditions. Operations-based flow-related effects 


on Delta water temperature are expected to be minor (Wagner et al. 2011). This was illustrated by 


DSM2-QUAL modeling for representative locations on the Sacramento River (downstream of Intake 


C and at Rio Vista; Table 5C.7-18 and Table 5C.7-19) and San Joaquin River (at Jersey Point; Table 


5C.7-20). 


Cyanobacteria Harmful Algal Blooms 


Juvenile spring-run Chinook salmon typically enter the Delta in November and are present until 


May. They are unlikely to encounter CHABs including Microcystis, which occur during the warmer 


part of the year when the water temperature is above 19°C (66.2°F; see discussion in Impact WQ-14 


in Chapter 9 of the Final EIR [California Department of Water Resources 2023]).  


Metals 


Methylmercury and selenium have the potential to negatively affect habitat suitability for spring-run 


Chinook salmon in the Delta. As discussed in detail in Chapter 9 of the Final EIR, changes in water 


operations related to the proposed action would have very little effect on Delta fish tissue 


concentrations of methylmercury and selenium, relative to existing conditions (California 


Department of Water Resources 2023).  


Adult Straying  


There is little information from which to infer the potential for adult spring-run Chinook salmon 


migratory delay because of reductions in Delta inflow as a result of north Delta exports, although the 


available information for hatchery fall-run Chinook salmon indicates straying rates of fish returning 
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to the Sacramento River are always low (Marston et al. 2012). This suggests relatively little 


influence of flows and therefore no likely difference between the proposed action and existing 


conditions for potential straying of adult spring-run Chinook salmon. 


5C.8.3 Maintenance Effects 


Maintenance of the north Delta intake facilities for the proposed action would have very limited 


effects on the adjacent aquatic environment and hence very little potential for effects on spring-run 


Chinook salmon. Screen pressure washing and sediment jetting would have very small impacts at 


the riverscape scale based on redistribution of sediment or accumulated vegetation and other 


materials. 


5C.9 Effects of Operations and Maintenance of Water 
Conveyance Facilities on Central Valley Fall-
Run/Late Fall–Run Chinook Salmon 


Impacts of the proposed action on fall-run and late fall–run Chinook salmon generally would be 


similar to those previously discussed for winter-run Chinook salmon and spring-run Chinook 


salmon, with some differences caused by fall-run and late fall–run biology and ecology. The fall 


run/late fall–run Chinook salmon analysis is utilized as part of Appendix 5A, Essential Fish Habitat 


Assessment. 


There may be a small risk of juvenile entrainment at the north Delta intake cylindrical fish screens 


based on fall-run and late fall–run size distribution (National Marine Fisheries Service 2017:579), 


although cylindrical tee screens in the Columbia River have been shown to virtually eliminate 


entrainment risk (Coutant 2021), albeit under different configuration and generally greater flow 


than in the Delta (see also discussion for winter-run Chinook salmon, Chapter 5, Section 5.6.1). 


The timing of juvenile fall-run and late fall–run occurrence in the Delta is primarily 


November/December–June (Figures 4.4.3-1 and 4.4.3-2 in Chapter 4). As previously discussed for 


winter- and spring-run Chinook salmon, operations of the north Delta diversion would result in 


periods of lower channel velocity (Table 5C.7-13), increased flow reversals in the Sacramento River 


below Georgiana Slough (Table 5C.7-14), and increased proportion of flow entering the interior 


Delta (Figures 5D.4-26 through 5D.4-37 in Appendix 5D), compared to existing conditions. These 


hydrodynamic indicators of through-Delta survival effects are reflected in the results of the Delta 


Passage Model (Table 5C.9-1 and Table 5C.9-2) and the modeling based on Perry et al. (2018; Table 


5C.7-15), which generally showed mean survival up to 1%–2% lower under the proposed action, 


compared to existing conditions, with the Perry et al. (2018) model also showing 10% less through-


Delta survival in June of above-normal years (Table 5C.7-15). 
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Table 5C.9-1. Through-Delta Survival of Juvenile Fall-Run Chinook Salmon, Averaged by Water 
Year Type, Based on the Delta Passage Model 


Water Year Type EC Proposed Action 


Wet 0.28 0.27 (-2%) 


Above normal 0.21 0.20 (-2%) 


Below normal 0.17 0.17 (-1%) 


Dry 0.15 0.15 (0%) 


Critically dry 0.13 0.13 (0%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
This table only includes mean responses and does not consider model uncertainty. 
EC = existing conditions. 


Table 5C.9-2. Through-Delta Survival of Juvenile Late Fall-Run Chinook Salmon, Averaged by Water 
Year Type, Based on the Delta Passage Model 


Water Year Type EC Proposed Action 


Wet 0.25 0.25 (-1%) 


Above normal 0.20 0.20 (-3%) 


Below normal 0.16 0.16 (-3%) 


Dry 0.14 0.14 (-2%) 


Critically dry 0.13 0.13 (-1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
This table only includes mean responses and does not consider model uncertainty. 
EC = existing conditions. 


The results from application of the salvage-density method illustrated that south Delta exports 


generally would be similar or slightly lower under the proposed action relative to existing 


conditions at the SWP Banks and CVP Jones south Delta export facilities during the time period that 


fall- and late fall–run Chinook salmon generally are salvaged (Table 5C.9-3, Table 5C.9-4, Table 


5C.9-5, and Table 5C.9-6),32 indicating that entrainment risk would not be greater under the 


proposed action compared to existing conditions. As noted for winter-run and spring-run Chinook 


salmon, various regulatory requirements would be implemented under existing conditions and, 


therefore, are part of the baseline and incorporated into the proposed action to minimize south 


Delta entrainment effects on listed Chinook salmon. Although focused on listed Chinook salmon, the 


temporal overlap with fall-run and late fall–run Chinook would result in ancillary protection for the 


unlisted Chinook salmon. 


 
32 Results averaged by water year type and month are provided in Appendix 5D (Tables Table 5C.9-3 through 
5C.9-4.) 
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Table 5C.9-3. Entrainment Loss of Juvenile Fall-Run Chinook Salmon at SWP Banks Pumping Plant, 
Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 21,628 20,462 (-5%) 


Above normal N/A (-8%) 


Below normal 2,933 2,757 (-6%) 


Dry 3,952 3,910 (-1%) 


Critically dry 3,747 3,671 (-2%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
The analysis was based on historical salvage data during 2009–2019, which did not include any above-normal water 
years; results for above-normal years focus only on relative difference in exports based on salvage-density patterns 
from wet years. 
EC = existing conditions; N/A = not applicable; SWP = State Water Project. 


Table 5C.9-4. Entrainment Loss of Juvenile Fall-Run Chinook Salmon at CVP Jones Pumping Plant, 
Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 9,143 9,614 (5%) 


Above normal N/A (7%) 


Below normal 2,884 2,878 (0%) 


Dry 4,160 4,147 (0%) 


Critically dry 178 179 (0%) 


 
Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
The analysis was based on historical salvage data during 2009–2019, which did not include any above-normal water 
years; results for above-normal years focus only on relative difference in exports based on salvage-density patterns 
from wet years. 
CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Table 5C.9-5. Entrainment Loss of Juvenile Late Fall–Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 1,361 1,316 (-3%) 


Above normal N/A (-6%) 


Below normal 387 376 (-3%) 


Dry 1,053 953 (-10%) 


Critically dry 708 667 (-6%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
The analysis was based on historical salvage data during 2009–2019, which did not include any above-normal water 
years; results for above-normal years focus only on relative difference in exports based on salvage-density patterns 
from wet years. 
EC = existing conditions; N/A = not applicable; SWP = State Water Project. 
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Table 5C.9-6. Entrainment Loss of Juvenile Late Fall–Run Chinook Salmon at CVP Jones Pumping 
Plant, Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 262 261 (0%) 


Above normal N/A (0%) 


Below normal 67 69 (3%) 


Dry 93 86 (-7%) 


Critically dry 30 30 (1%) 


 
Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
The analysis was based on historical salvage data during 2009–2019, which did not include any above-normal water 
years; results for above-normal years focus only on relative difference in exports based on salvage-density patterns 
from wet years. 
CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Adult fall-run Chinook salmon also are subject to entrainment at the south Delta export facilities. In 


2019, 10 adult Chinook salmon were captured during a study in the Clifton Court Forebay and 


identified as fall-run Chinook salmon based on size and time of year. These fish were captured from 


October to November which overlaps with adult fall-run Chinook salmon occurrence in the Delta 


(California Department of Fish and Wildlife 2020, Attachment 8:59; Figure 4.4.3-1 in Chapter 4 


shows July to November as the main period of occurrence). South Delta exports under the proposed 


action generally would be similar or slightly less than under existing conditions indicating 


entrainment risk for adult fall-run Chinook salmon generally would be similar or slightly less than 


existing conditions. 


Fall-run Chinook salmon occur in the San Joaquin River Basin, with evidence for flow-survival effects 


when passing through the Delta (e.g., Buchanan and Skalski 2020), and so through-Delta survival 


effects on juveniles were analyzed with the Structured Decision Model San Joaquin River routing 


application. The results of this analysis indicated that south Delta operations under the proposed 


action generally would give similar through-Delta survival as existing conditions (Table 5C.9-7). 


Table 5C.9-7. Through-Delta Survival of Juvenile Fall-Run Chinook Salmon from the San Joaquin 
River Basin, Averaged by Water Year Type, Based on the Structured Decision Model Routing 
Application 


Water Year Type EC Proposed Action 


Wet 0.033 0.033 (0%) 


Above normal 0.033 0.033 (0%) 


Below normal 0.029 0.030 (1%) 


Dry 0.027 0.026 (-4%) 


Critically dry 0.017 0.017 (0%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
This table only includes mean responses and does not consider model uncertainty. 
EC = existing conditions. 
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The straying rate of adult fall-run Chinook salmon to the San Joaquin River Basin could be affected 


by changes in south Delta water operations under the proposed action relative to existing 


conditions. Statistical equations developed by Marston et al. (2012) were used to estimate straying 


rate as a function of October and November San Joaquin River flows and south Delta exports. This 


analysis suggested that there is the potential for mean straying rate to be around 1% to 


approximately 11% less under the proposed action, compared to existing conditions (Table 5C.9-8), 


albeit with appreciable uncertainty because it is unclear whether San Joaquin River pulse flows, 


south Delta exports, or both, are the main driver of straying (Marston et al. 2012). 


Table 5C.9-8. Straying Rate (percent) of San Joaquin River Basin Fall-Run Chinook Salmon to the 
Sacramento River Basin, Averaged by Water Year Type, Based on Marston et al. (2012) 


Water Year Type EC Proposed Action 


Wet 22% 20% (-11%) 


Above normal 23% 22% (-5%) 


Below normal 17% 16% (-9%) 


Dry 19% 19% (-1%) 


Critically dry 11% 11% (-6%) 


Notes: Percentage values in parentheses indicate relative differences of proposed action compared to existing 
conditions (relative differences are larger than absolute differences). Absolute and percentage values are rounded; as 
a result, differences between absolutes and differences between percentages may not always appear consistent. 
This table only includes mean responses and does not consider model uncertainty. 
EC = existing conditions. 


In addition to fall-run Chinook salmon from the Sacramento River and San Joaquin River Basins, the 


proposed action would have the potential to affect fall-run from the Mokelumne river basin. For 


juvenile outmigration, the main effect of concern is related to entrainment risk caused by March–


June south Delta exports (Workman 2018:14), although historical population-level losses were 


estimated to be small by DWR (2020:4-229–4-230). During March–June, the proposed action 


generally would have similar or somewhat fewer south Delta exports relative to existing conditions 


(Table 5C.9-9, Table 5C.9-10, Table 5C.9-11, and Table 5C.9-12), and, therefore, south Delta 


entrainment risk would not be greatly different under the proposed action than existing conditions. 


Indicators of broader hydrodynamic effects of water operations relevant to Mokelumne River fall-


run juveniles also indicated limited differences between the proposed action, including the 


proportion of flow entering the south Delta from the mainstem San Joaquin River at the mouth of 


Old River, Fisherman’s Cut, False River, and Jersey Point (Appendix 5D, Figures 5D.4 34, 5D.4 35, 


5D.4 36, and 5D.4 37, respectively). 


Table 5C.9-9. Mean South Delta Exports (cubic feet per second) by Water Year Type, March 


Water Year Type EC Proposed Action 


Wet 7,664 7,187 (-6%) 


Above normal 6,203 6,192 (0%) 


Below normal 5,433 5,427 (0%) 


Dry 4,713 4,715 (0%) 


Critically dry 4,294 4,183 (-3%) 


Note: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 
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Table 5C.9-10. Mean South Delta Exports (cubic feet per second) by Water Year Type, April 


Water Year Type EC Proposed Action 


Wet 7,004 6,544 (-7%) 


Above normal 4,675 4,528 (-3%) 


Below normal 3,608 3,615 (0%) 


Dry 3,053 3,070 (1%) 


Critically dry 2,125 2,162 (2%) 


Note: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 5C.9-11. Mean South Delta Exports (cubic feet per second) by Water Year Type, May 


Water Year Type EC Proposed Action 


Wet 6,643 6,762 (2%) 


Above normal 5,049 5,110 (1%) 


Below normal 3,646 3,781 (4%) 


Dry 3,254 3,240 (0%) 


Critically dry 2,653 2,614 (-1%) 


Note: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 5C.9-12. Mean South Delta Exports (cubic feet per second) by Water Year Type, June 


Water Year Type EC Proposed Action 


Wet 8,095 8,095 (0%) 


Above normal 6,783 6,779 (0%) 


Below normal 5,683 5,711 (0%) 


Dry 5,257 5,238 (0%) 


Critically dry 2,091 2,114 (1%) 


Note: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Potential effects related to straying of adult Mokelumne River fall-run Chinook salmon to the 


Sacramento River when the Delta Cross Channel is open during October and November (Setka 2018) 


were also evaluated. As described in Chapter 3, the Delta Cross Channel, as with all CVP facilities, 


would continue to be operated consistently with applicable laws and contractual obligations. The 


CalSim modeling results for the number of days that the Delta Cross Channel is open showed that 


the proposed action had similar or fewer mean number of days of when the Delta Cross Channel 


would be open, compared to existing conditions for wet, above-normal, and below-normal years, 


with 2 to 4 more days of the Delta Cross Channel being open under the proposed action in October 


(Table 5C.9-13 and Table 5C.9-14). These results reflect modeling assumptions and do not account 


for Delta Cross Channel closure in association with Mokelumne River pulse flows, as required under 


the Reinitiation of Consultation on the Coordinated Long-Term Operation of the proposed action 
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(Bureau of Reclamation 2019:3-37), and which is part of existing conditions and the proposed 


action, with implementation as illustrated in October 2021 (Salmon Monitoring Team 2021). 


Table 5C.9-13. Mean Number of Days with Delta Cross Channel Open by Water Year Type, October 


Water Year Type EC Proposed Action 


Wet 16 13 (-20%) 


Above normal 25 23 (-10%) 


Below normal 17 15 (-9%) 


Dry 18 22 (18%) 


Critically dry 9 11 (25%) 


Note: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 5C.9-14. Mean Number of Days with Delta Cross Channel Open by Water Year Type, 
November 


Water Year Type EC Proposed Action 


Wet 13 11 (-12%) 


Above normal 15 12 (-20%) 


Below normal 17 16 (-5%) 


Dry 16 12 (-24%) 


Critically dry 14 13 (-12%) 


Note: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Maintenance of the north Delta intake facilities for the proposed action would have very limited 


effects on the adjacent aquatic environment and, hence, very little potential for effects on fall- and 


late fall–run Chinook salmon. Screen pressure washing and sediment jetting would have very small 


effects at the riverscape scale based on redistribution of sediment or accumulated vegetation and 


other materials. 


5C.10 Effects of Operations and Maintenance of Water 
Conveyance Facilities on California Central Valley 
Steelhead 


Impacts of the proposed action on California Central Valley steelhead generally would be similar in 


nature to those previously discussed for winter-, spring-, fall-, and late fall–run Chinook salmon. 


As described in Chapter 4, the main juvenile steelhead migration period in the Delta is February to 


May. Through-Delta flow-survival relationships analogous to those for juvenile Chinook salmon (e.g., 


Perry et al. 2018; see also discussion for winter-run Chinook salmon in Section 5C.7) have not been 


established for migrating juvenile steelhead from the Sacramento River Basin, although the species 
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does show analogous route-specific survival differences (Singer et al. 2013), and there are flow-


survival relationships for steelhead from the San Joaquin River Basin emigrating through the Delta 


(Buchanan et al. 2021). Assuming that flow may affect survival in a somewhat similar manner to 


juvenile Chinook salmon, which is uncertain, the modeling based on the through-Delta survival 


function formulated by Perry et al. (2018) suggests that mean through-Delta survival of juvenile 


steelhead under the proposed action may be similar or somewhat less (up to 4%) (Table 5C.7-15). 


This reflects hydrodynamic changes, such as channel velocity (Table 5C.7-13), and the proportion of 


time with reversing flow in the Sacramento River below Georgiana Slough (Table 5C.7-14). 


Studies of acoustically tagged juvenile steelhead found San Joaquin River flow at Vernalis, presence 


of a rock barrier at Head of Old River, fish size, and year to be significant predictors of through-Delta 


survival, whereas south Delta exports were not supported as significant predictors of survival 


(Buchanan et al. 2021). Given the absence of a Head of Old River rock barrier under existing 


conditions and the proposed action, as well as essentially identical Vernalis flows (Table 5C.10-1, 


Table 5C.10-2, Table 5C.10-3, and Table 5C.10-4), there would be no difference in juvenile steelhead 


through-Delta survival from the San Joaquin River Basin between the proposed action and existing 


conditions. 


Table 5C.10-1. Mean San Joaquin River Flow at Vernalis (cubic feet per second) by Water Year 
Type, February 


Water Year Type EC Proposed Action 


Wet 9,589 9,598 (0%) 


Above normal 4,972 4,980 (0%) 


Below normal 3,218 3,224 (0%) 


Dry 1,962 1,969 (0%) 


Critically dry 1,912 1,917 (0%) 


Note: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 5C.10-2. Mean San Joaquin River Flow at Vernalis (cubic feet per second) by Water Year 
Type, March 


Water Year Type EC Proposed Action 


Wet 11,043 11,054 (0%) 


Above normal 5,487 5,496 (0%) 


Below normal 3,065 3,072 (0%) 


Dry 1,963 1,968 (0%) 


Critically dry 1,799 1,804 (0%) 


Note: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 
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Table 5C.10-3. Mean San Joaquin River Flow at Vernalis (cubic feet per second) by Water Year 
Type, April 


Water Year Type EC Proposed Action 


Wet 11,459 11,471 (0%) 


Above normal 6,128 6,138 (0%) 


Below normal 3,804 3,813 (0%) 


Dry 2,434 2,439 (0%) 


Critically dry 1,987 1,991 (0%) 


Note: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


Table 5C.10-4. Mean San Joaquin River Flow at Vernalis (cubic feet per second) by Water Year 
Type, May 


Water Year Type EC Proposed Action 


Wet 9,893 9,909 (0%) 


Above normal 5,531 5,548 (0%) 


Below normal 3,858 3,868 (0%) 


Dry 2,712 2,717 (0%) 


Critically dry 2,059 2,065 (0%) 


Note: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
EC = existing conditions. 


The results from application of the salvage-density method illustrated that south Delta exports 


generally would be similar or slightly lower under the proposed action relative to existing 


conditions at the SWP Banks and CVP Jones south Delta export facilities during the time period that 


steelhead generally are salvaged (Table 5C.10-5 and Table 5C.10-6).33 As noted for winter-run and 


spring-run steelhead, various regulatory requirements under existing conditions would also apply 


to the proposed action and, therefore, are part of the baseline and incorporated into the proposed 


action to minimize south Delta entrainment effects on steelhead. 


Table 5C.10-5. Entrainment Loss of Juvenile Steelhead at SWP Banks Pumping Plant, Averaged by 
Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 5,216 4,664 (-11%) 


Above normal N/A (-6%) 


Below normal 3,251 2,986 (-8%) 


Dry 2,327 2,221 (-5%) 


Critically dry 2,130 2,018 (-5%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 


 
33 Results averaged by water year type and month are provided in Appendix 5D (Tables 5D.2 1 through 5D.2 12). 
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The analysis was based on historical salvage data during 2009–2019, which did not include any above-normal water 
years; results for above-normal years focus only on relative difference in exports based on salvage-density patterns 
from wet years. 
EC = existing conditions; N/A = not applicable; SWP = State Water Project. 


Table 5C.10-6. Entrainment Loss of Juvenile Steelhead at CVP Jones Pumping Plant, Averaged by 
Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 295 304 (3%) 


Above normal N/A (4%) 


Below normal 945 997 (6%) 


Dry 677 702 (4%) 


Critically dry 200 202 (1%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
The analysis was based on historical salvage data during 2009–2019, which did not include any above-normal water 
years; results for above-normal years focus only on relative difference in exports based on salvage-density patterns 
from wet years. 
CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


As discussed for fall- and late-fall-run Chinook salmon, there would not be an increase in south Delta 


entrainment risk for juvenile steelhead emigrating from the Mokelumne River based on south Delta 


exports (Table 5C.9-9, Table 5C.9-10, Table 5C.9-11, and Table 5C.9-12) and hydrodynamic 


indicators (Appendix 5D, Figures 5D.4-34 through 5D.4-37). 


In addition to juvenile steelhead, adult steelhead are also subject to entrainment at the south Delta 


export facilities (Table 4.4.3-1 in Chapter 4 shows September–February as the main period of 


occurrence in the San Joaquin River). As discussed for fall- and late fall–run Chinook salmon, South 


Delta exports under the proposed action generally would be similar or slightly less than under 


existing conditions indicating entrainment risk for adult steelhead generally would be similar or 


slightly less than existing conditions. 


Maintenance of the north Delta intake facilities for the proposed action would have very limited 


effects on the adjacent aquatic environment and, hence, very little potential for effects on steelhead. 


Screen pressure washing and sediment jetting would have very small effects at the riverscape scale, 


based on redistribution of sediment or accumulated vegetation and other materials. 


5C.11 Effects of Operations and Maintenance of Water 
Conveyance Facilities on Southern DPS Green 
Sturgeon 


Analyses of potential effects of the proposed action on green sturgeon were developed in 


consideration of habitat attributes believed to be of importance to the species, based on existing 


conceptual models (Heublein et al. 2017a, 2017b) and best available methods (e.g., ICF International 


2016; California Department of Water Resources 2020). 
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Relative to juvenile salmonids, there are no field-based investigations informing the risk from near-


field effects of the proposed action at the north Delta intakes for green sturgeon. 


Laboratory investigations are available from which risk of entrainment and impingement can be 


inferred. Larval green sturgeon occur well upstream of the Delta (Heublein et al. 2017a), so there 


would be no risk of entrainment at the north Delta intakes. Although screen velocity criteria for 


green sturgeon have not been developed by NMFS or CDFW, the laboratory studies of Verhille et al. 


(2014) provided recommendations for intake approach velocity based on flow-tolerance criteria 


(Table 5C.11-1). The proposed north Delta intake approach velocity of 0.2 foot per second would be 


well below the criteria described by Verhille et al. (2014; i.e., 29 centimeters per second [~1 foot per 


second] or greater, depending on the month), suggesting that green sturgeon juveniles would be 


protected, particularly given that they would be larger in size than the larvae tested by Verhille et al. 


(2014). Juvenile green sturgeon were found to contact frequently or become impinged on laboratory 


fish screens with approach velocity several times greater than proposed for the north Delta intakes 


(~0.66 and ~1.2 feet per second; Poletto et al. 2014), but those screens were in a V-shape across the 


test channel. The very low approach velocity of the proposed north Delta intake screens indicates 


that the potential for negative effects would be very small; in addition, as discussed for winter-run 


Chinook salmon, the cylindrical tee screen design has been noted to reduce the potential for near-


field effects because of the bow-wave hydraulic effect (Coutant 2021, albeit with the caveats 


previously described for winter-run Chinook salmon). 


Table 5C.11-1. Overview of Flow-Tolerance Limitations of Green and White Sturgeon throughout 
the Sacramento–San Joaquin Watershed According to Location and Time of Year, Based on Critical 
Swimming Speed 


Month Upper River Middle River Lower River/Delta/Bays 


January >50 cm/s >50 cm/s >50 cm/s 


February >50 cm/s WS early larvae >50 cm/s 


March >50 cm/s WS early larvae >50 cm/s 


April GS early larvae WS early larvae >50 cm/s 


May GS early larvae WS early larvae >50 cm/s 


June GS and WS ≤ 29 cm/s GS and WS ≤ 29 cm/s GS and WS ≤ 29 cm/s 


July >50 cm/s WS ≤ 45 cm/s WS ≤ 45 cm/s 


August >50 cm/s GS ≤ 50 cm/s GS ≤ 50 cm/s 


September >50 cm/s >50 cm/s >50 cm/s 


October >50 cm/s  GS ≤ 40 cm/s GS ≤ 40 cm/s 


November >50 cm/s GS ≤ 40 cm/s GS ≤ 40 cm/s 


December >50 cm/s >50 cm/s >50 cm/s 


Source: Verhille et al. (2014).  
Note: GS = green sturgeon; WS = white sturgeon. “GS early larvae” and “WS early larvae” demarcate presence of life 
stages which are predicted to be intolerant of even very low water velocities. Behavioral (e.g., avoidance) 
considerations were not part of this analysis, and they remain an important topic for future research. The north Delta 
intakes are in the “lower river/delta/bays” area. 


Green sturgeon entrainment at the south Delta export facilities can occur in most months of the 


year, reflecting the year-round presence of juveniles in the Delta. However, salvage of green 


sturgeon has been very low in recent years, and entrainment is regarded as a threat of low 


importance to the population in the NMFS green sturgeon recovery plan (National Marine Fisheries 
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Service 2018:26). The salvage-density analysis (see description in Appendix 5D, Section 5D.2) was 


used to assess the potential for differences in south Delta entrainment between the proposed action 


and existing conditions. The method weights south Delta exports at the south Delta export facilities 


by historical salvage per unit volume (i.e., salvage density) of juvenile green sturgeon. The results of 


the analysis suggest that there would be very little difference in south Delta entrainment risk 


between the proposed action and existing conditions at either export facility (Table 5C.11-2 and 


Table 5C.11-).34 


Table 5C.11-2. Salvage of Green Sturgeon at SWP Banks Pumping Plant, Averaged by Water Year 
Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 1 1 (-13%) 


Above normal N/A (-7%) 


Below normal 1 1 (0%) 


Dry 0 0 (0%) 


Critically dry 0 0 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
The analysis was based on historical salvage data during 2009–2019, which did not include any above-normal water 
years; results for above-normal years focus only on relative difference in exports based on salvage-density patterns 
from wet years. 
EC = existing conditions; N/A = not applicable; SWP = State Water Project. 


Table 5C.11-3. Salvage of Green Sturgeon at CVP Jones Pumping Plant, Averaged by Water Year 
Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 7 7 (5%) 


Above normal N/A (6%) 


Below normal 0 0 (0%) 


Dry 0 0 (0%) 


Critically dry 0 0 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 
The analysis was based on historical salvage data during 2009–2019, which did not include any above-normal water 
years; results for above-normal years focus only on relative difference in exports based on salvage-density patterns 
from wet years. 
CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Based on observations in the Delta on white sturgeon (Stewart et al. 2004), selenium 


bioaccumulation is a concern for sturgeon. As discussed in detail in Chapter 9 of the Final EIR, 


changes in water operations under the proposed action would have little effect on sturgeon tissue 


concentrations of selenium, relative to existing conditions (California Department of Water 


Resources 2023). Methylmercury is also a concern for green sturgeon (Lee et al. 2011), but analyses 


described in Chapter 9 of the Final EIR found there would be little difference in fish tissue 


 
34 Results averaged by water year type and month are provided in Appendix 5A (Tables 5A-11 and 5A-12). 
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methylmercury between the proposed action and existing conditions (California Department of 


Water Resources 2023). 


The NMFS green sturgeon recovery plan suggested that larval abundance and distribution may be 


influenced by spring and summer outflow, and recruitment may be highest in wet years, making 


water flow an important habitat parameter (National Marine Fisheries Service 2018:12). As noted 


by NMFS (2018:12), there are correlations between white sturgeon and Delta outflow, which have 


previously been used to infer potential effects on green sturgeon (ICF International 2016:5-197–5-


205). It is uncertain the extent to which the correlations observed for white sturgeon would also 


apply to green sturgeon, given differences in life history. The mechanism behind the importance of 


higher flows for white sturgeon is not known and may involve both upstream and downstream 


(Delta) factors. Hypotheses for the mechanism underlying flow effects include higher flows 


facilitating young white sturgeon dispersal downstream, providing increased freshwater rearing 


habitat, increasing spawning activity cued by higher upstream flows, increasing nutrient loading 


into nursery areas, or increasing downstream migration rate and survival through reduced exposure 


time to predators (U.S. Fish and Wildlife Service 1995; Israel pers. comm.). Regression analyses 


conducted for white sturgeon relate year–class strength to March–July and April–May Delta outflow 


(see Impact AQUA-9 in California Department of Water Resources 2023). The results of the analyses 


differ, depending on Delta outflow averaging period used: the water-year-type means for March–


July under the proposed action were 0%–39% (Table 5C.11-) lower than existing conditions, but 3% 


greater to 7% lower for April–May (Table 5C.11-5), when requirements of the CDFW (2020) for 


April–May Delta outflow apply for the proposed action, as well as for existing conditions. The 


March–July differences in estimated year–class strength reflect lower Delta outflow being required 


under the proposed action for meeting Delta salinity requirements. It is highly uncertain that less 


summer Delta outflow under the proposed action—which would occur because of less Delta outflow 


being necessary to meet Delta salinity requirements—would result in an adverse effect on green 


sturgeon for the following reasons: the statistical relationships are based on a surrogate species and 


may be related to upstream flow or Delta inflow as opposed to Delta outflow; changes are limited to 


differences within water year type, as opposed to hydrological condition–scale differences; the 


prediction intervals of the statistical relationship range over several orders of magnitude; and there 


is little difference in estimates based on one (April–May) of the averaging periods examined. For 


additional information, refer to Impact AQUA-9: Effects of Operations and Maintenance of Water 


Conveyance Facilities on White Sturgeon in Chapter 9 of the Final EIR (California Department of 


Water Resources 2023). 


Table 5C.11-4. White Sturgeon Year-Class Strength Averaged by Water Year Type, Based on 
March–July Delta Outflow-Year Class Strength Regression 


Water Year Type EC Proposed Action 


Wet 117 113 (-3%) 


Above normal 46 38 (-16%) 


Below normal 7 5 (-23%) 


Dry 1 0 (-39%) 


Critically dry 0 0 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. 
EC = existing conditions. 
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Table 5C.11-5. White Sturgeon Year-Class Strength Averaged by Water Year Type, Based on April–
May Delta Outflow-Year Class Strength Regression 


Water Year Type EC Proposed Action 


Wet 144 140 (-2%) 


Above normal 62 58 (-7%) 


Below normal 20 19 (-3%) 


Dry 4 4 (3%) 


Critically dry 0 0 (15%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. 
EC = existing conditions. 


Maintenance of the north Delta intake facilities for the proposed action would have very limited 


effects on the adjacent aquatic environment and, hence, very little potential for effects on green 


sturgeon. Screen pressure washing and sediment jetting would have very small effects at the 


riverscape scale, based on redistribution of sediment or accumulated vegetation and other 


materials. 


5C.12 Effects of Water Facility Operations and 
Maintenance on Designated Critical Habitat 


This effects analysis also provides an analysis of effects on critical habitat for winter-run Chinook 


salmon, spring-run Chinook salmon, steelhead, and green sturgeon. For all four species, designated 


critical habitat is present in the Delta and adjacent areas,. The analysis includes potential effects on 


the following PBFs of critical habitat for each species. 


5C.12.1 Sacramento River Winter-Run Chinook Salmon 


Sacramento winter-run Chinook salmon has designated critical habitat in the Sacramento River. 


PBF 1: Access from Pacific Ocean to spawning areas in the upper Sacramento River 


The available information for hatchery fall-run Chinook salmon indicates that straying rates of fish 


returning to the Sacramento River are always low (Marston et al. 2012). This suggests relatively 


little influence of flows and, therefore, no likely difference for potential straying of adult winter-run 


Chinook salmon. 


PBF 3: Riparian habitat that provides for successful juvenile development and survival 


The changes in riparian and wetland bench inundation from the proposed action would affect this 


PBF. Restored benches in the north Delta potentially could be affected by the water operations of the 


proposed action because of changes in water level; less water in the Sacramento River below the 


north Delta intakes could result in riparian benches being inundated less frequently. The largest 


differences were for riparian benches in the Sacramento River, downstream of the north Delta 


diversion, in winter and spring, with little difference in areas well downstream (e.g., Cache Slough). 
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There was also little difference for wetland benches, which are intended to be inundated at lower 


water surface elevations that would be available at much lower flows. (See Riparian and Wetland 


Bench Inundation in Section 5C.7.2.2, Habitat Suitability). The proposed action would result in less 


availability of inundated bench habitat for juvenile winter-run Chinook salmon, compared to 


existing conditions, with bench inundation being ~5% less under proposed action. DWR proposes to 


offset effects on the designated critical habitat of winter-run Chinook salmon through restoration of 


tidal perennial habitat and channel-margin habitat at an approved restoration site and/or the 


purchase of conservation credits at an approved conservation bank. 


PBF 4: Access downstream so that juveniles can migrate from spawning grounds to San 


Francisco Bay and the Pacific Ocean 


Operations of the proposed intakes have the potential to negatively affect access downstream from 


spawning grounds to San Francisco Bay. Negative effects on critical habitat could occur near the 


intakes during operations; however, the intakes would be screened to meet fishery agency 


standards for approach velocity, sweeping velocity, and opening size to limit the potential for 


negative effects on juvenile winter-run Chinook salmon and their critical habitat. Refinements to 


these criteria would be considered through adaptive management. Overall, the observed 


experimental results discussed above in Section 5C.7.1.1, and the design of the fish screens indicate 


that minimal risk would be expected from entrainment or impingement for PBF4 for juvenile 


winter-run Chinook salmon.  


Predation during operation of the new intakes could also affect this PBF. Overall, as discussed above 


in Section 5C.7.1.1, available information suggests that near-field predation effects of the north Delta 


intakes on juvenile winter-run Chinook salmon would be limited, albeit with some uncertainty, 


given that the studies were not of long cylindrical tee screen structures in the north Delta. Fisheries 


studies would be undertaken to provide information on predatory fish and predation rate at the 


north Delta intakes, once they are operational, to inform the refinement of future operations and 


adaptive management, if needed (Appendix 5B). 


In addition to near-field effects on access downstream, north Delta intake operations have the 


potential to have negative far-field effects on access downstream, for example, from flow-survival 


effects (see Through-Delta Survival in Section 5C.7.2.1, Indirect Mortality within the Delta). The new 


operational criteria would include bypass-flow criteria and pulse protection and low-level pumping. 


As previously discussed, the proposed operations criteria and mitigation35 are intended to minimize 


and fully mitigate the potential impacts of the north Delta diversion operations. The adaptive 


management specific to the north Delta diversion operations would be mainly associated with 


reviewing abiotic and fish monitoring data and ensuring that operations are consistent with the 


permitted criteria and within the effects analyzed in the permits. See Chapter 3, Section 3.4, Real-


Time Operational Decision-Making Process, for additional details. Tables 3.3-1 and 3.3-2 in Chapter 3 


provide proposed operations criteria and north Delta intake bypass flow and pulse protection 


requirements. These criteria will limit the potential for negative effects on winter-run Chinook 


salmon downstream access critical habitat. 


 
35 CMP-25: Tidal Habitat Restoration to Mitigate North Delta Hydrodynamic Effects on Chinook Salmon Juveniles 
would reduce negative hydrodynamic effects such as flow reversals in the Sacramento River at Georgiana Slough, 
thereby reducing the potential for negative effects on winter-run Chinook salmon through-Delta survival as a result 
of factors such as flow-related changes in migration speed and probability of entering the low-survival interior 
Delta migration pathway. 
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5C.12.2 Central Valley Spring-Run Chinook Salmon 


Central Valley spring-run Chinook salmon has designated critical habitat in the Sacramento River 


and north Delta. 


PBF 1: Freshwater rearing habitat with water quantity and quality, floodplain connectivity, 


forage, and natural cover supporting juvenile development, growth, mobility, and survival 


Riparian and wetland bench inundation would be affected by decreasing flows and decreased 


inundation of riparian benches (bench inundation ~5% less under proposed action; Table 5C.7-17). 


The proposed action would result in less availability of inundated-bench rearing habitat for juvenile 


spring-run Chinook salmon. As discussed above, under winter-run Chinook salmon (see PBF 3 in 


Section 5C.12.1, Sacramento River Winter-Run Chinook Salmon), DWR proposes to offset impacts to 


the designated critical habitat through restoration of tidal perennial habitat and channel-margin 


habitat at an approved restoration site and/or the purchase of conservation credits at an approved 


conservation bank (Table 3B-4 in Appendix 3B). 


PBF 2: Freshwater migration corridors free of obstruction and excessive predation with water 


quantity and quality conditions and natural cover supporting juvenile and adult mobility and 


survival 


As noted above for winter-run Chinook salmon, there is the potential for negative near-field and far-


field effects on freshwater migration corridors and downstream access. Fish screen design and the 


relatively small extent of the intake structures would limit the potential for negative near-field 


effects. Operational criteria and mitigation would limit the negative far-field effects such as the 


potential for lower survival caused by diversions at the north Delta intakes reducing river flow. 


Proposed action–related changes to flow would not be expected to affect adult mobility and survival, 


as discussed above for winter-run Chinook salmon.  


PBF 3: Estuarine areas free of obstruction and excessive predation supporting mobility and 


survival, with water quantity, water quality, and salinity conditions supporting juvenile and 


adult physiological transitions between fresh and saltwater, and natural cover and forage 


supporting growth, maturation, and survival 


Hydrodynamic effects in the north Delta from the proposed action would cause reduced velocities, 


increased reversing flow just downstream of Georgiana Slough, and increased flow into the interior 


Delta at Georgiana Slough. These changes in flows would tend to reduce spring-run Chinook salmon 


through-Delta survival, although effects on critical habitat would be limited by operational criteria 


and tidal habitat restoration. 


5C.12.3 Central Valley Steelhead 


Central Valley steelhead has designated critical habitat in the Sacramento River and throughout the 


Delta. 


PBF 1: Freshwater rearing habitat with water quantity and quality, floodplain connectivity, 


forage, and natural cover supporting juvenile development, growth, mobility, and survival 


As discussed above for spring-run Chinook salmon (PBF 1 in Section 5C.12.2, Central Valley Spring-


Run Chinook Salmon), there would be less inundation of riparian benches (bench inundation ~5% 
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less under proposed action; Table 5C.7-17). DWR proposes to offset impacts to the designated 


critical habitat through restoration of tidal perennial habitat and channel-margin habitat at an 


approved restoration site and/or the purchase of conservation credits at an approved conservation 


bank (see Table 3B-4 in Appendix 3B). 


PBF 2: Freshwater migration corridors free of obstruction and excessive predation with water 


quantity and quality conditions and natural cover supporting juvenile and adult mobility and 


survival 


As noted above for winter-run and spring-run Chinook salmon, there is the potential for negative 


near-field and far-field effects on freshwater migration corridors and downstream access. Fish 


screen design and the relatively small extent of the intake structures would limit the potential for 


negative near-field effects. Operational criteria and mitigation would limit the negative far-field 


effects such as the potential for lower survival caused by diversions at the north Delta intakes 


reducing river flow. Proposed action–related changes to flow would not be expected to affect adult 


mobility and survival, as discussed above for winter-run Chinook salmon.  


PBF 3: Estuarine areas free of obstruction and excessive predation supporting mobility and 


survival, with water quantity, water quality, and salinity conditions supporting juvenile and 


adult physiological transitions between fresh and saltwater, and natural cover and forage 


supporting growth, maturation, and survival 


Entrainment at the south Delta export facilities would occur, but the results from application of the 


salvage-density method illustrated that south Delta exports generally would be similar or slightly 


lower under the proposed action relative to existing conditions at the SWP Banks and CVP Jones 


south Delta export facilities during the time period when steelhead generally are salvaged. This 


generally indicates that the effects of the proposed action on critical habitat for steelhead should not 


be greatly different than existing conditions in the south Delta. The existing facilities in the south 


Delta would be governed by the applicable regulatory requirements, such as the SWRCB’s Bay-Delta 


Water Quality Control Plan, federal BiOps (National Marine Fisheries Service 2019; U.S. Fish and 


Wildlife Service 2019), California Endangered Species Act Incidental Take Permit for SWP 


(California Department of Fish and Wildlife 2020), and USACE Clifton Court diversion limits. 


Adult entrainment from operational activities in the south Delta could be affected under the 


proposed action, but generally would be similar or slightly less than under existing conditions, 


indicating that entrainment risk for adult steelhead generally would be similar or slightly less than 


existing conditions (see Section 5C.10, Effects of Operation and Maintenance of Water Conveyance 


Facilities on California Central Valley Steelhead). 


Hydrodynamic effects in the north Delta from the proposed action would cause reduced velocities, 


increased reversing flow just downstream of Georgiana Slough, and increased flow into the interior 


Delta at Georgiana Slough. These changes in flows would tend to reduce steelhead through-Delta 


survival, although effects on critical habitat would be limited by operational criteria and tidal habitat 


restoration. In the San Joaquin River, studies of acoustically tagged juvenile steelhead found San 


Joaquin River flow at Vernalis, presence of a rock barrier at Head of Old River, fish size, and year to 


be significant predictors of through-Delta survival, whereas south Delta exports were not supported 


as significant predictors of survival (Buchanan et al. 2021). Given the absence of a Head of Old River 


rock barrier under the proposed action and existing conditions, as well as essentially identical 


Vernalis flows (Table 5C.10-1, Table 5C.10-2, Table 5C.10-3, and Table 5C.10-4), there would be no 
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difference in juvenile steelhead through-Delta survival from the San Joaquin River Basin as a result 


of the proposed action. 


5C.12.4 Green Sturgeon 


PBF 1: Water flow regime with flow magnitude, duration, seasonality, and rate-of-change 


supporting growth, survival, and migration of all life stages 


As described in Section 5C.11, Effects of Operations and Maintenance of Water Conveyance Facilities 


on Southern DPS Green Sturgeon, the NMFS green sturgeon recovery plan suggested that green 


sturgeon may be may be influenced by spring and summer outflow (National Marine Fisheries 


Service 2018:12), with correlations between white sturgeon year-class strength and Delta outflow 


applied to infer potential effects on green sturgeon. This could, therefore, be an effect on PBF 1 for 


green sturgeon. As discussed in Section 5C.11, the results of the regression analyses suggested the 


potential for negative effects as a result of the proposed action. It is highly uncertain that less 


summer Delta outflow under the proposed action—which would occur because less Delta outflow 


would be necessary to meet Delta salinity requirements—would result in an adverse effect on green 


sturgeon critical habitat for the following reasons: the statistical relationships are based on a 


surrogate species and may be related to upstream flow or Delta inflow as opposed to Delta outflow; 


changes are limited to differences within water-year type, as opposed to hydrological condition–


scale differences; the prediction intervals of the statistical relationship range over several orders of 


magnitude; and there is little difference in estimates based on one (April–May) of the averaging 


periods examined.  


PBF 2: Migratory corridor free of obstruction and excessive predation with water quantity and 


quality conditions supporting safe and timely passage of juveniles and adults within and 


between riverine, estuarine, and marine habitats 


Entrainment and impingement in the north Delta and south Delta intakes could affect the migratory 


corridor. Larval green sturgeon are at the same risk of entrainment as the other species discussed 


above, so there is little risk of entrainment at the north Delta intakes. The cylindrical tee-screen 


design has been noted to reduce the potential for near-field effects because of the bow wave 


hydraulic effect (Coutant 2021, albeit with the caveats previously described for winter-run Chinook 


salmon). In the south Delta, salvage of green sturgeon has been very low in recent years, and 


entrainment is regarded as a threat of low importance to the population in the NMFS green sturgeon 


recovery plan (National Marine Fisheries Service 2018:26). The results of the analysis suggest that 


there would be very little difference in south Delta entrainment risk between the proposed action 


and existing conditions. 


Selenium bioaccumulation is a concern for sturgeon. Changes in water operations under the 


proposed action would have little effect on sturgeon tissue concentrations of selenium, relative to 


existing conditions. Methylmercury is also a concern for green sturgeon (Lee et al. 2011), but 


analyses found there would be little difference in fish tissue methylmercury between the proposed 


action and existing conditions. Therefore, there would be no effect on critical habitat. 
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5C.13 Effects on Southern Resident Killer Whale and 
Southern Resident DPS Killer Whale Critical 
Habitat 


The proposed actions’ construction, operation, or maintenance would not directly affect ocean 


conditions; however, operations have the potential to affect killer whales indirectly by influencing 


the number of Chinook salmon that enter the Pacific Ocean and become available as a food supply 


(Figure 5C.13-1). This potential impact was evaluated qualitatively, based on the potential effects on 


Chinook salmon, particularly any changes in production. The proposed action has the potential to 


affect Southern Resident DPS killer whale by altering the amount of Chinook salmon from the 


Central Valley that enter the Pacific Ocean. 


Significant changes in food availability for killer whales have occurred over the past 150 years, 


largely because of human effects on prey species. Salmon abundance has been reduced over the 


entire range of the Southern Resident DPS killer whale, from British Columbia to California. The 


Recovery Plan for Southern Resident DPS Killer Whales (National Marine Fisheries Service 2008) 


indicates that wild salmon have declined, primarily because of degraded aquatic ecosystems, 


overharvesting, and production of fish in hatcheries. The recovery plan supports restoration efforts 


to rebuild depleted salmon populations and other prey to ensure an adequate food base for 


Southern Resident DPS killer whales. Central Valley streams produce Chinook salmon that 


contribute to the diet of Southern Resident DPS whales. The number of Central Valley salmon that 


annually enter the ocean and survive to a size susceptible to predation by killer whales is not 


known. However, estimates of total Chinook salmon production produced by the Comprehensive 


Assessment and Monitoring Program, administered by USFWS and Reclamation, provide an 


approximation of the size of the ocean population of Central Valley Chinook salmon potentially 


available to killer whales. 


Data on the abundance and composition of Central Valley Chinook salmon indicates that 


approximately 75% of all Central Valley-origin Chinook salmon available for consumption by 


Southern Resident DPS killer whales are produced by Central Valley fall-run Chinook salmon 


hatcheries (Palmer-Zwhalen and Kormos 2013). Many Central Valley hatchery fall-run Chinook 


salmon are released directly into San Francisco Bay and, thus, bypass potential effects from project 


operations, even where there might be a nexus with SWP and CVP operations. The purpose of 


Central Valley fall-run Chinook salmon hatchery programs is to produce large numbers of fish 


independent of freshwater conditions. 


Since fall-run Chinook salmon hatcheries began operating more than 40 years ago, the only period of 


exceptionally low returns was attributed principally to unusual ocean conditions (Lindley et al. 


2007). Ocean commercial and recreational fisheries annually harvest hundreds of thousands of 


Chinook salmon. The Northwest Region of NMFS (2009) used a model that estimates prey reduction 


associated with the salmon fishery and which considers the metabolic requirements of killer whales 


and the remaining levels of prey availability. Their analysis concluded that the salmon fishery was 


not likely to result in jeopardy for Southern Resident DPS killer whale. 


Chinook salmon is an important component of the killer whale diet, and the Independent Science 


Panel reported that Southern Resident DPS killer whales depend on Chinook salmon as a critical 


food resource (Hilborn et al. 2012). Hanson et al. (2010) analyzed tissues from predation events and 


feces to confirm that Chinook salmon were the most frequent prey item for killer whales in two 
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regions of the whale’s summer range off the coast of British Columbia and Washington state, 


representing more than 90% of the diet in July and August. Samples indicated that when Southern 


Resident DPS killer whales are in inland waters from May to September, they consume Chinook 


salmon stocks that originate from regions that include the Fraser River, Puget Sound, the Central 


British Columbia Coast, West and East Vancouver Island, and California’s Central Valley (Hanson et 


al. 2010). Available fish harvest data and killer whale diet and contaminants analyses suggest that 


Central Valley Chinook salmon comprise a significant portion of the total abundance of Chinook 


salmon available to killer whale throughout their range in most, if not all, years (National Marine 


Fisheries Service 2019). 


Ford et al. (2016) helped confirm the importance of Chinook salmon to Southern Resident DPS killer 


whales in the summer months using DNA sequencing from whale feces. The researchers found that 


more than 90 percent of the whale’s inferred diet consisted of salmonids; almost 80 percent was 


Chinook Salmon. Bellinger et al. (2015) estimated that Central Valley Chinook salmon comprised 


about 22 percent of the Chinook salmon sampled off the Oregon coast and about 50 percent of those 


sampled off the California coast (south to Big Sur). Although killer whale, an apex predator, eats a 


variety of other species, Central Valley Chinook Salmon (all runs) can be estimated to make up 


approximately 40% of the killer whale diet when killer whales are off the California coast and 18% 


of the killer whale diet when the killer whales are off the Oregon coast. 


As discussed by NMFS (2017:831), individual-level effects on killer whale from changes in Chinook 


salmon prey could include changes in areas searched for prey and consequent changes in energy 


expended for such searches, resulting in changes in energy intake and the risk of nutritional stress. 


Changes in energy consumption and nutritional stress could lead to changes in body size, condition, 


and growth and changes in reproductive and survival rates for adults (National Marine Fisheries 


Service 2017:831). 


The southern DPS of killer whales is thought to move with the seasonal abundance of salmonids 


returning to natal rivers to spawn from early summer through fall. There are correlations between 


the occurrence of southern residents and commercial and sport salmon fishery catches in US waters 


off southeastern Vancouver Island and in Puget Sound (Heimlich-Boran 1986). This population of 


killer whales is commonly found off southeastern Vancouver Island and in Puget Sound, 


Washington, from late spring to late fall (Ford 2006, Osborne 1999). The winter distribution of 


Southern Resident DPS killer whales is poorly known. K and L pods have been observed off the 


mouth of the Columbia River and in Monterey Bay, California, associated with local production of 


Chinook Salmon (Wiles 2004; Balcomb 2006). 
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Figure 5C.13-1. Delta Water Conveyance Action Area for the Southern Resident DPS Killer Whale 
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5C.13.1 Effects of Operations 


The operations of the north Delta intakes would have negative effects on Chinook salmon. The 


analyses discussed above for winter-run (Section 5C.7) and spring-run (Section 5C.8) Chinook 


salmon demonstrate that the near-field effects of the north Delta intakes would be limited, but 


acknowledge some uncertainty and noted that fishery studies of juvenile Chinook salmon 


distribution and survival, as well as predatory fish and predation, would be undertaken to inform 


the adaptive-management process. Near-field effects of south Delta exports (i.e., entrainment) under 


the proposed action would be similar to or potentially somewhat less than existing conditions 


because some diversions would occur at the north Delta intakes, instead of the south Delta facilities. 


Analyses of habitat suitability suggested limited potential for negative effects of the proposed action 


relative to existing conditions on water quality. 


Approach and sweeping velocity criteria at the north Delta intake screens would minimize potential 


for near-field effects (see Entrainment and Impingement in Section 5C.7.1.1). In addition, new 


operational criteria would include bypass-flow criteria and pulse protection and low-level pumping. 


The proposed operations criteria and mitigation is intended to minimize and fully mitigate the 


potential impacts of the north Delta diversion operations. The adaptive management specific to the 


north Delta diversion operations would be mainly associated with reviewing real-time abiotic and 


fish monitoring data and ensuring proposed weekly, daily and sub-daily operations are consistent 


with the permitted criteria and within the effects analyzed in the permits. See Chapter 3, Section 3.4, 


Real-Time Operational Decision-Making Process for additional details. Tables 3.3-1 and 3.3-2 in 


Chapter 3 provide proposed operations criteria and north Delta intake bypass flow and pulse 


protection requirements. 


In addition to listed (winter-run and spring-run) Chinook salmon, the proposed action would have 


the potential for similar types of negative effects on fall-run and late fall–run Chinook salmon. For 


example, lower through-Delta survival (Tables 5C.9-1 and 5C.9-2) and similar or lower potential for 


south Delta entrainment (Tables 5C.13-1, 5C.13-4, 5C.13-5, and 5C.13-6).  


The available information indicates that diversion at the north Delta diversion would negatively 


affect juvenile Chinook salmon through flow-survival and habitat impacts. To address these effects, 


identified conservation measures would be implemented. These specifically would include tidal 


habitat restoration to mitigate hydrodynamic effects on Chinook salmon juveniles and channel-


margin habitat restoration for operations effects on Chinook salmon juveniles. These efforts would 


reduce negative hydrodynamic effects, such as flow reversals in the Sacramento River at Georgiana 


Slough and reduced effects from reduced inundation of riparian and wetland benches as a result of 


north Delta diversion operations. 


Effects on San Joaquin and Mokelumne fall-run Chinook salmon generally would be similar to 


existing conditions. South Delta operations under the proposed action generally would give similar 


through-Delta survival as existing conditions for fall-run Chinook salmon from the San Joaquin River 


(Table 5C.13-2). South Delta exports, an indicator of Mokelumne River fall-run Chinook salmon 


entrainment risk (Workman 2018:14), would be similar or less during the March–June juvenile 


migration period (Tables 5C.13-3, 5C.13-10, 5C.13-11, and 5C.13-12).  


Although the proposed action is likely to affect individual Central Valley Chinook salmon negatively 


from operation of the export facilities, this reduction is not expected to result in decreased overall 


ocean abundance or availability of prey for killer whale, when weighed against hatchery production. 
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Studies have suggested that most Chinook salmon in the coastal ocean off California appear to be of 


hatchery origin (Barnett-Johnson et al. 2007; Johnson et al. 2015). The potential effects of the 


proposed action on Central Valley Chinook salmon stocks would be expected to be zero to minimal 


on hatchery-origin juvenile Chinook salmon released downstream of the Delta. The percentage of 


hatchery-origin fish released downstream of the Delta has been variable over time (Sturrock et al. 


2019). For example, from the mid-1980s to 2012, the proportion of hatchery fall-run Chinook 


salmon juveniles released downstream of the Delta by state and federal hatcheries varied from 


around 20%–60% (Huber and Carlson 2015). Similarly, from 2013 to 2017, the percentage of 


juvenile fall-run and spring-run Chinook salmon released by state Central Valley hatcheries 


downstream of the Delta varied between 24% (2016) and 60% (2013) (California Department of 


Fish and Wildlife 2018). 


Due to the generally medium priority (18%–41% of the diet, only when off the coast of California 


and Oregon) of the Central Valley stocks that could be affected by proposed action among many 


stocks contributing to the Southern Resident DPS killer whale diet, and the contribution of hatchery-


origin Chinook salmon released downstream of the potential influence of proposed action, 


population-level effects of the proposed action to Southern Resident DPS killer whale prey species 


are not expected. 


5C.13.2 Effects of Maintenance 


Maintenance of the north Delta intake facilities for the proposed action would have very limited 


effects on the adjacent aquatic environment and, hence, very little potential for effects on Chinook 


salmon. Screen pressure washing and sediment jetting would have very small effects at the 


riverscape scale, based on redistribution of sediment or accumulated vegetation and other 


materials. Thus, maintenance is not anticipated to affect the Southern Resident DPS killer whale. 


5C.13.3 Effects of Conservation Measures 


Refer to Chapter 5, Section 5.7.1, Effects of Conservation Measures on Southern Resident DPS Killer 


Whale. 


5C.13.4 Effects on Southern Resident Killer Whale Critical 
Habitat 


Refer to Chapter 5, Section 5.7.2, Effects on Southern Resident Killer Whale Critical Habitat. 


5C.14  Cumulative Effects on Chinook Salmon, Central 
Valley Steelhead, Green Sturgeon, and Killer 
Whale 


Refer to Chapter 5, Section 5.8, Cumulative Effects on Chinook Salmon, Central Valley Steelhead, Green 


Sturgeon, and Killer Whale. 
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Appendix 5D  
Bay-Delta Methods and Results 


This appendix includes quantitative methods and selected results for analyses used in support of 


Chapter 5, Effects Analysis for Chinook Salmon, California Central Valley Steelhead, Green Sturgeon, 


and Killer Whale. The proposed action is included in the analysis of the Delta Conveyance Project 


Final Environmental Impact Report (Final EIR) (California Department of Water Resources 2023).as 


Alternative 5 ), often abbreviated as Alt 5.  


5D.1 Juvenile Chinook Salmon Screen Passage Duration 
Swanson et al. (2004) found that juvenile Chinook salmon mortality and injury rates in fish treadmill 


experiments were not statistically related to flow regime or screen contact rates. Although Swanson 


et al. (2004) provide equations to estimate screen contact rates for juvenile Chinook salmon, 


preliminary calculations for this effects analysis suggested that these equations did not perform well 


for the lengths of screen contemplated for the north Delta diversions (NDD). Screen passage time is 


another useful measure of potential effects on Chinook salmon, with shorter passage times being 


desirable. To illustrate the potential passage time at the proposed north Delta intake screens, screen 


passage time for juvenile Chinook salmon of the smallest (4.4 centimeters [cm] standard length) and 


largest (7.9 cm standard length) sizes examined by Swanson et al. (2004) was calculated by dividing 


screen length by screen passage velocity, based on Swanson et al.’s (2004) equation for the latter. 


Screen passage velocity (centimeters per second [cm/s]) = 30.94 – 11.87(day/night; day =1, 


night = 2) - 1.32(sweeping velocity, cm/s) + 0.72(swimming velocity, cm/s) – 0.39(orientation, 


degrees) + 0.27(sweeping velocity × day/night); n = 124, r2 = 0.9064, SEE = 6.56 


Swimming velocity and orientation for the above equation were calculated using other equations 


from Swanson et al. (2004). 


Swimming velocity (cm/s) = 27.35 – 12.85(day/night; day =1, night = 2) - 1.25(standard length, 


cm) + 0.21(resultant water velocity [cm/s] × day/night); n = 142, r2 = 0.7517, SEE = 4.09 


Orientation (degrees) = 112.7 – 41.1(day/night, day = 1, night = 2) + 3.6(temperature, °C) – 


1.4(resultant water velocity, cm/s) -1.1(swimming velocity, cm/s) – 0.3(flow angle, degrees) + 


0.6(resultant water velocity × day/night); n = 124, r2 = 0.4877, SEE = 18.8 


In the above equations, resultant water velocity was calculated as the square root of (approach 


velocity2 + sweeping velocity2), and flow angle was calculated as the arctangent of (approach 


velocity)/(sweeping velocity), as described by Swanson et al. (2004). Water temperature was 


assumed to be 12 degrees Celsius, consistent with “winter and spring” conditions noted by Swanson 


et al. (2004). Note that experimental fish 5.6–7.9 cm were not tested at night, so there is 


extrapolation beyond the tested data in estimates of 7.9-cm fish in nighttime conditions.  
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5D.2 Salvage-Density Method 


5D.2.1 Methods 
⚫ All data were downloaded from https://apps.wildlife.ca.gov/Salvage.1 


⚫ Water years 2009–2020 were included, as these water years were complete and representative 


of recent salvage patterns, and the water year type was known (California Department of Water 


Resources 2021a). 


⚫ Juvenile salmonids with clipped and unclipped adipose fins were included, as together they 


represent hatchery-origin and wild fish that are all part of the Evolutionarily Significant Unit. 


⚫ Daily salvage (or loss for juvenile salmonids) density (fish per thousand acre-feet of water 


exported) was calculated for the State Water Project and Central Valley Project south Delta 


export facilities. 


⚫ The daily loss or salvage density values for each month, facility, and water year type were 


multiplied by the CalSim-modeled exports (1922–2015) for the modeled scenarios. Note that 


there were no above normal years in 2009–2020, so the monthly pattern for wet years was 


used, and only percentage difference was reported in the results.  


The salvage-density method gives outputs in terms of numbers of fish salvaged (or lost), but these 


outputs are not predictions of future entrainment but rather differences in south Delta exports 


between the proposed action and existing conditions weighted by historical salvage or loss density 


of fish. 


5D.2.2 Results 


Overall annual mean results by water year type are discussed in Appendix 5C, Operations and 


Maintenance Effects Analysis for Chinook Salmon, California Central Valley Steelhead, Green Sturgeon, 


and Killer Whale. Table 5D.2-1 through Table 5D.2-12 below show mean results by water year type 


and month. 


Table 5D.2-1. Entrainment Loss of Juvenile Winter-Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month Existing Conditions Proposed Action 


Wet Jan 170 168 (-1%) 


Wet Feb 538 491 (-9%) 


Wet Mar 1,219 1,064 (-13%) 


Wet Apr 107 88 (-18%) 


Wet May 3 3 (-5%) 


Wet Jun 0 0 (0%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


 
1 This website includes salvage density for all species and loss density for salmonids; the latter was used in 
this analysis. 
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Water Year Type Month Existing Conditions Proposed Action 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 180 172 (-4%) 


Above normal Jan N/A (1%) 


Above normal Feb N/A (-2%) 


Above normal Mar N/A (-7%) 


Above normal Apr N/A (-22%) 


Above normal May N/A (-11%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (-10%) 


Below normal Jan 204 205 (0%) 


Below normal Feb 590 569 (-3%) 


Below normal Mar 685 567 (-17%) 


Below normal Apr 26 26 (0%) 


Below normal May 9 8 (-8%) 


Below normal Jun 0 0 (0%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 5 4 (-4%) 


Dry Jan 110 101 (-9%) 


Dry Feb 123 116 (-6%) 


Dry Mar 619 579 (-7%) 


Dry Apr 16 17 (0%) 


Dry May 0 0 (0%) 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 
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Water Year Type Month Existing Conditions Proposed Action 


Dry Nov 0 0 (0%) 


Dry Dec 141 128 (-10%) 


Critically dry Jan 97 91 (-6%) 


Critically dry Feb 119 111 (-6%) 


Critically dry Mar 564 517 (-8%) 


Critically dry Apr 16 16 (1%) 


Critically dry May 0 0 (0%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 94 89 (-6%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions and are intended 
only to compare the proposed action to existing conditions.  
N/A = not applicable; SWP = State Water Project.  


Table 5D.2-2. Entrainment Loss of Juvenile Winter-Run Chinook Salmon at CVP Jones Pumping 
Plant, Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month Existing Conditions Proposed Action 


Wet Jan 33 33 (-1%) 


Wet Feb 50 51 (2%) 


Wet Mar 93 98 (5%) 


Wet Apr 3 3 (6%) 


Wet May 0 0 (0%) 


Wet Jun 0 0 (0%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 49 49 (0%) 


Above normal Jan N/A (-1%) 


Above normal Feb N/A (2%) 


Above normal Mar N/A (7%) 


Above normal Apr N/A (8%) 
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Water Year Type Month Existing Conditions Proposed Action 


Above normal May N/A (0%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (0%) 


Below normal Jan 107 110 (3%) 


Below normal Feb 159 173 (9%) 


Below normal Mar 224 232 (4%) 


Below normal Apr 35 35 (0%) 


Below normal May 0 0 (0%) 


Below normal Jun 0 0 (0%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 1 1 (-8%) 


Dry Jan 74 76 (3%) 


Dry Feb 72 78 (9%) 


Dry Mar 135 140 (4%) 


Dry Apr 7 7 (0%) 


Dry May 0 0 (0%) 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 17 15 (-8%) 


Critically dry Jan 28 29 (1%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 40 40 (1%) 


Critically dry Apr 4 4 (1%) 


Critically dry May 0 0 (0%) 


Critically dry Jun 0 0 (0%) 
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Water Year Type Month Existing Conditions Proposed Action 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 10 10 (1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions and are intended 
only to compare the proposed action to existing conditions.  
CVP = Central Valley Project; N/A = not applicable. 


Table 5D.2-3. Entrainment Loss of Juvenile Spring-Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month Existing Conditions Proposed Action 


Wet Jan 5 5 (-1%) 


Wet Feb 62 56 (-9%) 


Wet Mar 1,558 1,361 (-13%) 


Wet Apr 14,063 11,527 (-18%) 


Wet May 25,987 24,786 (-5%) 


Wet Jun 2,037 1,941 (-5%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 0 0 (0%) 


Above normal Jan N/A (1%) 


Above normal Feb N/A (-2%) 


Above normal Mar N/A (-7%) 


Above normal Apr N/A (-22%) 


Above normal May N/A (-11%) 


Above normal Jun N/A (-9%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (0%) 
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Water Year Type Month Existing Conditions Proposed Action 


Below normal Jan 0 0 (0%) 


Below normal Feb 0 0 (0%) 


Below normal Mar 571 473 (-17%) 


Below normal Apr 1,624 1,627 (0%) 


Below normal May 1,038 958 (-8%) 


Below normal Jun 23 22 (-5%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 0 0 (0%) 


Dry Jan 0 0 (0%) 


Dry Feb 0 0 (0%) 


Dry Mar 118 110 (-7%) 


Dry Apr 2,182 2,189 (0%) 


Dry May 820 821 (0%) 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 0 0 (0%) 


Critically dry Jan 0 0 (0%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 108 99 (-8%) 


Critically dry Apr 2,111 2,138 (1%) 


Critically dry May 824 801 (-3%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 0 0 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
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which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions and are intended 
only to compare the proposed action to existing conditions.  
N/A = not applicable; SWP = State Water Project. 


Table 5D.2-4. Entrainment Loss of Juvenile Spring-Run Chinook Salmon at CVP Jones Pumping 
Plant, Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month Existing Conditions Proposed Action 


Wet Jan 3 3 (-1%) 


Wet Feb 12 12 (2%) 


Wet Mar 145 152 (5%) 


Wet Apr 1,768 1,867 (6%) 


Wet May 5,914 6,305 (7%) 


Wet Jun 409 429 (5%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 8 8 (0%) 


Above normal Jan N/A (-1%) 


Above normal Feb N/A (2%) 


Above normal Mar N/A (7%) 


Above normal Apr N/A (8%) 


Above normal May N/A (9%) 


Above normal Jun N/A (6%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (0%) 


Below normal Jan 1 1 (3%) 


Below normal Feb 6 6 (9%) 


Below normal Mar 576 598 (4%) 


Below normal Apr 1,687 1,689 (0%) 


Below normal May 1,121 1,115 (-1%) 


Below normal Jun 10 10 (-1%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 
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Water Year Type Month Existing Conditions Proposed Action 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 0 0 (0%) 


Dry Jan 0 0 (0%) 


Dry Feb 0 0 (0%) 


Dry Mar 194 202 (4%) 


Dry Apr 2,063 2,064 (0%) 


Dry May 889 884 (-1%) 


Dry Jun 6 6 (-1%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 0 0 (0%) 


Critically dry Jan 0 0 (0%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 51 52 (1%) 


Critically dry Apr 87 88 (1%) 


Critically dry May 18 18 (-1%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 0 0 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions and are intended 
only to compare the proposed action to existing conditions.  
CVP = Central Valley Project; N/A = not applicable. 


Table 5D.2-5. Entrainment Loss of Juvenile Fall-Run Chinook Salmon at SWP Banks Pumping Plant, 
Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month Existing Conditions Proposed Action 


Wet Jan 1,054 1,043 (-1%) 


Wet Feb 2,765 2,525 (-9%) 


Wet Mar 330 288 (-13%) 
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Water Year Type Month Existing Conditions Proposed Action 


Wet Apr 437 358 (-18%) 


Wet May 9,011 8,595 (-5%) 


Wet Jun 7,958 7,583 (-5%) 


Wet Jul 12 11 (-9%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 63 60 (-4%) 


Above normal Jan N/A (1%) 


Above normal Feb N/A (-2%) 


Above normal Mar N/A (-7%) 


Above normal Apr N/A (-22%) 


Above normal May N/A (-11%) 


Above normal Jun N/A (-9%) 


Above normal Jul N/A (-22%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (-10%) 


Below normal Jan 0 0 (0%) 


Below normal Feb 7 7 (-3%) 


Below normal Mar 72 60 (-17%) 


Below normal Apr 597 598 (0%) 


Below normal May 1,912 1,766 (-8%) 


Below normal Jun 333 317 (-5%) 


Below normal Jul 4 3 (-22%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 6 6 (-4%) 


Dry Jan 0 0 (0%) 


Dry Feb 11 10 (-6%) 


Dry Mar 36 34 (-7%) 


Dry Apr 1,049 1,052 (0%) 


Dry May 2,336 2,339 (0%) 
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Water Year Type Month Existing Conditions Proposed Action 


Dry Jun 35 36 (1%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 485 439 (-10%) 


Critically dry Jan 0 0 (0%) 


Critically dry Feb 11 10 (-6%) 


Critically dry Mar 33 30 (-8%) 


Critically dry Apr 1,014 1,027 (1%) 


Critically dry May 2,349 2,283 (-3%) 


Critically dry Jun 16 15 (-7%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 324 305 (-6%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions and are intended 
only to compare. 
N/A = not applicable; SWP = State Water Project. 


Table 5D.2-6. Entrainment Loss of Juvenile Fall-Run Chinook Salmon at CVP Jones Pumping Plant, 
Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month Existing Conditions Proposed Action 


Wet Jan 662 658 (-1%) 


Wet Feb 648 664 (2%) 


Wet Mar 150 157 (5%) 


Wet Apr 79 84 (6%) 


Wet May 4,750 5,063 (7%) 


Wet Jun 2,805 2,938 (5%) 


Wet Jul 34 34 (1%) 


Wet Aug 2 2 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 1 1 (0%) 







California Department of Water Resources 


 Appendix 5D 
Bay-Delta Methods and Results 


 


Delta Conveyance Project, Biological Assessment 
5D-12 


May 2024 
103653  


 


Water Year Type Month Existing Conditions Proposed Action 


Wet Dec 15 14 (0%) 


Above normal Jan N/A (-1%) 


Above normal Feb N/A (2%) 


Above normal Mar N/A (7%) 


Above normal Apr N/A (8%) 


Above normal May N/A (9%) 


Above normal Jun N/A (6%) 


Above normal Jul N/A (9%) 


Above normal Aug N/A (-5%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (3%) 


Above normal Dec N/A (0%) 


Below normal Jan 7 7 (3%) 


Below normal Feb 16 18 (9%) 


Below normal Mar 119 124 (4%) 


Below normal Apr 737 738 (0%) 


Below normal May 1,831 1,820 (-1%) 


Below normal Jun 173 170 (-1%) 


Below normal Jul 2 2 (-1%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 0 0 (0%) 


Dry Jan 4 4 (3%) 


Dry Feb 5 6 (9%) 


Dry Mar 22 23 (4%) 


Dry Apr 1,784 1,786 (0%) 


Dry May 2,273 2,260 (-1%) 


Dry Jun 40 40 (-1%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 30 28 (-8%) 


Critically dry Jan 0 0 (0%) 
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Water Year Type Month Existing Conditions Proposed Action 


Critically dry Feb 10 11 (2%) 


Critically dry Mar 11 11 (1%) 


Critically dry Apr 86 87 (1%) 


Critically dry May 70 69 (-1%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 0 0 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions and are intended 
only to compare. 
CVP = Central Valley Project; N/A = not applicable. 


Table 5D.2-7. Entrainment Loss of Juvenile Late Fall–Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month Existing Conditions Proposed Action 


Wet Jan 571 565 (-1%) 


Wet Feb 89 82 (-9%) 


Wet Mar 9 7 (-13%) 


Wet Apr 0 0 (0%) 


Wet May 0 0 (0%) 


Wet Jun 0 0 (0%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 692 662 (-4%) 


Above normal Jan N/A (1%) 


Above normal Feb N/A (-2%) 


Above normal Mar N/A (-7%) 


Above normal Apr N/A (0%) 


Above normal May N/A (0%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 
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Water Year Type Month Existing Conditions Proposed Action 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (-10%) 


Below normal Jan 159 159 (0%) 


Below normal Feb 102 98 (-3%) 


Below normal Mar 16 13 (-17%) 


Below normal Apr 0 0 (0%) 


Below normal May 0 0 (0%) 


Below normal Jun 0 0 (0%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 110 105 (-4%) 


Dry Jan 21 19 (-9%) 


Dry Feb 0 0 (0%) 


Dry Mar 0 0 (0%) 


Dry Apr 0 0 (0%) 


Dry May 0 0 (0%) 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 1,033 934 (-10%) 


Critically dry Jan 18 17 (-6%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 0 0 (0%) 


Critically dry Apr 0 0 (0%) 


Critically dry May 0 0 (0%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 
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Water Year Type Month Existing Conditions Proposed Action 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 690 650 (-6%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions and are intended 
only to compare. 
N/A = not applicable; SWP = State Water Project. 


Table 5D.2-8. Entrainment Loss of Juvenile Late Fall–Run Chinook Salmon at CVP Jones Pumping 
Plant, Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month Existing Conditions Proposed Action 


Wet Jan 65 64 (-1%) 


Wet Feb 2 2 (2%) 


Wet Mar 0 0 (0%) 


Wet Apr 0 0 (0%) 


Wet May 0 0 (0%) 


Wet Jun 0 0 (0%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 1 1 (-3%) 


Wet Nov 1 1 (0%) 


Wet Dec 194 194 (0%) 


Above normal Jan N/A (-1%) 


Above normal Feb N/A (2%) 


Above normal Mar N/A (0%) 


Above normal Apr N/A (0%) 


Above normal May N/A (0%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (-2%) 


Above normal Nov N/A (3%) 


Above normal Dec N/A (0%) 


Below normal Jan 50 52 (3%) 


Below normal Feb 8 9 (9%) 


Below normal Mar 2 2 (4%) 
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Water Year Type Month Existing Conditions Proposed Action 


Below normal Apr 1 1 (0%) 


Below normal May 0 0 (0%) 


Below normal Jun 0 0 (0%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 7 6 (-8%) 


Dry Jan 7 7 (3%) 


Dry Feb 0 0 (0%) 


Dry Mar 0 0 (0%) 


Dry Apr 0 0 (0%) 


Dry May 0 0 (0%) 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 87 79 (-8%) 


Critically dry Jan 6 6 (1%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 0 0 (0%) 


Critically dry Apr 0 0 (0%) 


Critically dry May 0 0 (0%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 24 24 (1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions and are intended 
only to compare. 
CVP = Central Valley Project; N/A = not applicable. 
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Table 5D.2-9. Entrainment Loss of Juvenile Steelhead at SWP Banks Pumping Plant, Averaged by 
Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month Existing Conditions Proposed Action 


Wet Jan 270 267 (-1%) 


Wet Feb 2,093 1,911 (-9%) 


Wet Mar 963 841 (-13%) 


Wet Apr 1,177 965 (-18%) 


Wet May 441 421 (-5%) 


Wet Jun 251 239 (-5%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 6 6 (-4%) 


Wet Oct 4 4 (-8%) 


Wet Nov 5 4 (-9%) 


Wet Dec 7 7 (-4%) 


Above normal Jan N/A (1%) 


Above normal Feb N/A (-2%) 


Above normal Mar N/A (-7%) 


Above normal Apr N/A (-22%) 


Above normal May N/A (-11%) 


Above normal Jun N/A (-9%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (-3%) 


Above normal Oct N/A (-2%) 


Above normal Nov N/A (-9%) 


Above normal Dec N/A (-10%) 


Below normal Jan 269 271 (0%) 


Below normal Feb 1,261 1,217 (-3%) 


Below normal Mar 1,203 995 (-17%) 


Below normal Apr 312 312 (0%) 


Below normal May 124 115 (-8%) 


Below normal Jun 68 64 (-5%) 


Below normal Jul 6 5 (-22%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 7 7 (-4%) 
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Water Year Type Month Existing Conditions Proposed Action 


Dry Jan 149 136 (-9%) 


Dry Feb 519 486 (-6%) 


Dry Mar 898 839 (-7%) 


Dry Apr 445 447 (0%) 


Dry May 192 192 (0%) 


Dry Jun 67 67 (1%) 


Dry Jul 20 20 (-2%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 7 6 (-8%) 


Dry Dec 31 28 (-10%) 


Critically dry Jan 131 123 (-6%) 


Critically dry Feb 499 468 (-6%) 


Critically dry Mar 818 749 (-8%) 


Critically dry Apr 431 436 (1%) 


Critically dry May 193 187 (-3%) 


Critically dry Jun 30 28 (-7%) 


Critically dry Jul 5 5 (-5%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 3 3 (-12%) 


Critically dry Dec 21 20 (-6%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions and are intended 
only to compare. 
N/A = not applicable; SWP = State Water Project. 


Table 5D.2-10. Entrainment Loss of Juvenile Steelhead at CVP Jones Pumping Plant, Averaged by 
Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month Existing Conditions Proposed Action 


Wet Jan 44 44 (-1%) 


Wet Feb 137 140 (2%) 


Wet Mar 34 36 (5%) 


Wet Apr 12 13 (6%) 


Wet May 35 37 (7%) 


Wet Jun 31 32 (5%) 
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Water Year Type Month Existing Conditions Proposed Action 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 1 1 (1%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 2 2 (0%) 


Above normal Jan N/A (-1%) 


Above normal Feb N/A (2%) 


Above normal Mar N/A (7%) 


Above normal Apr N/A (8%) 


Above normal May N/A (9%) 


Above normal Jun N/A (6%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (-3%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (0%) 


Below normal Jan 47 48 (3%) 


Below normal Feb 465 506 (9%) 


Below normal Mar 251 261 (4%) 


Below normal Apr 109 110 (0%) 


Below normal May 62 62 (-1%) 


Below normal Jun 10 10 (-1%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 0 0 (0%) 


Dry Jan 30 31 (3%) 


Dry Feb 151 164 (9%) 


Dry Mar 295 306 (4%) 


Dry Apr 111 111 (0%) 


Dry May 71 71 (-1%) 


Dry Jun 12 12 (-1%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 







California Department of Water Resources 


 Appendix 5D 
Bay-Delta Methods and Results 


 


Delta Conveyance Project, Biological Assessment 
5D-20 


May 2024 
103653  


 


Water Year Type Month Existing Conditions Proposed Action 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 7 6 (-8%) 


Critically dry Jan 0 0 (0%) 


Critically dry Feb 80 81 (2%) 


Critically dry Mar 80 81 (1%) 


Critically dry Apr 31 31 (1%) 


Critically dry May 9 9 (-1%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 0 0 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions and are intended 
only to compare. 
Central Valley Project; N/A = not applicable. 


Table 5D.2-11. Salvage of Green Sturgeon at SWP Banks Pumping Plant, Averaged by Water Year 
Type and Month, Based on the Salvage-Density Method 


Water Year Type Month Existing Conditions Proposed Action 


Wet Jan 0 0 (0%) 


Wet Feb 0 0 (0%) 


Wet Mar 1 1 (-13%) 


Wet Apr 0 0 (0%) 


Wet May 0 0 (0%) 


Wet Jun 0 0 (0%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 0 0 (0%) 


Above normal Jan N/A (0%) 


Above normal Feb N/A (0%) 
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Water Year Type Month Existing Conditions Proposed Action 


Above normal Mar N/A (-7%) 


Above normal Apr N/A (0%) 


Above normal May N/A (0%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (0%) 


Below normal Jan 1 1 (0%) 


Below normal Feb 0 0 (0%) 


Below normal Mar 0 0 (0%) 


Below normal Apr 0 0 (0%) 


Below normal May 0 0 (0%) 


Below normal Jun 0 0 (0%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 0 0 (0%) 


Dry Jan 0 0 (0%) 


Dry Feb 0 0 (0%) 


Dry Mar 0 0 (0%) 


Dry Apr 0 0 (0%) 


Dry May 0 0 (0%) 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 0 0 (0%) 


Critically dry Jan 0 0 (0%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 0 0 (0%) 


Critically dry Apr 0 0 (0%) 
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Water Year Type Month Existing Conditions Proposed Action 


Critically dry May 0 0 (0%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 0 0 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions and are intended 
only to compare. 
N/A = not applicable; SWP = State Water Project. 


Table 5D.2-12. Salvage of Green Sturgeon at CVP Jones Pumping Plant, Averaged by Water Year 
Type and Month, Based on the Salvage-Density Method 


Water Year Type Month Existing Conditions Proposed Action 


Wet Jan 0 0 (0%) 


Wet Feb 0 0 (0%) 


Wet Mar 0 0 (0%) 


Wet Apr 0 0 (0%) 


Wet May 0 0 (0%) 


Wet Jun 7 7 (5%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 0 0 (0%) 


Above normal Jan N/A (0%) 


Above normal Feb N/A (0%) 


Above normal Mar N/A (0%) 


Above normal Apr N/A (0%) 


Above normal May N/A (0%) 


Above normal Jun N/A (6%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 
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Water Year Type Month Existing Conditions Proposed Action 


Above normal Nov N/A (0%) 


Above normal Dec N/A (0%) 


Below normal Jan 0 0 (0%) 


Below normal Feb 0 0 (0%) 


Below normal Mar 0 0 (0%) 


Below normal Apr 0 0 (0%) 


Below normal May 0 0 (0%) 


Below normal Jun 0 0 (0%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 0 0 (0%) 


Dry Jan 0 0 (0%) 


Dry Feb 0 0 (0%) 


Dry Mar 0 0 (0%) 


Dry Apr 0 0 (0%) 


Dry May 0 0 (0%) 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 0 0 (0%) 


Critically dry Jan 0 0 (0%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 0 0 (0%) 


Critically dry Apr 0 0 (0%) 


Critically dry May 0 0 (0%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 0 0 (0%) 
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Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions and are intended 
only to compare. 
CVP = Central Valley Project; N/A = not applicable. 


5D.3 Juvenile Winter-Run Chinook Salmon Salvage 
Based on Zeug and Cavallo (2014) 


5D.3.1 Methods 


An analysis to evaluate differences in salvage at the south Delta export facilities between the 


modeled scenarios was done following the statistical models of salvage of marked (coded wire tags) 


hatchery-reared Chinook salmon published by Zeug and Cavallo (2014). This analysis focused on 


winter-run Chinook salmon; spring-run Chinook salmon were not included because very few 


marked individuals were salvaged, and the statistical models could not be fit successfully (Zeug and 


Cavallo 2014). The model was based on marked fish released in 1994–2007 during Freeport flows of 


14,600–68,700 cubic feet per second (cfs). Several modifications to the methods of Zeug and Cavallo 


(2014) were employed to focus on relevant model predictors. First, statistical models of the 


empirical data were constructed using only releases of winter-run Chinook salmon raised at the 


Livingston Stone Hatchery. Second, salvage at the south Delta export facilities from both the State 


Water Project (SWP) and Central Valley Project (CVP) facilities was modeled. Some variables were 


excluded from the statistical models because they were not significant in the original analysis, or 


they were not relevant in this context. For example, the original analysis used the variable “distance 


of release from the facilities.” However, winter-run Chinook salmon were only released from a single 


location, making this predictor irrelevant. Finally, to determine which hydrologic variables were the 


best predictors of salvage, a model selection exercise was performed using the original data from 


Zeug and Cavallo (2014). The model selection exercise included five potential hydrologic predictor 


variables including: Old and Middle River flows, inflow-export ratio (I-E), total south Delta exports, 


San Joaquin River flow, Sacramento River flow, and one biological variable (mean fork length at 


release). Most of these variables were strongly correlated so models were constructed only with 


variables that had correlation coefficients <|0.70|. One million individuals were used as the total 


release size (offset variable) for each candidate model with standardized predictors for both the 


count and zero-inflation portion of the models. To select the best approximating model, Akaike’s 


Information Criterion (AIC) was calculated for each model. The model with the lowest AIC value was 


identified as the best approximating model. The AIC value of all other models was subtracted from 


the value of the best approximating model to calculate the ΔAIC. Any model that had a ΔAIC value 


≤2.0 was considered a competing model with the best approximating model.  


A single best model of salvage was selected with no other model having a ΔAIC <2.8. This model had 


three predictor variables for the count model and zero inflation models including mean fork length 


of fish at release, Sacramento River flow, and total exports. The final count model indicated that non-


zero salvage was greater when fish were released at a larger size (coefficient = 0.709, P <0.001), 


flow in the Sacramento River was higher (coefficient = 0.155, P = 0.707), and exports were higher 


(coefficient = 0.350, P = 0.006). For the zero-inflation model, coefficients indicated zero salvage was 


more likely when fish were released at a smaller size (coefficient = -0.776, P <0.001), Sacramento 
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River flow was higher (coefficient = 0.610, P = 0.140), and exports were lower (coefficient = -0.957, 


P <0.001). 


To predict salvage under the modeled scenarios, daily flow and export data from the 1922–2015 


Delta Simulation Model II (DSM2) output was aggregated into 7-day running means and 


standardized to the same scale as the empirical data. This was done to mimic the way data were 


aggregated in the original publication (7-day means) and the winter-run specific models described 


above. A 7-day mean was used because an acoustic tagging study revealed that was the approximate 


mean time Chinook salmon smolts spent transiting through the Delta (Zeug and Cavallo 2014). The 


total number of fish entering the Delta in a season was then multiplied by the daily entry proportion 


defined by the same distribution used in the Delta Passage Model. The log-transformed product of 


this calculation was used as the offset on each day. The distribution did not weight the result but 


simply distributed the fish over time. 


The values described above (DSM2 data, offset, fish fork length) are used as inputs in the Zero-


Inflated Negative Binomial model to predict the mean salvage for each day. The size of fish entering 


the Delta was set as the midpoint size on the 15th of each month using the Delta length-at-date 


model. After January, the midpoint value was higher than the observed sizes at release and the 


model was set to the maximum observed fork length from February–June (95 millimeters [mm]). 


However, it should be noted that the statistical model uses size at release in the Sacramento River 


near Redding, CA, and fish are assumed to grow between release and the salvage facilities. The mean 


daily salvage values were then summarized by month and reported as the proportion of total annual 


salvage observed in each month. Additionally, the annual predicted value of salvage in each of the 


water years was plotted for the modeled scenarios. 


5D.3.2 Results 


Tabulated results are presented here and are discussed in Appendix 5C, with graphical summaries 


in Figure 5D.3-1 through Figure 5D.3-7 below. 


Note: Alt_5 in the figures is equivalent to the proposed action.  
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Figure 5D.3-1. Time Series of Proportional Juvenile Winter-Run Chinook Salmon Salvage for the 
Analysis Based on Zeug and Cavallo (2014) 


 


Figure 5D.3-2. Box Plot of Proportional Juvenile Winter-Run Chinook Salmon Salvage by Water 
Year Type and Month for the Analysis Based on Zeug and Cavallo (2014) 
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Figure 5D.3-3. Box Plot of Proportional Juvenile Winter-Run Chinook Salmon Salvage by Month in Wet 
Water Years for the Analysis Based on Zeug and Cavallo (2014) 


 


Figure 5D.3-4. Box Plot of Proportional Juvenile Winter-Run Chinook Salmon Salvage by Month in 
Above Normal Water Years for the Analysis Based on Zeug and Cavallo (2014) 
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Figure 5D.3-5. Box Plot of Proportional Juvenile Winter-Run Chinook Salmon Salvage by Month in 
Below Normal Water Years for the Analysis Based on Zeug and Cavallo (2014) 


 


Figure 5D.3-6. Box Plot of Proportional Juvenile Winter-Run Chinook Salmon Salvage by Month in Dry 
Water Years for the Analysis Based on Zeug and Cavallo (2014) 
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Figure 5D.3-7. Box Plot of Proportional Juvenile Winter-Run Chinook Salmon Salvage by Month in 
Critically Dry Water Years for the Analysis Based on Zeug and Cavallo (2014) 


5D.4 Hydrodynamic Effects Based on DSM2-HYDRO 
Data 


5D.4.1 Velocity 


5D.4.1.1 Methods 


In order to assess the potential for water project operations to influence survival and routing, Delta 


hydrodynamic conditions were analyzed by creating maps from DSM2-HYDRO modeling. The maps 


are based on a comparative metric, proportion overlap (more below), to capture channel-level 


hydrodynamic details as a single number for color-scale mapping of Delta channels.  


The objective of the comparative metric is to summarize the water velocity time series for each 


channel and scenario such the channel-level comparison is captured in a single number. For the 


proportion overlap metric, kernel density estimates are calculated on each time series. The kernel 


density estimates represent a non-parametric smoothing of the empirical distribution of time series 


values. The proportion overlap of two kernel density estimates is calculated with the following 


steps: (1) calculate the total area under the curve (AUCt) as the sum of the AUC for each density 


estimate, (2) calculate the AUC of the overlapping portions (AUCo) of the two density distributions 


being compared, and (3) calculate the overlapping proportion of the density distributions as 


AUCo/AUCt. Proportion overlap is naturally bound by zero and one; a value of zero indicates no 


overlap and a value of one indicates complete overlap. Lower values of proportion overlap identify 


channels demonstrating larger differences in a scenario comparison. 
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The proportion overlap metric is best applied over relatively short time periods because seasonal 


and annual variation in water velocity can overwhelm differences between scenarios. Thus, the 


proportion overlap for every DSM2 channel for each month in each water year (1922–2015) was 


calculated. The proportion overlap was calculated based on hourly DSM2 output. Because each 


month was roughly 30 days, each comparison involved roughly 1,440 DSM2 values (2 scenarios ⨯ 


24 hours ⨯ 30 days) for each channel. 


Because the proportion overlap was calculated for each channel in each water year, the proportion 


overlap values were summarized prior to mapping (i.e., it was not feasible to map proportion 


overlap for every comparison in every water year). To summarize, the minimum proportion overlap 


for each channel for each water year type for each comparison was found. The minimum values 


represent the maximum expected effect of the alternatives. Note that the year with the minimum 


proportion overlap for one channel might not be the same year as for another channel. 


5D.4.1.2 Results 


Results of the analysis are presented in Figure 5D.4-1 through Figure 5D.4-24 and are discussed in 


Appendix 5C. 


 


Note: DCC = Delta Cross Channel; GS = Georgiana Slough; NDD B = North Delta Diversion Intake B; NDD C = North 


Delta Diversion Intake C. 


Figure 5D.4-1. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta 
between Existing Conditions and the Proposed Action, September 
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Note: DCC = Delta Cross Channel; GS = Georgiana Slough; NDD B = North Delta Diversion Intake B; NDD C = North 


Delta Diversion Intake C. 


Figure 5D.4-2. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta 
between Existing Conditions and Proposed Action, October 


 
Note: DCC = Delta Cross Channel; GS = Georgiana Slough; NDD B = North Delta Diversion Intake B; NDD C = North 


Delta Diversion Intake C. 


Figure 5D.4-3. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta 
between Existing Conditions and the Proposed Action, November 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant. 


Figure 5D.4-4. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta 
between Existing Conditions and the Proposed Action, September 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant. 


Figure 5D.4-5. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta 
between Existing Conditions and the Proposed Action, October 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant. 


Figure 5D.4-6. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta 
between Existing Conditions and the Proposed Action, November 


 
Note: DCC = Delta Cross Channel; GS = Georgiana Slough; NDD B = North Delta Diversion Intake B; NDD C = North 


Delta Diversion Intake C. 


Figure 5D.4-7. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta 
between Existing Conditions and the Proposed Action, December 
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Note: DCC = Delta Cross Channel; GS = Georgiana Slough; NDD B = North Delta Diversion Intake B; NDD C = North 


Delta Diversion Intake C. 


Figure 5D.4-8. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta 
between Existing Conditions and the Proposed Action, January 


 
Note: DCC = Delta Cross Channel; GS = Georgiana Slough; NDD B = North Delta Diversion Intake B; NDD C = North 


Delta Diversion Intake C. 


Figure 5D.4-9. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta 
between Existing Conditions and the Proposed Action, February 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant. 


Figure 5D.4-10. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta 
between Existing Conditions and the Proposed Action, December 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant. 


Figure 5D.4-11. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta 
between Existing Conditions and the Proposed Action, January 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant. 


Figure 5D.4-12. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta 
between Existing Conditions and the Proposed Action, February 


 
Note: DCC = Delta Cross Channel; GS = Georgiana Slough; NDD B = North Delta Diversion Intake B; NDD C = North 


Delta Diversion Intake C. 


Figure 5D.4-13. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta 
between Existing Conditions and the Proposed Action, March 
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Note: DCC = Delta Cross Channel; GS = Georgiana Slough; NDD B = North Delta Diversion Intake B; NDD C = North 


Delta Diversion Intake C. 


Figure 5D.4-14. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta 
between Existing Conditions and the Proposed Action, April 


 
Note: DCC = Delta Cross Channel; GS = Georgiana Slough; NDD B = North Delta Diversion Intake B; NDD C = North 


Delta Diversion Intake C. 


Figure 5D.4-15. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta 
between Existing Conditions and the Proposed Action, May 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant. 


Figure 5D.4-16. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta 
between Existing Conditions and the Proposed Action, March 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant. 


Figure 5D.4-17. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta 
between Existing Conditions and the Proposed Action, April 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant. 


Figure 5D.4-18. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta 
between Existing Conditions and the Proposed Action, May 


 
Note: DCC = Delta Cross Channel; GS = Georgiana Slough; NDD B = North Delta Diversion Intake B; NDD C = North 


Delta Diversion Intake C. 


Figure 5D.4-19. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta 
between Existing Conditions and the Proposed Action, June 
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Note: = Delta Cross Channel; GS = Georgiana Slough; NDD B = North Delta Diversion Intake B; NDD C = North Delta 


Diversion Intake C. 


Figure 5D.4-20. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta 
between Existing Conditions and the Proposed Action, July 


 
Note: DCC = Delta Cross Channel; GS = Georgiana Slough; NDD B = North Delta Diversion Intake B; NDD C = North 


Delta Diversion Intake C. 


Figure 5D.4-21. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta 
between Existing Conditions and the Proposed Action, August 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant. 


Figure 5D.4-22. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta 
between Existing Conditions and the Proposed Action, June 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant. 


Figure 5D.4-23. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta 
between Existing Conditions and the Proposed Action, July 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant. 


Figure 5D.4-24. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta 
between Existing Conditions and the Proposed Action, August  


5D.4.2 Flow into Junctions 


5D.4.2.1 Methods 


Many routes can potentially be used by fish migrating through the Delta and survival through these 


routes can be significantly different (Newman 2008; Perry et al. 2010). Thus, routing of fish at 


junctions and how routing could be affected by project operations has the potential to influence 


through-Delta survival. In general, routes that keep fish in the mainstem Sacramento and San 


Joaquin Rivers are superior to routes leading into the interior Delta (Hankin et al. 2010; Perry et al. 


2010), although some recent findings for the San Joaquin River have not supported this generality 


(Buchanan et al. 2013). Perry (2010) found that the routing of fish into the interior delta through the 


combined junction of Georgiana Slough and the Delta Cross Channel was a function of the total flow 


entering the interior delta through both of those junctions. This is the function represented in Figure 


6.7 within Perry (2010). This function indicated that the slope of the relationship was less than 1. 


Cavallo et al. (2015) performed a meta-analysis of routing at six Delta junctions and found that the 


proportion of flow entering a junction explained 70% of the variation in routing. Similar to the Perry 


(2010) study, the slope of this relationship was less than 1, suggesting fish move into junctions at a 


rate less than the proportion of flow. Both of these studies present strong evidence that routing at 


junctions is a function of the proportion of flow into that junction. 


For the present analysis, flow routing into junctions was based on the proportion of flow entering a 


junction away from the mainstem, from DSM2-HYDRO outputs. Fifteen-minute data were used to 


calculate the daily proportion of flow that enters the junction, following the methods of Cavallo et al. 
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(2015). The daily value calculated from the 15-minute data was used to calculate summary statistics 


(box plots) for each month (December–June) and water year-type by modeled scenario. 


Flow into a number of junctions of interest with respect to movement in the north Delta and toward 


the south Delta was analyzed: Sutter Slough, Steamboat Slough, the Delta Cross Channel, Georgiana 


Slough, the head of Old River, Turner Cut, Columbia Cut, the mouth of Middle River, the mouth of Old 


River, Fisherman's Cut, False River, and Jersey Point (Figure 5D.4-25). 


The combined evidence from the literature strongly indicates routing is a function of flow. Thus, it 


can be assumed routing of fish into a junction will increase as the proportion of flow entering the 


junction increases. However, the slope of the relationship will be less than 1 based on the available 


studies (Perry 2010; Cavallo et al. 2015). 


 
Source: Cavallo et al. 2015.  


Note: Junction abbreviations include Sutter Slough (SUS), Steamboat Slough (STS), Georgiana Slough (GEO), the head 


of Old River (HOR), Turner Cut (TRN), Columbia Cut (COL), the mouth of Middle River (MRV), the mouth of Old River 


(ORV), Fisherman's Cut (FMN), False River (FRV), and Jersey Point (JPT). Also analyzed but not shown on the map 


was the Delta Cross Channel, immediately adjacent to GEO. 







California Department of Water Resources 


 Appendix 5D 
Bay-Delta Methods and Results 


 


Delta Conveyance Project, Biological Assessment 
5D-44 


May 2024 
103653  


 


Figure 5D.4-25. Map of Junctions Analyzed for Flow Entry Based on DSM2-HYDRO Outputs 


5D.4.2.2 Results 


Results of the analysis are presented in Figure 5D.4-26 through Figure 5D.4-37 and in Table 5D.4-1, 


and are discussed in Appendix 5C and Appendix 6C, Operations and Maintenance Effects Analysis for 


Delta Smelt, Longfin Smelt, and Terrestrial Species. 


Note: Alt 5 is in the figures is equivalent to the proposed action. 
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Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside this range. 


Figure 5D.4-26. Proportion of Flow Entering Sutter Slough from DSM2-HYDRO Modeling Data 
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Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside this range. 


Figure 5D.4-27. Proportion of Flow Entering Steamboat Slough from DSM2-HYDRO Modeling Data 
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Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside this range. 


Figure 5D.4-28. Proportion of Flow Entering the Delta Cross Channel from DSM2-HYDRO Modeling Data 
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Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside this range. 


Figure 5D.4-29. Proportion of Flow Entering Georgiana Slough from DSM2-HYDRO Modeling Data 
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Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside this range. 


Figure 5D.4-30. Proportion of Flow Entering Head of Old River from DSM2-HYDRO Modeling Data 
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Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside this range. 


Figure 5D.4-31. Proportion of Flow Entering Turner Cut from DSM2-HYDRO Modeling Data 
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Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside this range. 


Figure 5D.4-32. Proportion of Flow Entering Columbia Cut from DSM2-HYDRO Modeling Data 
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Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside this range. 


Figure 5D.4-33. Proportion of Flow Entering the Mouth of Middle River from DSM2-HYDRO Modeling Data 
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Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside this range. 


Figure 5D.4-34. Proportion of Flow Entering the Mouth of Old River from DSM2-HYDRO Modeling Data 
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Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside this range. 


Figure 5D.4-35. Proportion of Flow Entering Fisherman’s Cut from DSM2-HYDRO Modeling Data 
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Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside this range. 


Figure 5D.4-36. Proportion of Flow Entering False River from DSM2-HYDRO Modeling Data 
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Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside this range. 


Figure 5D.4-37. Proportion of Flow Entering Jersey Point from DSM2-HYDRO Modeling Data
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Table 5D.4-1. Mean Daily Proportion of Flow Entering Delta Junctions by Month and Water Year 
Type. 


Junction Month Water Year Type Existing Conditions Proposed Action 


Columbia Cut Nov Wet 0.135 0.134 (-1%) 


Columbia Cut Nov Above normal 0.130 0.128 (-1%) 


Columbia Cut Nov Below normal 0.130 0.129 (-1%) 


Columbia Cut Nov Dry 0.127 0.126 (-1%) 


Columbia Cut Nov Critical 0.120 0.120 (-1%) 


Columbia Cut Dec Wet 0.132 0.132 (0%) 


Columbia Cut Dec Above normal 0.128 0.127 (-1%) 


Columbia Cut Dec Below normal 0.126 0.126 (0%) 


Columbia Cut Dec Dry 0.125 0.123 (-1%) 


Columbia Cut Dec Critical 0.121 0.121 (0%) 


Columbia Cut Jan Wet 0.130 0.130 (0%) 


Columbia Cut Jan Above normal 0.128 0.128 (0%) 


Columbia Cut Jan Below normal 0.123 0.123 (0%) 


Columbia Cut Jan Dry 0.122 0.121 (0%) 


Columbia Cut Jan Critical 0.121 0.120 (0%) 


Columbia Cut Feb Wet 0.136 0.135 (-1%) 


Columbia Cut Feb Above normal 0.131 0.131 (0%) 


Columbia Cut Feb Below normal 0.131 0.131 (0%) 


Columbia Cut Feb Dry 0.123 0.122 (0%) 


Columbia Cut Feb Critical 0.120 0.120 (0%) 


Columbia Cut Mar Wet 0.129 0.128 (-1%) 


Columbia Cut Mar Above normal 0.128 0.128 (0%) 


Columbia Cut Mar Below normal 0.123 0.123 (0%) 


Columbia Cut Mar Dry 0.119 0.119 (0%) 


Columbia Cut Mar Critical 0.117 0.117 (0%) 


Columbia Cut Apr Wet 0.129 0.128 (-1%) 


Columbia Cut Apr Above normal 0.121 0.121 (0%) 


Columbia Cut Apr Below normal 0.119 0.119 (0%) 


Columbia Cut Apr Dry 0.115 0.115 (0%) 


Columbia Cut Apr Critical 0.111 0.111 (0%) 


Columbia Cut May Wet 0.129 0.130 (0%) 


Columbia Cut May Above normal 0.123 0.123 (0%) 


Columbia Cut May Below normal 0.119 0.120 (1%) 


Columbia Cut May Dry 0.117 0.117 (0%) 


Columbia Cut May Critical 0.111 0.111 (0%) 


Columbia Cut Jun Wet 0.132 0.132 (0%) 
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Junction Month Water Year Type Existing Conditions Proposed Action 


Columbia Cut Jun Above normal 0.128 0.129 (0%) 


Columbia Cut Jun Below normal 0.127 0.127 (0%) 


Columbia Cut Jun Dry 0.124 0.124 (0%) 


Columbia Cut Jun Critical 0.113 0.114 (1%) 


Delta Cross Channel Nov Wet 0.195 0.170 (-13%) 


Delta Cross Channel Nov Above normal 0.140 0.100 (-28%) 


Delta Cross Channel Nov Below normal 0.262 0.238 (-9%) 


Delta Cross Channel Nov Dry 0.229 0.183 (-20%) 


Delta Cross Channel Nov Critical 0.200 0.162 (-19%) 


Delta Cross Channel Dec Wet 0.024 0.024 (0%) 


Delta Cross Channel Dec Above normal 0.100 0.101 (2%) 


Delta Cross Channel Dec Below normal 0.133 0.135 (1%) 


Delta Cross Channel Dec Dry 0.129 0.127 (-2%) 


Delta Cross Channel Dec Critical 0.171 0.168 (-2%) 


Delta Cross Channel Jan Wet 0.000 0.000 (0%) 


Delta Cross Channel Jan Above normal 0.000 0.000 (0%) 


Delta Cross Channel Jan Below normal 0.000 0.000 (0%) 


Delta Cross Channel Jan Dry 0.000 0.000 (0%) 


Delta Cross Channel Jan Critical 0.000 0.000 (0%) 


Delta Cross Channel Feb Wet 0.000 0.000 (0%) 


Delta Cross Channel Feb Above normal 0.000 0.000 (0%) 


Delta Cross Channel Feb Below normal 0.000 0.000 (0%) 


Delta Cross Channel Feb Dry 0.000 0.000 (0%) 


Delta Cross Channel Feb Critical 0.000 0.000 (0%) 


Delta Cross Channel Mar Wet 0.000 0.000 (0%) 


Delta Cross Channel Mar Above normal 0.000 0.000 (0%) 


Delta Cross Channel Mar Below normal 0.000 0.000 (0%) 


Delta Cross Channel Mar Dry 0.000 0.000 (0%) 


Delta Cross Channel Mar Critical 0.000 0.000 (0%) 


Delta Cross Channel Apr Wet 0.000 0.000 (0%) 


Delta Cross Channel Apr Above normal 0.000 0.000 (0%) 


Delta Cross Channel Apr Below normal 0.000 0.000 (0%) 


Delta Cross Channel Apr Dry 0.000 0.000 (0%) 


Delta Cross Channel Apr Critical 0.000 0.000 (0%) 


Delta Cross Channel May Wet 0.000 0.000 (0%) 


Delta Cross Channel May Above normal 0.000 0.000 (0%) 


Delta Cross Channel May Below normal 0.000 0.000 (0%) 


Delta Cross Channel May Dry 0.000 0.000 (0%) 
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Junction Month Water Year Type Existing Conditions Proposed Action 


Delta Cross Channel May Critical 0.000 0.000 (0%) 


Delta Cross Channel Jun Wet 0.198 0.249 (26%) 


Delta Cross Channel Jun Above normal 0.309 0.337 (9%) 


Delta Cross Channel Jun Below normal 0.373 0.374 (0%) 


Delta Cross Channel Jun Dry 0.384 0.384 (0%) 


Delta Cross Channel Jun Critical 0.358 0.359 (0%) 


Fisherman's Cut Nov Wet 0.014 0.014 (-3%) 


Fisherman's Cut Nov Above normal 0.013 0.013 (-1%) 


Fisherman's Cut Nov Below normal 0.013 0.013 (0%) 


Fisherman's Cut Nov Dry 0.013 0.013 (0%) 


Fisherman's Cut Nov Critical 0.012 0.012 (0%) 


Fisherman's Cut Dec Wet 0.016 0.016 (-3%) 


Fisherman's Cut Dec Above normal 0.014 0.014 (-1%) 


Fisherman's Cut Dec Below normal 0.013 0.013 (2%) 


Fisherman's Cut Dec Dry 0.013 0.013 (-1%) 


Fisherman's Cut Dec Critical 0.013 0.013 (-1%) 


Fisherman's Cut Jan Wet 0.020 0.020 (-1%) 


Fisherman's Cut Jan Above normal 0.016 0.016 (-5%) 


Fisherman's Cut Jan Below normal 0.015 0.014 (-2%) 


Fisherman's Cut Jan Dry 0.014 0.014 (0%) 


Fisherman's Cut Jan Critical 0.013 0.014 (2%) 


Fisherman's Cut Feb Wet 0.022 0.022 (-2%) 


Fisherman's Cut Feb Above normal 0.018 0.017 (-3%) 


Fisherman's Cut Feb Below normal 0.015 0.016 (2%) 


Fisherman's Cut Feb Dry 0.014 0.014 (-1%) 


Fisherman's Cut Feb Critical 0.013 0.013 (-1%) 


Fisherman's Cut Mar Wet 0.019 0.019 (1%) 


Fisherman's Cut Mar Above normal 0.017 0.017 (-2%) 


Fisherman's Cut Mar Below normal 0.014 0.014 (-4%) 


Fisherman's Cut Mar Dry 0.014 0.014 (-3%) 


Fisherman's Cut Mar Critical 0.013 0.013 (0%) 


Fisherman's Cut Apr Wet 0.016 0.016 (-1%) 


Fisherman's Cut Apr Above normal 0.014 0.014 (1%) 


Fisherman's Cut Apr Below normal 0.014 0.014 (2%) 


Fisherman's Cut Apr Dry 0.013 0.013 (-1%) 


Fisherman's Cut Apr Critical 0.013 0.013 (0%) 


Fisherman's Cut May Wet 0.015 0.015 (1%) 


Fisherman's Cut May Above normal 0.014 0.014 (1%) 
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Junction Month Water Year Type Existing Conditions Proposed Action 


Fisherman's Cut May Below normal 0.013 0.013 (-1%) 


Fisherman's Cut May Dry 0.013 0.013 (-1%) 


Fisherman's Cut May Critical 0.013 0.013 (0%) 


Fisherman's Cut Jun Wet 0.014 0.014 (0%) 


Fisherman's Cut Jun Above normal 0.014 0.014 (1%) 


Fisherman's Cut Jun Below normal 0.013 0.013 (0%) 


Fisherman's Cut Jun Dry 0.013 0.013 (-1%) 


Fisherman's Cut Jun Critical 0.013 0.013 (0%) 


False River Nov Wet 0.185 0.185 (0%) 


False River Nov Above normal 0.184 0.184 (0%) 


False River Nov Below normal 0.185 0.185 (0%) 


False River Nov Dry 0.184 0.184 (0%) 


False River Nov Critical 0.183 0.183 (0%) 


False River Dec Wet 0.183 0.183 (0%) 


False River Dec Above normal 0.185 0.184 (0%) 


False River Dec Below normal 0.185 0.185 (0%) 


False River Dec Dry 0.185 0.185 (0%) 


False River Dec Critical 0.184 0.184 (0%) 


False River Jan Wet 0.178 0.179 (0%) 


False River Jan Above normal 0.182 0.182 (0%) 


False River Jan Below normal 0.184 0.184 (0%) 


False River Jan Dry 0.184 0.184 (0%) 


False River Jan Critical 0.184 0.184 (0%) 


False River Feb Wet 0.178 0.178 (0%) 


False River Feb Above normal 0.181 0.181 (0%) 


False River Feb Below normal 0.183 0.183 (0%) 


False River Feb Dry 0.183 0.183 (0%) 


False River Feb Critical 0.182 0.182 (0%) 


False River Mar Wet 0.177 0.176 (0%) 


False River Mar Above normal 0.180 0.180 (0%) 


False River Mar Below normal 0.182 0.182 (0%) 


False River Mar Dry 0.182 0.182 (0%) 


False River Mar Critical 0.181 0.181 (0%) 


False River Apr Wet 0.177 0.177 (0%) 


False River Apr Above normal 0.179 0.179 (0%) 


False River Apr Below normal 0.180 0.180 (0%) 


False River Apr Dry 0.181 0.181 (0%) 


False River Apr Critical 0.181 0.181 (0%) 
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Junction Month Water Year Type Existing Conditions Proposed Action 


False River May Wet 0.179 0.179 (0%) 


False River May Above normal 0.180 0.181 (0%) 


False River May Below normal 0.182 0.182 (0%) 


False River May Dry 0.182 0.182 (0%) 


False River May Critical 0.182 0.182 (0%) 


False River Jun Wet 0.182 0.181 (0%) 


False River Jun Above normal 0.183 0.183 (0%) 


False River Jun Below normal 0.184 0.184 (0%) 


False River Jun Dry 0.184 0.184 (0%) 


False River Jun Critical 0.182 0.182 (0%) 


Georgiana Slough Nov Wet 0.389 0.390 (0%) 


Georgiana Slough Nov Above normal 0.381 0.386 (1%) 


Georgiana Slough Nov Below normal 0.410 0.409 (0%) 


Georgiana Slough Nov Dry 0.392 0.395 (1%) 


Georgiana Slough Nov Critical 0.389 0.390 (0%) 


Georgiana Slough Dec Wet 0.319 0.326 (2%) 


Georgiana Slough Dec Above normal 0.389 0.391 (1%) 


Georgiana Slough Dec Below normal 0.390 0.390 (0%) 


Georgiana Slough Dec Dry 0.402 0.401 (0%) 


Georgiana Slough Dec Critical 0.410 0.410 (0%) 


Georgiana Slough Jan Wet 0.297 0.301 (1%) 


Georgiana Slough Jan Above normal 0.318 0.325 (2%) 


Georgiana Slough Jan Below normal 0.353 0.364 (3%) 


Georgiana Slough Jan Dry 0.399 0.408 (2%) 


Georgiana Slough Jan Critical 0.417 0.425 (2%) 


Georgiana Slough Feb Wet 0.286 0.288 (1%) 


Georgiana Slough Feb Above normal 0.295 0.303 (3%) 


Georgiana Slough Feb Below normal 0.320 0.325 (2%) 


Georgiana Slough Feb Dry 0.356 0.366 (3%) 


Georgiana Slough Feb Critical 0.402 0.406 (1%) 


Georgiana Slough Mar Wet 0.290 0.295 (2%) 


Georgiana Slough Mar Above normal 0.288 0.295 (2%) 


Georgiana Slough Mar Below normal 0.326 0.350 (7%) 


Georgiana Slough Mar Dry 0.357 0.373 (4%) 


Georgiana Slough Mar Critical 0.425 0.428 (1%) 


Georgiana Slough Apr Wet 0.305 0.307 (1%) 


Georgiana Slough Apr Above normal 0.326 0.329 (1%) 


Georgiana Slough Apr Below normal 0.380 0.382 (0%) 
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Junction Month Water Year Type Existing Conditions Proposed Action 


Georgiana Slough Apr Dry 0.427 0.427 (0%) 


Georgiana Slough Apr Critical 0.452 0.452 (0%) 


Georgiana Slough May Wet 0.311 0.315 (2%) 


Georgiana Slough May Above normal 0.342 0.348 (2%) 


Georgiana Slough May Below normal 0.389 0.394 (2%) 


Georgiana Slough May Dry 0.434 0.434 (0%) 


Georgiana Slough May Critical 0.425 0.423 (0%) 


Georgiana Slough Jun Wet 0.360 0.381 (6%) 


Georgiana Slough Jun Above normal 0.398 0.409 (3%) 


Georgiana Slough Jun Below normal 0.422 0.425 (0%) 


Georgiana Slough Jun Dry 0.423 0.422 (0%) 


Georgiana Slough Jun Critical 0.365 0.367 (1%) 


Head of Old River Nov Wet 0.568 0.561 (-1%) 


Head of Old River Nov Above normal 0.548 0.542 (-1%) 


Head of Old River Nov Below normal 0.551 0.545 (-1%) 


Head of Old River Nov Dry 0.537 0.529 (-1%) 


Head of Old River Nov Critical 0.497 0.495 (0%) 


Head of Old River Dec Wet 0.657 0.656 (0%) 


Head of Old River Dec Above normal 0.665 0.658 (-1%) 


Head of Old River Dec Below normal 0.668 0.667 (0%) 


Head of Old River Dec Dry 0.677 0.667 (-2%) 


Head of Old River Dec Critical 0.612 0.611 (0%) 


Head of Old River Jan Wet 0.610 0.610 (0%) 


Head of Old River Jan Above normal 0.638 0.638 (0%) 


Head of Old River Jan Below normal 0.651 0.651 (0%) 


Head of Old River Jan Dry 0.675 0.672 (0%) 


Head of Old River Jan Critical 0.657 0.654 (0%) 


Head of Old River Feb Wet 0.587 0.586 (0%) 


Head of Old River Feb Above normal 0.627 0.627 (0%) 


Head of Old River Feb Below normal 0.622 0.621 (0%) 


Head of Old River Feb Dry 0.671 0.669 (0%) 


Head of Old River Feb Critical 0.662 0.659 (0%) 


Head of Old River Mar Wet 0.570 0.570 (0%) 


Head of Old River Mar Above normal 0.595 0.593 (0%) 


Head of Old River Mar Below normal 0.620 0.616 (-1%) 


Head of Old River Mar Dry 0.657 0.654 (0%) 


Head of Old River Mar Critical 0.647 0.647 (0%) 


Head of Old River Apr Wet 0.556 0.555 (0%) 
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Junction Month Water Year Type Existing Conditions Proposed Action 


Head of Old River Apr Above normal 0.567 0.566 (0%) 


Head of Old River Apr Below normal 0.586 0.586 (0%) 


Head of Old River Apr Dry 0.625 0.625 (0%) 


Head of Old River Apr Critical 0.622 0.623 (0%) 


Head of Old River May Wet 0.560 0.561 (0%) 


Head of Old River May Above normal 0.571 0.571 (0%) 


Head of Old River May Below normal 0.587 0.588 (0%) 


Head of Old River May Dry 0.620 0.619 (0%) 


Head of Old River May Critical 0.632 0.631 (0%) 


Head of Old River Jun Wet 0.532 0.531 (0%) 


Head of Old River Jun Above normal 0.532 0.532 (0%) 


Head of Old River Jun Below normal 0.530 0.530 (0%) 


Head of Old River Jun Dry 0.512 0.511 (0%) 


Head of Old River Jun Critical 0.398 0.403 (1%) 


Jersey Point Nov Wet 0.071 0.071 (0%) 


Jersey Point Nov Above normal 0.071 0.071 (0%) 


Jersey Point Nov Below normal 0.071 0.071 (0%) 


Jersey Point Nov Dry 0.071 0.071 (0%) 


Jersey Point Nov Critical 0.070 0.070 (0%) 


Jersey Point Dec Wet 0.072 0.072 (0%) 


Jersey Point Dec Above normal 0.071 0.071 (0%) 


Jersey Point Dec Below normal 0.071 0.071 (0%) 


Jersey Point Dec Dry 0.071 0.071 (0%) 


Jersey Point Dec Critical 0.071 0.071 (0%) 


Jersey Point Jan Wet 0.072 0.072 (0%) 


Jersey Point Jan Above normal 0.072 0.072 (0%) 


Jersey Point Jan Below normal 0.072 0.072 (0%) 


Jersey Point Jan Dry 0.071 0.071 (0%) 


Jersey Point Jan Critical 0.071 0.071 (0%) 


Jersey Point Feb Wet 0.071 0.071 (0%) 


Jersey Point Feb Above normal 0.072 0.072 (0%) 


Jersey Point Feb Below normal 0.072 0.072 (0%) 


Jersey Point Feb Dry 0.071 0.071 (0%) 


Jersey Point Feb Critical 0.071 0.071 (0%) 


Jersey Point Mar Wet 0.072 0.072 (0%) 


Jersey Point Mar Above normal 0.072 0.072 (0%) 


Jersey Point Mar Below normal 0.071 0.071 (0%) 


Jersey Point Mar Dry 0.071 0.071 (0%) 
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Jersey Point Mar Critical 0.071 0.071 (0%) 


Jersey Point Apr Wet 0.071 0.071 (0%) 


Jersey Point Apr Above normal 0.071 0.071 (0%) 


Jersey Point Apr Below normal 0.071 0.071 (0%) 


Jersey Point Apr Dry 0.070 0.070 (0%) 


Jersey Point Apr Critical 0.071 0.071 (0%) 


Jersey Point May Wet 0.072 0.072 (0%) 


Jersey Point May Above normal 0.071 0.071 (0%) 


Jersey Point May Below normal 0.071 0.071 (0%) 


Jersey Point May Dry 0.071 0.071 (0%) 


Jersey Point May Critical 0.071 0.071 (0%) 


Jersey Point Jun Wet 0.072 0.072 (0%) 


Jersey Point Jun Above normal 0.071 0.071 (0%) 


Jersey Point Jun Below normal 0.071 0.071 (0%) 


Jersey Point Jun Dry 0.071 0.071 (0%) 


Jersey Point Jun Critical 0.071 0.071 (0%) 


Mouth of Middle River Nov Wet 0.201 0.199 (-1%) 


Mouth of Middle River Nov Above normal 0.195 0.193 (-1%) 


Mouth of Middle River Nov Below normal 0.195 0.193 (-1%) 


Mouth of Middle River Nov Dry 0.190 0.189 (-1%) 


Mouth of Middle River Nov Critical 0.180 0.180 (0%) 


Mouth of Middle River Dec Wet 0.192 0.191 (0%) 


Mouth of Middle River Dec Above normal 0.190 0.189 (-1%) 


Mouth of Middle River Dec Below normal 0.190 0.189 (0%) 


Mouth of Middle River Dec Dry 0.186 0.184 (-1%) 


Mouth of Middle River Dec Critical 0.181 0.181 (0%) 


Mouth of Middle River Jan Wet 0.186 0.185 (0%) 


Mouth of Middle River Jan Above normal 0.185 0.185 (0%) 


Mouth of Middle River Jan Below normal 0.180 0.180 (0%) 


Mouth of Middle River Jan Dry 0.180 0.179 (0%) 


Mouth of Middle River Jan Critical 0.177 0.177 (0%) 


Mouth of Middle River Feb Wet 0.190 0.188 (-1%) 


Mouth of Middle River Feb Above normal 0.185 0.185 (0%) 


Mouth of Middle River Feb Below normal 0.188 0.188 (0%) 


Mouth of Middle River Feb Dry 0.180 0.180 (0%) 


Mouth of Middle River Feb Critical 0.176 0.176 (0%) 


Mouth of Middle River Mar Wet 0.182 0.181 (-1%) 


Mouth of Middle River Mar Above normal 0.184 0.184 (0%) 
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Mouth of Middle River Mar Below normal 0.179 0.179 (0%) 


Mouth of Middle River Mar Dry 0.174 0.175 (0%) 


Mouth of Middle River Mar Critical 0.174 0.174 (0%) 


Mouth of Middle River Apr Wet 0.182 0.181 (0%) 


Mouth of Middle River Apr Above normal 0.176 0.177 (1%) 


Mouth of Middle River Apr Below normal 0.174 0.173 (0%) 


Mouth of Middle River Apr Dry 0.169 0.170 (0%) 


Mouth of Middle River Apr Critical 0.168 0.168 (0%) 


Mouth of Middle River May Wet 0.184 0.185 (0%) 


Mouth of Middle River May Above normal 0.178 0.178 (0%) 


Mouth of Middle River May Below normal 0.175 0.176 (1%) 


Mouth of Middle River May Dry 0.172 0.172 (0%) 


Mouth of Middle River May Critical 0.169 0.169 (0%) 


Mouth of Middle River Jun Wet 0.191 0.192 (1%) 


Mouth of Middle River Jun Above normal 0.189 0.190 (0%) 


Mouth of Middle River Jun Below normal 0.187 0.187 (0%) 


Mouth of Middle River Jun Dry 0.185 0.184 (0%) 


Mouth of Middle River Jun Critical 0.172 0.173 (1%) 


Mouth of Old River Nov Wet 0.174 0.171 (-2%) 


Mouth of Old River Nov Above normal 0.164 0.160 (-2%) 


Mouth of Old River Nov Below normal 0.163 0.160 (-2%) 


Mouth of Old River Nov Dry 0.156 0.154 (-2%) 


Mouth of Old River Nov Critical 0.144 0.142 (-1%) 


Mouth of Old River Dec Wet 0.183 0.179 (-2%) 


Mouth of Old River Dec Above normal 0.164 0.161 (-2%) 


Mouth of Old River Dec Below normal 0.156 0.155 (-1%) 


Mouth of Old River Dec Dry 0.152 0.149 (-2%) 


Mouth of Old River Dec Critical 0.146 0.146 (0%) 


Mouth of Old River Jan Wet 0.205 0.202 (-2%) 


Mouth of Old River Jan Above normal 0.175 0.172 (-1%) 


Mouth of Old River Jan Below normal 0.151 0.149 (-1%) 


Mouth of Old River Jan Dry 0.145 0.144 (-1%) 


Mouth of Old River Jan Critical 0.142 0.141 (-1%) 


Mouth of Old River Feb Wet 0.224 0.220 (-2%) 


Mouth of Old River Feb Above normal 0.186 0.184 (-1%) 


Mouth of Old River Feb Below normal 0.173 0.171 (-1%) 


Mouth of Old River Feb Dry 0.151 0.150 (-1%) 


Mouth of Old River Feb Critical 0.143 0.142 (0%) 
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Mouth of Old River Mar Wet 0.194 0.191 (-2%) 


Mouth of Old River Mar Above normal 0.177 0.175 (-1%) 


Mouth of Old River Mar Below normal 0.151 0.150 (-1%) 


Mouth of Old River Mar Dry 0.145 0.144 (-1%) 


Mouth of Old River Mar Critical 0.139 0.139 (0%) 


Mouth of Old River Apr Wet 0.175 0.173 (-1%) 


Mouth of Old River Apr Above normal 0.150 0.149 (0%) 


Mouth of Old River Apr Below normal 0.143 0.143 (0%) 


Mouth of Old River Apr Dry 0.134 0.135 (0%) 


Mouth of Old River Apr Critical 0.128 0.129 (0%) 


Mouth of Old River May Wet 0.171 0.171 (0%) 


Mouth of Old River May Above normal 0.149 0.149 (0%) 


Mouth of Old River May Below normal 0.142 0.143 (1%) 


Mouth of Old River May Dry 0.136 0.136 (0%) 


Mouth of Old River May Critical 0.128 0.128 (0%) 


Mouth of Old River Jun Wet 0.170 0.170 (1%) 


Mouth of Old River Jun Above normal 0.159 0.160 (0%) 


Mouth of Old River Jun Below normal 0.157 0.157 (0%) 


Mouth of Old River Jun Dry 0.153 0.153 (0%) 


Mouth of Old River Jun Critical 0.138 0.139 (1%) 


Sutter Slough Nov Wet 0.196 0.196 (0%) 


Sutter Slough Nov Above normal 0.188 0.192 (2%) 


Sutter Slough Nov Below normal 0.186 0.187 (1%) 


Sutter Slough Nov Dry 0.182 0.186 (2%) 


Sutter Slough Nov Critical 0.175 0.180 (3%) 


Sutter Slough Dec Wet 0.216 0.216 (0%) 


Sutter Slough Dec Above normal 0.208 0.207 (0%) 


Sutter Slough Dec Below normal 0.197 0.196 (-1%) 


Sutter Slough Dec Dry 0.201 0.200 (0%) 


Sutter Slough Dec Critical 0.193 0.194 (0%) 


Sutter Slough Jan Wet 0.220 0.220 (0%) 


Sutter Slough Jan Above normal 0.219 0.219 (0%) 


Sutter Slough Jan Below normal 0.219 0.219 (0%) 


Sutter Slough Jan Dry 0.221 0.222 (1%) 


Sutter Slough Jan Critical 0.219 0.220 (0%) 


Sutter Slough Feb Wet 0.221 0.221 (0%) 


Sutter Slough Feb Above normal 0.219 0.219 (0%) 


Sutter Slough Feb Below normal 0.218 0.217 (0%) 
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Junction Month Water Year Type Existing Conditions Proposed Action 


Sutter Slough Feb Dry 0.218 0.217 (0%) 


Sutter Slough Feb Critical 0.218 0.219 (0%) 


Sutter Slough Mar Wet 0.220 0.220 (0%) 


Sutter Slough Mar Above normal 0.219 0.218 (0%) 


Sutter Slough Mar Below normal 0.217 0.217 (0%) 


Sutter Slough Mar Dry 0.219 0.219 (0%) 


Sutter Slough Mar Critical 0.223 0.223 (0%) 


Sutter Slough Apr Wet 0.220 0.220 (0%) 


Sutter Slough Apr Above normal 0.219 0.219 (0%) 


Sutter Slough Apr Below normal 0.221 0.222 (0%) 


Sutter Slough Apr Dry 0.225 0.225 (0%) 


Sutter Slough Apr Critical 0.222 0.224 (0%) 


Sutter Slough May Wet 0.220 0.220 (0%) 


Sutter Slough May Above normal 0.219 0.219 (0%) 


Sutter Slough May Below normal 0.222 0.223 (0%) 


Sutter Slough May Dry 0.227 0.227 (0%) 


Sutter Slough May Critical 0.203 0.203 (0%) 


Sutter Slough Jun Wet 0.202 0.199 (-1%) 


Sutter Slough Jun Above normal 0.187 0.186 (-1%) 


Sutter Slough Jun Below normal 0.182 0.182 (0%) 


Sutter Slough Jun Dry 0.180 0.180 (0%) 


Sutter Slough Jun Critical 0.164 0.164 (0%) 


Steamboat Slough Nov Wet 0.199 0.197 (-1%) 


Steamboat Slough Nov Above normal 0.197 0.195 (-1%) 


Steamboat Slough Nov Below normal 0.182 0.180 (-1%) 


Steamboat Slough Nov Dry 0.184 0.184 (0%) 


Steamboat Slough Nov Critical 0.181 0.184 (2%) 


Steamboat Slough Dec Wet 0.247 0.243 (-2%) 


Steamboat Slough Dec Above normal 0.209 0.207 (-1%) 


Steamboat Slough Dec Below normal 0.199 0.196 (-1%) 


Steamboat Slough Dec Dry 0.196 0.195 (-1%) 


Steamboat Slough Dec Critical 0.185 0.185 (0%) 


Steamboat Slough Jan Wet 0.264 0.261 (-1%) 


Steamboat Slough Jan Above normal 0.249 0.245 (-2%) 


Steamboat Slough Jan Below normal 0.229 0.224 (-2%) 


Steamboat Slough Jan Dry 0.212 0.206 (-2%) 


Steamboat Slough Jan Critical 0.203 0.199 (-2%) 


Steamboat Slough Feb Wet 0.272 0.271 (-1%) 
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Junction Month Water Year Type Existing Conditions Proposed Action 


Steamboat Slough Feb Above normal 0.263 0.259 (-2%) 


Steamboat Slough Feb Below normal 0.246 0.243 (-1%) 


Steamboat Slough Feb Dry 0.228 0.224 (-2%) 


Steamboat Slough Feb Critical 0.210 0.207 (-1%) 


Steamboat Slough Mar Wet 0.264 0.262 (-1%) 


Steamboat Slough Mar Above normal 0.261 0.258 (-1%) 


Steamboat Slough Mar Below normal 0.236 0.228 (-3%) 


Steamboat Slough Mar Dry 0.227 0.222 (-2%) 


Steamboat Slough Mar Critical 0.200 0.199 (-1%) 


Steamboat Slough Apr Wet 0.252 0.251 (0%) 


Steamboat Slough Apr Above normal 0.237 0.235 (-1%) 


Steamboat Slough Apr Below normal 0.216 0.215 (0%) 


Steamboat Slough Apr Dry 0.197 0.197 (0%) 


Steamboat Slough Apr Critical 0.184 0.185 (0%) 


Steamboat Slough May Wet 0.247 0.245 (-1%) 


Steamboat Slough May Above normal 0.233 0.231 (-1%) 


Steamboat Slough May Below normal 0.215 0.213 (-1%) 


Steamboat Slough May Dry 0.196 0.195 (0%) 


Steamboat Slough May Critical 0.185 0.186 (0%) 


Steamboat Slough Jun Wet 0.214 0.206 (-4%) 


Steamboat Slough Jun Above normal 0.184 0.180 (-2%) 


Steamboat Slough Jun Below normal 0.172 0.171 (-1%) 


Steamboat Slough Jun Dry 0.169 0.169 (0%) 


Steamboat Slough Jun Critical 0.175 0.175 (0%) 


Turner Cut Nov Wet 0.181 0.180 (-1%) 


Turner Cut Nov Above normal 0.171 0.169 (-1%) 


Turner Cut Nov Below normal 0.172 0.172 (0%) 


Turner Cut Nov Dry 0.166 0.166 (0%) 


Turner Cut Nov Critical 0.158 0.157 (0%) 


Turner Cut Dec Wet 0.169 0.168 (0%) 


Turner Cut Dec Above normal 0.162 0.161 (-1%) 


Turner Cut Dec Below normal 0.158 0.158 (0%) 


Turner Cut Dec Dry 0.154 0.153 (-1%) 


Turner Cut Dec Critical 0.151 0.151 (0%) 


Turner Cut Jan Wet 0.170 0.169 (0%) 


Turner Cut Jan Above normal 0.165 0.164 (0%) 


Turner Cut Jan Below normal 0.156 0.156 (0%) 


Turner Cut Jan Dry 0.152 0.151 (0%) 
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Junction Month Water Year Type Existing Conditions Proposed Action 


Turner Cut Jan Critical 0.151 0.150 (0%) 


Turner Cut Feb Wet 0.178 0.177 (-1%) 


Turner Cut Feb Above normal 0.169 0.170 (0%) 


Turner Cut Feb Below normal 0.172 0.172 (0%) 


Turner Cut Feb Dry 0.152 0.152 (0%) 


Turner Cut Feb Critical 0.149 0.149 (0%) 


Turner Cut Mar Wet 0.177 0.175 (-1%) 


Turner Cut Mar Above normal 0.169 0.170 (0%) 


Turner Cut Mar Below normal 0.162 0.163 (1%) 


Turner Cut Mar Dry 0.148 0.149 (0%) 


Turner Cut Mar Critical 0.147 0.147 (0%) 


Turner Cut Apr Wet 0.184 0.183 (0%) 


Turner Cut Apr Above normal 0.170 0.170 (0%) 


Turner Cut Apr Below normal 0.162 0.162 (0%) 


Turner Cut Apr Dry 0.148 0.148 (0%) 


Turner Cut Apr Critical 0.141 0.141 (0%) 


Turner Cut May Wet 0.181 0.182 (1%) 


Turner Cut May Above normal 0.169 0.170 (0%) 


Turner Cut May Below normal 0.163 0.164 (1%) 


Turner Cut May Dry 0.153 0.153 (0%) 


Turner Cut May Critical 0.142 0.142 (0%) 


Turner Cut Jun Wet 0.185 0.186 (0%) 


Turner Cut Jun Above normal 0.172 0.172 (0%) 


Turner Cut Jun Below normal 0.164 0.165 (0%) 


Turner Cut Jun Dry 0.158 0.158 (0%) 


Turner Cut Jun Critical 0.145 0.146 (0%) 


5D.5 Delta Passage Model 
The Delta Passage Model (DPM) simulates migration of Chinook Salmon smolts entering the Delta 


from the Sacramento River at Fremont Weir and estimates survival to Chipps Island. The DPM uses 


available time-series data and values taken from empirical studies or other sources to parameterize 


model relationships and inform uncertainty, thereby using the greatest amount of data available to 


dynamically simulate responses of smolt survival to changes in water management. The DPM 


contains relationships derived from studies of all four runs of Chinook salmon. Relationships for 


individual runs were not developed due to sample size limitations for some runs and the model 


assumes all migrating Chinook salmon smolts will respond similarly to Delta conditions. Delta entry 


timing for each run is unique for each run based on collections in the Sacramento trawl. The DPM 


results presented here reflect the most current version of the model, which continues to be 
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reviewed and refined, and for which a sensitivity analysis has been completed to examine various 


aspects of uncertainty related to the model’s inputs and parameters.  


Although studies have shown considerable variation in emigrant size, with Central Valley Chinook 


Salmon migrating as fry, parr, and smolts (Brandes and McLain 2001; Williams 2001), the DPM 


relies predominantly on data from acoustic-tagging studies of smolt-sized (≥ 80 millimeter [mm]) 


fish, and therefore should be applied cautiously to pre-smolt migrants. Salmon juveniles less than 70 


mm are more likely to exhibit rearing behavior in the Delta (Kjelson et al. 1982) and thus likely will 


be represented poorly by the DPM. It has been assumed that the downstream emigration of fry, 


when spawning grounds are well upstream, is probably a dispersal mechanism that helps distribute 


fry among suitable rearing habitats. However, even when rearing habitat does not appear to be a 


limiting factor, downstream movement of fry still may be observed, suggesting that fry emigration is 


a viable alternative life-history strategy (Healy 1980; Healey and Jordan 1982; Miller et al. 2010). 


Unfortunately, survival data are lacking for small (fry-sized) juvenile emigrants because of the 


difficulty of tagging such small individuals. Therefore, the DPM should be viewed as a smolt survival 


model only, with its survival relationships generally having been derived from larger juveniles (≥ 80 


mm), with the fate of pre-smolt emigrants not incorporated into model results.  


The version of the DPM described here has undergone substantial revisions based on a large amount 


of telemetry data that has become available since the original version of the model was constructed. 


Initial model structure was modified based on comments received through the Bay-Delta 


Conservation Plan preliminary proposal anadromous team meetings and in particular through 


feedback received during a workshop held on August 24, 2010, a 2-day workshop held June 23–24, 


2011, and since then from various meetings of a workgroup consisting of agency biologists and 


consultants. The current version builds on this breadth of input and resolves many of the 


uncertainties identified in previous reviews. This documentation reflects the most recent version of 


the DPM as of December 2020.  


Survival and routing estimates generated by the DPM are not intended to predict future outcomes. 


Instead, the DPM is a decision support tool that compares the effects of different water management 


options on smolt migration survival, with accompanying estimates of uncertainty. The DPM is a tool 


to compare different scenarios and is not intended to predict actual through-Delta survival under 


current or future conditions. It is possible that underlying relationships (e.g., flow-survival, export-


survival) that are used to inform the DPM will change in the future. Just as this latest update was 


completed to incorporate newly available data, it may be necessary to re-examine the relationships 


as new information becomes available. 


5D.5.1 Methods 


5D.5.1.1 Model Overview 


The DPM is based on migratory pathways and reach-specific mortality as Chinook Salmon smolts 


travel through a simplified network of reaches and junctions (Figure 5D.5-1). The biological 


functionality of the DPM is based on releases of acoustically tagged Chinook salmon performed 


between 2007 and 2019. The previous version of the DPM primarily relied on releases of large (> 


140 mm) acoustically tagged late-fall run Chinook salmon performed by Perry (2010) and coded 


wire tag releases of late-fall run reported by Newman and Brandes (2010). There was considerable 


uncertainty about the transferability of those relationships to other runs that migrate at different 


times of year and at smaller sizes. The revised model is based on acoustically tagged winter run, 
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spring run, fall run and late fall run individuals (≥ 80 mm) released in the upper reaches of the 


Sacramento River and within the Delta. These releases are primarily comprised of hatchery fish. 


However, wild spring- and fall-run salmon are included in the data set. These releases cover a wide 


range of environmental conditions including extreme drought in 2014 and 2015 and high flow 


years. Uncertainty is explicitly modeled in the DPM by incorporating environmental stochasticity 


and estimation error whenever available. Some model functions (e.g., flow-survival estimates) are 


randomly sampled from a distribution of values based on model coefficients; 500 iterations of the 


model were run for each scenario to generate 500 sets of outputs, each reflecting different random 


sampling from distributions of the different functions in the model.  


The major model functions in the DPM are as follows.  


1. Delta Entry Timing, which models the temporal distribution of smolts entering the Delta for 


each race of Chinook salmon.  


2. Fish Behavior at Junctions, which models fish movement as they approach river junctions.  


3. Migration Speed, which models reach-specific smolt migration speed and travel time.  


4. Route-Specific Survival, which models route-specific survival response to non-flow factors.  


5. Flow-Dependent Survival, which models reach-specific survival response to flow.  


6. Export-Dependent Survival, which models survival response to water export levels in the 


Interior Delta reach (see Table 5D.5-1 for reach description).  


Functional relationships are described in detail in Section 5D.5.1.5, Model Functions. 


5D.5.1.2 Model Timestep 


The DPM operates on a daily timestep using simulated daily average flows and south Delta exports 


as model inputs. The DPM does not attempt to represent sub-daily flows or diel salmon smolt 


behavior in response to the interaction of tides, flows, and specific channel features. The DPM is 


intended to represent the net outcome of migration and mortality occurring over one day, not three-


dimensional movements occurring over minutes or hours (e.g., Blake and Horn 2003). It is 


acknowledged that finer scale modeling with a shorter timestep may match the biological processes 


governing fish movement better than a daily timestep (e.g., because of diel activity patterns; Plumb 


et al. 2015) and that sub-daily differences in flow proportions into junctions make daily estimates 


somewhat coarse (Cavallo et al. 2015). 


5D.5.1.3 Spatial Framework 


The DPM is composed of ten reaches and three junctions (Figure 5D.5-1; Table 5D.5-1) selected to 


represent primary salmonid migration corridors for fish originating from the Sacramento River 


basin where high-quality data were available for fish and hydrodynamics. For simplification, Sutter 


Slough and Steamboat Slough are combined as the reach SS; and Georgiana Slough and the Delta 


Cross Channel (DCC) are a combined junction. Sacramento Chinook Salmon that enter the DCC 


migrate through the forks of the Mokelumne River and fish entering Georgiana Slough migrate only 


through that route. The Interior Delta reach can be entered from the Mokelumne River or Georgiana 


Slough route. The entire Interior Delta region is treated as a single model reach. The three 


distributary junctions (channel splits) depicted in the DPM are (A) Sacramento River at Fremont 


Weir (head of Yolo Bypass), (B) Sacramento River at head of Sutter and Steamboat Sloughs, and (C) 
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Sacramento River at the combined junction with Georgiana Slough and DCC (Figure 5D.5-1, Table 


5D.5-1). 


Table 5D.5-1. Description of Modeled Reaches and Junctions in the Delta Passage Model  


Reach/Junction a Description 
Approximate 
Reach Length (km) 


Final Receiver 
Name/Location 


Verona Sacramento River Between 


Fremont Weir and Freeport 


57 Freeport 


Sac_1 Sacramento River Between 


Freeport and the combined 


junction of Steamboat and Sutter 


Slough 


19 Sacramento River 


Below Steamboat 


Slough 


Sac_2 Sacramento River from 


Sutter/Steamboat Sloughs junction 


to junction with Delta Cross 


Channel/Georgiana Slough 


11 Sacramento River 


Below Georgiana 


Slough 


Sac_3 Sacramento River from Below 


Georgiana Slough to Chipps Island 


46 Chipps Island 


SS Steamboat and Sutter Sloughs from 


their junction with the Sacramento 


River to Chipps Island 


51 Chipps Island 


Yolo Bypass Fremont weir to Highway 84 Ferry NA Highway 84 Ferry 


Sac_4 (Yolo fish 


only) 


Highway 84 to Chipps Island 30 Chipps Island 


Georgiana Slough Georgiana Slough from the junction 


with the Sacramento River to the 


base of the Mokelumne River 


25 Mokelumne Base 


Mokelumne Confluence of the DCC to 


Mokelumne Base/SF Mokelumne 


25 Mokelumne 


Base/South Fork 


Mokelumne 


Interior Delta Confluence of Mokelumne and San 


Joaquin Rivers to Chipps Island 


NA Chipps Island 


A Junction of Yolo Bypass and 


Sacramento River 


NA NA 


B Combined junction of Sutter Slough 


and Steamboat Slough with the 


Sacramento River 


NA NA 


C Combined junction of the Delta 


Cross Channel and Georgiana 


Slough with the Sacramento River 


NA NA 


km = kilometers. 
a Yolo and interior Delta reach lengths are not defined because multiple migration pathways are possible. 
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Figure 5D.5-1. Map of the Sacramento–San Joaquin River Delta Showing the Modeled Reaches and 
Junctions of the Delta Applied in the Delta Passage Model 


5D.5.1.4 Flow Input Data 


Water movement through the Delta as input to the DPM is derived from daily (tidally averaged) flow 


output produced by the hydrology module of the DSM2-HYDRO (California Department of Water 


Resources 2021b) or from CalSim 3.  


The nodes in the DSM2-HYDRO and CalSim models that were used to provide flow for specific 


reaches in the DPM are shown in Table 5D.5-2.  
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Table 5D.5-2. Delta Passage Model Reaches and Associated Output Locations from DSM2-HYDRO 
and CalSim Models 


DPM Reach or Model Component DSM2 Output Locations CalSim Node 


Sac1 rsac155 - 


Sac2 rsac128 - 


Sac3 rsac123 - 


Sac4 rsac101, Channel 398 (Yolo only) - 


Yolo - d160a+d166aa 


Verona - C160a 


SS slsbt011 - 


Geo/DCC dcc+georg_sl - 


South Delta Export Flow Clifton Court Forebay + Delta Mendota Canal - 


Sacramento River flow at Fremont 


Weir 


- C129a 


DPM = Delta Passage Model; DSM2 = Delta Simulation Model II. 


5D.5.1.5 Model Functions 


Delta Entry Timing 


Catch data for emigrating juvenile smolts for five Central Valley Chinook salmon runs were used to 


inform the daily proportion of juveniles entering the Delta for each run (Table 5D.5-3). Because the 


DPM models the survival of smolt-sized juvenile salmon, pre-smolts were removed from catch data 


before creating entry timing distributions. The lower 95th percentile of the range of salmon fork 


lengths visually identified as smolts by the U.S. Fish and Wildlife Service (USFWS) in Sacramento 


trawls was used to determine the lower length cutoff for smolts. A lower fork length cutoff of 70 mm 


for smolts was applied, and all catch data of fish smaller than 70 mm were eliminated. To isolate 


wild production, all fish identified as having an adipose-fin clip (hatchery production) were 


eliminated, recognizing that most (75%) of the fall-run hatchery fish released upstream of 


Sacramento are not marked. Daily catch data for each brood year were divided by total annual catch 


to determine the daily proportion of smolts entering the DPM for each run (Figure 5D.5-2). Sampling 


was not conducted daily at most stations and catch was not expanded for fish caught but not 


measured. Finally, a generic probability density function was fit to the data using the package “sm” 


in R software (R Core Team 2021). The R fitting procedure estimated the best-fit probability 


distribution of the daily proportion of fish entering the DPM.  


For the current analysis, the most recent data from the Sacramento trawl survey were added to the 


data used in previous versions of the DPM to determine if entry distributions had shifted since the 


original fitting. Only late fall Chinook Salmon exhibited substantial change from the original fit and 


the entry distribution for that race was updated (Figure 5D.5-2). 
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Table 5D.5-3. Sampling Gear Used to Create Juvenile Delta Entry Timing Distributions for Each 
Central Valley Run of Chinook Salmon 


Chinook Salmon Run Gear Agency Brood Years 


Sacramento River Winter Run Trawls at Sacramento USFWS 1995–2009 


Sacramento River Spring Run Trawls at Sacramento USFWS 1995–2005 


Sacramento River Fall Run Trawls at Sacramento USFWS 1995–2005 


Sacramento River Late Fall Run Trawls at Sacramento USFWS 1995–2018 


USFWS = U.S. Fish and Wildlife Service. 


 


 


Figure 5D.5-2. Delta Entry Distributions (Daily_P = Daily Proportion) for Chinook Salmon Smolts 
Applied in the Delta Passage Model for Sacramento River Winter-Run, Central Valley Spring-Run 
(Sacramento River), Central Valley Fall-Run (Sacramento River), and Central Valley Late Fall–Run 


Migration Speed 


The DPM assumes a net daily movement of smolts in the downstream direction. The rate of smolt 


movement in the DPM affects the timing of arrival at Delta junctions and reaches, which can affect 


route selection and survival as flow conditions or water project operations change. 
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Smolt movement in all reaches except Yolo Bypass and the Interior Delta is a function of reach-


specific length and migration speed as observed from acoustic-tagging results. Reach-specific length 


(kilometers [km]) is divided by reach migration speed (km/day) the day smolts enter the reach to 


calculate the number of days smolts will take to travel through the reach. 


For north Delta reaches Verona, Sac1, Sac2, SS, Georgiana Slough, and Mokelumne, mean migration 


speed through the reach is predicted as a function of flow. Many studies have found a positive 


relationship between juvenile Chinook salmon migration rate and flow in the Columbia River Basin 


(Raymond 1968; Berggren and Filardo 1993; Schreck et al. 1994), with Berggren and Filardo (1993) 


finding a logarithmic relationship for Snake River yearling Chinook salmon. Ordinary least squares 


regression was used to test for a logarithmic relationship between reach-specific migration speed 


(km/day) and average daily reach-specific flow (cubic meters per second) for the first day smolts 


entered a particular reach for reaches where acoustic-tagging data was available (Sac1, Sac2, Sac3, 


Sac4, Georgiana Slough, Mokelumne, and SS): 


; 


where β0 is the slope parameter and β1 is the intercept. 


Individual smolt reach-specific travel times were calculated from detection histories of releases of 


acoustically tagged smolts conducted in December and January for three consecutive winters 


(2006/2007, 2007/2008, and 2008/2009) (Perry 2010). Reach-specific migration speed (km/day) 


for each smolt was calculated by dividing reach length by travel days. Flow data was queried from 


the California Department of Water Resources (DWR) California Data Exchange website (2021a). 


Migration speed was significantly related to flow for reaches Sac1 (df = 450, F = 164.36, P <0.001), 


Sac2 (df = 292, F = 4.17, P = 0.042), and Geo/DCC (df = 84, F = 13.74, P <0.001). Migration speed 


increased as flow increased for all three reaches (Table 5D.5-4, Figure 5D.5-3). Therefore, for 


reaches Sac1, Sac2, and Geo/DCC, the regression coefficients shown in Table 5D.5-8 are used to 


calculate the expected average migration rate given the input flow for the reach and the associated 


standard error of the regressions is used to inform a normal probability distribution that is sampled 


from the day smolts enter the reach to determine their migration speed throughout the reach. The 


minimum migration speed for each reach is set at the minimum reach-specific migration speed 


observed from the acoustic-tagging data. The flow-migration rate relationship that was used for 


Sac1 also was applied for the Verona reach. 


Table 5D.5-4. Sample Size and Slope (β0) and Intercept (β1) Parameter Estimates with Associated 
Standard Error (in Parenthesis) for the Relationship between Migration Speed and Flow for 
Reaches Sac1, Sac2, and Geo/DCC 


Reach N β0 β1 


Sac1 452 21.34 (1.66) -105.98 (9.31) 


Sac2 294 3.25 (1.59) -8.00 (8.46) 


Geo/DCC 86 11.08 (2.99) -33.52 (12.90) 


 


10 )ln(  += flowSpeed
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Figure 5D.5-3. Reach-Specific Migration Speed (km/day) as a Function of Flow (m3/s) Applied in 
Reaches Sac1, Sac2, and Geo/DCC 


No significant relationship between migration speed and flow was found for reaches Sac3 (df = 100, 


F = 1.13, P = 0.29), Sac4 (df = 60, F = 0.33, P = 0.57), and SS (df = 28, F = 0.86, P = 0.36). Therefore, for 


these reaches the observed mean migration speed and associated standard deviation is used to 


inform a normal probability distribution that is sampled from the day smolts enter the reach to 


determine their migration speed throughout the reach. As applied for reaches Sac1, Sac2, and 


Geo/DCC, the minimum migration speed for reaches Sac3, Sac4, and SS is set at the minimum reach-


specific migration speed observed from the acoustic-tagging data. 


Yolo Bypass travel time data from Sommer et al. (2005) for coded wire-tagged, fry-sized (mean size 


= 57-mm fork length) Chinook Salmon were used to inform travel time through the Yolo Bypass in 


the DPM. Because the DPM models the migration and survival of smolt-sized juveniles, the range of 


the shortest travel times observed across all 3 years (1998–2000) by Sommer et al. (2005) was used 


to inform the bounds of a uniform distribution of travel times (range = 4–28 days), on the 


assumption that smolts would spend less time rearing and would travel faster than fry. On the day 


smolts enter the Yolo Bypass, their travel time through the reach is calculated by sampling from this 


uniform distribution of travel times. 


The travel time of smolts migrating through the Interior Delta in the DPM is informed by observed 


mean travel time (7.95 days) and associated standard deviation (6.74) from North Delta acoustic-


tagging studies (Perry 2010). However, the timing of smolt passage through the Interior Delta does 


not affect Delta survival because there are no Delta reaches located downstream of the Interior 


Delta. 
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Fish Behavior at Junctions (Channel Splits) 


Perry et al. (2010) and Cavallo et al. (2015) found that acoustically tagged smolts arriving at Delta 


junctions exhibited inconsistent movement patterns in relation to the flow being diverted. For 


Junction A (entry into the Yolo Bypass at Fremont Weir), the following relationships were used. 


⚫ Proportion of smolts entering Yolo Bypass = Fremont Weir spill/(Fremont Weir spill + 


Sacramento River at Verona flows). 


As noted above in Section 5D.5.1.4, Flow Input Data, the flow data informing Yolo Bypass entry were 


obtained by disaggregating CalSim estimates using historical daily patterns of variability because 


DSM2 does not provide daily flow data for these locations. 


For Junction B (Sacramento River-Sutter/Steamboat Sloughs), Both Perry et al. (2010) and Cavallo 


et al. (2015) found that smolts consistently entered downstream distributaries in proportion to the 


flow being diverted. Therefore, smolts arriving at Junction B in the model move proportionally with 


flow according to the linear relationship found in Cavallo et al. (2015):  


𝑃𝑆𝑆 =  −0.00203 + 𝑃𝑓𝑙𝑜𝑤𝑆𝑆 ∗ 0.775344; 


where 𝑃𝑆𝑆 is the proportion of fish entering the SS reach, and 𝑃𝑓𝑙𝑜𝑤𝑆𝑆 is the proportion of flow 


entering Sutter/Steamboat Slough distributaries from the total flow in the mainstem Sacramento 


River. 


For Junction C (Sacramento River–Georgiana Slough/DCC), Perry (2010) found a linear, 


nonproportional relationship between flow and fish movement. His relationship for Junction C was 


applied in the DPM: 


 


where y is the proportion of fish diverted into Geo/DCC and x is the proportion of flow diverted into 


Geo/DCC (Figure 5D.5-4). 


In the DPM, this linear function is applied to predict the daily proportion of fish movement into 


Geo/DCC as a function of the proportion of flow into Geo/DCC. 


 


;47.022.0 xy +=
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Note: Circles depict DCC gates closed. Crosses depict DCC gates open. 


Figure 5D.5-4. Figure from Perry (2010) Depicting the Mean Entrainment Probability (Proportion 
of Fish Being Diverted into Reach Geo/DCC) as a Function of Fraction of Discharge (Proportion of 
Flow Entering Reach Geo/DCC) 


Reach-Specific Survival 


To update survival estimates in the DPM, a dataset of detections from >2,000 acoustically tagged 


(Juvenile Salmon Acoustic Telemetry System [JSATS]) fish recorded in the DPM region of the 


Sacramento–San Joaquin Delta from 2013 through 2019 was analyzed. To estimate survival from 


such a large and heterogeneous dataset (receiver combinations, monitored reaches, and release 


locations differed from year to year), only detections from receivers at the endpoint of reaches in the 


DPM were used, and binary detection histories along DPM routes were constructed. Moving 


downstream from receiver to receiver along a route, it was assumed that if a fish was not seen again 


in the route after a given receiver, the fish did not survive. The probability of being detected again 


downstream (assumed to be a direct proxy for survival) was then modeled as a function of an 


individual’s detection history and time-specific covariates associated with reach entry. From this 


analysis, four reaches were associated with a consistent relationship between flow and survival: 


Sac1, Sac2, Sac3, and Sac4 (see Figure 5D.5-5 through Figure 5D.5-8); all other reaches had no 


consistent flow-survival relationship, and survival in those reaches of the DPM is drawn from a 


normal distribution derived from a reach-specific, intercept-only model of survival and standard 


deviation from the JSATS data. 
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Flow-Dependent Survival 


Survival through a given reach is estimated and applied the first day smolts enter that reach. For 


reaches where analysis of the JSATS detections supported a consistent flow-survival relationship, 


flow on the day fish enter the reach is used to predict survival through the entire reach even if 


migration through the reach takes place over more than one day. As previously described, only 


reaches Sac1, Sac2, Sac3, and Sac4 were associated with consistent flow-survival relationships 


(Figure 5D.5-5 through Figure 5D.5-8). 


 
Note: Plot shows model predictions of simulated data across the observed flow range. 


Figure 5D.5-5. Relationship between Sacramento River Discharge and Survival Through the Delta 
Passage Model Sac1 Reach Modeled with JSATS Releases of Multiple Runs of Juvenile Chinook 
Salmon 


 
Note: Plot shows model predictions of simulated data across the observed flow range. 


Figure 5D.5-6. Relationship between Sacramento River Discharge and Survival Through the Delta 
Passage Model Sac2 Reach Modeled with JSATS Releases of Multiple Runs of Juvenile Chinook 
Salmon 
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Note: Plot shows model predictions of simulated data across the observed flow range. 


Figure 5D.5-7. Relationship between Sacramento River Discharge and Survival Through the Delta 
Passage Model Sac3 Reach Modeled with JSATS Releases of Multiple Runs of Juvenile Chinook 
Salmon 


 
Note: Plot shows model predictions of simulated data across the observed flow range. 


Figure 5D.5-8. Relationship between Sacramento River Discharge and Survival through the Delta 
Passage Model Sac4 Reach Modeled with JSATS Releases of Multiple Runs of Juvenile Chinook 
Salmon 


In order to capture the effect of changed flows within the Sac1 reach being altered by the proposed 


NDD before the start of the Sac2 reach and the junction with reach SS, a modification was applied to 


the flows in reach Sac1. The modification reflected the location of the proposed NDD (Intake A2 = RM 


41, Intake B = RM 39.5, and Intake C = RM 37). Flows in reach Sac1 were represented by the length-


 
2 Note that the proposed action does not include Intake A, but other Final EIR alternatives do. The formula 
remains the same, with no diversions at Intake A for the proposed action (i.e., Final EIR Alternative 5). 
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weighted average of flows in each of the following subreaches (lengths used for weighting are given 


in parentheses). 


⚫ Upstream end of Sac1 to Intake A (4 miles). 


⚫ Intake A to Intake B (1.5 miles). 


⚫ Intake B to Intake C (2.5 miles). 


⚫ Intake C to downstream end of Sac1 (4 miles). 


Export-Dependent Survival 


An export-survival relationship was only tested for fish entering the interior Delta from the 


Mokelumne River and Georgiana Slough. Hydrodynamic data for exports covering the period of 


JSATS detection data (2013–2019) was queried from Dayflow (California Natural Resources Agency 


2021). A model that included exports and Sacramento River at Freeport flow was also tested. 


Exports observed over the data period ranged from 1,038 cfs to 14,650 cfs.  


For the model that included exports only, the coefficient for the export effect was positive and well 


supported, indicating higher survival probabilities with greater exports (Figure 5D.5-9). In the 


model including both exports and flow, the export coefficient remained positive but was not well 


supported with a mean effect that included zero in the distribution (Figure 5D.5-10). This positive 


effect of exports may seem contradictory based on coded wire tag studies used in the previous 


model version that includes a weak, yet negative effect (Newman and Brandes 2010). The effect of 


exports on Sacramento River-origin Chinook Salmon was a source of uncertainty identified in the 


previous version. Hydrodynamic analysis indicates that there is little effect of exports on 


hydrodynamics in the Sacramento River (Cavallo et al. 2015) and only fish entering the interior 


Delta, and the Old-Middle River corridor specifically, are likely to be exposed to the hydrodynamic 


effects of exports (see, for example, Bureau of Reclamation 2019, Appendix H, p. 4). Previous studies 


of export effects relied on the relative survival of coded wire tagged salmon released into Georgiana 


Slough relative to the Sacramento River (Newman and Brandes 2010). Thus, export effects in the 


coded wire tag studies are not directly estimated for fish in the area of interest. In previous 


workshops and comments, it was suggested that modeling potential effects of exports on 


individually tagged fish would be a superior approach. The JSATS data analyzed here represents the 


best data set available and covers a wide range of export conditions. Thus, the data strongly suggest 


the absence of a negative effect of exports on survival of Sacramento River-origin Chinook Salmon 


that enter the interior Delta. 


Based on the above analysis, for juvenile Chinook salmon entering the Interior Delta route, the DPM 


uses the export value (in cfs) on the day the fish enters the reach to apply the effect of exports from 


the JSATS model accounting for Sacramento River flow (Figure 5D.5-10) to predict survival through 


the entire Interior Delta reach (even if migration through the reach takes place over more than one 


day); the Sacramento River flow at Freeport for the same day is also included in the estimate, per the 


relationship shown in Figure 5D.5-10. Note that the model does not explicitly include salvage 


(including collection, handling, trucking, and release) at the south Delta exports facilities; to the 


extent that salvage of JSATS-tagged fish entering the interior Delta occurred and these fish reached 


Chipps Island, this would be reflected in survival estimates for the interior Delta reach. 
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Note: Plot shows model predictions of simulated data across the observed flow range. The coefficient for the effect of 


exports was well supported with a credible interval that did not include zero. 


Figure 5D.5-9. Relationship between South Delta Exports and Survival through the Delta Passage 
Model Interior Delta Reach Modeled with JSATS Releases of Multiple Runs of Juvenile Chinook 
Salmon 


 
Note: Plot shows model predictions of simulated data across the observed flow range. When flow is included in the 


model, the effect of exports on survival remains positive but is no longer well supported (compared to Figure 


5D.16-1). 


Figure 5D.5-10. Relationship between South Delta Exports and Survival through the Delta Passage 
Model Interior Delta Reach When Sacramento River at Freeport Discharge Was Held at Its Mean 
Value, Modeled with JSATS Releases of Multiple Runs of Juvenile Chinook Salmon 


5D.5.2 Results 


Tabulated results are presented and results discussed in Appendix 5C, with graphical summaries in 


Figure 5D.5-11 through Figure 5D.5-16. 


Note: Alt 5 corresponds to the proposed action. 
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Figure 5D.5-11. Box Plot of Delta Passage Model Results, Winter-Run Chinook Salmon 


 


Figure 5D.5-12. Box Plot of Delta Passage Model Results, Spring-Run Chinook Salmon 
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Figure 5D.5-13. Box Plot of Delta Passage Model Results, Fall-Run Chinook Salmon 


 


Figure 5D.5-14. Box Plot of Delta Passage Model Results, Late Fall–Run Chinook Salmon 
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Note: Whiskers represent 95% confidence intervals. 


Figure 5D.5-15. Time Series Plot of Delta Passage Model Results, Winter-Run Chinook Salmon 


 
Note: Whiskers represent 95% confidence intervals. 


Figure 5D.5-16. Time Series Plot of Delta Passage Model Results, Spring-Run Chinook Salmon 
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Note: Whiskers represent 95% confidence intervals. 


Figure 5D.5-17. Time Series Plot of Delta Passage Model Results, Fall-Run Chinook Salmon 


 
Note: Whiskers represent 95% confidence intervals. 


Figure 5D.5-18. Series Plot of Delta Passage Model Results, Late Fall–Run Chinook Salmon 







California Department of Water Resources 


 Appendix 5D 
Bay-Delta Methods and Results 


 


Delta Conveyance Project, Biological Assessment 
5D-88 


May 2024 
103653  


 


5D.6 Riparian and Wetland Bench Inundation 
Operations of the proposed action has the potential to affect the extent of riparian and wetland 


bench inundation (e.g., by lowering water surface elevation downstream of the NDD), thereby 


affecting the suitability of channel margin habitat for juvenile Chinook salmon. This potential effect 


was assessed by calculating bench inundation indices for a number of habitat benches in the north 


Delta. 


Data for 37 riparian benches (total length = 31,428 feet; 6.0 miles) and 17 wetland benches (total 


length = 15,973 feet; 3.0 miles) in the north Delta were obtained (Table 5D.6-1). Some riparian and 


wetland benches were located at the same site (Figure 5D.6-1), indicated in Table 5D.6-1 by having 


the same number in their codes. Each bench belonged to one of five grouped geographic locations, 


and each bench was matched with the nearest DSM2-HYDRO output location for which stage data 


were available. A focus on length data is consistent with previous application of the method (e.g., ICF 


International 2016); bench widths were not available for a number of benches. 


In order to represent inundation of differing levels of the benches over their entire elevations, four 


equally spaced increments were calculated between the minimum and maximum elevations. For 


example, riparian bench R1 in Cache Slough (minimum elevation = 4.3 feet, maximum elevation = 


6.3 feet) was divided into the increments 4.3 feet, 4.8 feet, 5.3 feet, and 5.8 feet. In essence, this 


process divided each bench into four sub-benches, each of slightly different elevation. This process 


was adopted because division into regular increments (e.g., every 0.5 feet or every 1 foot) would 


have been computationally intensive because the difference between maximum and minimum 


elevations was 5 feet or more in some cases (e.g., riparian bench R5), whereas for others the 


difference was small (less than 2 feet). 


Water depth on each sub-bench was calculated for every 15-minute timestep available from the 


1923–2015 DSM2-HYDRO simulation. The depth was calculated as the difference between the water 


surface elevation at the nearest DSM2-HYDRO output location and the sub-bench elevation; if this 


calculation was negative, it indicated that the water was below the level of the sub-bench, and water 


depth was zero. Water depth was converted to a habitat suitability score by applying the suitability 


curve from USFWS (2005) for juvenile winter-run Chinook salmon (Figure 5D.6-2). USFWS 


(2005:218–221) provides several different curves, but the curve for juvenile winter-run Chinook 


salmon was selected because it represents juveniles >60 mm in length, which is representative of 


most winter-run-sized juvenile Chinook salmon entering the Delta, for example (del Rosario et al. 


2013:8). Water velocity was not considered because fine-scale velocity data were not available from 


DSM2-HYDRO. 


The habitat suitability score for each sub-bench in each 15-minute period was then multiplied by the 


length of the site at which each sub-bench occurred. An overall bench inundation index was 


calculated for each bench type in each of the five geographic locations in three seasons (fall: 


October–November; winter: December–February; spring: March–June) in each water year, by 


summing all of the applicable 15-minute length-weighted habitat suitability scores, then dividing by 


the sum of the corresponding site lengths for all of these observations. This final bench inundation 


index represents the overall suitability of bench habitat for juvenile Chinook salmon, based on water 


depth. The index ranges from 0 (no water of suitable depth available at any time) to 1 (optimal 


water depth available at all times on all sub-benches). 
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Table 5D.6-1. Characteristics of the Benches Analyzed for Inundation Effects of the Proposed Action 


Bench 


Type Code Location Water body Length (feet) 


Min. Elevation 


(feet NAVD) 


Max. 


Elevation 


(feet NAVD) 


DSM2-HYDRO 


Node 


Riparian R1 Cache Slough Cache Slough 495 4.3 6.3 CACHE_RYER 


Riparian R2 Sacramento River above NDD Sacramento River 268 5.0 10.0 NDD_US 


Riparian R3 Sacramento River above NDD Sacramento River 894 5.0 10.0 NDD_US 


Riparian R4 Sacramento River above NDD Sacramento River 166 5.0 10.0 NDD_US 


Riparian R5 Sacramento River above NDD Sacramento River 322 5.1 10.4 NDD_US 


Riparian R6 Sacramento River above NDD Sacramento River 285 5.8 10.4 NDD_US 


Riparian R7 Sacramento River above NDD Sacramento River 1,254 6.0 8.6 NDD_US 


Riparian R8 Sacramento River above NDD Sacramento River 1,320 6.0 10.6 NDD_US 


Riparian R9 Sacramento River above NDD Sacramento River 730 6.5 7.5 NDD_US 


Riparian R10 Sacramento River above NDD Sacramento River 1,061 7.1 8.3 NDD_US 


Riparian R11 Sacramento River above NDD Sacramento River 1,473 8.0 10.0 NDD_US 


Riparian R12 Sacramento River above NDD Sacramento River 329 8.0 10.0 NDD_US 


Riparian R13 Sacramento River above NDD Sacramento River 888 8.0 10.0 NDD_US 


Riparian R14 Sacramento River above NDD Sacramento River 720 8.0 10.0 NDD_US 


Riparian R15 Sacramento River above NDD Sacramento River 1,566 8.0 10.0 NDD_US 


Riparian R16 Sacramento River above NDD Sacramento River 298 8.0 10.0 NDD_US 


Riparian R17 Sacramento River above NDD Sacramento River 970 8.0 12.0 NDD_US 


Riparian R18 Sacramento River above NDD Sacramento River 770 3.9 3.9 NDD_US 


Riparian R19 Sacramento River from 


Sutter/Steamboat Sloughs to Rio 


Vista 


Sacramento River 210 5.0 5.8 RSAC123 


Riparian R21 Sacramento River from 


Sutter/Steamboat Sloughs to Rio 


Vista 


Sacramento River 660 4.6 6.6 RSAC123 
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Bench 


Type Code Location Water body Length (feet) 


Min. Elevation 


(feet NAVD) 


Max. 


Elevation 


(feet NAVD) 


DSM2-HYDRO 


Node 


Riparian R22 Sacramento River from 


Sutter/Steamboat Sloughs to Rio 


Vista 


Sacramento River 815 5.0 7.0 RSAC123 


Riparian R24 Sacramento River above NDD Sacramento River 1,322 4.6 13.9 RSAC155 


Riparian R25 Sacramento River above NDD Sacramento River 198 5.5 8.2 RSAC155 


Riparian R26 Sacramento River above NDD Sacramento River 1,124 6.1 9.1 RSAC155 


Riparian R27 Sacramento River above NDD Sacramento River 1,668 6.3 8.5 RSAC155 


Riparian R28 Sacramento River above NDD Sacramento River 895 8.0 12.0 RSAC155 


Riparian R29 Sacramento River below NDD to 


Sutter/Steamboat Sloughs 


Sacramento River 292 4.9 5.5 SAC_DS_SUTSL 


Riparian R30 Sacramento River below NDD to 


Sutter/Steamboat Sloughs 


Sacramento River 420 5.5 6.1 SAC_DS_SUTSL 


Riparian R31 Sacramento River below NDD to 


Sutter/Steamboat Sloughs 


Sacramento River 2,325 6.2 8.2 SAC_DS_SUTSL 


Riparian R33 Cache Slough Cache Slough 2,455 4.6 6.6 SLCCH016 


Riparian R34 Sutter/Steamboat Sloughs Steamboat Slough 708 2.1 5.0 SLSBT011 


Riparian R35 Sutter/Steamboat Sloughs Steamboat Slough 740 2.1 8.0 SLSBT011 


Riparian R36 Sutter/Steamboat Sloughs Steamboat Slough 439 5.1 7.0 SLSBT011 


Riparian R37 Sutter/Steamboat Sloughs Steamboat Slough 430 4.3 6.3 SLSBT011 


Riparian R38 Sutter/Steamboat Sloughs Steamboat Slough 353 5.1 5.8 STMBT_SL 


Riparian R39 Sutter/Steamboat Sloughs Sutter Slough 1,415 4.2 7.2 SUT_US_MIN 


Riparian R40 Sutter/Steamboat Sloughs Sutter Slough 1,150 4.2 7.2 SUT_US_MIN 


Wetland W1 Cache Slough Cache Slough 495 2.3 4.3 CACHE_RYER 


Wetland W8 Sacramento River above NDD Sacramento River 1,320 2.9 4.1 NDD_US 


Wetland W19 Sacramento River from 


Sutter/Steamboat Sloughs to Rio 


Vista 


Sacramento River 210 0.9 2.1 RSAC123 
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Bench 


Type Code Location Water body Length (feet) 


Min. Elevation 


(feet NAVD) 


Max. 


Elevation 


(feet NAVD) 


DSM2-HYDRO 


Node 


Wetland W20 Sacramento River from 


Sutter/Steamboat Sloughs to Rio 


Vista 


Sacramento River 745 -0.5 3.4 RSAC123 


Wetland W21 Sacramento River from 


Sutter/Steamboat Sloughs to Rio 


Vista 


Sacramento River 660 2.6 4.6 RSAC123 


Wetland W22 Sacramento River from 


Sutter/Steamboat Sloughs to Rio 


Vista 


Sacramento River 815 2.9 4.9 RSAC123 


Wetland W23 Sacramento River below NDD to 


Sutter/Steamboat Sloughs 


Sacramento River 790 -0.5 3.4 RSAC142 


Wetland W24 Sacramento River above NDD Sacramento River 1,322 -0.8 4.2 RSAC155 


Wetland W26 Sacramento River above NDD Sacramento River 1,124 1.8 2.8 RSAC155 


Wetland W31 Sacramento River below NDD to 


Sutter/Steamboat Sloughs 


Sacramento River 2,325 3.2 5.2 SAC_DS_SUTSL 


Wetland W32 Cache Slough Cache Slough 1,042 0.9 2.1 SLCCH016 


Wetland W33 Cache Slough Cache Slough 2,455 2.6 4.6 SLCCH016 


Wetland W34 Sutter/Steamboat Sloughs Steamboat Slough 708 0.9 2.1 SLSBT011 


Wetland W35 Sutter/Steamboat Sloughs Steamboat Slough 740 0.9 2.1 SLSBT011 


Wetland W36 Sutter/Steamboat Sloughs Steamboat Slough 439 0.9 2.1 SLSBT011 


Wetland W37 Sutter/Steamboat Sloughs Steamboat Slough 430 2.3 4.3 SLSBT011 


Wetland W38 Sutter/Steamboat Sloughs Steamboat Slough 353 0.9 2.1 STMBT_SL 


Source: ICF International 2016:5.D-272. 
NAVD = North American Vertical Datum of 1988; NDD = north Delta diversion. 
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Figure 5D.6-1. Benches Analyzed for Inundation Effects of the Proposed Action  
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Source: U.S. Fish and Wildlife Service 2005:221. 


Figure 5D.6-2. Habitat Suitability Curve for Juvenile Winter-Run Chinook Salmon 


5D.7 Interactive Object-Oriented Simulation 


5D.7.1 Model Structure 


The Interactive Object-Oriented Simulation (IOS) model is composed of six model stages defined by 


a specific spatiotemporal context and are arranged sequentially to account for the entire life cycle of 


winter-run Chinook salmon, from eggs to returning spawners (Figure 5D.7-1). In sequential order, 


the IOS Model stages are listed below. 


1. Spawning, which models the number and temporal distribution of eggs deposited in the gravel 


at the spawning grounds in the upper Sacramento River between Red Bluff Diversion Dam and 


Keswick Dam as a function of water Temperatures in April and May. 


2. Early Development, which models the effect of temperature on maturation timing and mortality 


of eggs incubating in the gravel. 


3. Fry Rearing, which models the relationship between temperature and mortality of fry during the 


river rearing period in the upper Sacramento River between Red Bluff Diversion Dam and 


Keswick Dam. 


4. River Migration, which estimates mortality of migrating smolts in the Sacramento River 


between Red Bluff and the Delta as a function of river flow. 


5. Delta Passage, which models the effect of flow, routing, and exports on the survival of smolts 


migrating through the Delta to San Francisco Bay. 


6. Ocean Survival, which estimates the effect of natural mortality, ocean harvest, and ocean 


conditions to predict survival and spawning returns by age. 
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A detailed description of each model stage follows. 


 


Figure 5D.7-1. Conceptual Diagram of the IOS Model Stages and Environmental Influences on 
Survival and Development of Winter-Run Chinook Salmon at Each Stage 


5D.7.1.1 Spawning 


For the first four simulation years of the 82-year CALSIM simulation period, the model is seeded 


with 5,000 spawners, of which 3,087.5 are female based on the wild male to female ratio of 


spawners. In each subsequent simulation year, the number of female spawners is determined by the 


model’s probabilistic simulation of survival to this life stage. To ensure that developing fish 


experience the correct environmental conditions during each year, spawn timing is a function of 


water temperatures in April and May as described by the function of Dusek Jennings and Hendrix 


(2020: 8). Eggs deposited on a particular date are treated as cohorts that experience temperature on 


a daily timestep during the early development stage. The daily number of female spawners is 
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calculated by multiplying the predicted daily proportion of spawners by the total Jolly-Seber 


estimate of female spawners (Poytress and Carillo 2010:22): 


(Equation 1) Sd = PdSJS 


where, Sd is the daily number of female spawners, Pd is the daily proportion of total spawners 


and SJS is the total Jolly-Seber estimate of female spawners. 


To account for the time difference between egg deposition and carcass observations, the date of egg 


deposition is assumed to be 14 days prior to carcass observations (based on input from USFWS Red 


Bluff Fish and Wildlife Office Hatchery Evaluation staff). 


To obtain estimates of juvenile production, a Ricker stock-recruitment curve (Ricker 1975) was fit 


between the winter run Juvenile Production Index each year (estimated by rotary screw–trap 


sampling at Red Bluff Diversion Dam) and the number of female spawners (from USFWS carcass 


surveys) for years 1996–1999 and 2002–2017: 


(Equation 2) R = αSe-βS+ ε 


where α is a parameter that describes recruitment rate, and β is a parameter that measures the 


level of density dependence.  


The density-dependent parameter (β) did not differ significantly from 0 (t = 1.662, P = 0.114), 


indicating that the relationships between emergent fry and female spawners was linear (density-


independent). Therefore, β was removed from the equation and a linear version of the stock-


recruitment relationship was estimated. The number of female spawners explained 90% of the 


variation in fry production (F1,19 = 173, P <0.001) in the data, so the value of α was taken from the 


regression: 


(Equation 3) R = 1027*S 


In the IOS model, this linear relationship is used to predict values for mean fry production along 


with the confidence intervals for the predicted values. These values are then used to define a normal 


probability distribution, which is randomly sampled to determine the annual fry production. 


Although the Ricker model accounts for mortality during egg incubation, additional mortality was 


imposed at temperatures higher than those experienced during the years used to construct the 


Ricker model.  


5D.7.1.2 Early Development 


Data from three laboratory studies were used to estimate the relationship between temperature, egg 


mortality, and development time (Murray and McPhail 1988; Beacham and Murray 1989; U.S. Fish 


and Wildlife Service 1999). Using data from these experiments, a relationship was constructed 


between maturation time and water temperature. First maturation time (days) was converted to a 


daily maturation rate (1/day): 


(Equation 4) daily maturation rate = maturation time-1 


A significant linear relationship between maturation rate and water temperature was detected using 


linear regression. Daily water temperature explained 99% of the variation in daily maturation rate 


(F =2188; df =1,15; p<0.001): 


(Equation 5) daily maturation rate = 0.00058*Temp-0.018 
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In the IOS model, the daily mean maturation rate of the incubating eggs is predicted from daily 


water temperatures using a linear function; the predicted mean maturation rate, along with the 


confidence intervals of the predicted values, is used to define a normal probability distribution, 


which then is randomly sampled to determine the daily maturation rate. A cohort of eggs 


accumulates a percentage of total maturation each day from the above equation until 100% 


maturation is reached. 


Data from experimental work (U.S. Fish and Wildlife Service 1999) was used to parameterize the 


relationship between temperature and mortality of developing winter-run Chinook salmon eggs. 


Predicted proportional mortality over the entire incubation period was converted to a daily 


mortality rate to apply these temperature effects in the IOS Model. This conversion was used to 


calculate daily mortality using the methods described by Bartholow and Heasley (2006:32): 


(Equation 6) mortality = 1-(1-total mortality)(1/development time) 


where total mortality is the predicted mortality over the entire incubation period observed for a 


particular water temperature and development time was the time to develop from fertilization to 


emergence. 


Limited sample size in the USFWS study (1999) did not allow a statistically valid test for effects of 


temperature on mortality (e.g., a general additive model) to be performed. However, the following 


exponential relationship was fitted between observed daily mortality and observed water 


temperatures (U.S. Fish and Wildlife Service 1999) to provide the required values for the IOS Model: 


(Equation 7) daily mortality = 1.38*10-15e (0.503*Temp) 


Equation 7 yields the following graphic (Figure 5D.7-2), which indicates that proportional daily egg 


mortality increases rapidly with only small changes in water temperature. For example, within the 


predominant water temperature range found in model scenarios (55°F to 60°F), proportional daily 


mortality increases over ten-fold (~0.001 at 55°F to ~0.018 at 60°F). 
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Figure 5D.7-2. Relationship between Proportional Daily Mortality of Winter-Run Chinook Salmon 
Eggs and Water Temperature (Equation 7) for (A) the Entire Temperature Range and (B) the 
Predominant Range Found in Model Scenarios 
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In the IOS model, mean daily mortality rates of the incubating eggs are predicted from weighted 


mean daily water temperature at Keswick Dam and Balls Ferry where temperatures are weighted by 


a 10-year average distribution of winter run redds between these two locations. The predicted mean 


mortality rate, along with the confidence intervals of the predicted values, is used to define a normal 


probability distribution, which then is randomly sampled to determine the daily egg mortality rate. 


5D.7.1.3 Fry Rearing 


Data from USFWS (1999) was used to model fry mortality during rearing as a function of water 


temperature. Again, because of a limited sample size from the study by USFWS, statistical analyses 


to test for the effects of water temperature on rearing mortality could not be run. However, to 


acquire predicted values for the model, the following exponential relationship was fitted between 


observed daily mortality and observed water temperatures (U.S. Fish and Wildlife Service 1999): 


(Equation 8) daily mortality = 3.92*10-12e (0.349*Temp) 


Equation 8 yields the following graphic (Figure 5D.7-3), which indicates that proportional daily fry 


mortality increases rapidly with only small changes in water temperature. For example, within the 


predominant water temperature range found in model scenarios (55°F to 60°F), proportional daily 


mortality increases over five-fold (~0.001 at 55°F to ~0.005 at 60°F). This indicates that, although 


fry mortality is highly sensitive to changes in water temperature, this sensitivity is not as great as 


that of egg mortality within the predominant range observed in the model scenarios in focus. 
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Figure 5D.7-3. Relationship between Proportional Daily Mortality of Winter-Run Chinook Salmon 
Fry and Water Temperature (Equation 8) for (A) the Entire Temperature Range and (B) the 
Predominant Range Found in Model Scenarios 
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Each day the mean proportional mortality of the rearing fish is predicted from the daily water 


temperature using the above exponential relationship; the predicted mean mortality, along with the 


confidence intervals of the predicted values, is used to define a normal probability distribution, 


which then is randomly sampled to determine the daily mortality of the rearing fish. Temperature 


mortality is applied to rearing fry for 60 days, which is the approximate time required for fry to 


transition into smolts (U.S. Fish and Wildlife Service 1999) and enter the River Migration stage. All 


fish migrating through the Delta are assumed to be smolts. 


5D.7.1.4 River Migration 


Survival of smolts between Red Bluff Diversion Dam and Fremont Weir is estimated as a function of 


flow at Bend Bridge (Figure 5D.7-4). The flow-survival relationship in this reach was modeled using 


7 years of releases of winter-run smolts from Livingston Stone hatchery that were implanted with 


JSATS transmitters (total of 2,912 tagged fish detected at Red Bluff). Mortality in this stage is applied 


on the day fish pass Red Bluff with the specific value estimated based on flow at Bend Bridge. Smolts 


are delayed from entering the next model stage to account for travel time. Mean travel time (20 


days) is used along with the standard error (3.6 days) to define a normal probability distribution, 


which is randomly sampled to provide estimates of the total travel time of migrating smolts.  
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Figure 5D.7-4. Relationship between Flow at Bend Bridge and the Probability of Winter-Run Smolt 
Survival between Red Bluff and the First Delta Passage Reach at Verona; This Relationship 
Includes Smolts that Entered the Yolo Bypass and Those that Remained in the Sacramento River 


5D.7.1.5 Delta Passage 


Winter-run Chinook salmon passage through the Delta within IOS is modeled with the DPM, which is 


described fully in Section 5D.5, Delta Passage Model. Note that there is one difference between the 


implementation of the DPM in IOS and the standalone DPM. The timing of winter-run entry into the 


Delta is a function of upstream fry/egg rearing and river migration so timing changes annually, in 


contrast to the fixed nature of Delta entry for the standalone DPM. Also, the IOS entry distribution is 


a unimodal term that tends to peak between the bimodal peaks of the standalone DPM entry 


distribution (Figure 5D.7-5). As each cohort of smolts exits the final reaches of the Delta (Sac4 and 


the interior Delta), the cohorts accumulate until all cohorts from that year have exited the Delta. 
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After all cohorts have arrived, they all enter the Ocean Survival model as a single cohort and the 


model begins applying mortality on an annual timestep. 


 
DPM: purple line, fixed bimodal distribution. 


IOS in 1937: blue line, an average peak of January 21. 


IOS in 1994: green line, a late peak of January 28.IOS in 2001: red line, an early peak of January 4. 


IOS data are from scenario ALT9_LLT of the Bay Delta Conservation Plan EIR/EIS. 


Figure 5D.7-5. Winter-Run Chinook Salmon Smolt Delta Entry Distributions Assumed under the 
Delta Passage Model Compared with Entry Distributions for IOS in 1937, 1994, and 2001 


5D.7.1.6 Ocean Survival 


As described by Zeug et al. (2012:461), this model stage uses a set of equations for smolt-to-


age-2 mortality, winter mortality, ocean harvest, and spawning returns to predict yearly 


survival and escapement numbers (i.e., individuals exiting the ocean to spawn). Certain values 


during the ocean survival life stage were fixed constant among model scenarios. Ocean survival 


model-stage elements are listed in Table 5D.7-1 and discussed below. 
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Table 5D.7-1. Functions and Environmental Variables Used in the Ocean Survival Stage of the IOS 
Model 


Model Element Environmental Variable Value 


Smolt-age 2 mortality None Uniform random variable between 


94% and 98% 


Age 2 ocean survival Wells’ Index of Ocean productivity Equation 13 


Age 3 ocean survival None Equation 14 


Age 4 ocean survival None Equation 15 


Age 3 harvest None Fixed at 17.5% 


Age 4 harvest None Fixed at 45% 


 


Relying on ocean harvest, mortality, and returning spawner data from Grover et al. (2004:19–29), a 


uniformly distributed random variable between 94% and 98% mortality was applied for winter-run 


Chinook salmon from ocean entry to age 2 and functional relationships were developed to predict 


ocean survival and returning spawners for age 2 (8%), age 3 (88%), and age 4 (4%), assuming that 


100% of individuals that survive to age 4 return for spawning. In the IOS model, ocean survival to 


age 2 is given by: 


(Equation 13) A2 = Ai(1-M2)(1-Mw)(1-H2)(1-Sr2)*W 


Survival to age 3 is given by: 


(Equation 14) A3 = A2(1-Mw)(1-H3)(1-Sr3) 


And survival to age 4 is given by: 


(Equation 15) A4 = A3(1-Mw)(1-H4) 


where Ai is initial abundance at ocean entry (from the DPM stage), A2,3,4 are abundances at ages 


2–4, H2,3,4 are harvest percentages at ages 3–4 represented by uniform distributions bounded by 


historical harvest levels, M2 is smolt-to-age-2 mortality, Mw is winter mortality for ages 2–4, and 


Sr2,r3 are returning spawner percentages at age 2 and age 3. 


Harvest mortality is represented by a uniform distribution that is bounded by historical levels of 


harvest. Age 2 survival is multiplied by a scalar W that corresponds to the value of Wells Index of 


ocean productivity. This metric was shown to significantly influence over-winter survival of age 2 


fish (Wells et al. 2007). The value of Wells Index is a normally distributed random variable that is 


resampled each year of the simulation. In the analysis, the following values from Grover et al. (2004) 


were used: H2 = 0%, H3 = 0-39%, H4 = 0-74%, M2 = 94-98%, Mw = 20%, Sr2 = 8%, and Sr3 = 96%. 


Adult fish designated for return to the spawning grounds are assumed to be 65% female and are 


assigned a pre-spawn mortality of 5% to determine the final number of female returning spawners 


(Snider et al. 2001:Appendix Table 6). 
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5D.7.2 Methods 


5D.7.2.1 Timestep 


The IOS Model operates on a daily timestep, advancing the age of each cohort/life stage and thus 


tracking their numerical fate throughout the different stages of the life cycle. Some variables (e.g., 


annual mortality estimates) are randomly sampled from a distribution of values and are applied 


once per year; 500 iterations of the model were run for each scenario to generate 500 sets of 


outputs, each reflecting different random sampling from distributions of the different variables and 


model functions in the model (see also the description of Delta Passage Model above). Although a 


daily timestep is implemented for the Delta Passage component of IOS, flow inputs that rely on 


CalSim outputs are based on monthly modeling and are assumed to be constant within a particular 


month. In addition, for the ocean phase of the life cycle, the model operates on an annual timestep by 


applying annual survival estimates to each ocean cohort. 


5D.7.2.2 Model Inputs 


Delta flows and export flow into SWP and CVP pumping plants were modeled using monthly flow 


output from CalSim 3 or daily flows from DSM2 (see Table 5D.5-2 in Section 5D.5.1.4), with the 


monthly average flow in a particular month being applied to all days within that month, as described 


above. A separate set of flow inputs was developed for the proposed action, based on the CalSim 3 


flow predictions for the entire modeled period. Flows into the Yolo Bypass over Fremont Weir were 


based on disaggregated monthly CalSim 3 data based on historical patterns of variability. 


Temperature data for the Sacramento River was obtained from the Sacramento River Water Quality 


Model (SRWQM) developed by the Bureau of Reclamation. The nodes in the CalSim and SRWQM 


models that were used to provide flow and temperature data for specific reaches in the Sacramento 


River and Delta are shown in Table 5D.7-2. 


Table 5D.7-2. IOS Reaches and Associated Channels from CalSim and SRWQM Models 


IOS Reach CalSim Channel SRWQM 


Spawning-Rearing Reach – Weighted average of Keswick and Balls Ferry 


temperatures based on spawning distribution 


River Migration Bend Bridge  


Delta See Table 5D.5-2 – 


5D.7.2.3 Model Outputs 


Four model outputs are used to determine differences among model scenarios. 


1. Egg survival: The Sacramento River between Keswick Dam and the Red Bluff Diversion Dam 


provides egg incubation habitat for winter-run Chinook salmon. Water temperature has a large 


effect on the survival of Chinook salmon during the egg incubation period by controlling 


mortality as well as development rate. Temperatures in this reach are partially controlled by 


releases of cold water from Shasta Reservoir and ambient weather conditions. 


2. Fry survival: The Sacramento River between Keswick Dam and Red Bluff Diversion Dam 


provides rearing habitat for juvenile winter-run Chinook salmon. Water temperature can have a 


large effect on the survival of Chinook salmon during the fry rearing stage by controlling 
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mortality and development rate. Temperatures in this reach are partially controlled by releases 


of cold water from Shasta Reservoir and ambient weather conditions. 


3. River migration survival: The Sacramento River between Red Bluff Diversion Dam and Fremont 


Weir is a migration route for juvenile winter-run Chinook salmon. Flow magnitude at the Bend 


Bridge station influences survival and travel time in this reach. Flows at Bend Bridge are 


partially controlled by releases from Shasta and Keswick Reservoirs. 


4. Through-Delta survival: The Delta between the Fremont Weir on the Sacramento River and 


Chipps Island is a migration route for juvenile winter-run Chinook salmon. Flow magnitude in 


different reaches of the Delta influences survival and travel time and entrainment into 


alternative migration routes with different survival probabilities.  


5. Escapement: Each year of the IOS Model simulation, escapement is calculated as the combined 


number of 2-, 3-, and 4-year-old fish that leave the ocean and migrate back into the Sacramento 


River to spawn between Keswick Dam and the Red Bluff Diversion Dam. These numbers are 


influenced by the combination of all previous life stages and the functional relationships 


between environmental variables and survival rates.  


5D.7.2.4 Model Limitations and Assumptions 


The following model limitations and assumptions should be recognized when interpreting 


results. 


1. Other important ecological relationships likely exist but quantitative relationships are not 


available for integration into IOS (e.g., the interaction among flow, turbidity, and predation). To 


the extent that these unrepresented relationships are important and alter IOS outcomes, each 


alternative (including the proposed action) considered is assumed to be affected in the same 


way. 


2. For relationships that are represented in IOS, operational alternatives considered are not 


assumed to alter those underlying functional relationships.  


3. There is a specific range of environmental conditions (temperature, flow, exports, and ocean 


productivity) under which functional relationships were derived. These functional relationships 


are assumed to hold true for the environmental conditions in the scenarios considered. 


4. Differential growth because of different environmental conditions (e.g., river temperature) and 


subsequent potential differences in survival and other factors are not directly included in the 


model. Differences in survival related to growth are indirectly included to an unknown extent in 


flow-survival, temperature-survival, and ocean productivity-survival relationships. 


5. Juvenile winter-run Chinook salmon migrating through the Delta all are assumed to be smolts 


that are not rearing in the Delta. 


5D.7.2.5 Model Sensitivity and Influence of Environmental Variables 


Zeug et al. (2012) examined the sensitivity of the previous IOS model estimates of escapement to its 


input parameter values, input parameters being the functional relationships between environmental 


inputs and biological outputs. Although revisions have been undertaken to IOS since that time, 


particularly the river survival function, the main points from their analysis are still likely to be valid. 
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Zeug et al. (2012) found that escapement of different age classes was sensitive to different input 


parameters (Table 5D.7-3). Escapement of age-2 fish (which compose 8% of the total returning fish 


in a given cohort) was most sensitive to smolt-to-age-2-survival and water year when considering 


either independent or interactive effects of these parameters, and there was also sensitivity to river 


migration survival when considering interactive effects of this parameter with other parameters. 


Escapement of age-3 fish (which compose 88% of the total returning fish in a given cohort) was 


sensitive to several input parameters when considering the independent effects of these parameters 


but was sensitive to through-Delta survival alone when considering first-order interactions between 


parameters. Escapement of age-4 fish (which compose 4% of the total returning fish in a given 


cohort) was sensitive to nearly all input parameters when considering the independent effects of 


these parameters but was not sensitive to any of the parameters when considering first-order 


interactions between parameters (Zeug et al. 2012). 


Zeug et al. (2012) also explored how uncertainty in model parameter estimates influences model 


output by increasing by 10% to 50% the variation around the mean of selected parameters that 


could be addressed by management actions (egg survival, fry-to-smolt survival, river migration 


survival, Delta survival, age-3 harvest, and age-4 harvest). They found that model output was robust 


to parameter uncertainty and that age-3 and age-4 harvest had the greatest coefficients of variation 


as a result of the uniform distribution of these parameters. Zeug et al. (2012) noted that there are 


limitations in the data used to inform certain parameters in the model that may be ecologically 


relevant but that are not sensitive in the current IOS configuration: river survival is a good example 


because it is based on a three-year field study of relatively low-flow conditions that does not cover 


the range of potential conditions that may be experienced by downstream-migrating juvenile 


Chinook salmon. 


To understand the influence of environmental parameter inputs on escapement estimates from IOS, 


Zeug et al. (2012) performed three sets of simulations of a baseline condition and either a 10% 


increase or a 10% decrease in river flow, exports, water temperature (on the Sacramento River at 


Bend Bridge; see above), and ocean productivity (i.e., Wells Index; see Section 5D.7.1.6, Ocean 


Survival). They found that only 10% changes in temperature produced a statistically significant 


change in escapement; a 10% increase in temperature produced a far greater reduction in 


escapement (>95%) than a 10% decrease in temperature gave an increase in escapement (>10%). 


Zeug et al. (2012) suggested that the lack of significant changes in escapement with 10% changes of 


flow, exports, and ocean productivity may reflect the fact that these variables’ relationships within 


the model were based on observational studies with large error estimates associated with the 


responses. In contrast, temperature functions were parameterized with data from controlled 


experiments with small error estimates. Also, Zeug et al. (2012) noted that water temperatures 


within the winter-run Chinook salmon spawning and rearing area are close to the upper tolerance 


limit for the species; therefore, even small changes have the potential to significantly affect the 


population. 
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Table 5D.7-3. Sobol’s Sensitivity Indices (Standard Deviation in Parentheses) for Each Age Class of 
Returning Spawners Based on 1,000 Monte Carlo Iterations, Conducted to Test Sensitivity of IOS Input 
Parameters by Zeug et al. (2012) 


Input 


Parameter 


Age 2 Age 3 Age 4 


Main Index 


(Effect 


Independen


t of Other 


Input 


Parameters) 


Total Index 


(Effect 


Accounting 


for First-


Order 


Interactions 


with Other 


Input 


Parameters) 


Main Index 


(Effect 


Independent 


of Other 


Input 


Parameters) 


Total Index 


(Effect 


Accounting 


for First-


Order 


Interactions 


with Other 


Input 


Parameters) 


Main Index 


(Effect 


Independent 


of Other 


Input 


Parameters) 


Total Index 


(Effect 


Accounting 


for First-


Order 


Interactions 


with Other 


Input 


Parameters) 


Water year 0.300 a 


(0.083) 


0.306 a 


(0.079) 


0.181 a 


(0.091) 


0.150 (0.091) 0.073 (0.067) 0.012 (0.065) 


Egg survival 0.030 (0.016) -0.006 (0.016) 0.222 a 


(0.081) 


-0.021 (0.081) 0.102 a 


(0.044) 


-0.072 (0.044) 


Fry-to-smolt 


survival 


0.039 (0.020) -0.009 (0.020) 0.166 (0.090) 0.091 (0.092) 0.079 a 


(0.017) 


-0.071 (0.017) 


River migration 


survival 


0.007 (0.034) 0.135 a 


(0.034) 


0.164 (0.084) 0.062 (0.085) 0.079 (0.018) -0.07 (0.018) 


Delta survival 0.010 a 


(0.002) 


-0.009 (0.002) 0.404 a 


(0.180) 


0.643 a 


(0.177) 


0.313 a 


(0.134) 


-0.009 (0.132) 


Smolt to age 2 


survival 


0.734 a 


(0.118) 


0.454 a 


(0.113) 


0.015 (0.016) -0.006 (0.016) 0.057 a 


(0.017) 


-0.052 (0.017) 


Ocean 


productivity 


0.003 (0.009) 0.009 (0.009) 0.034 a 


(0.015) 


-0.034 (0.015) 0.061a (0.030) -0.048 (0.029) 


Age 3 harvest N/A N/A 0.029 a 


(0.001) 


-0.028 (0.001) 1.48 a (0.306) 0.188 (0.293) 


Age 4 harvest N/A N/A N/A N/A 0.055 a 


(0.003) 


-0.054 (0.003) 


Source: Zeug et al. 2012. 
a Index value was statistically significant at α=0.05. 


5D.7.3 Results 


Tabular summaries of IOS results are presented and discussed in Appendix 5C and Appendix 6C; 


graphical summaries are provided below in box plots and time series plots (Figure 5D.7-6 through 


Figure 5D.7-15). 


Note: Alt_5 corresponds to the proposed action.  
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Figure 5D.7-6. Box Plot of IOS Egg Survival Results 
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Figure 5D.7-7. Box Plot of IOS Fry Survival Results 







California Department of Water Resources 


 Appendix 5D 
Bay-Delta Methods and Results 


 


Delta Conveyance Project, Biological Assessment 
5D-112 


May 2024 
103653  


 


 


Figure 5D.7-8. Box Plot of IOS Riverine Juvenile Migration Survival Results 
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Figure 5D.7-9. Box Plot of IOS Through-Delta Juvenile Migration Survival Results 
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Figure 5D.7-10. Box Plot of IOS Female Escapement Results 
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Figure 5D.7-11. Time Series of IOS Egg Survival Results 
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Figure 5D.7-12. Time Series of IOS Fry Survival Results 
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Figure 5D.7-13. Time Series of IOS Riverine Juvenile Migration Survival Results 
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Figure 5D.7-14. Time Series of IOS Through-Delta Juvenile Migration Survival Results 
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Figure 5D.7-15. Time Series of IOS Female Escapement Results 


5D.8 Oncorhynchus Bayesian Analysis 
Attachment 5D.2, esults of OBAN Analysis of Delta Conveyance Project Alternatives 2020, describes the 


methods and results from the Oncorhynchus Bayesian Analysis winter-run Chinook salmon life cycle 


model. Additional discussion of the results is provided in Chapter 5. 
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5D.9 Delta Smelt Upstream Migration Past North Delta 
Diversions 


When it rains during the winter, the delta smelt population expands its distribution in response to 


the increase in turbid fresh water (Sommer et al. 2011; Murphy and Hamilton 2013). This expansion 


is probably facilitated by numerous behaviors, but tidal surfing (changes in how the fish use 


channels when tides change) is one set of behavioral mechanisms that delta smelt can use to either 


stay in a desired location or to move rapidly (Feyrer et al. 2013; Bennett and Burau 2015). An 


analysis employing particle tracking modeling (PTM) using a simple tide surfing behavior originally 


described by Culberson et al. (2004) to evaluate the likelihood that adult delta smelt could tide surf 


to the proposed locations of the NDDs indicated that there was no measurable probability that tide 


surfing fish could ascend the Sacramento River to Isleton, much less even farther upstream to the 


reach of river where the NDDs would be constructed (ICF International 2016:6-75). This makes 


intuitive sense for two reasons. First, the tidal energy extending up into Cache Slough is much 


greater than the tidal energy extending into the comparatively narrow mainstem Sacramento River 


channel. Second, both flood and ebb tide flows are usually moving downstream in the Sacramento 


River where the proposed NDDs would be built. Once the tides stop flowing in two directions, the 


standard tide surfing mechanisms would no longer work to move fish upstream. However, a few 


adult delta smelt do ascend the Sacramento River (Merz et al. 2011), in one robustly documented 


instance, even reaching Knight’s Landing, which is well beyond the reach of tidal influence (Vincik 


and Julienne 2012). The most parsimonious explanation for how delta smelt can accomplish this 


against strong water velocities is to do something they do less frequently further downstream—


move toward the shoreline where water velocities are slower. 


Once constructed, each of the NDDs will consist of a row cylindrical tee-screens backed by a vertical 


concrete wall. If adult delta smelt attempt to move upstream along the east bank of the river, these 


areas will have less shoreline with relatively low velocity (other than regions such as the intake 


manifolds or spaces between the cylindrical tee-screens), requiring swimming against in-channel 


velocities if attempting to pass the screens. By virtue of small body size delta smelt are relatively 


“poor” swimmers (Swanson et al. 1998). In addition, they are non-continuous swimmers. This 


makes sense because they evolved in a high velocity tidal environment (as did their immediate 


ancestor, the surf smelt Hypomesus pretiosus) where it would be energetically wasteful for a small 


fish to swim against currents all the time. 


Swanson et al. (1998) estimated that on average, the maximum sustainable swimming speed for 


delta smelt is 27.6 ±5.1 cm/s (0.91 ±0.17 feet per second [feet/s]), for about 10 minutes. This 


estimate was not sensitive to fish length over the size range 30 to 70 mm (see Figure 1 of Swanson 


et al. 1998). Thus, for a delta smelt to swim upstream at all, the river velocity has to be less than 


their sustainable swimming speed. If the river velocity is higher than the sustainable swimming 


speed and delta smelt cannot escape the current, then they will be pushed back downstream. Young 


et al. (2010) found that sweeping velocities in the Fish Treadmill affected the swimming speed of 


adult delta smelt; when sweeping velocity was experimentally increased (analogous to river 


velocity), delta smelt increased their swimming speed (Young et al. 2010; Figure 5D.9-1). However, 


the observed increases were very slight, and the mean swimming speed predictions from the 


equation produce even slower swimming speeds than the Swanson et al. (1998) results. Note the 


1998 swimming speed estimate is very close to the maximum observed at the maximum sweeping 


velocity tested and therefore it provides an optimistic estimate of delta smelt’s swimming ability. If 







California Department of Water Resources 


 Appendix 5D 
Bay-Delta Methods and Results 


 


Delta Conveyance Project, Biological Assessment 
5D-121 


May 2024 
103653  


 


the average 2010 swimming speeds are substituted for the 1998 results, then no adult delta smelt 


could ever pass the NDD except when flows are too low to enable pumping. Thus, it is acknowledged 


that calculations based on the 1998 swimming speed estimate will be inherently optimistic for three 


reasons. First, newer estimates suggest slower mean swimming speeds based on longer duration 


calculations (Young et al. 2010). Second, lacking information on how straight of a line delta smelt 


would swim in when trying to pass a long fish screen, it is necessary to make the assumption that 


they will swim in a perfectly straight line. Third, delta smelt are unlikely to swim continuously for 


lengthy periods of time when there is a current (Swanson et al. 1998; Figure 5D.9-2), but for this 


analysis it was considered too speculative to try to adjust calculations based on such a nonlinear 


response developed under confined conditions to which the fish are not adapted. Thus, for the 


following analysis, the simplifying assumptions are made that the fish will swim past the fish screen 


in a straight line and that if they can swim the necessary distance in one hour or less that they will 


swim continuously except during the moments they are predicted to be impinged. The 1-hour 


timestep is reasonable because at the minimum channel velocity at which diversions were assumed 


to be allowable in the operations modeling (0.4 feet/s) delta smelt could theoretically swim 


upstream 900 feet (i.e., the approximate length of thirty, ~30-foot screens) in just under 30 minutes. 


On the basis of the 0.91-feet/s maximum sustainable swimming speed, this would happen whenever 


Sacramento River velocity in front of the fish screens was less than 0.535 feet/s (or when 


Sacramento River flow was low enough that flood tide currents “reversed” the river flow and moved 


net currents in an upstream direction). 


 
Source: Young et al. 2010:Figure 7. 


Figure 5D.9-1. Sweeping Velocity in the UC Davis Fish Treadmill versus Swimming Velocity of Adult 
Delta Smelt during Two-Hour Experiments 
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Source: Swanson et al. 1998: Table 1. 


Figure 5D.9-2. Flow Rates Experienced by Delta Smelt in a Swimming Flume versus Time until the 
Fish Were First Impinged against the Back of the Flume Because They Had Stopped Swimming 


The best available information on what Sacramento River velocities might be in front of the NDDs is 


from the velocity gauge in the river at Freeport (CDEC gauge FPT, sensor 21).3 These data were 


downloaded at an hourly timestep for the months of December through June. The Freeport velocity 


data used were for 1990 through 2000. The hourly river velocities were converted into net 


upstream swimming velocities for adult delta smelt: 0.91 feet/s minus measured velocity, and the 


results were summarized using a histogram. This analysis was also repeated using only December 


through March data, which based on the fish salvage facilities in the south Delta, represents a time of 


year that most adult delta smelt “migration” occurs (Grimaldo et al. 2009). 


Hourly river velocities slow enough that delta smelt could swim upstream more than 900 feet in an 


hour occurred with a frequency of 0.0975 from December through June 1990–2000, and 0.0572 


from December through March 1990–2000 (Figure 5D.9-3). This analysis was repeated using a 


swimming speed of 19 cm/s (0.62 feet/s), which was loosely derived from Young et al. (2010). The 


use of this slower swimming speed had the obvious effect of making estimates of successful fish 


passage even rarer; 0.0578 and 0.0268 for December through June and December through March, 


respectively (results not shown). 


 


 
3 As discussed further in Chapter 12, Fish and Aquatic Resources, of the Final EIR (California Department of 
Water Resources 2023), velocity near the river banks or river bottom could be much lower than the mean 
channel velocity, which is a limitation of this analysis based on the available data. 
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Note: The y axis crosses the x axis at 0.25 feet/s, the velocity at which delta smelt could swim far enough in 1 hour to 


theoretically pass a 900-foot-long fish screen. 


Figure 5D.9-3. Cumulative Frequency Distributions of Estimated Swimming Velocities of Adult 
Delta Smelt in the Sacramento River (0.91 feet/s minus measured velocity at Freeport) for 
December–June 1990–2000 (blue symbols with black line) and December–March 1990–2000 (red 
line and symbols) 


February 1–27, 1991, was a low-flow period in a drought year in which data were fairly complete 


and in-channel river velocities were frequently slow enough (based on the assumptions described 


above) to enable delta smelt to move upstream at rates exceeding 900 feet per hour. Therefore, this 


time period was used to develop estimates of survival rates of delta smelt passing the proposed fish 


screens using the daytime mortality equation provided by Swanson et al. (2005). To the extent that 


Freeport velocity represents a bypass flow velocity in front of the NDD fish screens, during February 


1991, hourly river velocities were high enough to allow NDD pumping 72% of the time (based solely 


on the 0.4 feet/s velocity criterion assumed for modeling purposes, and not accounting for any other 


NDD operations considerations), but the percentage of time that pumping could occur and delta 


smelt could theoretically pass the screen was only 12%—comparable to the longer term fraction 


shown in Figure 5D.10-1. The analysis of mortality was restricted to these 12 percent of 


observations because it was assumed that river velocities exceeding the maximum sustained 


swimming speed of delta smelt will prevent the fish from even trying to pass the screen, and that 


river velocities that delta smelt can only very slowly swim upstream against will likewise dissuade 


fish from attempting to pass the screen. Note that these fates are accounted for by the large fractions 


of impassable velocities shown in Figure 5D.9-3.  


The linear regression equation describing the estimated mortality from the fish treadmill 


experiments (Swanson et al. 2005) was: 


48-hour % mortality (day) = -26.59 + 171.90 (contact rate, contacts/fish/min) + 1.31 


(temperature, °C) + 1.04(approach velocity, cm/s); n= 56, r2 = 0.4815, SEE = 13.31 
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As previously noted, Swanson et al. (2005) also developed an equation for nighttime exposures that 


predicts a lower mortality rate. This equation was not used because several assumptions about 


swimming speed had already been made in the calculations and because data were lacking to 


indicate that delta smelt actively migrate at night. Freeport water temperature data (CDEC gauge 


FPT, sensor 25) for February 1–27, 2010, through 2015, were downloaded to generate a range of 


likely water temperatures during which delta smelt would be expected to ascend the Sacramento 


River. 


The screen contact rate is a linear regression function of the approach and sweeping velocities:  


Contact rate (contacts/fish/min) = 0.042 + 0.009 (approach velocity, cm/s) – 0.001 


(sweeping velocity, cm/s); r2 = 0.421 


The Freeport velocity data were used to represent the sweeping velocity required for the calculation 


of mortality, and the approach velocity in both equations was assumed to be 0.2 feet/s (6.1 cm/s) if 


Freeport velocity equaled or exceeded 0.4 feet/s (12.2 cm/s) and zero otherwise, consistent with 


the modeling assumption that no pumping would be allowed when a 0.4-ft/s sweeping velocity 


criterion was not met. 


The probability that an individual delta smelt would successfully pass the downstream-most NDD 


screen was estimated as: 


P = U*S 


where P is the probability of successful passage, U is the probability water velocity was slow enough 


that an average delta smelt could swim at least 900 feet upstream in one hour or less, and S is the 


survival of delta smelt passing the screen in the event they could.  


Survival was derived from the predictions of the 48-hour mortality equation (Swanson et al. 2005) 


presented above as 1-(mortality/100); variation in S was generated using variation in upstream 


swimming distances of delta smelt derived from variation in Freeport velocity (1990–2000) and 


using the six years of hourly water temperature data described above (2010–2015). 


5D.10 Delta Smelt Larval Entrainment (DSM2 Particle 
Tracking Model) 


The most recent version of the Particle Tracking Model (DSM2-PTM was used in the effects analysis 


to estimate the relative change in entrainment of delta smelt larvae by various water diversions (i.e., 


the south Delta export facilities and the North Bay Aqueduct [NBA] Barker Slough Pumping Plant). 


This approach assumed that the susceptibility of delta smelt larvae can be represented by 


entrainment of passive particles, based on existing literature (Kimmerer 2008, 2011). Results of the 


PTM simulations do not represent the actual entrainment of larval delta smelt that may have 


occurred in the past or would occur in the future, but rather should be viewed as a comparative 


indicator of the relative risk of larval entrainment under different operational scenarios. For 


purposes of this effects analysis, those particles that were estimated to have entered the various 


water diversion locations included in the PTM outputs (e.g., south Delta export facilities and NBA) 


are characterized as having been entrained. The latest version of DSM2-PTM allows agricultural 


diversions to be excluded as sources of entrainment (while still being included as water diversion 


sources): For this effects analysis, these agricultural diversions were excluded, given the relative 







California Department of Water Resources 


 Appendix 5D 
Bay-Delta Methods and Results 


 


Delta Conveyance Project, Biological Assessment 
5D-125 


May 2024 
103653  


 


coarseness of the assumptions related to specific locations of the agricultural diversions, the timing 


of water withdrawals by individual irrigators, and field observations that the density of young delta 


smelt entrained by these diversions is relatively low (Nobriga et al. 2004; Kimmerer 2008).S 


Delta smelt starting distributions used in the PTM larval entrainment analysis were based on the 


California Department of Fish and Wildlife 20-mm Survey and were developed in association with 


M. Nobriga (USFWS Bay-Delta Office). This method paired observed delta smelt larval distributions 


from survey data with modeled hydraulic conditions from DSM2-PTM. Each pair was made by 


matching the observed Delta outflows of the first 20-mm Survey that captured larval smelt (16 years 


of 20-mm Surveys, 1995–2011) with the closest modeled mean monthly Delta outflow for the 


months of March to June in the 90+ years of PTM simulations. 


The 20-mm Survey samples multiple stations throughout the Delta fortnightly. The average length of 


delta smelt caught during each survey was averaged across all stations (8–10 surveys per year) 


(Table 5D.10-1 through Table 5D.10-8). The survey with mean fish length closest to 13 mm was 


chosen to represent the starting distribution of larval smelt in the Delta for that particular year 


(Table 5D.10-1 through Table 5D.10-8). A length of 13 mm was chosen in order to represent a 


consistent period each year with respect to size/age of delta smelt larvae, while accounting for the 


mean size by survey across all years and the general pattern of more efficient capture with greater 


size. Catch efficiency changes rapidly for delta smelt larvae as they grow (see Figure 8 of Kimmerer 


2008); the choice of 13 mm represents a compromise between larger larvae/early juveniles (e.g., ≥ 


20 mm) that are captured more efficiently but which may have moved too far to accurately 


represent starting distribution and likely would be behaving less like passive particles, and smaller 


larvae (e.g., <10 mm) that are not sampled efficiently enough to provide a reliable depiction of 


starting distribution. During the period included in the analysis (1995–2011), the fourth survey was 


selected most frequently (range between the first and fifth surveys). 


Once a survey date was chosen for a given year, the actual delta smelt catch during this survey was 


examined by station number. Stations downstream of the confluence of the Sacramento and San 


Joaquin River confluence (in Suisun Bay and Suisun Marsh) were eliminated, as particles originating 


in these areas would not be subject to entrainment in the Delta, and the PTM is better suited for the 


channels of the Delta than for the open-estuary environment of Suisun Bay. Several stations in the 


Cache Slough area also were not included as they were introduced in 2008 and did not have data for 


the entire period from which starting distributions are calculated. A list of stations and counts of 


delta smelt are provided in, along with the fish count not used to calculate the starting distribution, 


as a percentage of total fish caught during a given survey. Note that the percentage of larvae 


collected downstream of the Sacramento–San Joaquin confluence varies from zero to almost 100%, 


depending on water year. For example, in 2002 (survey 4), with relatively low outflow of 


approximately 13,500 cfs, only 2.5% of larvae were downstream of the confluence. In contrast, over 


70% of larvae were downstream in 1998 (survey 4), with outflow of nearly 70,000 cfs (Figure 


5D.10-1). These percentages were used to adjust the percentage of particles (particles representing 


larvae) that would be considered susceptible to entrainment.  


Delta smelt counts per station were then divided by the contributing area of a given station in acres 


(Table 5D.10-9), to remove spatial disparities, and percentages of the total number of Delta Smelt 


caught were calculated for each of the main areas included in the analysis. The final annual starting 


distributions then were established by evenly distributing assigned percentages to each DSM2-PTM 


node (i.e., model particle insertion points) in a given area. 
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In order to facilitate review, for example, for CDFW staff to conduct other forms of analyses based on 


the modeling outputs, the raw PTM outputs are provided in Attachment 5D.3, Raw DSM2 Particle 


Tracking Modeling Output. 
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Table 5D.10-1. Distribution of Larval Delta Smelt (Number of Smelt) in Selected Survey Period (Survey Number) at West Delta/Lower 
Sacramento River Sampling Stations 


Year 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 


Survey  


Number 


1 3 4 4 2 4 5 4 4 4 4 5 4 4 4 4 4 


Average Monthly 


Outflow (cfs) 


90,837 46,021 12,257 67,612 35,509 22,057 9,612 13,483 41,877 12,354 29,876 82,004 11,235 9,482 11,944 25,102 84,981 


508 – 51 – 1 3 1 – – 1 – 2 – – – – – – 


513 – 110 3 – 1 18 1 – 1 7 7 – – – – 2 – 


520 4 65 26 1 – 9 – – 1 – 2 – – – – 1 1 


801 – 41 2 – 8 18 – – 2 13 1 – – 1 – 1 – 


Note: “–” indicates the cell is blank. 
cfs = cubic feet per second. 


Table 5D.10-2. Distribution of Larval Delta Smelt (Number of Smelt) in Selected Survey Period (Survey Number) at West Delta/ Sacramento–
San Joaquin Confluence Sampling Stations 


Year 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 


Survey 


Number 


1 3 4 4 2 4 5 4 4 4 4 5 4 4 4 4 4 


Average 


Monthly 


Outflow (cfs) 


90,837 46,021 12,257 67,612 35,509 22,057 9,612 13,483 41,877 12,354 29,876 82,004 11,235 9,482 11,944 25,102 84,981 


704 – 11 8 – 4 – 3 – – 1 – – – 1 – – – 


705 – 4 12 – – 1 14 5 1 8 – 1 – – 1 – – 


706 – 4 14 2 – 1 5 1 – 3 1 – 1 – – 1 – 


707 – – – – – – 11 – – 2 – – – – – – – 


Note: “–” indicates the cell is blank. 
cfs = cubic feet per second. 
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Table 5D.10-3. Distribution of Larval Delta Smelt (Number of Smelt) in Selected Survey Period (Survey Number) at Cache Slough and North 
Delta Sampling Stations 


Year 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 


Survey 


Number 


1 3 4 4 2 4 5 4 4 4 4 5 4 4 4 4 4 


Average 


Monthly 


Outflow (cfs) 


90,837 46,021 12,257 67,612 35,509 22,057 9,612 13,483 41,877 12,354 29,876 82,004 11,235 9,482 11,944 25,102 84,981 


711 – – 7 – – 1 1 1 – – – 1 1 – – – – 


716 – – 6 – – 3 5 1 2 2 1 3 – – 1 2 1 


719 – – – – – – – – – – – – – 2 12 38 39 


Note: “–” indicates the cell is blank. 
cfs = cubic feet per second. 


Table 5D.10-4. Distribution of Larval Delta Smelt (Number of Smelt) in Selected Survey Period (Survey Number) at West Delta/Lower 
San Joaquin River Sampling Stations 


Year 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 


Survey 


Number 


1 3 4 4 2 4 5 4 4 4 4 5 4 4 4 4 4 


Average 


Monthly 


Outflow (cfs) 


90,837 46,021 12,257 67,612 35,509 22,057 9,612 13,483 41,877 12,354 29,876 82,004 11,235 9,482 11,944 25,102 84,981 


804 – 8 32 12 15 8 – 4 4 5 – 1 – 1 – 1 – 


809 – 20 13 – – – 28 1 1 87 – – – – – – – 


812 – 8 6 – – 1 49 3 – 6 – – – 1 – – – 


815 – 3 5 – 18 1 13 5 – 26 1 1 – 2 1 1 – 


901 – 5 5 – 7 – 13 2 1 4 – – – – – – – 


Note: “–” indicates the cell is blank. 
cfs = cubic feet per second. 
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Table 5D.10-5. Distribution of Larval Delta Smelt (Number of Smelt) in Selected Survey Period (Survey Number) at South Delta Sampling 
Stations 


Year 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 


Survey 


Number 


1 3 4 4 2 4 5 4 4 4 4 5 4 4 4 4 4 


Average 


Monthly 


Outflow (cfs) 


90,837 46,021 12,257 67,612 35,509 22,057 9,612 13,483 41,877 12,354 29,876 82,004 11,235 9,482 11,944 25,102 84,981 


902–915 – 0 4 – 45 18 11 14 8 3 2 – – 3 2 1 – 


918 – 1 – – – 21 1 1 – 2 1 – – – – – – 


Note: “–” indicates the cell is blank. 
cfs = cubic feet per second. 


Table 5D.10-6. Distribution of Larval Delta Smelt (Number of Smelt) in Selected Survey Period (Survey Number) at East Delta Sampling 
Stations 


Year 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 


Survey 


Number 


1 3 4 4 2 4 5 4 4 4 4 5 4 4 4 4 4 


Average 


Monthly 


Outflow (cfs) 


90,837 46,021 12,257 67,612 35,509 22,057 9,612 13,483 41,877 12,354 29,876 82,004 11,235 9,482 11,944 25,102 84,981 


919 – 1 5 – – 1 10 1 – – – – – – – – – 


Note: “–” indicates the cell is blank. 
cfs = cubic feet per second. 
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Table 5D.10-7. Distribution of Larval Delta Smelt (Number of Smelt) in Selected Survey Period (Survey Number) at Other Sampling Stations 


Year 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 


Survey  


Number 


1 3 4 4 2 4 5 4 4 4 4 5 4 4 4 4 4 


Average Monthly 


Outflow (cfs) 


90,837 46,021 12,257 67,612 35,509 22,057 9,612 13,483 41,877 12,354 29,876 82,004 11,235 9,482 11,944 25,102 84,981 


Cache Slough 


Stations 


0 0 0 0 0 0 0 0 0 0 0 0 0 10 4 16 4 


Downstream of 


Confluence 


7 567 66 43 127 46 8 1 7 20 50 242 1 0 1 4 120 


cfs = cubic feet per second. 


Table 5D.10-8. Percentage of Total Larval Delta Smelt Count in Selected Survey Period (Survey Number) Not Considered for Starting 
Distribution 


Year 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 


Survey  


Number 


1 3 4 4 2 4 5 4 4 4 4 5 4 4 4 4 4 


Average 


Monthly 


Outflow (cfs) 


90,837 46,021 12,257 67,612 35,509 22,057 9,612 13,483 41,877 12,354 29,876 82,004 11,235 9,482 11,944 25,102 84,981 


Cache Slough 


Stations 


0 0 0 0 0 0 0 0 0 0 0 0 0 47.6 18.2 23.5 2.4 


Downstream of 


Confluence 


63.6 63.1 30.8 72.9 55.7 31.1 4.6 2.5 24.1 10.6 73.5 97.2 33.3 0 4.5 5.9 72.7 


cfs = cubic feet per second. 
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Source: California Department of Fish and Wildlife 2015.  


Figure 5D.10-1. Density of Delta Smelt from 20-mm Survey 4, 2002 
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Table 5D.10-9. Area of Water Represented by Each 20-mm Survey Station 


Station Area (acres) 


508 2,296 


513 1,703 


520 438 


801 2,226 


704 605 


705 277 


706 931 


707 1,859 


711 1,994 


716 3,110 a 


719 3,110 a 


804 1,195 


809 1,392 


812 1,767 


815 4,023 


901 3,822 


902 1,744 


906 1,780 


910 1,925 


912 1,225 


914 1,554 


915 1,146 


918 1,601 


919 2,043 


Source: Saha 2008. 
a Acreage for Station 716 was split between Stations 716 and 719. 


Each of the months included in the PTM (i.e., March–June in the 1923–2015 simulation period) was 


matched to the closest starting distribution based on the average monthly Delta outflow. Average 


monthly Delta outflow for the months modeled by PTM hydroperiods were based on CalSim 


(existing conditions scenario). Average monthly Delta outflow during the selected 20-mm Survey 


period was calculated from Dayflow. If the selected survey period spanned 2 months (usually April–


May), the applied outflow was for the month when most of the sampling occurred. The 


correspondence between the modeled Delta outflow and the applied starting distribution outflow 


from the 20-mm Survey was reasonable: the mean difference was 7% (median = 3%), with a range 


from -195% (modeled Delta outflow of nearly 270,000 cfs in March 1983 matched with historical 


outflow of 90,837 cfs during survey 1 of 1995) to +70% (modeled Delta outflow of 2,863 cfs in June 


1976 matched with historical outflow of 9,482 cfs during survey 4 of 2008). Analysis of the PTM 


outputs was then done by multiplying the percentage of particles entrained from each release 


location by the applicable starting distribution percentage summarized in Table 5D.10-10 through 


Table 5D.10-15. 
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Table 5D.10-10. Percentage of Particles at PTM Insertion Locations in Sacramento–San Joaquin Confluence Area Used as Starting Distributions in the Delta Smelt Particle Tracking Analysis 


Average Monthly Outflow in cfs 9,482 9,612 11,235 11,944 12,257 12,354 13,483 22,057 25,102 29,876 35,509 46,021 67,612 82,004 84,891 90,837 


Sacramento River at Sherman Lake 16.52 7.72 1.65 0 8.21 0 0.11 2.65 0 6.55 2.65 19.9 3.65 0 2.92 25.00 


Sacramento River at Port Chicago 16.52 7.72 1.65 0 8.21 0 0.11 2.65 0 6.55 2.65 19.9 3.65 0 2.92 25.00 


San Joaquin River downstream of Dutch Slough 16.52 7.72 1.65 0 8.21 0 0.11 2.65 0 6.55 2.65 19.9 3.65 0 2.92 25.00 


Sacramento River at Pittsburg 16.52 7.72 1.65 0 8.21 0 0.11 2.65 0 6.55 2.65 19.9 3.65 0 2.92 25.00 


cfs = cubic feet per second; PTM = Particle Tracking Model. 


Table 5D.10-11. Percentage of Particles at PTM Insertion Locations in Lower Sacramento River Area Used as Starting Distributions in the Delta Smelt Particle Tracking Analysis 


Average Monthly Outflow in cfs 9,482 9,612 11,235 11,944 12,257 12,354 13,483 22,057 25,102 29,876 35,509 46,021 67,612 82,004 84,891 90,837 


Threemile Slough 1.30 0.67 4.24 8.76 6.96 10.64 9.10 2.35 6.00 4.13 2.35 2.13 2.12 8.76 0 0 


Sacramento River at Rio Vista 1.30 0.67 4.24 8.76 6.96 10.64 9.10 2.35 6.00 4.13 2.35 2.13 2.12 8.76 0 0 


Sacramento River downstream of Decker Island 1.30 0.67 4.24 8.76 6.96 10.64 9.10 2.35 6.00 4.13 2.35 2.13 2.12 8.76 0 0 


cfs = cubic feet per second; PTM = Particle Tracking Model. 


Table 5D.10-12. Percentage of Particles at PTM Insertion Locations in Cache Slough and North Delta Area Used as Starting Distributions in the Delta Smelt Particle Tracking Analysis 


Average Monthly Outflow in cfs 9,482 9,612 11,235 11,944 12,257 12,354 13,483 22,057 25,102 29,876 35,509 46,021 67,612 82,004 84,891 90,837 


Miner Slough 0.32 0.35 0.06 5.86 1.26 1.05 0.40 0 9.11 0.60 0 0 0 5.86 9.82 0 


Sacramento Deep Water Ship Channel 0.32 0.35 0.06 5.86 1.26 1.05 0.40 0 9.11 0.60 0 0 0 5.86 9.82 0 


Cache Slough at Shag Slough 0.32 0.35 0.06 5.86 1.26 1.05 0.40 0 9.11 0.60 0 0 0 5.86 9.82 0 


Cache Slough at Liberty Island 0.32 0.35 0.06 5.86 1.26 1.05 0.40 0 9.11 0.60 0 0 0 5.86 9.82 0 


Lindsey Slough at Barker Slough 0.32 0.35 0.06 5.86 1.26 1.05 0.40 0 9.11 0.60 0 0 0 5.86 9.82 0 


Sacramento River at Sacramento 0.32 0.35 0.06 5.86 1.26 1.05 0.40 0 9.11 0.60 0 0 0 5.86 9.82 0 


Sacramento River at Sutter Slough 0.32 0.35 0.06 5.86 1.26 1.05 0.40 0 9.11 0.60 0 0 0 5.86 9.82 0 


Sacramento River at Ryde 0.32 0.35 0.06 5.86 1.26 1.05 0.40 0 9.11 0.60 0 0 0 5.86 9.82 0 


Sacramento River near Cache Slough confluence 0.32 0.35 0.06 5.86 1.26 1.05 0.40 0 9.11 0.60 0 0 0 5.86 9.82 0 


cfs = cubic feet per second; PTM = Particle Tracking Model. 


Table 5D.10-13. Percentage of Particles at PTM Insertion Locations in West Delta/San Joaquin River Area Used as Starting Distributions in the Delta Smelt Particle Tracking Analysis 


Average Monthly Outflow in cfs 9,482 9,612 11,235 11,944 12,257 12,354 13,483 22,057 25,102 29,876 35,509 46,021 67,612 82,004 84,891 90,837 


San Joaquin River at Potato Slough 0.80 2.86 25.12 7.00 10.87 11.13 19.73 17.80 0 13.16 17.80 4.24 26.34 7.00 0 0 


San Joaquin River at Twitchell Island 0.80 2.86 25.12 7.00 10.87 11.13 19.73 17.80 0 13.16 17.80 4.24 26.34 7.00 0 0 


San Joaquin River near Jersey Point 0.80 2.86 25.12 7.00 10.87 11.13 19.73 17.80 0 13.16 17.80 4.24 26.34 7.00 0 0 


cfs = cubic feet per second; PTM = Particle Tracking Model. 
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Table 5D.10-14. Percentage of Particles at PTM Insertion Locations in Central/South Delta Area Used as Starting Distributions in the Delta Smelt Particle Tracking Analysis 


Average Monthly Outflow in cfs 9,482 9,612 11,235 11,944 12,257 12,354 13,483 22,057 25,102 29,876 35,509 46,021 67,612 82,004 84,891 90,837 


San Joaquin River downstream of Rough and 


Ready Island 


2.47 5.50 0.47 0 0.07 2.34 0.50 2.89 0 1.66 2.89 0.10 0 0 0 0 


San Joaquin River at Buckley Cove 2.47 5.50 0.47 0 0.07 2.34 0.50 2.89 0 1.66 2.89 0.10 0 0 0 0 


San Joaquin River near Medford Island 2.47 5.50 0.47 0 0.07 2.34 0.50 2.89 0 1.66 2.89 0.10 0 0 0 0 


Old River near Victoria Canal 2.47 5.50 0.47 0 0.07 2.34 0.50 2.89 0 1.66 2.89 0.10 0 0 0 0 


Old River at Railroad Cut 2.47 5.50 0.47 0 0.07 2.34 0.50 2.89 0 1.66 2.89 0.10 0 0 0 0 


Old River near Quimby Island 2.47 5.50 0.47 0 0.07 2.34 0.50 2.89 0 1.66 2.89 0.10 0 0 0 0 


Middle River at Victoria Canal 2.47 5.50 0.47 0 0.07 2.34 0.50 2.89 0 1.66 2.89 0.10 0 0 0 0 


Middle River u/s of Mildred Island 2.47 5.50 0.47 0 0.07 2.34 0.50 2.89 0 1.66 2.89 0.10 0 0 0 0 


Grant Line Canal 2.47 5.50 0.47 0 0.07 2.34 0.50 2.89 0 1.66 2.89 0.10 0 0 0 0 


Frank’s Tract East 2.47 5.50 0.47 0 0.07 2.34 0.50 2.89 0 1.66 2.89 0.10 0 0 0 0 


cfs = cubic feet per second; PTM = Particle Tracking Model. 


Table 5D.10-15. Percentage of Particles at PTM Insertion Locations in East Delta Area Used as Starting Distributions in the Delta Smelt Particle Tracking Analysis 


Average Monthly Outflow in cfs 9,482 9,612 11,235 11,944 12,257 12,354 13,483 22,057 25,102 29,876 35,509 46,021 67,612 82,004 84,891 90,837 


Little Potato Slough 0 0.08 0 0 0.26 0.30 0.74 0.00 0 0 0 0.03 0 0 0 0 


Mokelumne River downstream of Cosumnes 


confluence 


0 0.08 0 0 0.26 0.30 0.74 0.00 0 0 0 0.03 0 0 0 0 


South Fork Mokelumne 0 0.08 0 0 0.26 0.30 0.74 0.00 0 0 0 0.03 0 0 0 0 


Mokelumne River downstream of Georgiana 


confluence 


0 0.08 0 0 0.26 0.30 0.74 0.00 0 0 0 0.03 0 0 0 0 


North Fork Mokelumne 0 0.08 0 0 0.26 0.30 0.74 0 0 0 0 0.03 0 0 0 0 


Georgiana Slough 0 0.08 0 0 0.26 0.30 0.74 0 0 0 0 0.03 0 0 0 0 


cfs = cubic feet per second; PTM = Particle Tracking Model. 
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Results were summarized for 30-day particle tracking periods as the percentage of particles being 


entrained at the south Delta exports or NBA. The total number of particles released at each location 


was 4,000. Note that a 30-day particle tracking period may result in relatively low fate resolution at 


low flows (Kimmerer and Nobriga 2008), but the relative differences between scenarios would be 


expected to be consistent, based on previous model comparisons of 30-day and 60-day fates. 


5D.11 Eurytemora affinis–X2 Analysis 


5D.11.1 Methods 


This analysis followed Kimmerer’s (2002) methods to conduct an analysis of the relationship 


between the smelt zooplankton prey Eurytemora affinis and spring (March–May) X2 for the period 


from 1980 to 2017, as described by Greenwood (2018). The main steps in preparing the data for 


analysis were as follows. 


1. Historical zooplankton data were obtained from California Department of Fish and Wildlife 


(2018). 


a. Data were subset to only include surveys 3, 4, and 5 (March–May). 


b. Specific conductance was converted to salinity by applying Schemel’s (2001) method, then 


only samples within the low salinity zone (salinity = 0.5–6) were selected. 


c. A constant of 10 was added to E. affinis adult catch per unit effort (number per cubic meter) 


in each sample, then the resulting value was log10-transformed. 


d. The log10-transformed values were averaged first by month, and then by year. 


2. Historical X2 data were obtained from Dayflow 


(https://www.water.ca.gov/Programs/Environmental-Services/Compliance-Monitoring-And-


Assessment/Dayflow-Data). 


a. For years prior to water year 1997 (which is the year Dayflow X2 values began to be 


provided), the Dayflow daily predictive equation for X2 was used, based on a starting value 


from Anke Mueller-Solger (see Greenwood 2018 for details). 


b. The mean March–May X2 was calculated for each year. 


Similar to Kimmerer (2002), a general linear model was used to regress mean annual log10-


transformed E. affinis catch per unit effort against mean March–May X2, including a step change 


between 1987 and 1988 to reflect the Potamocorbula amurensis clam invasion and a step change 


between 2002 and 2003 to reflect the onset of the Pelagic Organism Decline (POD) (Thomson et al. 


2010). The interaction of X2 and the step change was included in a full model, but the interaction 


was not statistically significant, so the model was rerun with only X2 and the step changes included. 


These analyses were conducted in SAS 9.4 software.4 The statistical outputs indicate that there is 


little difference in the coefficients for the post-Potamocorbula and POD step changes, whereas both 


coefficients were significantly less than the coefficient for the pre-Potamocorbula period. Regression 


 
4 Copyright 2002–2012, SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names are 
registered trademarks or trademarks of SAS Institute Inc., Cary, NC, USA. 



https://www.water.ca.gov/Programs/Environmental-Services/Compliance-Monitoring-And-Assessment/Dayflow-Data

https://www.water.ca.gov/Programs/Environmental-Services/Compliance-Monitoring-And-Assessment/Dayflow-Data
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coefficients from the model were stored for prediction of E. affinis relative abundance for the 


existing conditions and proposed action. 


The stored regression coefficients from the regression of historical E. affinis catch per unit effort vs. 


X2 and step changes were then applied to the No Action Alternative and Alternatives 1–3 using 


PROC PLM in SAS 9.4 software. The basic regression model being applied was: 


where 3.9404 is the intercept and -0.7863 is the coefficient for the POD step change. Predictions 


were back-transformed to the original measurement scale (catch per unit effort, number per cubic 


meter) for summary of results. X2 inputs for the analysis came from the CalSim modeling of water 


years 1922 through 2015. 


5D.11.2 Results 


The results of the analysis based on water year type means are discussed in Appendix 5C. Table 


5D.11-1 presents the mean and prediction intervals of the results by individual year. 


Table 5D.11-1. Mean and Upper and Lower 95% Prediction Limits of Eurytemora affinis Density 
(adults per cubic meter) in the Low Salinity Zone 


Year EC, Mean 
EC, Lower 


95% 
EC, Upper 


95% 


Proposed 
Action, 
Mean 


Proposed 
Action, 


Lower 95% 


Proposed 
Action, 


Upper 95% 


1922 161 23 884 156 22 857 


1923 117 14 651 115 14 643 


1924 70 5 418 69 5 416 


1925 136 18 754 136 18 753 


1926 125 16 693 125 16 693 


1927 180 26 991 176 25 971 


1928 162 23 890 160 22 883 


1929 74 6 436 72 5 430 


1930 107 12 599 102 11 576 


1931 65 4 395 61 3 375 


1932 96 10 545 97 10 549 


1933 71 5 424 69 5 416 


1934 82 7 478 83 8 480 


1935 152 21 837 144 20 795 


1936 146 20 806 139 19 767 


1937 159 22 877 157 22 866 


1938 217 32 1,205 217 32 1,206 


1939 79 7 464 79 7 461 


1940 178 26 982 176 25 969 


log10(E. affinis catch per unit effort) = 3.9404 – 0.0152 (mean March–May X2) – 0.7863 
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Year EC, Mean 
EC, Lower 


95% 
EC, Upper 


95% 


Proposed 
Action, 
Mean 


Proposed 
Action, 


Lower 95% 


Proposed 
Action, 


Upper 95% 


1941 207 31 1,148 207 31 1,145 


1942 181 26 998 175 25 962 


1943 174 25 960 169 24 928 


1944 99 11 560 95 10 541 


1945 121 15 674 117 14 651 


1946 124 16 690 118 15 656 


1947 98 11 553 94 10 537 


1948 135 18 748 134 18 741 


1949 124 16 690 121 15 671 


1950 120 15 669 115 14 644 


1951 142 19 781 138 18 761 


1952 210 31 1,164 210 31 1,166 


1953 141 19 777 133 17 736 


1954 166 24 914 164 23 900 


1955 83 8 482 84 8 485 


1956 173 25 954 169 24 930 


1957 147 20 812 145 20 800 


1958 213 32 1,181 211 31 1,173 


1959 100 11 563 97 10 549 


1960 104 12 587 96 10 547 


1961 96 10 545 92 9 525 


1962 117 14 651 112 13 625 


1963 182 26 1,003 177 25 975 


1964 79 7 464 78 7 458 


1965 158 22 870 148 20 817 


1966 119 15 662 114 14 634 


1967 198 29 1,095 195 29 1,077 


1968 114 14 637 112 13 626 


1969 208 31 1,153 208 31 1,153 


1970 126 16 699 123 16 685 


1971 163 23 895 160 22 881 


1972 110 13 615 105 12 592 


1973 159 22 874 158 22 868 


1974 195 29 1,077 194 28 1,072 


1975 179 26 987 179 26 985 


1976 67 4 406 68 5 409 


1977 60 3 373 60 3 373 
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Year EC, Mean 
EC, Lower 


95% 
EC, Upper 


95% 


Proposed 
Action, 
Mean 


Proposed 
Action, 


Lower 95% 


Proposed 
Action, 


Upper 95% 


1978 180 26 990 178 26 982 


1979 133 17 735 129 17 714 


1980 160 23 883 157 22 867 


1981 110 13 616 106 12 598 


1982 212 32 1,177 212 32 1,176 


1983 226 34 1,258 226 34 1,258 


1984 143 19 786 139 19 767 


1985 92 9 524 90 9 514 


1986 168 24 924 166 23 911 


1987 105 12 590 102 11 575 


1988 73 6 434 73 6 434 


1989 137 18 757 136 18 752 


1990 80 7 466 79 7 460 


1991 104 12 584 102 11 575 


1992 96 10 548 95 10 541 


1993 176 25 971 166 23 912 


1994 83 8 483 83 8 483 


1995 219 33 1,217 219 33 1,220 


1996 195 29 1,079 196 29 1,085 


1997 122 15 679 121 15 671 


1998 212 31 1,174 212 32 1,177 


1999 170 24 934 168 24 926 


2000 164 23 901 162 23 893 


2001 106 12 593 101 11 569 


2002 102 11 576 97 10 552 


2003 163 23 896 155 22 855 


2004 124 16 686 121 15 671 


2005 174 25 960 170 24 934 


2006 220 33 1,226 220 33 1,226 


2007 97 10 551 93 10 530 


2008 88 9 506 89 9 509 


2009 116 14 649 115 14 643 


2010 141 19 777 134 18 742 


2011 204 30 1,130 204 30 1,128 


2012 140 19 770 136 18 752 


2013 85 8 491 81 7 470 


2014 84 8 485 81 7 470 
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Year EC, Mean 
EC, Lower 


95% 
EC, Upper 


95% 


Proposed 
Action, 
Mean 


Proposed 
Action, 


Lower 95% 


Proposed 
Action, 


Upper 95% 


2015 77 6 455 76 6 448 


EC = existing conditions. 


5D.12 Phytoplankton Carbon Entrainment by North 
Delta Diversions 


By removing water from the Sacramento River, the NDD will also remove small planktonic 


organisms that otherwise would enter the Delta where they could contribute to the foodweb that 


supports delta smelt. This section describes the methods used to estimate this loss in relation to the 


overall quantity of these organisms in the Delta. 


The indicator of foodweb material entrainment used in this analysis was phytoplankton carbon. This 


choice was based on data availability and the likelihood that phytoplankton cells would be relatively 


uniformly distributed in the water column so that their removal from the river could be reasonably 


represented using DSM2-HYDRO outputs. Fluorescence data from a continuous recorder operated 


by DWR were assembled for various stations in the Delta. These data are calibrated to represent the 


concentration (micrograms per liter [µg/L]) of chlorophyll a in the water column. Data from the 


Sacramento River at the town of Hood were used to estimate the rate of removal of phytoplankton 


carbon that otherwise would continue to be transported farther into the Delta. The 15-minute data 


used were from October 4, 2004, to July 27, 2015; daily means were calculated to simplify 


subsequent calculations (Figure 5D.12-1). 


 
Source: Jones pers. comm.). Note: Chlorophyll a values are estimated by calibration from raw fluorescence data. 


Figure 5D.12-1. Daily Mean Chlorophyll a in the Sacramento River at Hood 


The estimated chlorophyll a concentrations (µg/L) were converted to phytoplankton carbon using a 


standard ratio of 35 (Jassby et al. 2002). Thus, there were 11 to 12 estimates of daily mean 


phytoplankton carbon concentrations for each calendar day of the year. The 11 to 12 estimates of 


mean phytoplankton carbon data were matched by day of the year to daily mean DSM2-HYDRO flow 
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data for water years 1923–2015 to illustrate potential variability in NDD phytoplankton carbon 


entrainment across years. Sacramento River flow upstream of the NDD was represented by DSM2-


HYDRO outputs for ND336U and flow downstream of the NDD was represented as outputs from 


ND338D; ND336U minus ND338D represented NDD export rate. Daily load (metric tons/day) of 


phytoplankton carbon entrained by the NDD was estimated for each day of the 1923–2015 DSM2-


HYDRO simulation by multiplying NDD export flow by the corresponding daily mean concentration 


of phytoplankton carbon for 2004–2015. The resulting matrix of entrained phytoplankton carbon 


load (metric tons/day) was summarized into percentiles by month. 


The estimates of phytoplankton carbon load entrained by the NDD were placed into the context of 


first-order estimates of the total biomass of phytoplankton carbon simultaneously present in the 


Delta by multiplying an estimated mean concentration of phytoplankton carbon in the Delta by a 


static average volume of the Delta (i.e., it was considered too speculative to try to adjust the volume 


of the Delta based on tidal cycles and flow variation). Fluorescence data—for Antioch from 


September 25, 2004, to July 27, 2015, were again converted to density of chlorophyll using the 


method described above for Hood. The Antioch data were assumed to provide a conservatively low 


chlorophyll a density compared to other available locations because of its proximity to areas that 


are intensively grazed by the overbite clam, so that the actual proportional entrainment is likely less 


than predicted using this method. The volume of the Delta upstream of Chipps Island—minus the 


Sacramento River upstream of Sutter Slough, in order to exclude the area approximately including 


and upstream of the NDD—is approximately 690,000 acre-feet, based on the Delta channel volumes 


that are used in the DSM2 model (see Table 5.2-1 in Section 5.2 of Jones & Stokes 2005). The total 


Delta-wide phytoplankton carbon biomass was estimated for each month of each year (2004 to 


2015). From these data, the 5th, 50th (median), and 95th percentiles of the NDD entrained 


phytoplankton carbon estimates were calculated to characterize the variability in the data. Note that 


this method does not account for in-situ production that would replace some portion of the 


entrained phytoplankton, as well as less entrainment by the south Delta export facilities under the 


proposed action; these factors are discussed qualitatively in the impact analysis. 


5D.13 Delta Smelt Selenium Bioaccumulation 
Waterborne selenium concentrations and delta smelt tissue selenium concentrations were 


estimated for the modeled scenarios. DSM2 volumetric fingerprint estimates plus additional 


modeling and analyses were used to predict changes to waterborne and delta smelt tissue selenium 


concentrations resulting from water operations under the modeled scenarios. 


5D.13.1 Selenium Concentrations in Water 


Monthly-averaged DSM2 volumetric fingerprinting output for 1922 through 2015 was compiled for 


five locations, representative of fractional contributions of water of differing selenium 


concentrations: San Joaquin River at Prisoners Point, Cache Slough at Ryer Island, Sacramento River 


at Emmaton, San Joaquin River at Antioch, and Suisun Bay at Mallard Island. Each of the six source-


water inputs below was assigned a selenium load based on historical data (Table 5D.13-1).  
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Table 5D.13-1. Delta Water Source Inputs and Associated Selenium Concentrations 


Source Representation 


Geometric Mean Se 


Concentration (µg/L) Data Source 


Delta agriculture Agricultural drainage 


inflow 


0.11 Lucas and Stewart 


2007 


Sacramento River at 


Freeport 


Inflow from the 


Sacramento River 


0.09 U.S. Geological Survey 


2014) 


San Joaquin River at 


Mallard Island 


Inflow from Calaveras, 


Cosumnes, Mokelumne 


0.10 None (estimate) 


Martinez/Suisun Bay Inflow from Suisun Bay 0.10 San Francisco Estuary 


Institute 2014 


San Joaquin River at 


Vernalis  


Inflow from the San 


Joaquin River 


0.22 U.S. Geological Survey 


2021 


Sacramento River at 


Knights Landing 


Inflow from Yolo Bypass 0.23 California Department 


of Water Resources 


2009 


µg/L = micrograms per liter. 


The geometric mean selenium concentrations for each of the six source water inputs were then 


multiplied by the fraction of that source water at each of the five DSM2 output locations to estimate 


monthly-averaged water selenium concentration for the modeled scenarios (Equation 1). 


Equation 1: Cwatermonthly = [(I1*C1) + (I2*C2) + (I3*C3) + (I4*C4) + (I5*C5) + (I6*C6)]/100 


where: 


Cwatermonthly = monthly mean selenium concentration in water (µg/L); 


I1-6 = modeled monthly inflow from each of the six sources of water to the Delta for each DSM2 


output location (percentage); 


C1-6 = selenium concentration in water (µg/L) from each of the six inflow sources to the Delta. 


Delta smelt whole-body selenium tissue concentrations were estimated using a bioaccumulation 


model developed for the Bay-Delta (Presser and Luoma 2013). 


Equation 2: Cparticulate = Cwatermonthly*Kd 


where: 


Cparticulate = selenium concentration in particulate material in (µg/kilogram [kg], dry weight); 


Cwatermonthly = selenium concentration in the water column (µg/L); 


Kd = selenium particulate to water ratio. 


Total selenium water concentrations obtained from Equation 1 were converted to bioavailable 


particulate selenium using Equation 2. Particulate selenium includes selenium in detritus and 


phytoplankton. Kd values for the estuary vary by flow, location and season, and can range from 


approximately 500 to 30,000. Two Kd values, 3000 and 6000, were selected based on the observed 


means in Suisun Bay and the Delta to represent the range of particulate selenium conditions in delta 


smelt habitat (Presser and Luoma 2013:14). 
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5D.13.2 Selenium Concentrations in Biota 


The concentrations of selenium accumulated into Delta Smelt tissue were estimated using Cparticulate 


calculated from Equation 2 and two trophic transfer factors (TTF) that represent a simplified food 


web linkage for delta smelt (Equation 3). Selenium accumulation from particulate matter (Cparticulate) 


into prey items was represented by a TTF value for copepods (1.35; Presser and Luoma 2013:18). A 


second TTF value (1.1) represented the bioaccumulation of selenium from copepods into delta smelt 


tissue, consistent with the value assumed for fish by Presser and Luoma 2013:25). Delta smelt 


selenium tissue concentrations were estimated using the following equation: 


Equation 3: Csmelt = Cparticulate*TTFcopepod*TTFfish 


where: 


Csmelt = selenium concentration in particulate material in (µg/kg, dry weight); 


Cparticulate = particulate selenium concentration in the water column (µg/L); 


TTFcopepod= trophic transfer factor in copepods; 


TTFsmelt = trophic transfer factor in fish. 


5D.13.3 Evaluation of Tissue Concentrations 


Whole-body tissue concentrations were then compared to known effects thresholds available in 


scientific literature. Selenium effects thresholds for whole-body tissue concentrations are not 


available for delta smelt, or any closely related or trophically similar fish species. Whole-body tissue 


effect thresholds were available for Sacramento splittail (Pogonichthys macrolepidotus) deformities 


and rainbow trout (Oncorhynchus mykiss) growth. Delta smelt and splittail co-evolved, and co-occur, 


in the Delta ecosystem. Although trophically different, splittail EC10 was selected to be nearer in 


relevance to delta smelt than rainbow trout for purposes of comparison. The EC10 for splittail, 7.2 


µg/gram (g), was the whole-body concentration that resulted in deformities in 10% of a juvenile test 


population fed a selenium-spiked diet, based on a conversion from 7.90 µg/g (95% confidence 


interval: 4.99–9.45 µg/g) muscle concentration (Rigby et al. 2010). Note that the analysis does not 


consider quantitatively incorporate uncertainty in the estimate of the EC10 (e.g., by consideration of 


confidence intervals around the 7.2-µg/g threshold, or in the values of Kd), although there is 


qualitative discussion. Scatter and box plots were produced to summarize delta smelt tissue 


concentration data.  


5D.13.4 Modeling Assumptions 


The analysis of potential selenium effects to delta smelt makes the following assumptions. 


⚫ DSM2 accurately represents future hydrodynamic conditions in the Delta. 


⚫ Selenium loading is linearly proportional to source water volume. 


⚫ Historical geometric mean selenium concentrations do not vary greatly with flow or season and 


are similar to inputs that will occur in the near-term future. 


⚫ Concentrations of selenium in phytoplankton can be estimated by Kd.  


⚫ Transfer of selenium from one trophic level to the next can be sufficiently represented by a 


constant (TTF). 
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⚫ The EC10 derived for Sacramento splittail (Rigby et al. 2010) is approximately the same for delta 


smelt.  


⚫ Whole-body tissue concentrations modeling at the five sites investigated presume that delta 


smelt and its prey occupy that site long enough to accumulate the environmental selenium 


present.  


5D.14 Longfin Smelt Larval Entrainment (DSM2 Particle 
Tracking Model) 


5D.14.1 Derivation of Larval Longfin Smelt Hatching Locations 


The potential effect of the proposed action on entrainment in the Delta and Suisun Marsh was 


evaluated through a PTM of neutrally buoyant particles representing newly hatched larvae inserted 


at various locations in the Delta. The first step in the analysis involved determining appropriate 


weights for particle insertion points to reflect the hatching locations of larval longfin smelt. Injection 


points for comparisons of the scenarios were determined through examination of the spatial 


distributions of larvae observed in the Smelt Larva Survey (SLS) from 2009 to 2014. Data were 


obtained from the California Department of Fish and Wildlife website (California Department of Fish 


and Wildlife 2021). For most of this time period, the SLS generally included 5 to 6 surveys at 35 


stations in the Delta and Suisun Marsh and Bay from January through March; stations 323 to 343 in 


the Napa River were added in 2014 but are not considered in the present analysis because the first 


few years had missing data for these locations. Data were filtered to include longfin smelt larvae ≤6-


mm total length, which represents mostly newly hatched larvae, but includes some larvae up to 8 


days old, assuming conservative hatch lengths as low of 4-mm standard length and growth rate up 


to ~0.25 mm/day (California Department of Fish and Game 2009b:9). Inspection of size distribution 


and presence of yolk-sacs of the larval longfin smelt catch from the SLS data suggest that most newly 


hatched larvae are around 6-mm total length (Figure 5D.14-1), which is consistent with the 


presumed range of 4- to 8-mm standard length (Wang 2007:34; California Department of Fish and 


Game 2009b). 
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Note: Larvae with yolk-sacs are represented by blue bars. The California Department of Fish and Game did not 


distinguish yolk sac larvae in 2009 and 2010. 


Figure 5D.14-1. Length-Frequency Histogram of Longfin Smelt Larvae Collected in the Smelt Larvae 
Survey 


The density of larvae (< 6-mm total length) per cubic meter sampled at each station was calculated 


as:


where the conversion factor derives from calibration of the net flow meter used during SLS 


sampling.  


The SLS includes a subset of the stations that are used for the March through June 20-mm Survey for 


larval/juvenile delta smelt. Saha (2008) estimated the areas and volumes that each of the 20-mm 


Survey stations represents within the Delta and Suisun Marsh and Bay using a Voronoi diagram 


(Figure 5D.14-2). There is a station (723) that was not part of the 20-mm Survey when Saha (2008) 


made the area and volume calculations; this station is close to station 716, so the area and volume 


represented by station 716 were halved for the present analysis, with the other half being 


considered to be the area and volume represented by station 723 (Table 5D.14-1). 


 


Density = Number of larvae/(0.37*(26873+99999)*Net meter reading),  
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Source: Saha 2008. 


Figure 5D.14-2. Division of the Delta and Suisun Marsh and Bay Around 20-mm Survey Stations with a Voronoi Diagram 
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Table 5D.14-1. Area and Volume Represented by Smelt Larvae Survey Stations 


Station Area (acre) Volume (acre-feet) Area (square meters) Volume (cubic meters) 


405 3,547 139,804 14,354,198 172,445,718 


411 2,119 37,344 8,575,288 46,063,152 


418 2,756 63,186 11,153,135 77,938,794 


501 3,692 36,856 14,940,992 45,461,213 


504 2,403 44,046 9,724,595 54,329,948 


508 2,296 53,344 9,291,581 65,798,864 


513 1,703 41,921 6,891,796 51,708,799 


519 4,101 67,942 16,596,156 83,805,234 


520 438 12,130 1,772,523 14,962,137 


602 7,361 72,852 29,788,907 89,861,631 


606 1,332 17,685 5,390,412 21,814,129 


609 727 8,114 2,942,064 10,008,473 


610 259 3,156 1,048,136 3,892,869 


703 2,091 25,853 8,461,976 31,889,210 


704 605 15,952 2,448,348 19,676,505 


705 277 3,741 1,120,979 4,614,456 


706 931 24,539 3,767,623 30,268,415 


707 1,859 37,076 7,523,105 45,732,579 


711 1,994 39,391 8,069,431 48,588,089 


716* 3,110 51,796 12,583,699 63,889,434 


723* 3,110 51,796 12,583,699 63,889,434 


801 2,226 45,662 9,008,301 56,323,255 


802 3,546 45,094 14,350,151 55,622,637 


804 1,195 32,119 4,835,993 39,618,208 


809 1,392 33,562 5,633,224 41,398,123 


812 1,767 43,810 7,150,795 54,038,846 


815 4023 72053 16,280,502 88,876,079 


901 3,822 33,855 15,467,084 41,759,533 


902 1,744 22,095 7,057,717 27,253,785 


906 1,780 32,694 7,203,404 40,327,461 


910 1,925 25,760 7,790,198 31,774,496 


912 1,225 13,747 4,957,399 16,956,677 


914 1,554 23,552 6,288,814 29,050,968 


915 1,146 13,302 4,637,697 16,407,778 


918 1601 14,685 6,479,016 18,113,683 


919 2,043 20,702 8,267,727 25,535,544 
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The total number of longfin smelt larvae ≤6 mm in the volume of water represented by each station 


(Table 5D.14-1) was calculated by multiplying the density of larvae by the volume of each station.5 


The proportion of larvae in the volume of water represented by each SLS station was calculated for 


each survey as the number of larvae per station divided by the total sum of larvae across all stations 


(Table 5D.14-2).  


There was little evidence that the general distribution of longfin smelt larvae from the SLS varied by 


year in relation to hydrological conditions, at least for the groups of stations examined herein (Table 


5D.14-3).6 Therefore, an overall mean distribution was used to weigh the results of the DSM2-PTM 


analysis, based on the mean proportion by station from all surveys from 2009 through 2014. 


5D.14.2 DSM2-Particle Tracking Modeling Runs 


Ninety-day-long DSM2-PTM runs were undertaken for the modeled scenarios at 39 particle injection 


locations in the Delta and Suisun Marsh and Bay (Table 5D.14-4) during January, February, and 


March in 1923–2015. The particle injection locations were chosen to provide a representative 


variety of locations generally associated with SLS stations, with particular emphasis on the Delta. 


For each run, 4,000 neutrally buoyant passive particles were injected evenly every hour (i.e., about 


160 particles per hour) over a 24.75-hour period at the beginning of the month. The fate of the 


particles was output at ninety days. For consistency with the analysis conducted by CDFG (2009a), 


runs were also undertaken with surface (top 10% of water column) orientation of particles. 


Particle tracking runs were done for 39 particle injection locations in the Delta and Suisun Marsh 


and Bay (Table 5D.14-4) during January, February, and March. The particle injection locations were 


chosen to provide a representative variety of locations generally associated with SLS stations, with 


particular emphasis on the Delta. For each run, 4,000 neutrally buoyant passive particles were 


injected evenly every hour (i.e., about 160 particles per hour) over a 24.75-hour period at the 


beginning of the month. For consistency with the analysis conducted by CDFG (2009a), runs were 


also undertaken with surface (top 10% of water column) orientation of particles. 


 
5 For reference, the overall estimated number of larvae across all stations ranged from around 600,000 
(survey 6 in 2014) to around 160,000,000 (survey 4 in 2009). Dividing these estimates by fecundity of 7,500 
(California Department of Fish and Game 2009b: Figure 3) for a 2-year-old female and multiplying by 2 
(under the assumption of a 1:1 sex ratio) gives an estimate of adult Longfin Smelt abundance, assuming 100% 
survival from eggs to larvae. Applying 10%, 50%, and 90% survival from eggs to larvae gives estimates of 
adult population size of around 500–2,300 (survey 6 in 2014) to 130,000–650,000 (survey 4 in 2009). These 
estimates bracket the “tens of thousands” of adults suggested by Newman (pers. comm. to California 
Department of Fish and Game 2009b), perhaps providing some indication that the numbers are of a 
reasonable order of magnitude for the purposes of the present analysis. Note, however, that the analysis is 
not dependent on absolute numbers of larvae to be accurately represented, as gear efficiency for smaller 
stages would need to be refined. 
6 This does not preclude the possibility of a considerable proportion of the population occurring downstream 
of the SLS sampling area during wet years, for example. 







California Department of Water Resources 


 Appendix 5D 
Bay-Delta Methods and Results 


 


Delta Conveyance Project, Biological Assessment 
5D-151 


May 2024 
103653  


 


Table 5D.14-2. Volume-Weighted Proportion of Longfin Smelt Larvae ≤6 mm By Station, 2009–2014 


Year Survey 405 411 418 501 504 508 513 519 520 602 606 609 610 703 704 705 706 707 711 716 723 801 804 809 812 815 901 902 906 910 912 914 915 918 919 


2009 1 0.0466 0.0000 0.0000 0.0118 0.0000 0.0151 0.2600 0.0217 0.0079 0.0000 0.0164 0.0000 0.0000 0.0164 0.0173 0.0104 0.2071 0.0365 0.0504 0.0161 0.0470 0.1693 0.0089 0.0193 0.0000 0.0000 0.0110 0.0000 0.0106 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2009 2 0.0000 0.0000 0.0000 0.0034 0.0000 0.1338 0.0993 0.0057 0.0227 0.0142 0.0015 0.0014 0.0033 0.0144 0.0771 0.0221 0.0779 0.2020 0.0296 0.0254 0.0045 0.0437 0.0848 0.0651 0.0150 0.0179 0.0324 0.0000 0.0000 0.0000 0.0000 0.0000 0.0027 0.0000 0.0000 


2009 3 0.0000 0.0000 0.0000 0.0035 0.0021 0.0479 0.0019 0.0099 0.0099 0.0029 0.0083 0.0037 0.0009 0.0774 0.0369 0.0125 0.1055 0.1392 0.0355 0.1416 0.1250 0.0784 0.0316 0.0437 0.0632 0.0124 0.0056 0.0000 0.0000 0.0000 0.0000 0.0000 0.0006 0.0000 0.0000 


2009 4 0.1055 0.0222 0.0320 0.0052 0.0016 0.0773 0.2536 0.0267 0.0164 0.0827 0.0007 0.0013 0.0005 0.0126 0.0231 0.0027 0.0101 0.0309 0.0000 0.0305 0.0302 0.1554 0.0467 0.0209 0.0016 0.0028 0.0050 0.0008 0.0000 0.0000 0.0000 0.0008 0.0005 0.0000 0.0000 


2009 5 0.0152 0.0190 0.0447 0.1238 0.0582 0.2174 0.1067 0.0734 0.0199 0.0931 0.0095 0.0012 0.0002 0.0129 0.0052 0.0015 0.0062 0.0139 0.0000 0.0178 0.0185 0.0587 0.0543 0.0047 0.0084 0.0064 0.0090 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2010 1 0.0130 0.0118 0.0218 0.0429 0.0161 0.1210 0.0807 0.0456 0.0451 0.0300 0.0000 0.0014 0.0006 0.0048 0.0105 0.0078 0.0526 0.1396 0.0035 0.0639 0.0745 0.0257 0.0383 0.0734 0.0421 0.0000 0.0272 0.0038 0.0000 0.0000 0.0000 0.0021 0.0000 0.0000 0.0000 


2010 4 0.0506 0.0167 0.0480 0.0663 0.1274 0.0574 0.0304 0.0226 0.0283 0.0371 0.0000 0.0019 0.0033 0.0086 0.0753 0.0031 0.0841 0.1396 0.0038 0.0225 0.0094 0.0457 0.0631 0.0208 0.0095 0.0133 0.0097 0.0019 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2010 5 0.0670 0.1457 0.0848 0.1239 0.0744 0.0428 0.0147 0.0515 0.0162 0.0436 0.0000 0.0011 0.0000 0.0280 0.0164 0.0038 0.0361 0.0436 0.0106 0.0197 0.0534 0.0400 0.0274 0.0283 0.0175 0.0000 0.0071 0.0016 0.0000 0.0000 0.0000 0.0000 0.0000 0.0011 0.0000 


2010 6 0.0171 0.0000 0.0000 0.0000 0.0106 0.1488 0.3585 0.0163 0.0095 0.0103 0.0095 0.0000 0.0005 0.0143 0.0479 0.0000 0.1063 0.0431 0.0167 0.0220 0.1016 0.0112 0.0161 0.0120 0.0138 0.0000 0.0088 0.0000 0.0000 0.0000 0.0000 0.0000 0.0022 0.0000 0.0029 


2011 1 0.0130 0.0110 0.0187 0.0146 0.0212 0.1665 0.0837 0.2172 0.0349 0.0542 0.0204 0.0008 0.0006 0.0159 0.0576 0.0030 0.0682 0.1289 0.0000 0.0096 0.0102 0.0034 0.0278 0.0186 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2011 2 0.0336 0.0024 0.0307 0.0287 0.0181 0.0758 0.0363 0.0819 0.0251 0.0191 0.0053 0.0005 0.0044 0.0029 0.0314 0.0042 0.0487 0.0846 0.0193 0.0785 0.1454 0.0624 0.0531 0.0296 0.0137 0.0134 0.0490 0.0013 0.0000 0.0000 0.0008 0.0000 0.0000 0.0000 0.0000 


2011 3 0.0000 0.0079 0.0062 0.0150 0.0301 0.0522 0.0043 0.0143 0.0067 0.0000 0.0000 0.0009 0.0010 0.0725 0.0207 0.0069 0.0611 0.1476 0.0775 0.2083 0.1842 0.0000 0.0228 0.0259 0.0190 0.0075 0.0075 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2011 4 0.0000 0.0038 0.0000 0.0916 0.1170 0.2984 0.0612 0.0802 0.0198 0.0184 0.0000 0.0000 0.0005 0.0113 0.0252 0.0030 0.0097 0.1250 0.0144 0.0057 0.0846 0.0128 0.0044 0.0000 0.0050 0.0000 0.0049 0.0031 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2011 5 0.2285 0.0972 0.0192 0.0641 0.1032 0.0171 0.0000 0.0814 0.0078 0.2402 0.0000 0.0000 0.0009 0.0236 0.0183 0.0012 0.0000 0.0000 0.0124 0.0000 0.0289 0.0000 0.0100 0.0096 0.0259 0.0000 0.0106 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2012 1 0.0000 0.0000 0.0127 0.0206 0.0000 0.1460 0.1212 0.0000 0.0075 0.0282 0.0017 0.0022 0.0000 0.0224 0.0130 0.0028 0.0766 0.1361 0.0000 0.1099 0.1076 0.0275 0.0437 0.0819 0.0196 0.0189 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2012 2 0.2521 0.0066 0.0415 0.0310 0.0193 0.0884 0.0153 0.0077 0.0072 0.0519 0.0029 0.0010 0.0009 0.0301 0.0301 0.0011 0.0460 0.0765 0.0000 0.0543 0.0935 0.0384 0.0047 0.0355 0.0373 0.0000 0.0203 0.0035 0.0019 0.0000 0.0000 0.0000 0.0000 0.0000 0.0012 


2012 3 0.0000 0.0000 0.0143 0.0081 0.0000 0.1628 0.0815 0.0082 0.0225 0.0258 0.0000 0.0009 0.0024 0.0026 0.0182 0.0024 0.0551 0.1591 0.0164 0.1159 0.1445 0.0047 0.0522 0.0050 0.0373 0.0508 0.0095 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2012 4 0.0593 0.0053 0.0236 0.0390 0.0248 0.0813 0.0322 0.1418 0.0230 0.0000 0.0000 0.0011 0.0000 0.0099 0.0250 0.0015 0.0829 0.1637 0.0168 0.0388 0.1124 0.0754 0.0192 0.0043 0.0000 0.0000 0.0102 0.0063 0.0000 0.0000 0.0000 0.0000 0.0000 0.0019 0.0000 


2012 6 0.0894 0.0469 0.0522 0.0211 0.2308 0.1499 0.0583 0.0204 0.0683 0.1683 0.0000 0.0000 0.0048 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0151 0.0000 0.0392 0.0082 0.0000 0.0274 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2013 1 0.1422 0.0980 0.0000 0.0635 0.1968 0.0000 0.2731 0.0000 0.0000 0.1031 0.0000 0.0000 0.0000 0.0000 0.0078 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0208 0.0000 0.0141 0.0192 0.0000 0.0614 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2013 2 0.0124 0.0147 0.1148 0.0597 0.0858 0.0918 0.0308 0.1344 0.0087 0.1266 0.0000 0.0000 0.0000 0.0330 0.0013 0.0009 0.0704 0.0787 0.0034 0.0423 0.0280 0.0224 0.0202 0.0117 0.0000 0.0000 0.0079 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2013 3 0.0440 0.0000 0.0713 0.0527 0.0554 0.0301 0.0232 0.0568 0.0187 0.0499 0.0000 0.0000 0.0000 0.0514 0.0289 0.0037 0.0223 0.0807 0.0462 0.0927 0.1084 0.0435 0.0099 0.0472 0.0098 0.0164 0.0348 0.0000 0.0018 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2013 4 0.0000 0.0548 0.0103 0.0188 0.0253 0.0369 0.0194 0.0912 0.0116 0.0510 0.0000 0.0000 0.0000 0.0045 0.0296 0.0035 0.0585 0.1107 0.0934 0.1044 0.1985 0.0276 0.0201 0.0110 0.0036 0.0000 0.0134 0.0017 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2013 5 0.0689 0.0000 0.0506 0.0253 0.0280 0.1278 0.0172 0.0957 0.0245 0.0084 0.0000 0.0000 0.0000 0.0083 0.0134 0.0029 0.0422 0.1206 0.0498 0.0531 0.1243 0.0666 0.0384 0.0192 0.0115 0.0000 0.0034 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2013 6 0.0000 0.0680 0.0000 0.0000 0.0000 0.0000 0.1270 0.0000 0.0550 0.0000 0.0000 0.0000 0.0000 0.0411 0.0000 0.0000 0.3130 0.0000 0.0000 0.0000 0.0000 0.0000 0.3286 0.0000 0.0000 0.0000 0.0673 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2014 1 0.0000 0.0000 0.0190 0.0094 0.0000 0.2113 0.2272 0.0000 0.0332 0.0382 0.0053 0.0022 0.0100 0.0320 0.0287 0.0008 0.0131 0.0197 0.0276 0.0126 0.0259 0.0814 0.0425 0.0773 0.0467 0.0175 0.0183 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2014 2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0494 0.0598 0.0291 0.0171 0.0373 0.0020 0.0009 0.0007 0.0137 0.0079 0.0021 0.0095 0.0501 0.0446 0.2024 0.2176 0.0570 0.0096 0.0156 0.1374 0.0143 0.0162 0.0057 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2014 3 0.0000 0.0168 0.0415 0.0223 0.0137 0.0434 0.0381 0.0462 0.0159 0.0413 0.0000 0.0042 0.0000 0.0148 0.0024 0.0046 0.0042 0.0230 0.0367 0.2676 0.1165 0.1119 0.0160 0.0664 0.0324 0.0000 0.0201 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2014 4 0.0000 0.0000 0.0000 0.0000 0.0098 0.0124 0.0606 0.1058 0.0194 0.0000 0.0000 0.0018 0.0014 0.0208 0.0358 0.0000 0.0762 0.1184 0.0000 0.0980 0.2803 0.1038 0.0000 0.0280 0.0207 0.0000 0.0070 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2014 5 0.0000 0.0000 0.2679 0.0000 0.1638 0.0460 0.0423 0.0652 0.0338 0.0000 0.0000 0.0000 0.0105 0.0000 0.0000 0.0000 0.0221 0.0000 0.0000 0.0000 0.0000 0.0900 0.1203 0.0316 0.0391 0.0000 0.0673 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


2014 6 0.0000 0.0000 0.0000 0.0000 0.3797 0.0000 0.0000 0.0000 0.1078 0.0000 0.0000 0.0000 0.0338 0.0000 0.0000 0.0000 0.4788 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 


Note: Surveys 2 and 3 in 2010 and 5 in 2012 had missing data and were excluded from the analysis. 
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Table 5D.14-3. Mean Proportion of Longfin Smelt Larvae in Each Group of Smelt Larvae Survey 
Stations 


Year 
Mean December–March 
Delta Outflow (cfs) 400s 500s 600s 700s 800s 900s 


2009 13,808 0.06 0.33 0.05 0.35 0.20 0.02 


2010 19,863 0.12 0.39 0.03 0.32 0.12 0.02 


2011 55,663 0.09 0.37 0.07 0.37 0.07 0.02 


2012 11,946 0.12 0.33 0.06 0.36 0.13 0.01 


2013 23,600 0.13 0.31 0.06 0.35 0.13 0.03 


2014 8,331 0.06 0.31 0.03 0.38 0.19 0.02 


Mean – 0.09 0.34 0.05 0.36 0.14 0.02 


cfs = cubic feet per second. 


Each particle injection location was assigned to one or more SLS stations, and some SLS stations had 


multiple particle injection locations assigned to them, reflecting the relative distribution of the 


nearest SLS station to particle injection locations (e.g., station 919 had five injection locations 


assigned to it, whereas station 901 had one injection location assigned to it; Table 5D.14-4). The 


weight assigned to the particles injected at each PTM injection location reflected the mean 


proportion of larvae captured at the associated SLS station (Table 5D.14-2) divided by the number 


of injection locations at a given station. As an example, station 707 was assigned two particle 


injection locations: Threemile Slough (location no. 15) and Sacramento River at Rio Vista (location 


no. 31) (Table 5D.14-4). The overall mean proportion of larval longfin smelt at station 707 across all 


surveys in 2009–2014 was 0.078 (mean of values in the 707 column of Table 5D.14-2). This 0.078 


(i.e., 7.8% of larvae) was then divided equally among the two particle injection locations assigned to 


SLS station 707, giving a weight of 0.039 (i.e., 3.9% of larvae) for the particles injected at both 


locations (Table 5D.14-4). Professional judgement was used to assign representative weights in 


situations where a broader area needed to be represented by relatively few stations in the 


geographic vicinity (i.e., Cache Slough Complex stations 22–26 represented by SLS stations 716 and 


713). 


Table 5D.14-4. Particle Injection Locations, Associated Smelt Larvae Survey Stations, and Location 
Weight for the DSM2-PTM Analysis of Potential Larval Longfin Smelt Entrainment 


PTM Injection 
Location Number PTM Injection Location Name SLS Station Weight 


1 San Joaquin River at Vernalis 912 0.000014 


2 San Joaquin River at Mossdale 912 0.000014 


3 San Joaquin River d/s of Rough and Ready Island 910 0.000000 


4 San Joaquin River at Buckley Cove 910 0.000000 


5 San Joaquin River near Medford Island 906 0.000463 


6 San Joaquin River at Potato Slough 815 0.003088 


7 San Joaquin River at Twitchell Island 812 0.021832 


8 Old River near Victoria Canal 918 0.000032 


9 Old River at Railroad Cut 915 0.000191 
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PTM Injection 
Location Number PTM Injection Location Name SLS Station Weight 


10 Old River near Quimby Island 902 0.000957 


11 Middle River at Victoria Canal 918 0.000032 


12 Middle River u/s of Mildred Island 914 0.000094 


13 Grant Line Canal 918 0.000032 


14 Frank’s Tract East 901 0.017578 


15 Threemile Slough 707 0.038899 


16 Little Potato Slough 919 0.000026 


17 Mokelumne River d/s of Cosumnes confluence 919 0.000026 


18 South Fork Mokelumne 919 0.000026 


19 Mokelumne River d/s of Georgiana confluence 815 0.003088 


20 North Fork Mokelumne 919 0.000026 


21 Georgiana Slough 919 0.000026 


22 Miner Slough 716+723 0.028025 


23 Sacramento Deep Water Ship Channel 716+723 0.028025 


24 Cache Slough at Shag Slough 716+723 0.028025 


25 Cache Slough at Liberty Island 716+723 0.028025 


26 Cache Slough near Lindsey Slough 716+723 0.028025 


27 Sacramento River at Sacramento upstream 0.000000 


28 Sacramento River at Sutter Slough upstream 0.000000 


29 Sacramento River at Ryde 711 0.009815 


30 Sacramento River near Cache Slough confluence 711 0.009815 


31 Sacramento River at Rio Vista 707 0.038899 


32 Sacramento River d/s of Decker Island 705+706 0.075899 


33 Sacramento River at Sherman Lake 704 0.022743 


34 Sacramento River at Port Chicago downstream 0.000000 


35 Montezuma Slough near National Steel downstream 0.000000 


36 Montezuma Slough at Suisun Slough downstream 0.000000 


37 San Joaquin River d/s of Dutch Slough 703+804 0.058814 


38 Sacramento River at Pittsburg 801 0.048938 


39 San Joaquin River near Jersey Point 809 0.026464 


Note: See https://data.cnra.ca.gov/dataset/dsm2-georeferenced-model-grid for locations of DSM2 model nodes. 
d/s = downstream; PTM = Particle Tracking Modeling; SLS = Smelt Larvae Survey; u/s = upstream.  


SLS stations downstream of the Sacramento–San Joaquin River confluence (i.e., stations numbered 


400s to 600s) were considered to be downstream of the influence of the SWP/CVP export facilities, 


and so were not included in the PTM analysis (but were used in the calculation of proportions; see 


Table 5D.14-2). Similarly, PTM injection locations downstream of the confluence were assigned zero 



https://data.cnra.ca.gov/dataset/dsm2-georeferenced-model-grid%20for%20locations%20of%20DSM2
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weight,7 because these particles would not be susceptible to entrainment at the locations of interest. 


In addition, particles injected in the Sacramento River at Sacramento and Sutter Slough were 


assigned zero weight because they are upstream of the range of the SLS (suggesting that this portion 


of the river is of minor concern for longfin smelt management). The summed weight of all the PTM 


injection locations in the analysis was 0.52, reflecting that 0.48 of the larval population was assumed 


to be downstream of the confluence and therefore not susceptible to entrainment in the Delta (see 


sum of the 400s, 500s, and 600s stations in Table 5D.14-4). As discussed further in Section 5D.14.3, 


Note on Proportion of Larval Population outside the Delta and Suisun Marsh and Bay, the spatial 


extent of the SLS data used in the present analysis includes only the Delta and Suisun Marsh and 


Bay, but the full extent of the distribution of larval longfin smelt may be considerably greater in wet 


years. 


For each simulated month in the DSM2-PTM analysis, the percentage of particles from each particle 


injection location was output for several fates: entrainment (the SWP’s Clifton Court Forebay, the 


CVP’s Jones Pumping Plant, and the NBA Barker Slough Pumping Plant), and passing Chipps Island. 


These percentages were multiplied by the weight for each particle injection location (Table 


5D.14-4), and then summed across all injection locations to give a relative comparison of the overall 


percentage of larvae that would have been entrained the modeled scenarios. Note that these 


percentages are not intended to represent an absolute estimate of the actual percentage of larvae 


that would be entrained and should be interpreted only as comparisons of operational scenarios. 


The latest version of DSM2-PTM allows the user to not allow particles to be entrained into small 


agricultural diversions; this option was used for the present analysis in order to represent the 


hypothesis that such losses may not be substantial for longfin smelt (based on observations for delta 


smelt (Nobriga et al. 2004) and because losses at agricultural diversions were not the focus of the 


present analysis. In addition to reporting of the above fates, the percentage of particles remaining in 


the DSM2-PTM modeling domain (i.e., neither entrained nor having left the domain) was also 


calculated. 


5D.14.3 Note on Proportion of Larval Population outside the 
Delta and Suisun Marsh and Bay 


The spatial distribution of newly hatched larvae determined from the SLS is likely much broader 


than observed during wet years. Grimaldo et al. (2017) showed that larval longfin smelt are hatching 


in shallow water and tidal marsh habitats in salinities up to 8 parts per thousand. Previously 


thought to concentrate spawning in freshwater (Rosenfield and Baxter 2007; California Department 


of Fish and Game 2009a, 2009b; Kimmerer et al. 2009), the analysis presented here and work by 


Grimaldo et al. (2017) shows that longfin smelt hatching is broadly distributed throughout Suisun 


Bay in most years (Table 5D.14-2). The proportion of newly hatched larvae from Delta stations was 


consistently lower than densities observed in Suisun Bay. Further, because overall larval longfin 


smelt abundance in the SLS is lowest during wet years, it is likely that spawning and hatching is 


occurring in San Pablo Bay and adjacent tributaries (e.g., Napa River, Petaluma River) when the area 


becomes suitable for spawning. Ultimately, this does not affect interpretation of results presented 


here because relative comparisons of the operational scenarios were made using data for 


observations of larvae. 


 
7 PTM results for injection locations assigned zero weight are available upon request. 
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5D.14.4 Results 


Results for south Delta exports are discussed in Appendix 6C. Results for NBA are shown in Table 


5D.14-5 and Table 5D.14-6. 


Table 5D.14-5. Percentage of Neutrally Buoyant Particles That Were Entrained over 90 Days into 
North Bay Aqueduct, Weighted by Longfin Smelt Larval Distribution 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.39 0.40 (1%) 


January Above normal 0.43 0.44 (2%) 


January Below normal 0.42 0.44 (6%) 


January Dry 0.52 0.53 (2%) 


January Critical 0.23 0.24 (3%) 


February Wet 0.36 0.36 (1%) 


February Above normal 0.40 0.40 (1%) 


February Below normal 0.36 0.37 (3%) 


February Dry 0.29 0.30 (2%) 


February Critical 0.15 0.15 (1%) 


March Wet 0.19 0.19 (1%) 


March Above normal 0.20 0.21 (4%) 


March Below normal 0.26 0.27 (3%) 


March Dry 0.24 0.25 (4%) 


March Critical 0.17 0.18 (7%) 


Note: Percentage values in parentheses indicate differences of alternatives compared to existing conditions.  


Table 5D.14-6. Percentage of Surface-Oriented Particles That Were Entrained over 90 Days into 
North Bay Aqueduct, Weighted by Longfin Smelt Larval Distribution 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.39 0.40 (1%) 


January Above normal 0.43 0.44 (3%) 


January Below normal 0.43 0.45 (4%) 


January Dry 0.52 0.53 (2%) 


January Critical 0.23 0.23 (0%) 


February Wet 0.36 0.36 (0%) 


February Above normal 0.40 0.40 (1%) 


February Below normal 0.36 0.37 (1%) 


February Dry 0.28 0.29 (4%) 


February Critical 0.14 0.14 (-2%) 


March Wet 0.18 0.19 (4%) 


March Above normal 0.20 0.20 (3%) 


March Below normal 0.25 0.26 (5%) 
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Month Water Year Type Existing Conditions Proposed Action 


March Dry 0.22 0.24 (9%) 


March Critical 0.16 0.16 (3%) 


Note: Percentage values in parentheses indicate differences of alternatives compared to existing conditions.  


5D.14.5 Detailed Results for California Department of Fish and 
Game (2009a) Stations of Interest 


To supplement the above analysis and provide some comparability with the CDFG (2009a) effects 


analysis, PTM results were summarized for the seven particle injection stations analyzed by CDFG 


(2009a; Figure 5D.14-3). The results are presented below in Table 5D.14-7 through Table 5D.14-8.. 


Note that these are “raw” results, with no weighting as undertaken by CDFG (2009a). 


 
Source: California Department of Fish and Game 2009a. 


Figure 5D.14-3. Particle Tracking Injection (Release) Locations Used by CDFG (2009a) 
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Table 5D.14-9. Percentage of Neutrally Buoyant Particles Injected at Station 716 (Cache Slough at 
Liberty Island) That Were Entrained over 90 Days into Clifton Court Forebay or Central Valley 
Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.51 0.63 (25%) 


January Above normal 2.29 2.73 (19%) 


January Below normal 7.20 7.67 (7%) 


January Dry 12.54 13.11 (5%) 


January Critical 14.14 14.49 (2%) 


February Wet 0.15 0.16 (5%) 


February Above normal 0.74 1.09 (48%) 


February Below normal 3.11 3.28 (5%) 


February Dry 3.97 4.66 (18%) 


February Critical 7.03 6.76 (-4%) 


March Wet 0.13 0.15 (11%) 


March Above normal 0.27 0.41 (51%) 


March Below normal 1.45 1.71 (18%) 


March Dry 2.36 2.58 (9%) 


March Critical 3.89 3.87 (-1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-10. Percentage of Neutrally Buoyant Particles Injected at Station 716 (Cache Slough at 
Liberty Island) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 2.68 2.72 (2%) 


January Above normal 2.99 3.08 (3%) 


January Below normal 3.02 3.22 (7%) 


January Dry 3.99 4.09 (2%) 


January Critical 1.73 1.86 (7%) 


February Wet 2.55 2.56 (0%) 


February Above normal 2.82 2.79 (-1%) 


February Below normal 2.62 2.76 (5%) 


February Dry 2.05 2.11 (3%) 


February Critical 0.93 0.97 (4%) 


March Wet 1.17 1.19 (2%) 


March Above normal 1.32 1.38 (4%) 


March Below normal 1.75 1.89 (8%) 


March Dry 1.71 1.81 (5%) 


March Critical 1.17 1.30 (11%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-11. Percentage of Neutrally Buoyant Particles Injected at Station 716 (Cache Slough at 
Liberty Island) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 94.25 94.03 (0%) 


January Above normal 90.17 88.53 (-2%) 


January Below normal 79.80 78.59 (-2%) 


January Dry 69.79 67.86 (-3%) 


January Critical 66.89 64.43 (-4%) 


February Wet 95.67 95.58 (0%) 


February Above normal 94.42 94.04 (0%) 


February Below normal 88.65 87.59 (-1%) 


February Dry 84.88 83.28 (-2%) 


February Critical 76.39 74.97 (-2%) 


March Wet 96.59 96.58 (0%) 


March Above normal 96.15 95.83 (0%) 


March Below normal 93.04 92.75 (0%) 


March Dry 90.43 89.88 (-1%) 


March Critical 79.86 78.71 (-1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-12. Percentage of Neutrally Buoyant Particles Injected at Station 711 (Sacramento 
River near Cache Slough confluence) That Were Entrained over 90 Days into Clifton Court Forebay 
or Central Valley Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.62 0.79 (28%) 


January Above normal 2.88 3.17 (10%) 


January Below normal 8.38 9.25 (10%) 


January Dry 14.64 15.40 (5%) 


January Critical 15.01 15.72 (5%) 


February Wet 0.14 0.18 (30%) 


February Above normal 0.78 1.01 (30%) 


February Below normal 3.70 3.90 (5%) 


February Dry 4.50 5.49 (22%) 


February Critical 7.12 7.08 (-1%) 


March Wet 0.12 0.15 (26%) 


March Above normal 0.24 0.40 (69%) 


March Below normal 1.48 1.77 (19%) 


March Dry 2.70 3.03 (12%) 


March Critical 3.65 3.62 (-1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-13. Percentage of Neutrally Buoyant Particles Injected at Station 711 (Sacramento 
River near Cache Slough confluence) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.07 0.08 (17%) 


January Above normal 0.20 0.20 (-1%) 


January Below normal 0.29 0.31 (8%) 


January Dry 0.48 0.45 (-7%) 


January Critical 0.25 0.29 (19%) 


February Wet 0.02 0.03 (52%) 


February Above normal 0.08 0.08 (6%) 


February Below normal 0.23 0.22 (-4%) 


February Dry 0.21 0.25 (20%) 


February Critical 0.14 0.14 (4%) 


March Wet 0.02 0.02 (0%) 


March Above normal 0.04 0.07 (94%) 


March Below normal 0.17 0.18 (5%) 


March Dry 0.18 0.14 (-20%) 


March Critical 0.13 0.14 (10%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-14. Percentage of Neutrally Buoyant Particles Injected at Station 711 (Sacramento 
River near Cache Slough confluence) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 96.80 96.47 (0%) 


January Above normal 92.28 90.42 (-2%) 


January Below normal 81.51 79.95 (-2%) 


January Dry 69.55 67.76 (-3%) 


January Critical 67.86 64.89 (-4%) 


February Wet 98.42 98.32 (0%) 


February Above normal 97.27 96.99 (0%) 


February Below normal 90.82 89.56 (-1%) 


February Dry 86.45 84.64 (-2%) 


February Critical 78.18 76.15 (-3%) 


March Wet 98.37 98.37 (0%) 


March Above normal 98.35 98.04 (0%) 


March Below normal 96.12 96.03 (0%) 


March Dry 93.90 93.23 (-1%) 


March Critical 84.96 83.33 (-2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-15. Percentage of Neutrally Buoyant Particles Injected at Station 704 (Sacramento 
River at Sherman Lake) That Were Entrained over 90 Days into Clifton Court Forebay or Central 
Valley Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.03 0.03 (24%) 


January Above normal 0.37 0.51 (39%) 


January Below normal 1.32 1.51 (15%) 


January Dry 2.52 2.72 (8%) 


January Critical 2.68 3.02 (13%) 


February Wet 0.00 0.00 (200%) 


February Above normal 0.01 0.03 (250%) 


February Below normal 0.23 0.20 (-10%) 


February Dry 0.33 0.41 (23%) 


February Critical 0.65 0.68 (4%) 


March Wet 0.00 0.00 (50%) 


March Above normal 0.00 0.01 (150%) 


March Below normal 0.04 0.07 (66%) 


March Dry 0.13 0.12 (-7%) 


March Critical 0.20 0.22 (9%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-16. Percentage of Neutrally Buoyant Particles Injected at Station 704 (Sacramento 
River at Sherman Lake) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.00 0.00 (0%) 


January Above normal 0.00 0.00 (0%) 


January Below normal 0.00 0.00 (0%) 


January Dry 0.00 0.00 (0%) 


January Critical 0.00 0.00 (-100%) 


February Wet 0.00 0.00 (0%) 


February Above normal 0.00 0.00 (0%) 


February Below normal 0.00 0.00 (0%) 


February Dry 0.00 0.00 (0%) 


February Critical 0.00 0.00 (0%) 


March Wet 0.00 0.00 (0%) 


March Above normal 0.00 0.00 (0%) 


March Below normal 0.00 0.00 (0%) 


March Dry 0.00 0.00 (0%) 


March Critical 0.00 0.00 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-17. Percentage of Neutrally Buoyant Particles Injected at Station 704 (Sacramento 
River at Sherman Lake) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 97.52 97.41 (0%) 


January Above normal 93.96 92.11 (-2%) 


January Below normal 88.24 87.00 (-1%) 


January Dry 78.45 76.69 (-2%) 


January Critical 79.39 76.07 (-4%) 


February Wet 98.44 98.41 (0%) 


February Above normal 98.25 98.24 (0%) 


February Below normal 94.37 93.13 (-1%) 


February Dry 90.53 89.26 (-1%) 


February Critical 84.77 82.46 (-3%) 


March Wet 98.37 98.41 (0%) 


March Above normal 98.39 98.40 (0%) 


March Below normal 98.26 98.47 (0%) 


March Dry 97.10 96.74 (0%) 


March Critical 90.44 88.41 (-2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-18. Percentage of Neutrally Buoyant Particles Injected at Station 809 (San Joaquin 
River near Jersey Point) That Were Entrained over 90 Days into Clifton Court Forebay or Central 
Valley Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 1.69 2.04 (21%) 


January Above normal 5.81 6.38 (10%) 


January Below normal 16.31 17.23 (6%) 


January Dry 25.93 25.91 (0%) 


January Critical 25.19 25.65 (2%) 


February Wet 0.37 0.42 (13%) 


February Above normal 2.33 2.84 (22%) 


February Below normal 7.51 8.01 (7%) 


February Dry 9.63 11.39 (18%) 


February Critical 13.64 13.49 (-1%) 


March Wet 0.27 0.35 (29%) 


March Above normal 0.75 1.04 (38%) 


March Below normal 3.21 3.82 (19%) 


March Dry 5.30 5.62 (6%) 


March Critical 6.73 6.49 (-3%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-19. Percentage of Neutrally Buoyant Particles Injected at Station 809 (San Joaquin 
River near Jersey Point) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.00 0.00 (0%) 


January Above normal 0.00 0.00 (0%) 


January Below normal 0.00 0.00 (0%) 


January Dry 0.00 0.00 (0%) 


January Critical 0.00 0.00 (0%) 


February Wet 0.00 0.00 (0%) 


February Above normal 0.00 0.00 (0%) 


February Below normal 0.00 0.00 (0%) 


February Dry 0.00 0.00 (0%) 


February Critical 0.00 0.00 (0%) 


March Wet 0.00 0.00 (0%) 


March Above normal 0.00 0.00 (0%) 


March Below normal 0.00 0.00 (0%) 


March Dry 0.00 0.00 (0%) 


March Critical 0.00 0.00 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-20. Percentage of Neutrally Buoyant Particles Injected at Station 809 (San Joaquin 
River near Jersey Point) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 96.04 95.61 (0%) 


January Above normal 90.26 88.20 (-2%) 


January Below normal 75.23 73.48 (-2%) 


January Dry 62.57 60.96 (-3%) 


January Critical 59.48 57.34 (-4%) 


February Wet 98.42 98.39 (0%) 


February Above normal 95.88 95.43 (0%) 


February Below normal 87.51 86.25 (-1%) 


February Dry 82.10 79.69 (-3%) 


February Critical 72.52 70.88 (-2%) 


March Wet 98.50 98.42 (0%) 


March Above normal 97.92 97.61 (0%) 


March Below normal 94.68 94.27 (0%) 


March Dry 91.42 90.72 (-1%) 


March Critical 82.12 80.71 (-2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  







California Department of Water Resources 


 Appendix 5D 
Bay-Delta Methods and Results 


 


Delta Conveyance Project, Biological Assessment 
5D-164 


May 2024 
103653  


 


Table 5D.14-21. Percentage of Neutrally Buoyant Particles Injected at Station 812 (San Joaquin 
River at Twitchell Island) That Were Entrained over 90 Days into Clifton Court Forebay or Central 
Valley Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 10.68 11.70 (10%) 


January Above normal 23.00 24.40 (6%) 


January Below normal 44.79 46.20 (3%) 


January Dry 61.56 61.77 (0%) 


January Critical 60.33 59.80 (-1%) 


February Wet 5.77 6.08 (5%) 


February Above normal 16.39 18.18 (11%) 


February Below normal 31.75 32.11 (1%) 


February Dry 38.38 41.98 (9%) 


February Critical 46.27 45.59 (-1%) 


March Wet 3.77 3.99 (6%) 


March Above normal 7.62 8.80 (15%) 


March Below normal 18.99 20.34 (7%) 


March Dry 25.67 26.53 (3%) 


March Critical 27.94 27.67 (-1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-22. Percentage of Neutrally Buoyant Particles Injected at Station 812 (San Joaquin 
River at Twitchell Island) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.00 0.00 (0%) 


January Above normal 0.00 0.00 (-100%) 


January Below normal 0.00 0.00 (0%) 


January Dry 0.00 0.00 (0%) 


January Critical 0.00 0.00 (0%) 


February Wet 0.00 0.00 (0%) 


February Above normal 0.00 0.00 (0%) 


February Below normal 0.00 0.00 (0%) 


February Dry 0.00 0.00 (0%) 


February Critical 0.00 0.00 (0%) 


March Wet 0.00 0.00 (0%) 


March Above normal 0.00 0.00 (0%) 


March Below normal 0.00 0.00 (-100%) 


March Dry 0.00 0.00 (-100%) 


March Critical 0.00 0.00 (-100%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-23. Percentage of Neutrally Buoyant Particles Injected at Station 812 (San Joaquin 
River at Twitchell Island) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 86.84 85.75 (-1%) 


January Above normal 74.02 72.10 (-3%) 


January Below normal 49.49 47.79 (-3%) 


January Dry 32.68 31.67 (-3%) 


January Critical 29.80 29.50 (-1%) 


February Wet 92.76 92.40 (0%) 


February Above normal 81.52 79.58 (-2%) 


February Below normal 63.81 63.13 (-1%) 


February Dry 55.53 51.54 (-7%) 


February Critical 41.28 40.98 (-1%) 


March Wet 94.84 94.56 (0%) 


March Above normal 90.58 89.36 (-1%) 


March Below normal 76.98 75.47 (-2%) 


March Dry 67.70 66.30 (-2%) 


March Critical 55.03 54.97 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-24. Percentage of Neutrally Buoyant Particles Injected at Station 815 (San Joaquin 
River at Potato Slough) That Were Entrained over 90 Days into Clifton Court Forebay or Central 
Valley Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 18.45 19.41 (5%) 


January Above normal 31.97 33.40 (4%) 


January Below normal 51.71 52.85 (2%) 


January Dry 68.16 67.88 (0%) 


January Critical 66.18 65.29 (-1%) 


February Wet 12.11 12.36 (2%) 


February Above normal 25.23 26.71 (6%) 


February Below normal 40.58 40.78 (0%) 


February Dry 47.53 50.89 (7%) 


February Critical 53.23 52.44 (-1%) 


March Wet 8.19 8.13 (-1%) 


March Above normal 14.37 15.37 (7%) 


March Below normal 27.32 29.21 (7%) 


March Dry 34.33 35.90 (5%) 


March Critical 35.39 34.49 (-3%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-25. Percentage of Neutrally Buoyant Particles Injected at Station 815 (San Joaquin 
River at Potato Slough) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.00 0.00 (0%) 


January Above normal 0.00 0.00 (0%) 


January Below normal 0.00 0.00 (0%) 


January Dry 0.00 0.00 (0%) 


January Critical 0.00 0.00 (-100%) 


February Wet 0.00 0.00 (0%) 


February Above normal 0.00 0.00 (0%) 


February Below normal 0.00 0.00 (0%) 


February Dry 0.00 0.00 (0%) 


February Critical 0.00 0.00 (0%) 


March Wet 0.00 0.00 (0%) 


March Above normal 0.00 0.00 (0%) 


March Below normal 0.00 0.00 (0%) 


March Dry 0.00 0.00 (0%) 


March Critical 0.00 0.00 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-26. Percentage of Neutrally Buoyant Particles Injected at Station 815 (San Joaquin 
River at Potato Slough) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 78.76 77.80 (-1%) 


January Above normal 64.91 62.94 (-3%) 


January Below normal 42.99 41.64 (-3%) 


January Dry 26.72 26.45 (-1%) 


January Critical 25.27 25.20 (0%) 


February Wet 86.08 85.87 (0%) 


February Above normal 72.41 70.97 (-2%) 


February Below normal 55.19 54.59 (-1%) 


February Dry 46.93 43.25 (-8%) 


February Critical 35.66 35.58 (0%) 


March Wet 90.37 90.26 (0%) 


March Above normal 83.66 82.60 (-1%) 


March Below normal 68.50 66.61 (-3%) 


March Dry 59.46 57.34 (-4%) 


March Critical 48.79 49.40 (1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-27. Percentage of Neutrally Buoyant Particles Injected at Station 906 (San Joaquin 
River near Medford Island) That Were Entrained over 90 Days into Clifton Court Forebay or 
Central Valley Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 43.84 44.70 (2%) 


January Above normal 63.86 65.08 (2%) 


January Below normal 81.48 82.28 (1%) 


January Dry 91.33 91.04 (0%) 


January Critical 88.29 86.13 (-2%) 


February Wet 32.22 32.27 (0%) 


February Above normal 54.97 55.65 (1%) 


February Below normal 72.37 71.95 (-1%) 


February Dry 80.83 83.08 (3%) 


February Critical 82.03 80.41 (-2%) 


March Wet 22.10 21.21 (-4%) 


March Above normal 36.29 37.96 (5%) 


March Below normal 57.74 58.91 (2%) 


March Dry 67.86 68.62 (1%) 


March Critical 62.73 60.83 (-3%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-28. Percentage of Neutrally Buoyant Particles Injected at Station 906 (San Joaquin 
River near Medford Island) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.00 0.00 (0%) 


January Above normal 0.00 0.00 (0%) 


January Below normal 0.00 0.00 (0%) 


January Dry 0.00 0.00 (0%) 


January Critical 0.00 0.00 (0%) 


February Wet 0.00 0.00 (0%) 


February Above normal 0.00 0.00 (0%) 


February Below normal 0.00 0.00 (0%) 


February Dry 0.00 0.00 (0%) 


February Critical 0.00 0.00 (0%) 


March Wet 0.00 0.00 (0%) 


March Above normal 0.00 0.00 (0%) 


March Below normal 0.00 0.00 (0%) 


March Dry 0.00 0.00 (0%) 


March Critical 0.00 0.00 (-100%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  







California Department of Water Resources 


 Appendix 5D 
Bay-Delta Methods and Results 


 


Delta Conveyance Project, Biological Assessment 
5D-168 


May 2024 
103653  


 


Table 5D.14-29. Percentage of Neutrally Buoyant Particles Injected at Station 906 (San Joaquin 
River near Medford Island) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 53.83 53.02 (-2%) 


January Above normal 33.74 32.28 (-4%) 


January Below normal 16.12 15.24 (-5%) 


January Dry 6.52 6.45 (-1%) 


January Critical 7.24 9.01 (24%) 


February Wet 66.01 65.81 (0%) 


February Above normal 43.09 42.24 (-2%) 


February Below normal 24.90 25.30 (2%) 


February Dry 16.45 14.29 (-13%) 


February Critical 11.69 12.41 (6%) 


March Wet 76.19 76.98 (1%) 


March Above normal 61.12 59.50 (-3%) 


March Below normal 37.99 36.79 (-3%) 


March Dry 26.20 25.13 (-4%) 


March Critical 23.38 25.11 (7%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-30. Percentage of Surface-Oriented Particles Injected at Station 716 (Cache Slough at 
Liberty Island) That Were Entrained over 90 Days into Clifton Court Forebay or Central Valley 
Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.68 0.86 (25%) 


January Above normal 2.76 3.45 (25%) 


January Below normal 8.57 9.15 (7%) 


January Dry 14.35 15.38 (7%) 


January Critical 16.67 17.13 (3%) 


February Wet 0.21 0.28 (32%) 


February Above normal 0.95 1.40 (47%) 


February Below normal 3.75 4.26 (14%) 


February Dry 4.66 5.85 (25%) 


February Critical 8.07 8.51 (6%) 


March Wet 0.19 0.24 (26%) 


March Above normal 0.39 0.64 (62%) 


March Below normal 1.82 2.40 (32%) 


March Dry 3.20 3.60 (12%) 


March Critical 4.60 5.25 (14%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-31. Percentage of Surface-Oriented Particles Injected at Station 716 (Cache Slough at 
Liberty Island) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 2.55 2.51 (-1%) 


January Above normal 2.78 2.78 (0%) 


January Below normal 2.92 3.01 (3%) 


January Dry 3.72 3.77 (1%) 


January Critical 1.72 1.70 (-1%) 


February Wet 2.36 2.27 (-4%) 


February Above normal 2.55 2.65 (4%) 


February Below normal 2.47 2.44 (-1%) 


February Dry 1.91 1.86 (-2%) 


February Critical 0.80 0.78 (-2%) 


March Wet 1.00 0.98 (-2%) 


March Above normal 1.22 1.15 (-6%) 


March Below normal 1.65 1.69 (3%) 


March Dry 1.43 1.54 (8%) 


March Critical 1.01 1.01 (-1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-32. Percentage of Surface-Oriented Particles Injected at Station 716 (Cache Slough at 
Liberty Island) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 94.33 94.13 (0%) 


January Above normal 90.12 88.27 (-2%) 


January Below normal 79.10 77.64 (-2%) 


January Dry 68.51 66.11 (-4%) 


January Critical 65.96 62.57 (-5%) 


February Wet 95.88 95.94 (0%) 


February Above normal 94.51 94.08 (0%) 


February Below normal 88.51 87.22 (-1%) 


February Dry 84.45 82.74 (-2%) 


February Critical 75.95 74.27 (-2%) 


March Wet 96.99 97.01 (0%) 


March Above normal 96.40 96.37 (0%) 


March Below normal 93.45 92.96 (-1%) 


March Dry 90.63 89.88 (-1%) 


March Critical 80.35 78.82 (-2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-33. Percentage of Surface-Oriented Particles Injected at Station 711 (Sacramento 
River near Cache Slough confluence) That Were Entrained over 90 Days into Clifton Court Forebay 
or Central Valley Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.80 1.03 (29%) 


January Above normal 3.25 4.05 (25%) 


January Below normal 9.95 10.76 (8%) 


January Dry 16.95 17.95 (6%) 


January Critical 18.10 18.54 (2%) 


February Wet 0.16 0.18 (13%) 


February Above normal 0.99 1.38 (39%) 


February Below normal 4.37 4.78 (9%) 


February Dry 5.75 6.98 (21%) 


February Critical 8.71 9.18 (5%) 


March Wet 0.15 0.24 (54%) 


March Above normal 0.37 0.63 (72%) 


March Below normal 1.93 2.46 (27%) 


March Dry 3.51 3.95 (12%) 


March Critical 4.45 4.95 (11%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-34. Percentage of Surface-Oriented Particles Injected at Station 711 (Sacramento 
River near Cache Slough confluence) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.08 0.10 (25%) 


January Above normal 0.21 0.25 (20%) 


January Below normal 0.35 0.38 (9%) 


January Dry 0.55 0.52 (-5%) 


January Critical 0.25 0.32 (29%) 


February Wet 0.03 0.04 (41%) 


February Above normal 0.08 0.11 (52%) 


February Below normal 0.24 0.25 (5%) 


February Dry 0.25 0.28 (10%) 


February Critical 0.14 0.15 (13%) 


March Wet 0.01 0.01 (10%) 


March Above normal 0.05 0.05 (-5%) 


March Below normal 0.17 0.18 (7%) 


March Dry 0.18 0.15 (-13%) 


March Critical 0.15 0.15 (2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-35. Percentage of Surface-Oriented Particles Injected at Station 711 (Sacramento 
River near Cache Slough confluence) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 96.60 96.25 (0%) 


January Above normal 91.93 89.76 (-2%) 


January Below normal 79.89 78.43 (-2%) 


January Dry 67.93 65.47 (-4%) 


January Critical 66.69 63.03 (-5%) 


February Wet 98.44 98.40 (0%) 


February Above normal 97.16 96.65 (-1%) 


February Below normal 90.46 88.79 (-2%) 


February Dry 85.20 83.07 (-3%) 


February Critical 76.73 74.28 (-3%) 


March Wet 98.38 98.34 (0%) 


March Above normal 98.22 98.02 (0%) 


March Below normal 96.07 95.65 (0%) 


March Dry 93.22 92.50 (-1%) 


March Critical 84.35 82.26 (-2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-36. Percentage of Surface-Oriented Particles Injected at Station 704 (Sacramento 
River at Sherman Lake) That Were Entrained over 90 Days into Clifton Court Forebay or Central 
Valley Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.04 0.07 (69%) 


January Above normal 0.53 0.66 (25%) 


January Below normal 1.92 2.17 (13%) 


January Dry 3.61 4.03 (11%) 


January Critical 4.04 4.19 (4%) 


February Wet 0.00 0.01 (100%) 


February Above normal 0.02 0.05 (132%) 


February Below normal 0.28 0.39 (38%) 


February Dry 0.48 0.69 (45%) 


February Critical 0.95 1.10 (16%) 


March Wet 0.00 0.01 (133%) 


March Above normal 0.00 0.01 (100%) 


March Below normal 0.08 0.11 (42%) 


March Dry 0.21 0.24 (13%) 


March Critical 0.37 0.42 (14%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-37. Percentage of Surface-Oriented Particles Injected at Station 704 (Sacramento 
River at Sherman Lake) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.00 0.00 (0%) 


January Above normal 0.00 0.00 (0%) 


January Below normal 0.00 0.00 (0%) 


January Dry 0.00 0.00 (0%) 


January Critical 0.00 0.00 (0%) 


February Wet 0.00 0.00 (0%) 


February Above normal 0.00 0.00 (0%) 


February Below normal 0.00 0.00 (0%) 


February Dry 0.00 0.00 (0%) 


February Critical 0.00 0.00 (0%) 


March Wet 0.00 0.00 (0%) 


March Above normal 0.00 0.00 (0%) 


March Below normal 0.00 0.00 (0%) 


March Dry 0.00 0.00 (0%) 


March Critical 0.00 0.00 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-38. Percentage of Surface-Oriented Particles Injected at Station 704 (Sacramento 
River at Sherman Lake) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 97.59 97.46 (0%) 


January Above normal 93.82 91.89 (-2%) 


January Below normal 87.58 86.61 (-1%) 


January Dry 77.71 75.78 (-2%) 


January Critical 80.07 75.84 (-5%) 


February Wet 98.46 98.47 (0%) 


February Above normal 98.27 98.20 (0%) 


February Below normal 94.57 93.20 (-1%) 


February Dry 90.46 88.90 (-2%) 


February Critical 84.55 82.33 (-3%) 


March Wet 98.45 98.50 (0%) 


March Above normal 98.50 98.57 (0%) 


March Below normal 98.52 98.58 (0%) 


March Dry 97.20 96.83 (0%) 


March Critical 90.42 88.41 (-2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-39. Percentage of Surface-Oriented Particles Injected at Station 809 (San Joaquin 
River near Jersey Point) That Were Entrained over 90 Days into Clifton Court Forebay or Central 
Valley Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 2.10 2.66 (27%) 


January Above normal 6.66 7.79 (17%) 


January Below normal 18.67 19.51 (4%) 


January Dry 28.19 28.88 (2%) 


January Critical 29.32 28.88 (-1%) 


February Wet 0.49 0.65 (34%) 


February Above normal 2.98 3.82 (28%) 


February Below normal 9.06 10.07 (11%) 


February Dry 11.61 13.80 (19%) 


February Critical 16.27 16.36 (1%) 


March Wet 0.43 0.51 (19%) 


March Above normal 0.96 1.39 (46%) 


March Below normal 3.93 5.09 (30%) 


March Dry 6.46 7.29 (13%) 


March Critical 7.96 8.43 (6%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-40. Percentage of Surface-Oriented Particles Injected at Station 809 (San Joaquin 
River near Jersey Point) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.00 0.00 (0%) 


January Above normal 0.00 0.00 (0%) 


January Below normal 0.00 0.00 (0%) 


January Dry 0.00 0.00 (0%) 


January Critical 0.00 0.00 (0%) 


February Wet 0.00 0.00 (0%) 


February Above normal 0.00 0.00 (0%) 


February Below normal 0.00 0.00 (-100%) 


February Dry 0.00 0.00 (0%) 


February Critical 0.00 0.00 (0%) 


March Wet 0.00 0.00 (0%) 


March Above normal 0.00 0.00 (0%) 


March Below normal 0.00 0.00 (0%) 


March Dry 0.00 0.00 (0%) 


March Critical 0.00 0.00 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-41. Percentage of Surface-Oriented Particles Injected at Station 809 (San Joaquin 
River near Jersey Point) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 95.58 94.91 (-1%) 


January Above normal 89.31 86.98 (-3%) 


January Below normal 72.80 71.41 (-2%) 


January Dry 60.06 57.93 (-4%) 


January Critical 57.43 54.73 (-5%) 


February Wet 98.30 98.13 (0%) 


February Above normal 95.31 94.52 (-1%) 


February Below normal 86.17 84.10 (-2%) 


February Dry 80.33 77.56 (-3%) 


February Critical 70.22 68.39 (-3%) 


March Wet 98.37 98.32 (0%) 


March Above normal 97.72 97.32 (0%) 


March Below normal 94.20 93.05 (-1%) 


March Dry 90.49 89.28 (-1%) 


March Critical 81.40 79.17 (-3%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-42. Percentage of Surface-Oriented Particles Injected at Station 812 (San Joaquin 
River at Twitchell Island) That Were Entrained over 90 Days into Clifton Court Forebay or Central 
Valley Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 11.67 13.19 (13%) 


January Above normal 23.67 25.63 (8%) 


January Below normal 46.20 47.07 (2%) 


January Dry 62.52 62.37 (0%) 


January Critical 63.70 60.70 (-5%) 


February Wet 6.38 6.95 (9%) 


February Above normal 17.31 20.02 (16%) 


February Below normal 33.32 34.32 (3%) 


February Dry 40.22 44.05 (10%) 


February Critical 48.43 47.36 (-2%) 


March Wet 4.59 5.14 (12%) 


March Above normal 8.89 10.48 (18%) 


March Below normal 20.52 23.31 (14%) 


March Dry 28.09 29.78 (6%) 


March Critical 29.39 30.44 (4%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-43. Percentage of Surface-Oriented Particles Injected at Station 812 (San Joaquin 
River at Twitchell Island) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.00 0.00 (0%) 


January Above normal 0.00 0.00 (0%) 


January Below normal 0.00 0.00 (0%) 


January Dry 0.01 0.00 (-100%) 


January Critical 0.00 0.00 (0%) 


February Wet 0.00 0.00 (0%) 


February Above normal 0.00 0.00 (0%) 


February Below normal 0.00 0.00 (0%) 


February Dry 0.00 0.00 (0%) 


February Critical 0.00 0.00 (0%) 


March Wet 0.00 0.00 (0%) 


March Above normal 0.00 0.00 (0%) 


March Below normal 0.00 0.00 (0%) 


March Dry 0.00 0.00 (0%) 


March Critical 0.00 0.00 (-33%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-44. Percentage of Surface-Oriented Particles Injected at Station 812 (San Joaquin 
River at Twitchell Island) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 85.74 84.23 (-2%) 


January Above normal 73.32 70.82 (-3%) 


January Below normal 48.14 47.03 (-2%) 


January Dry 31.98 31.04 (-3%) 


January Critical 27.64 29.06 (5%) 


February Wet 92.14 91.53 (-1%) 


February Above normal 80.57 77.72 (-4%) 


February Below normal 62.53 61.02 (-2%) 


February Dry 53.91 49.95 (-7%) 


February Critical 40.43 40.42 (0%) 


March Wet 94.09 93.48 (-1%) 


March Above normal 89.40 87.83 (-2%) 


March Below normal 76.13 73.29 (-4%) 


March Dry 66.43 64.51 (-3%) 


March Critical 55.55 54.67 (-2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-45. Percentage of Surface-Oriented Particles Injected at Station 815 (San Joaquin 
River at Potato Slough) That Were Entrained over 90 Days into Clifton Court Forebay or Central 
Valley Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 18.84 19.95 (6%) 


January Above normal 32.04 34.00 (6%) 


January Below normal 53.17 54.22 (2%) 


January Dry 68.46 68.18 (0%) 


January Critical 68.48 65.26 (-5%) 


February Wet 12.62 12.85 (2%) 


February Above normal 25.87 27.75 (7%) 


February Below normal 41.23 41.62 (1%) 


February Dry 48.09 51.50 (7%) 


February Critical 54.78 53.31 (-3%) 


March Wet 8.75 8.85 (1%) 


March Above normal 14.96 16.49 (10%) 


March Below normal 28.54 30.32 (6%) 


March Dry 36.08 37.48 (4%) 


March Critical 36.03 36.51 (1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-46. Percentage of Surface-Oriented Particles Injected at Station 815 (San Joaquin 
River at Potato Slough) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.00 0.00 (0%) 


January Above normal 0.00 0.00 (0%) 


January Below normal 0.00 0.00 (-50%) 


January Dry 0.00 0.01 (300%) 


January Critical 0.00 0.00 (-100%) 


February Wet 0.00 0.00 (0%) 


February Above normal 0.00 0.00 (0%) 


February Below normal 0.00 0.00 (0%) 


February Dry 0.00 0.00 (-100%) 


February Critical 0.00 0.00 (0%) 


March Wet 0.00 0.00 (0%) 


March Above normal 0.00 0.00 (0%) 


March Below normal 0.00 0.00 (0%) 


March Dry 0.00 0.00 (0%) 


March Critical 0.00 0.00 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-47. Percentage of Surface-Oriented Particles Injected at Station 815 (San Joaquin 
River at Potato Slough) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 78.40 77.24 (-1%) 


January Above normal 64.77 62.37 (-4%) 


January Below normal 41.74 40.42 (-3%) 


January Dry 26.67 26.10 (-2%) 


January Critical 23.99 25.68 (7%) 


February Wet 85.67 85.40 (0%) 


February Above normal 71.90 69.94 (-3%) 


February Below normal 54.65 53.89 (-1%) 


February Dry 46.54 43.04 (-8%) 


February Critical 34.99 35.55 (2%) 


March Wet 89.85 89.68 (0%) 


March Above normal 83.23 81.73 (-2%) 


March Below normal 68.04 66.16 (-3%) 


March Dry 58.54 57.10 (-2%) 


March Critical 49.61 49.07 (-1%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-48. Percentage of Surface-Oriented Particles Injected at Station 906 (San Joaquin 
River near Medford Island) That Were Entrained over 90 Days into Clifton Court Forebay or 
Central Valley Project (Jones Pumping Plant) 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 43.81 44.50 (2%) 


January Above normal 63.51 64.80 (2%) 


January Below normal 81.56 81.99 (1%) 


January Dry 91.01 90.46 (-1%) 


January Critical 89.74 85.78 (-4%) 


February Wet 32.29 32.13 (0%) 


February Above normal 54.39 56.13 (3%) 


February Below normal 72.18 71.38 (-1%) 


February Dry 80.54 82.90 (3%) 


February Critical 82.65 79.95 (-3%) 


March Wet 21.97 21.48 (-2%) 


March Above normal 36.18 37.85 (5%) 


March Below normal 57.42 58.98 (3%) 


March Dry 67.50 68.73 (2%) 


March Critical 62.18 60.98 (-2%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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Table 5D.14-49. Percentage of Surface-Oriented Particles Injected at Station 906 (San Joaquin 
River near Medford Island) That Were Entrained over 90 Days into North Bay Aqueduct 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 0.00 0.00 (0%) 


January Above normal 0.00 0.00 (0%) 


January Below normal 0.00 0.00 (0%) 


January Dry 0.00 0.00 (0%) 


January Critical 0.00 0.00 (0%) 


February Wet 0.00 0.00 (0%) 


February Above normal 0.00 0.00 (0%) 


February Below normal 0.00 0.00 (0%) 


February Dry 0.00 0.00 (0%) 


February Critical 0.00 0.00 (-100%) 


March Wet 0.00 0.00 (0%) 


March Above normal 0.00 0.00 (0%) 


March Below normal 0.00 0.00 (0%) 


March Dry 0.00 0.00 (0%) 


March Critical 0.00 0.00 (0%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  


Table 5D.14-50. Percentage of Surface-Oriented Particles Injected at Station 906 (San Joaquin 
River near Medford Island) That Passed Chipps Island over 90 Days 


Month Water Year Type Existing Conditions Proposed Action 


January Wet 53.76 53.11 (-1%) 


January Above normal 34.03 32.52 (-4%) 


January Below normal 15.95 15.46 (-3%) 


January Dry 6.88 6.96 (1%) 


January Critical 6.15 9.41 (53%) 


February Wet 65.89 65.96 (0%) 


February Above normal 43.72 41.90 (-4%) 


February Below normal 25.28 25.82 (2%) 


February Dry 16.72 14.42 (-14%) 


February Critical 11.40 13.16 (15%) 


March Wet 76.47 76.85 (1%) 


March Above normal 61.35 59.89 (-2%) 


March Below normal 38.96 37.37 (-4%) 


March Dry 27.28 26.07 (-4%) 


March Critical 25.01 26.40 (6%) 


Note: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions.  
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5D.15 Longfin Smelt Salvage–Old and Middle River Flow 
Analysis Based on Grimaldo et al. (2009) 


5D.15.1 Methods 


Grimaldo et al. (2009: Figure 7B) found a significant relationship between juvenile Longfin Smelt 


salvage in April and May as a function of mean April–May Old and Middle River flows. In order to 


assess potential differences in salvage between the modeled scenarios, the regression of Grimaldo et 


al. (2009) was recreated in order to be able to fully account for sources of error in the predictions; 


this allowed calculation of prediction intervals from CalSim-derived estimates of Old and Middle 


River flows for the modeled scenarios, as recommended by Simenstad et al. (2016:49). 


Longfin Smelt salvage data for April and May 1993–2005 were obtained from the California 


Department of Fish and Wildlife salvage monitoring website.8 Consistent with Grimaldo et al. 


(2009), a record of 616 longfin smelt salvaged on April 7, 1998, was assumed to be in error, and was 


converted to zero for the analysis. Old and Middle River flow data were provided by Smith (pers. 


comm.) Following Grimaldo et al. (2009), log10(total salvage) was regressed against mean April–May 


Old and Middle River flow (converted to cubic meters/second). The resulting regression equation 


was very similar to that obtained by Grimaldo et al. (2009) (Figure 5D.15-1): 


 


 
8 http://www.dfg.ca.gov/delta/apps/salvage/SalvageExportChart.aspx?Species=1&SampleDate=1%2f22%2f 
2016&Facility=1, accessed January 1, 2016, and August 17, 2016 (salvage for longfin smelt at both facilities 
was selected). 


Log10(April–May total Longfin Smelt salvage) = 2.5454 (± 0.2072 SE) – 0.0100 (± 0.0020 SE)* 


(Mean April–May Old and Middle River flow); r2 = 0.70, 12 degrees of freedom. 



http://www.dfg.ca.gov/delta/apps/salvage/SalvageExportChart.aspx?Species=1&SampleDate=1%2f22%2f2016&Facility=1

http://www.dfg.ca.gov/delta/apps/salvage/SalvageExportChart.aspx?Species=1&SampleDate=1%2f22%2f2016&Facility=1
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Source: Grimaldo et al. 2009. 


Figure 5D.15-1. Regression of April–May Longfin Smelt Salvage as a Function of Old and Middle 
River Flow 


For the comparison of the modeled scenarios, CalSim data outputs were used to calculate mean 


April–May Old and Middle River flows for each year of the 1922–2015 simulation. The salvage-Old 


and Middle River flow regression calculated as above was used to estimate salvage for the modeled 


scenarios. The log-transformed salvage estimates were back-transformed to a linear scale for 


comparison of the modeled scenarios. In order to illustrate the variability in predictions from the 


salvage-Old and Middle River flow regression, annual estimates were made for the mean and upper 


and lower 95% prediction limits of the salvage estimates, as recommended by Simenstad et al. 


(2016). Means and predictions limits giving negative estimates of salvage were converted to zero 


before statistical summary. Statistical analyses were conducted with PROC GLM and PROC PLM in 


SAS/STAT software, Version 9.4 of the SAS System for Windows.9 


5D.15.2 Results 


The results of the analysis based on water year type means are discussed in Appendix 6C. Table 


5D.15-1 presents the mean and prediction intervals of the results by individual year. 


 
9 Copyright 2002–2010, SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names are 
registered trademarks or trademarks of SAS Institute Inc., Cary, NC, USA. 
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Table 5D.15-1. Mean and Upper and Lower 95% Prediction Limits of Juvenile Longfin Smelt April–
May Salvage at the South Delta Export Facilities by Water Year Type, as Estimated by the 
Regression including Mean Old and Middle River Flows 


Year EC, Mean 
EC, Lower 


95% 
EC, Upper 


95% 


Proposed 
Action, 
Mean 


Proposed 
Action, 


Lower 95% 


Proposed 
Action, 


Upper 95% 


1922 4,235 80 223,707 3,543 68 184,107 


1923 3,514 68 182,440 3,682 71 191,982 


1924 2,608 51 132,203 2,450 49 123,603 


1925 3,374 65 174,558 3,133 61 161,087 


1926 3,460 67 179,411 3,358 65 173,680 


1927 3,667 70 191,091 3,749 72 195,799 


1928 3,190 62 164,256 3,243 63 167,244 


1929 2,823 55 143,913 2,867 56 146,339 


1930 3,623 70 188,638 3,639 70 189,513 


1931 2,071 42 103,302 2,029 41 101,072 


1932 2,899 57 148,136 2,318 46 116,506 


1933 2,472 49 124,781 2,458 49 124,039 


1934 1,521 31 74,585 1,453 30 71,074 


1935 3,131 61 160,979 3,551 68 184,519 


1936 3,316 64 171,285 3,314 64 171,199 


1937 2,105 42 105,126 2,137 43 106,810 


1938 559 12 26,729 342 7 16,404 


1939 3,464 67 179,655 3,322 64 171,633 


1940 3,093 60 158,844 3,093 60 158,833 


1941 3,575 69 185,883 2,942 58 150,470 


1942 3,648 70 190,042 3,800 73 198,710 


1943 2,819 55 143,731 2,536 50 128,260 


1944 3,473 67 180,140 3,493 67 181,251 


1945 3,623 70 188,604 3,671 70 191,368 


1946 3,539 68 183,861 3,436 66 178,045 


1947 3,694 71 192,655 3,726 71 194,491 


1948 3,546 68 184,247 3,537 68 183,755 


1949 3,411 66 176,636 4,140 79 218,218 


1950 3,419 66 177,080 3,372 65 174,442 


1951 3,171 62 163,196 3,161 61 162,637 


1952 4,960 92 266,152 4,256 81 224,937 


1953 3,431 66 177,775 3,800 73 198,706 


1954 3,153 61 162,188 3,171 62 163,200 


1955 3,656 70 190,502 4,026 77 211,646 
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Year EC, Mean 
EC, Lower 


95% 
EC, Upper 


95% 


Proposed 
Action, 
Mean 


Proposed 
Action, 


Lower 95% 


Proposed 
Action, 


Upper 95% 


1956 3,697 71 192,846 3,709 71 193,482 


1957 3,430 66 177,717 3,403 66 176,177 


1958 3,486 67 180,855 3,567 69 185,456 


1959 3,290 64 169,867 3,302 64 170,498 


1960 3,876 74 203,035 3,279 64 169,223 


1961 3,740 72 195,254 3,746 72 195,601 


1962 3,988 76 209,445 3,932 75 206,262 


1963 3,585 69 186,436 3,603 69 187,461 


1964 3,044 59 156,131 3,055 60 156,773 


1965 3,676 71 191,628 3,968 76 208,300 


1966 3,032 59 155,460 3,119 61 160,310 


1967 4,106 78 216,262 3,971 76 208,483 


1968 3,146 61 161,819 3,155 61 162,308 


1969 227 5 11,046 156 3 7,733 


1970 2,934 57 150,031 2,558 51 129,437 


1971 3,492 67 181,226 3,493 67 181,272 


1972 3,301 64 170,447 3,267 63 168,558 


1973 3,379 65 174,848 3,240 63 167,074 


1974 3,689 71 192,345 3,689 71 192,336 


1975 3,559 68 184,995 3,348 65 173,097 


1976 2,249 45 112,800 1,962 39 97,560 


1977 1,530 31 75,019 1,504 31 73,661 


1978 3,852 74 201,683 3,169 62 163,065 


1979 3,663 70 190,906 3,771 72 197,043 


1980 714 15 34,166 716 15 34,265 


1981 3,059 60 156,950 3,060 60 157,044 


1982 1,844 37 91,357 1,499 31 73,424 


1983 1 0 79 1 0 75 


1984 2,932 57 149,958 2,836 56 144,674 


1985 3,893 74 204,033 3,899 74 204,371 


1986 1,767 36 87,331 1,204 25 58,432 


1987 4,022 77 211,393 4,034 77 212,070 


1988 2,267 45 113,755 2,544 50 128,680 


1989 3,906 75 204,729 2,765 54 140,757 


1990 3,207 62 165,230 3,297 64 170,243 


1991 2,115 42 105,650 2,225 44 111,491 


1992 1,830 37 90,582 1,754 36 86,628 
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Year EC, Mean 
EC, Lower 


95% 
EC, Upper 


95% 


Proposed 
Action, 
Mean 


Proposed 
Action, 


Lower 95% 


Proposed 
Action, 


Upper 95% 


1993 3,425 66 177,411 3,380 65 174,904 


1994 4,028 77 211,743 4,027 77 211,675 


1995 3,131 61 160,953 1,774 36 87,698 


1996 3,852 74 201,642 2,465 49 124,420 


1997 110 2 5,582 98 2 5,031 


1998 393 8 18,829 226 5 10,978 


1999 3,686 71 192,194 3,844 73 201,219 


2000 3,104 60 159,452 2,896 57 147,979 


2001 3,658 70 190,586 3,653 70 190,296 


2002 3,484 67 180,738 3,501 67 181,702 


2003 3,466 67 179,767 3,462 67 179,523 


2004 3,475 67 180,235 3,610 69 187,854 


2005 3,683 71 192,004 3,674 70 191,540 


2006 852 18 40,895 745 16 35,680 


2007 3,707 71 193,361 3,711 71 193,629 


2008 3,198 62 164,702 3,199 62 164,763 


2009 3,354 65 173,440 3,231 63 166,541 


2010 2,956 58 151,248 3,144 61 161,711 


2011 1,443 30 70,547 1,486 30 72,781 


2012 3,691 71 192,500 3,695 71 192,704 


2013 3,449 67 178,776 4,010 76 210,737 


2014 2,077 42 103,631 1,922 39 95,414 


2015 1,412 29 68,981 1,426 29 69,695 


EC = existing conditions. 


5D.16 Longfin Smelt Delta Outflow–Abundance Index 
Analysis 


5D.16.1 Methods 


5D.16.1.1 Development of Statistical Relationship 


The potential effect of the proposed action on longfin smelt was investigated through development 


of a statistical model relating the longfin smelt fall midwater trawl (FMWT) abundance index to 


Delta outflow, the FWMT abundance index 2 years earlier (as a representation of parental stock 


size), and ecological regime (i.e., 1967–1987, pre-Potamocorbula amurensis invasion; 1988–2002, 


post-P. amurensis invasion; and 2003–2020, Pelagic Organism Decline; to represent major ecological 


changepoints in the Bay-Delta, e.g., Nobriga and Rosenfield 2016). Total Delta outflow (thousand 
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acre-feet) was summed and examined for March through May and December through May, similar 


time periods to previous work by Mount et al. (2013:66–69) and Nobriga and Rosenfield (2016).  


Twelve log-linear regression models were considered in the analysis. The models were fit using a 


Bayesian approach implemented in the R statistical computing language (R Core Team 2021) via the 


brms package (Bürkner 2017) with model weights for averaging posterior predictive distributions 


calculated using the loo package (Vehtari et al. 2020): three Markov Chain Monte Carlo chains were 


run; flat priors were assumed; there was a 2,000-sample warm-up; 10,000 samples were retained 


from each chain (30,000 samples total from the posterior); and the R̂ <1.01 on estimated parameters 


indicated sampling converged on the posterior probability distributions for all models.  


Preliminary model comparison was performed using leave-one-out cross validation (LOO) (Vehtari 


et al. 2017). Measures of model predictive accuracy using LOO are asymptotically equal to the 


widely applicable information criteria (WAIC) (Watanabe 2010), but in the case of finite data, LOO 


has been shown to be more robust to influential observations like outliers (Vehtari et al. 2017). The 


preliminary model comparisons indicated there was a relatively high degree of similarity in terms of 


predictive ability between the top scoring individual models. The extent of model overlap in 


predictive accuracy was measured by the differences (and the standard errors of the differences) in 


expected log pointwise predictive densities: i.e., the differences in out-of-sample predictive accuracy 


between models.  


Therefore, rather than selecting a single model for inference, the posterior predictive probability 


distributions were combined as a weighted average across models. This process involved taking 


draws from the posterior of each single model in proportion to its model weight. For example, if a 


single model’s weight was 25% of the total model set, then 2,500 draws from its posterior were 


added to the averaged posterior predictive distribution, which again included 10,000 total draws 


across all models. The statistical approach used to calculate the model weights for averaging the 


posterior predictive distributions across models is known as “stacking” (Yao et al. 2018).  


Compared to more traditional model averaging approaches, stacking differs in terms of how model 


weights are assigned. Instead of calculating model weights based on the relative predictive ability 


for each individual model—where the best model for prediction would be given the highest 


weight—the model weights estimated through stacking minimize the LOO mean squared error of 


the resulting averaged posterior predictive distribution across models. In other words, stacking was 


used to estimate the optimal linear combination of model weights (Yao et al. 2018). 


Hence, the model with the largest stacking weight does not necessarily have the highest predictive 


score compared to other models in the set. For example, the models in this case can be divided into 


two subsets: one subset includes a covariate for Delta outflow during December–May and the other 


model subset includes a covariate for March–May Delta outflow. Comparing the predictive ability of 


each individual model using LOO resulted in a model with December–May outflow (the model with 


the third highest stacking weight in having the highest individual predictive accuracy of any single 


model considered. In contrast, stacking resulted in a model with March–May having the highest 


single model weight (36% of the total stacking weight). Nevertheless, because stacking optimizes 


the linear combination of model weights, the next three models (~64% of the stacking weight) all 


include December–May instead of March–May. Therefore, in this case, even though the model with 


highest stacking weight included March–May Delta outflow, the averaged posterior predictive 


distribution was ultimately weighted more heavily with models that include December–May Delta 


outflow compared to models with March–May Delta outflow. Of the twelve models considered, the 
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top four models by stacking weight accounted for 99.9% of the averaged posterior predictive 


distribution.  


Several additional models were also examined, in addition to those in but they were ultimately not 


included in this analysis due to poor model fits and what would have been additional computational 


cost without an expected difference in results. The additional models included a squared term on 


Delta outflow and their examination was motivated by the modeling results of Nobriga and 


Rosenfield (2016). Those authors assessed the relationship between Delta outflow and the ratio of 


age-0 to age-2 longfin smelt abundance in the two-life-stage versions of the models included in their 


analyses. They found support for non-linearity in this relationship (i.e., there was a peak in 


productivity at more intermediate outflow values), which led to the inclusion of a second-order 


polynomial regression (i.e., a squared term) on Delta outflow (Nobriga and Rosenfield 2016:50). 


Given the approach taken here, which differs from the Nobriga and Rosenfield analysis in terms of 


(1) the survey data used for longfin smelt abundance, (2) how Delta outflow values were included as 


covariates, and (3) the overall time periods for available data included in the regression models, 


there was little to no support found for a second-order polynomial regression on Delta outflow. The 


aforementioned factors that differed between the two analyses are briefly described in the next 


paragraph for completeness; but, given the poor predictive ability of the second-order polynomial 


regressions under the current approach, that subset of models was ultimately not included because 


the preliminary results indicated the stacked model weights would be near zero. Hence the averaged 


posterior predictive distributions would not be expected to be sensitive to the exclusion of those 


models in this case, but their inclusion would have increased the computational time necessary to 


run and perform the averaging over a larger set of models.  


As outlined above, there are several differences between these analyses and those of Nobriga and 


Rosenfield (2016) that might explain the discrepancy in terms of support (or lack thereof) found for 


dome shaped longfin smelt productivity as a function of Delta outflow. Firstly, Nobriga and 


Rosenfield (2016) found support for this relationship fitting models to catch data from the San 


Francisco Bay Study. In these analyses, on the other hand, the regression models have been fit to the 


FMWT index of abundance instead. Second, Nobriga and Rosenfield (2016) incorporated covariate 


values for Delta Outflow based on a principal component analysis (the first principal component 


values) of the z-scored monthly means from December to May. Here, the monthly total outflow 


(either from December to May, or March to May) were summed, resulting in a total outflow value 


during each time period each year, and the regression covariate values were calculated as the z-


scores of the period-total outflow values taken across years. Third, in addition to examining indices 


of abundance from different surveys, the annual time periods that have been examined also differ. 


Nobriga and Rosenfield (2016) examined the relationship between annual indices of longfin smelt 


abundance-at-age and Delta outflow that were available from the Bay Study during 1980–2013. 


Whereas in these analyses this relationship was examined over a longer period, during 1967–2020, 


which includes 20 additional years in the comparison with Delta outflow.  







California Department of Water Resources 


 Appendix 5D 
Bay-Delta Methods and Results 


 


Delta Conveyance Project, Biological Assessment 
5D-186 


May 2024 
103653  


 


Table 5D.16-1. The Optimal Linear Combination of Model Weights based on Stacking 


Log10FMWT Linear Regression Model a Stacking Weight 


Mar–May + Regime + Log10 FMWT(yr – 2) 0.3583 


Dec–May + Regime  0.3154 


Dec–May + Regime + Log10 FMWT(yr – 2) 0.1995 


Dec–May + Log10 FMWT(yr – 2) 0.1260 


Dec–May + Regime + Dec–May * Regime  0.0006 


Dec–May + Regime + Dec–May * Regime + Log10 FMWT(yr – 2) <0.0001 


Mar–May + Regime + Mar–May * Regime + Log10 FMWT(yr – 2) <0.0001 


Mar–May + Log10 FMWT(yr – 2) <0.0001 


Mar–May + Regime  <0.0001 


Mar–May + Regime + Mar–May * Regime  <0.0001 


Dec–May <0.0001 


Mar–May <0.0001 


Note: The Optimal Linear Combination of Model Weights based on Stacking which Minimizes the Mean Squared Error 
of the Leave-One-Out Cross Validation for the Resulting Model Averaged Posterior Predictive Distribution across the 
Twelve Log-Linear Regressions of Longfin Smelt Fall Midwater Trawl Abundance Index. Models are a Function of 
Delta Outflow (December–May or March–May), Ecological Regime (1967–1987, pre-Potamocorbula amurensis 
invasion; 1988–2002, post-P. amurensis invasion; and 2003–2020, Pelagic Organism Decline), and Abundance Index 
2 Years Earlier (Log10 FMWT(yr – 2)). 
FMWT = fall midwater trawl; yr = year. 
a An asterisk “*” sign represents an interaction term between Regime and Delta Outflow. 
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Note: The circles represent the annual historical values of the FMWT abundance index, with diameter of each circle 


scaled relative to December through May Delta outflow in that year. The solid lines connect the annual medians from 


the Bayesian posterior distribution, and the darker gray ribbons around them represent the 95% posterior 


probability interval for the expected FMWT index value. Colors correspond to the three modeled regimes. The lighter 


gray ribbon with a dashed black outline represents the 95% posterior predictive probability interval. 


FMWT = fall midwater trawl. 


Figure 5D.16-1. Fit of Best Log-Linear Regression of Longfin Smelt Fall Midwater Trawl Abundance 
Index as a Function of Delta Outflow (December–May), Ecological Regime (1967–1987, pre-
Potamocorbula amurensis invasion; 1988–2002, post-Potamocorbula invasion [shown as 
Potamocorbula]; and 2003–2020, Pelagic Organism Decline [POD]), and Abundance Index 2 Years 
Earlier [Log10 FMWT(yr – 2)] 
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5D.16.1.2 Assessment of Project Alternatives (including the Proposed Action)  


Predictions of the FMWT abundance index under the alternative modeled CalSim 3 outflow 


scenarios (1922–2015) were generated using the model stacking approach described above to 


generate a weighted average Bayesian posterior predictive distribution across the set of models 


considered. Dropping subscripts denoting individual models for simplicity, the general form of the 


models can be written as: 


𝐿𝑜𝑔10[𝐹𝑀𝑊𝑇𝑦𝑟]~𝑁(𝜇𝑦𝑟, 𝜎2)    (1) 
 


𝜇𝑦𝑟 = 𝛽0,𝑖 + 𝛽1𝑂𝑢𝑡𝑓𝑙𝑜𝑤𝑦𝑟,𝑗 + 𝛽2𝐿𝑜𝑔10[𝐹𝑀𝑊𝑇𝑦𝑟−2] + 𝛽3𝑅𝑒𝑔𝑖𝑚𝑒𝑖 ∗ 𝑂𝑢𝑡𝑓𝑙𝑜𝑤𝑦𝑟,𝑗     (2) 
 


where: 


𝐿𝑜𝑔10[𝐹𝑀𝑊𝑇𝑦𝑟] is the model predicted Log10 value of the FMWT index in water year yr;  


𝜇𝑦𝑟 is the expected FMWT index in water year yr (the stacked posterior predictive distribution 


for 𝜇𝑦𝑟 is shown as the dark grey ribbon in Figure 5D.16-1); 


𝜎2 is the residual variance parameter (the stacked posterior predictive distribution including 


the residual variance is shown as the light grey ribbon in Figure 5D.16-1); 


𝛽0,𝑖 represents the intercept parameter estimated for each regime: Pre-Potamocorbula (i = 1); 


Potamocorbula (i = 2); and POD (i = 3). For models without a regime covariate, a single 


intercept is estimated across all years instead, i.e., 𝛽0 is substituted for 𝛽0,𝑖;  


𝛽1 represents the slope parameter estimated for the relationship between the FMWT index and 


Delta outflow; 


Outflowyr,j is the normalized10 outflow level during water year yr, and j denotes the outflow level 


during either the December through May, or the March through May period; 


𝛽2 represents the slope parameter estimated for the relationship between the expected FMWT 


index and the value of that index 2 years prior. For models without the parental stock 


covariate, 𝛽2 = 0, and; 


𝛽3 represents the interaction covariate (the difference in slopes) with respect to the estimated 


effect of outflow on the FMWT index of abundance during different regimes. For models 


without this interaction term, 𝛽3 = 0. 


For those models that included the Log10 FMWT(yr – 2) parental stock size covariate, the starting 


parental stock size in 1922 and 1923 was set at a FMWT index value of 99.4, corresponding to the 


mean index value from 2011 through 2020. Given the starting values for the FMWT index (in the 


relevant models), the recursive nature of the regression formula was used to generate the expected 


FMWT index value in successive years from the posterior predictive distribution 2 years prior. For 


all models, predictions were conditional on the estimated relationship between the FMWT index and 


Delta outflow (in December–May, or March–May, depending on the model), and for those models 


that included a regime covariate, draws from the posterior predictive distributions were 


conditioned on estimates during the Pelagic Organism Decline regime. 


 
10 Normalized outflow values for each CalSim 3 scenario were calculated by subtracting the mean and 
dividing by the standard deviation of observed Delta outflow values (1967–2020). 
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As an example, starting in 1924, draws from the posterior predictive distribution for models 


including the parental stock size covariate were generated by first substituting the normalized 1924 


December through May (or March through May) CalSim 3 outflow value for each alternative. Draws 


from the posterior distributions for the regression parameters and the starting value for 


𝐿𝑜𝑔10[𝐹𝑀𝑊𝑇1922] were then used to generate the posterior predictive distribution for the FMWT 


index in 1924 (𝜇1924). This value was then substituted into Equation 1, and the posterior 


distribution for the residual variance parameter was used to generate draws from the pointwise 


posterior predictive distributions for the FMWT index.11 This process was iterated over each 


successive year, substituting the derived 𝜇𝑦𝑟−2 values for 𝐿𝑜𝑔10[𝐹𝑀𝑊𝑇𝑦𝑟−2] to calculate 𝜇𝑦𝑟, and to 


generate the annual posterior predictive distributions for the FMWT index under each alternative. 


For models that did not include the parental stock size covariate, the posterior predictive 


distributions were generated based on the corresponding CalSim 3 outflow values for the monthly 


period corresponding to the individual model estimates, and likewise conditioned on covariate 


estimates during the POD regime for models that included a regime covariate (or the constant 


intercept parameter 𝛽0, for models without the regime covariate). As noted above in the description 


of the model stacking approach, draws from the posterior predictive distribution for each model 


were sampled in proportion to the stacking model weights, to generate a weighted average 


posterior predictive distribution across the models considered. Summaries were then calculated by 


grouping the stacked annual posterior predictive distributions by water year type and calculating 


the means and credible intervals for each aggregated water year type posterior predictive 


distribution. 


5D.16.2 Results 


5D.17 Smelt Tidal Habitat Restoration Mitigation 
Calculation 


Tidal habitat restoration mitigation for delta smelt and longfin smelt was calculated based on the 


same method recently applied by California Department of Water Resources (2019:5-5). The 


method applied is that of Kratville (2010), who combined statistical relationships between E:I and 


proportion of particles entrained from various particle injection locations included in DSM2-PTM 


runs by Kimmerer and Nobriga (2008) with areas of habitat represented by groups of particle 


injection locations. The logistic equations for these particle injection locations that were applied in 


the analysis to mean CalSim-modeled E:I from February through June were as follows (Nobriga pers. 


comm.; see Kratville 2010 for further explanation of station codes): 


⚫ Antioch: Proportional entrainment = 1-(1/(1+ 0.00271028300855596*e6.84578776491213*E:I)) 


⚫ Bacon Island: Proportional entrainment = 1-(1/(1+ 0.00360067831643248*e48.0279532945984*E:I)) 


⚫ Collinsville: Proportional entrainment = 1-(1/(1+ 0.00122681735447479*e7.34600447344753*E:I)) 


⚫ Franks Tract East: Proportional entrainment = 1-(1/(1+ 


0.0882721350895259*e6.51283857598075*E:I)) 


⚫ Franks West: Proportional entrainment = 1-(1/(1+ 0.0321221161869743*e5.5544157874989*E:I)) 


 
11 “~N” in Eqn. 1 denotes a normal (Gaussian) distribution.  
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⚫ Georgiana Slough: Proportional entrainment = 1-(1/(1+ 


0.0556193254426028*e7.53188118299606*E:I)) 


⚫ Hood: Proportional entrainment = 1-(1/(1+ 0.0370940945312037*e6.00721899458561*E:I)) 


⚫ Medford Island: Proportional entrainment = 1-(1/(1+ 


0.00592509281258315*e34.8002358833536*E:I)) 


⚫ Mossdale: Proportional entrainment = 1-(1/(1+ 0.111111111111111*e26.6493233888825*E:I)) 


⚫ North Fork Mokelumne: Proportional entrainment = 1-(1/(1+ 0.0610234435346189*e 
7.28620279196804*E:I)) 


⚫ Potato Slough: Proportional entrainment = 1-(1/(1+ 0.0163841512024925*e23.708308398635*E:I)) 


⚫ Rio Vista: Proportional entrainment = 1-(1/(1+ 0.0076755045686138*e6.69498358561645*E:I)) 


⚫ Ryde: Proportional entrainment = 1-(1/(1+ 0.0117017438595754*e6.7207341005591*E:I)) 


⚫ South Fork Mokelumne: Proportional entrainment = 1-(1/(1+ 0.0389615268878375*e 
14.4737516748024*E:I)) 


⚫ Stockton: Proportional entrainment = 1-(1/(1+ 0.00840706847099802*e32.6988703978096*E:I)) 


⚫ Three Mile Slough: Proportional entrainment = 1-(1/(1+ 


0.0157935505682666*e6.10724605041376*E:I)) 


⚫ Twitchell Island: Proportional entrainment = 1-(1/(1+ 


0.0342441647821108*e6.37831755748149*E:I)) 


⚫ Vernalis: Proportional entrainment = 1-(1/(1+ 0.111111111111111*e27.3073879175582*E:I)) 


⚫ Victoria Canal: Proportional entrainment = 1-(1/(1+ 0.00000001283874368*e219.722457733622*E:I)) 


The mean estimate of particle proportional entrainment from application of these equations was 


calculated for four geographic zones, with this mean estimate of particle entrainment then being 


multiplied by the area of each zone. 


⚫ Lower Sacramento (Antioch, Collinsville, Rio Vista, Ryde, Three Mile Slough): 19,140.69 acres. 


⚫ Hood and West Dela San Joaquin (Hood, Twitchell Island): 6,080.929 acres. 


⚫ Georgiana Slough/North Fork Mokelumne (Georgiana Slough, North Fork Mokelumne): 2,704.28 


acres. 


⚫ San Joaquin (Bacon Island, Franks Tract East, Franks Tract West, Medford Island, Mossdale, 


Potato Slough, South Fork Mokelumne, Stockton, Vernalis, Victoria Canal): 21,124.31 acres. 


For delta smelt, the overall area of effect for each scenario was calculated as the full area of the 


above calculations. For longfin smelt, the overall area of effect for each scenario was calculated as 


10% of the area of the above calculations, consistent with calculations for the mitigation 


requirements used by CDFG (2009a) and DWR (2019). 
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5D.18 Delta Smelt Occurrence Upstream of Freeport 
Regional Water Authority Intake 


5D.18.1 Methods 


To evaluate the potential influence of the Freeport Regional Water Authority Intake on upstream 


passage by delta smelt, delta smelt detection probability in Delta Juvenile Fish Monitoring Program 


beach seines during January–June upstream and downstream of the intake location were calculated. 


Delta Juvenile Fish Monitoring Program beach seine data from the monitoring stations listed in 


Table 5D.18-1 were used to convert delta smelt count data to presence/absence for all seine sets 


conducted between 1994 and 2019. Three periods of interest were defined: pre-construction 


(1994–2006); construction (2007–2009); and post-construction (2010–2019). The overall detection 


probability for each period and location combination (e.g., pre-construction/upstream; six 


combinations in total) was calculated as the proportion of beach seine sets with positive delta smelt 


detections. From these results, the ratio of upstream to downstream detection probability was 


calculated for each period.  


Table 5D.18-1. Delta Juvenile Fish Monitoring Program Beach Seine Stations and Location Relative 
to Freeport Regional Water Authority Intake 


Station Location Relative to Freeport Intake 


SR012W (Sandy Beach) Downstream 


SR014W (Rio Vista) Downstream 


SR017E (Isleton) Downstream 


SR024E (Koket) Downstream 


XC001N (Delta Cross Channel) Downstream 


GS010E (Georgiana Slough) Downstream 


SS011N (Steamboat Slough (mouth) Downstream 


SR043W (Clarksburg) Downstream 


SR049E (Garcia Bend) Upstream 


SR055E (Sherwood Harbor) Upstream 


SR057E (Miller Park) Upstream 


SR060E (Discovery Park) Upstream 


AM001S (American River) Upstream 


SR062E (Sand Cove) Upstream 


SR071E (Elkhorn) Upstream 


SR080E (Verona) Upstream 


 


To evaluate the statistical significance of any differences in delta smelt detection probability across 


locations and periods, a logistic regression model was fitted using the ‘glm’ function in the statistical 


software R (R Core Team 2021). Delta smelt detection was modeled as a function of the interaction 


of period and location (detection~period+location+period*location). It was assumed that 


catchability of delta smelt remained consistent during the study period, although this is not known. 
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The influence of potentially confounding variables, including overall delta smelt population 


abundance and river flow, was evaluated by initially including covariates in the logistic model. Delta 


smelt population abundance was represented by the prior year’s FMWT index, while flow was 


calculated as the mean December through March flow reported by U.S. Geological Survey for the 


Freeport gaging station. Freeport flow was modeled as a second order polynomial to represent the 


hypothesis of a nonlinear influence of flow on upstream movement by delta smelt (i.e., impedance at 


high flow; less attraction at low flow). Neither of the covariates were found to be significant 


predictors of delta smelt detection, and a comparison of models including and excluding the 


covariates using AIC favored the more parsimonious model, so covariates were excluded from 


further analysis. 


5D.18.2 Results 


Overall, the probability of observing delta smelt in any Delta Juvenile Fish Monitoring Program 


beach seine conducted at the stations listed in Table 5D.18-2 was low (mean detection probability of 


0.031). Detections were consistently higher at stations located downstream of the Freeport intake 


across all three periods. The ratio of upstream to downstream detection probability was highest 


during the pre-construction period, lowest during the construction period, and intermediate during 


the post-construction period (Table 5D.18-2), although the interaction between location and period 


was not statistically significant (Table 5D.18-3; Figure 5D.18-1). Logistic regression analysis 


indicated that differences in detection probability between upstream and downstream locations 


were highly statistically significant (P <0.001; Table 5D.18-3). The odds ratio for the overall 


comparison of upstream and downstream indicated that the probability of detecting delta smelt in 


an upstream seine set was only 24% of that for a downstream seine set. Differences in detection 


probability between periods were marginally statistically significant (P ~ 0.075; Table 5D.18-3). 


Table 5D.18-2. Detection Probability of Delta Smelt in Beach Seines Upstream and Downstream of 
the Freeport Regional Water Authority Intake 


Period Upstream Downstream Ratio 


Pre-construction 0.007 0.030 0.245 


Construction 0.004 0.020 0.187 


Post-construction 0.005 0.023 0.231 


 


Table 5D.18-3. Summary of Logistic Regression of Delta Smelt Detection in Beach Seines Upstream 
and Downstream of the Freeport Regional Water Authority Intake 


Comparison Odds Ratio p-value 


Construction vs. pre-construction  0.65 0.08 


Post- vs. pre-construction 0.76 0.07 


Upstream vs. Downstream 0.24 <0.001 


Upstream, construction vs. downstream, pre-construction  0.77 0.61 


Upstream, post-construction vs. downstream, pre-construction 0.95 0.85 


Note: Periods were pre-construction (1994–2006); construction (2007–2009); and post-construction (2010–2019). 
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Note: Periods were pre-construction (1994–2006); construction (2007–2009); and post-construction (2010–2019). 


Figure 5D.18-1. Predicted Probability of Delta Smelt Detection in Beach Seines Upstream and 
Downstream of the Freeport Regional Water Authority Intake 


These results indicate that the lower probability of detecting delta smelt at locations upstream vs. 


downstream of the Freeport intake predates the installation of the facility. The probability of 


detecting delta smelt in the DFJMP beach seines for these locations has decreased slightly relative to 


the pre-construction period, but this decrease is of marginal statistical significance, has occurred in 


both upstream and downstream sampling locations, and likely reflects the overall decrease in delta 


smelt abundance during the period investigated by this analysis. 


5D.19 Delta Smelt Life Cycle Modeling 
Attachment 5D.4, Delta Smelt Life Cycle Modeling, describes the methods and results from the delta 


smelt Life Cycle Model with Entrainment (LCME). Additional discussion of the results is provided in 


Chapter 6, Effects Analysis for Delta Smelt, Longfin Smelt, and Terrestrial Species. 
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Attachment 5D.1 
Additional Information for Juvenile Winter-Run Chinook 


Salmon Salvage Analysis Based on Zeug and Cavallo 
(2014) and Hydrodynamic Effects  


Based on DSM2-HYDRO Data 


5D.1.1 Introduction 
This attachment provides additional information for the juvenile winter-run Chinook salmon 


salvage analysis based on Zeug and Cavallo (2014) and hydrodynamic effects based on DSM2-


HYDRO data, described in Appendix 5D, Bay-Delta Methods and Results. 


5D.1.2 Juvenile Winter-Run Chinook Salmon Salvage 
Analysis Based on Zeug and Cavallo (2014) 


Figures 5D.1-1 through 5D.1-5 provide figures separated by water year type, to supplement a 


similar figures in Appendix 5D. Note that in the plots, Alt_5 = Alternative 5 = proposed action. 
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Figure 5D.1-1. Box Plot of Proportional Juvenile Winter-Run Chinook Salmon Salvage by Month in Wet Water Years for the Analysis Based on Zeug and Cavallo (2014). 
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Figure 5D.1-2. Box Plot of Proportional Juvenile Winter-Run Chinook Salmon Salvage by Month in Above Normal Water Years for the Analysis Based on Zeug and Cavallo (2014). 
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Figure 5D.1-3. Box Plot of Proportional Juvenile Winter-Run Chinook Salmon Salvage by Month in Below Normal Water Years for the Analysis Based on Zeug and Cavallo (2014). 
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Figure 5D.1-4. Box Plot of Proportional Juvenile Winter-Run Chinook Salmon Salvage by Month in Dry Water Years for the Analysis Based on Zeug and Cavallo (2014). 
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Figure 5D.1-5. Box Plot of Proportional Juvenile Winter-Run Chinook Salmon Salvage by Month in Critically Dry Water Years for the Analysis Based on Zeug and Cavallo (2014). 
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5D.1.3 Hydrodynamic Effects Based on DSM2-HYDRO 
Data 


5D.1.3.1 Velocity 


5D.1.3.1.1 Proportional Overlap of Velocity 


This section provides plots that supplement the plots provided in Appendix 5D; the plots herein are 


divided by month and include geographic points of interest such as the north Delta intakes. 
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October 


 
Note: DCC = Delta Cross Channel; GS = Georgiana Slough; NDD B = Proposed North Delta Intake B; NDD C = Proposed North Delta Intake C. 


Figure 5D.1-6. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta between Existing Conditions and Alternative 5 (Proposed Action), October 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-7. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta between Existing Conditions and Alternatives 5 (Proposed Action), October 
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November 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-8. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta between Existing Conditions and Alternative 5 (Proposed Action), November 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-9. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta between Existing Conditions and Alternative 5 (Proposed Action), November 
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December 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-10. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta between Existing Conditions and Alternative 5 (Proposed Action), December 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-11. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta between Existing Conditions and Alternative 5 (Proposed Action), December 
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January 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-12. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta between Existing Conditions and Alternative 5 (Proposed Action), January 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-13. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta between Existing Conditions and Alternative 5 (Proposed Action), January 
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February 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-14. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta between Existing Conditions and Alternative 5 (Proposed Action), February 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-15. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta between Existing Conditions and Alternative 5 (Proposed Action), February 
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March 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-16. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta between Existing Conditions and Alternative 5 (Proposed Action), March 







CA Department of Water Resources 


 Additional Information for Hydrodynamic Effects  
Based on DSM2-HYDRO Data  


 


 


Delta Conveyance Project, Biological Assessment 
5D.1-20 


May 2024 
ICF 103653 


 


 


Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-17. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta between Existing Conditions and Alternative 5 (Proposed Action), March 
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April 


  
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-18. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta between Existing Conditions and Alternative 5 (Proposed Action), April 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-19. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta between Existing Conditions and Alternative 5 (Proposed Action), April 
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May 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-20. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta between Existing Conditions and Alternative 5 (Proposed Action), May 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-21. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta between Existing Conditions and Alternative 5 (Proposed Action), May 
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June 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-22. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta between Existing Conditions and Alternative 5 (Proposed Action), June 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-23. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta between Existing Conditions and Alternative 5 (Proposed Action), June 
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July 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-24. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta between Existing Conditions and Alternative 5 (Proposed Action), July 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut.  


Figure 5D.1-25. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta between Existing Conditions and Alternative 5 (Proposed Action), July 
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August 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-26. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta between Existing Conditions and Alternative 5 (Proposed Action), August 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-27. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta between Existing Conditions and Alternative 5 (Proposed Action), August 
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September 


 
Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-28. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the North Delta between Existing Conditions and Alternative 5 (Proposed Action), September 
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Note: BPP = Banks Pumping Plant; HOR = Head of Old River; JPP = Jones Pumping Plant; Turner Cut. 


Figure 5D.1-29. Minimum Proportional Overlap of DSM2-HYDRO Velocity in the South Delta between Existing Conditions and Alternative 5 (Proposed Action), September 
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5D.1.3.1.2 Velocity Density Distribution 


This section provides plots of 15-minute velocity density distribution for a number of locations 


within the Delta based on DSM2-HYDRO data, comparing each alternative to existing conditions. 


Figure 5D.1-30 provides an overview of the locations included in the analysis. The plots are 


arranged by Sacramento River Delta and San Joaquin River Delta, generally beginning upstream and 


moving downstream. 
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Figure 5D.1-30. Overview of Locations Included in Velocity Density Distribution Analysis.  
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October 


Sacramento River Delta 


 
Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-31. Velocity Density Distribution for Freeport, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-32. Velocity Density Distribution for Steamboat Slough, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-33. Velocity Density Distribution for Walnut Grove (Sacramento River), October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-34. Velocity Density Distribution for Georgiana Slough, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-35. Velocity Density Distribution for Isleton (Sacramento River), October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-36. Velocity Density Distribution for Rio Vista (Sacramento River), October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-37. Velocity Density Distribution for Sevenmile Slough, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-38. Velocity Density Distribution for Chipps Island (Sacramento River–San Joaquin River Confluence), October. 
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San Joaquin River Delta 


 
Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-39. Velocity Density Distribution for Vernalis (San Joaquin River), October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-40. Velocity Density Distribution for Mossdale (San Joaquin River), October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-41. Velocity Density Distribution for San Joaquin River upstream of Head of Old River, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-42. Velocity Density Distribution for San Joaquin River near Head of Old River, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-43. Velocity Density Distribution for San Joaquin River at Highway 4, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-44. Velocity Density Distribution for San Joaquin River near Mokelumne River, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-45. Velocity Density Distribution for San Joaquin River near Jersey Point, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-46. Velocity Density Distribution for Old River near Head of Old River, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-47. Velocity Density Distribution for Old River upstream of the South Delta Export Facilities, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-48. Velocity Density Distribution for Old River Downstream of the South Delta Export Facilities, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-49. Velocity Density Distribution for Old River at Highway 4, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-50. Velocity Density Distribution for Old River near Woodward Island, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-51. Velocity Density Distribution for Head of Middle River, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-52. Velocity Density Distribution for Middle River near Victoria Canal, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-53. Velocity Density Distribution for Middle River near Woodward Island, October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-54. Velocity Density Distribution for State Water Project (West Canal near Entrance to Clifton Court Forebay), October. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-55. Velocity Density Distribution for Freeport, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-56. Velocity Density Distribution for Steamboat Slough, November. 







CA Department of Water Resources 


 Additional Information for Hydrodynamic Effects  
Based on DSM2-HYDRO Data  


 


 


Delta Conveyance Project, Biological Assessment 
5D.1-62 


May 2024 
ICF 103653 


 


 
Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-57. Velocity Density Distribution for Walnut Grove (Sacramento River), November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-58. Velocity Density Distribution for Georgiana Slough, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-59. Velocity Density Distribution for Isleton (Sacramento River), November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-60. Velocity Density Distribution for Rio Vista (Sacramento River), November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-61. Velocity Density Distribution for Sevenmile Slough, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-62. Velocity Density Distribution for Chipps Island (Sacramento River–San Joaquin River Confluence), November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-63. Velocity Density Distribution for Vernalis (San Joaquin River), November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-64. Velocity Density Distribution for Mossdale (San Joaquin River), November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-65. Velocity Density Distribution for San Joaquin River upstream of Head of Old River, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-66. Velocity Density Distribution for San Joaquin River near Head of Old River, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-67. Velocity Density Distribution for San Joaquin River at Highway 4, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-68. Velocity Density Distribution for San Joaquin River near Mokelumne River, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-69. Velocity Density Distribution for San Joaquin River near Jersey Point, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-70. Velocity Density Distribution for Old River near Head of Old River, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-71. Velocity Density Distribution for Old River upstream of the South Delta Export Facilities, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-72. Velocity Density Distribution for Old River Downstream of the South Delta Export Facilities, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-73. Velocity Density Distribution for Old River at Highway 4, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-74. Velocity Density Distribution for Old River near Woodward Island, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-75. Velocity Density Distribution for Head of Middle River, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-76. Velocity Density Distribution for Middle River near Victoria Canal, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-77. Velocity Density Distribution for Middle River near Woodward Island, November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-78. Velocity Density Distribution for State Water Project (West Canal near Entrance to Clifton Court Forebay), November. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-79. Velocity Density Distribution for Freeport, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-80. Velocity Density Distribution for Steamboat Slough, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-81. Velocity Density Distribution for Walnut Grove (Sacramento River), December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-82. Velocity Density Distribution for Georgiana Slough, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-83. Velocity Density Distribution for Isleton (Sacramento River), December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-84. Velocity Density Distribution for Rio Vista (Sacramento River), December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-85. Velocity Density Distribution for Sevenmile Slough, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-86. Velocity Density Distribution for Chipps Island (Sacramento River–San Joaquin River Confluence), December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-87. Velocity Density Distribution for Vernalis (San Joaquin River), December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-88. Velocity Density Distribution for Mossdale (San Joaquin River), December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-89. Velocity Density Distribution for San Joaquin River near Head of Old River, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-90. Velocity Density Distribution for San Joaquin River upstream of Head of Old River, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-91. Velocity Density Distribution for San Joaquin River at Highway 4, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-92. Velocity Density Distribution for San Joaquin River near Mokelumne River, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-93. Velocity Density Distribution for San Joaquin River near Jersey Point, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-94. Velocity Density Distribution for Old River near Head of Old River, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-95. Velocity Density Distribution for Old River upstream of the South Delta Export Facilities, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-96. Velocity Density Distribution for Old River Downstream of the South Delta Export Facilities, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-97. Velocity Density Distribution for Old River at Highway 4, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-98. Velocity Density Distribution for Old River near Woodward Island, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-99. Velocity Density Distribution for Head of Middle River, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-100. Velocity Density Distribution for Middle River near Victoria Canal, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-101. Velocity Density Distribution for Middle River near Woodward Island, December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-102. Velocity Density Distribution for State Water Project (West Canal near Entrance to Clifton Court Forebay), December. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-103. Velocity Density Distribution for Freeport, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-104. Velocity Density Distribution for Steamboat Slough, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-105. Velocity Density Distribution for Walnut Grove (Sacramento River), January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-106. Velocity Density Distribution for Georgiana Slough, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-107. Velocity Density Distribution for Isleton (Sacramento River), January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-108. Velocity Density Distribution for Rio Vista (Sacramento River), January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-109. Velocity Density Distribution for Sevenmile Slough, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-110. Velocity Density Distribution for Chipps Island (Sacramento River–San Joaquin River Confluence), January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-111. Velocity Density Distribution for Vernalis (San Joaquin River), January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-112. Velocity Density Distribution for Mossdale (San Joaquin River), January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-113. Velocity Density Distribution for San Joaquin River upstream of Head of Old River, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-114. Velocity Density Distribution for San Joaquin River near Head of Old River, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-115. Velocity Density Distribution for San Joaquin River at Highway 4, January. 







CA Department of Water Resources 


 Additional Information for Hydrodynamic Effects  
Based on DSM2-HYDRO Data  


 


 


Delta Conveyance Project, Biological Assessment 
5D.1-121 


May 2024 
ICF 103653 


 


 
Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-116. Velocity Density Distribution for San Joaquin River near Mokelumne River, January. 







CA Department of Water Resources 


 Additional Information for Hydrodynamic Effects  
Based on DSM2-HYDRO Data  


 


 


Delta Conveyance Project, Biological Assessment 
5D.1-122 


May 2024 
ICF 103653 


 


 
Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-117. Velocity Density Distribution for San Joaquin River near Jersey Point, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-118. Velocity Density Distribution for Old River near Head of Old River, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-119. Velocity Density Distribution for Old River upstream of the South Delta Export Facilities, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-120. Velocity Density Distribution for Old River Downstream of the South Delta Export Facilities, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-121. Velocity Density Distribution for Old River at Highway 4, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-122. Velocity Density Distribution for Old River near Woodward Island, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-123. Velocity Density Distribution for Head of Middle River, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-124. Velocity Density Distribution for Middle River near Victoria Canal, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-125. Velocity Density Distribution for Middle River near Woodward Island, January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-126. Velocity Density Distribution for State Water Project (West Canal near Entrance to Clifton Court Forebay), January. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-127. Velocity Density Distribution for Freeport, February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-128. Velocity Density Distribution for Steamboat Slough, February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-129. Velocity Density Distribution for Walnut Grove (Sacramento River), February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-130. Velocity Density Distribution for Georgiana Slough, February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-131. Velocity Density Distribution for Isleton (Sacramento River), February. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-132. Velocity Density Distribution for Rio Vista (Sacramento River), February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-133. Velocity Density Distribution for Sevenmile Slough, February. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-134. Velocity Density Distribution for Chipps Island (Sacramento River–San Joaquin River Confluence), February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-135. Velocity Density Distribution for Vernalis (San Joaquin River), February. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-136. Velocity Density Distribution for Mossdale (San Joaquin River), February. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-137. Velocity Density Distribution for San Joaquin River upstream of Head of Old River, February. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-138. Velocity Density Distribution for San Joaquin River near Head of Old River, February. 
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Based on DSM2-HYDRO Data  


 


 


Delta Conveyance Project, Biological Assessment 
5D.1-144 


May 2024 
ICF 103653 


 


 
Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-139. Velocity Density Distribution for San Joaquin River at Highway 4, February. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-140. Velocity Density Distribution for San Joaquin River near Mokelumne River, February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-141. Velocity Density Distribution for San Joaquin River near Jersey Point, February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-142. Velocity Density Distribution for Old River near Head of Old River, February.  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-143. Velocity Density Distribution for Old River upstream of the South Delta Export Facilities, February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-144. Velocity Density Distribution for Old River Downstream of the South Delta Export Facilities, February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-145. Velocity Density Distribution for Old River at Highway 4, February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-146. Velocity Density Distribution for Old River near Woodward Island, February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-147. Velocity Density Distribution for Head of Middle River, February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-148. Velocity Density Distribution for Middle River near Victoria Canal, February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-149. Velocity Density Distribution for Middle River near Woodward Island, February. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-150. Velocity Density Distribution for State Water Project (West Canal near Entrance to Clifton Court Forebay), February. 
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Sacramento River Delta 


 
Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-151. Velocity Density Distribution for Freeport, March. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-152. Velocity Density Distribution for Steamboat Slough, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-153. Velocity Density Distribution for Walnut Grove (Sacramento River), March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-154. Velocity Density Distribution for Georgiana Slough, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-155. Velocity Density Distribution for Isleton (Sacramento River), March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-156. Velocity Density Distribution for Rio Vista (Sacramento River), March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-157. Velocity Density Distribution for Sevenmile Slough, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-158. Velocity Density Distribution for Chipps Island (Sacramento River–San Joaquin River Confluence), March. 
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San Joaquin River Delta 


 
Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-159. Velocity Density Distribution for Vernalis (San Joaquin River), March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-160. Velocity Density Distribution for Mossdale (San Joaquin River), March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-161. Velocity Density Distribution for San Joaquin River upstream of Head of Old River, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-162. Velocity Density Distribution for San Joaquin River near Head of Old River, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-163. Velocity Density Distribution for San Joaquin River at Highway 4, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-164. Velocity Density Distribution for San Joaquin River near Mokelumne River, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-165. Velocity Density Distribution for San Joaquin River near Jersey Point, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-166. Velocity Density Distribution for Old River near Head of Old River, March.  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-167. Velocity Density Distribution for Old River upstream of the South Delta Export Facilities, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-168. Velocity Density Distribution for Old River Downstream of the South Delta Export Facilities, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-169. Velocity Density Distribution for Old River at Highway 4, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-170. Velocity Density Distribution for Old River near Woodward Island, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-171. Velocity Density Distribution for Head of Middle River, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-172. Velocity Density Distribution for Middle River near Victoria Canal, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-173. Velocity Density Distribution for Middle River near Woodward Island, March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-174. Velocity Density Distribution for State Water Project (West Canal near Entrance to Clifton Court Forebay), March. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-175. Velocity Density Distribution for Freeport, April. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-176. Velocity Density Distribution for Steamboat Slough, April.  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-177. Velocity Density Distribution for Walnut Grove (Sacramento River), April. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-178. Velocity Density Distribution for Georgiana Slough, April. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-179. Velocity Density Distribution for Isleton (Sacramento River), April 







CA Department of Water Resources 


 Additional Information for Hydrodynamic Effects  
Based on DSM2-HYDRO Data  


 


 


Delta Conveyance Project, Biological Assessment 
5D.1-185 


May 2024 
ICF 103653 


 


 
Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-180. Velocity Density Distribution for Rio Vista (Sacramento River), April. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-181. Velocity Density Distribution for Sevenmile Slough, April. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-182. Velocity Density Distribution for Chipps Island (Sacramento River–San Joaquin River Confluence), April. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-183. Velocity Density Distribution for Vernalis (San Joaquin River), April. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-184. Velocity Density Distribution for Mossdale (San Joaquin River), April. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-185. Velocity Density Distribution for San Joaquin River upstream of Head of Old River, April. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-186. Velocity Density Distribution for San Joaquin River near Head of Old River, April. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-187. Velocity Density Distribution for San Joaquin River at Highway 4, April. 
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 Additional Information for Hydrodynamic Effects  
Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-188. Velocity Density Distribution for San Joaquin River near Mokelumne River, April. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-189. Velocity Density Distribution for San Joaquin River near Jersey Point, April. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-190. Velocity Density Distribution for Old River near Head of Old River, April.  
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-191. Velocity Density Distribution for Old River upstream of the South Delta Export Facilities, April. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-192. Velocity Density Distribution for Old River Downstream of the South Delta Export Facilities, April. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-193. Velocity Density Distribution for Old River at Highway 4, April. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-194. Velocity Density Distribution for Old River near Woodward Island, April. 
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Based on DSM2-HYDRO Data  


 


 


Delta Conveyance Project, Biological Assessment 
5D.1-200 


May 2024 
ICF 103653 


 


 
Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-195. Velocity Density Distribution for Head of Middle River, April. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-196. Velocity Density Distribution for Middle River near Victoria Canal, April. 
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 Additional Information for Hydrodynamic Effects  
Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-197. Velocity Density Distribution for Middle River near Woodward Island, April. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-198. Velocity Density Distribution for State Water Project (West Canal near Entrance to Clifton Court Forebay), April. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-199. Velocity Density Distribution for Freeport, May.  
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-200. Velocity Density Distribution for Steamboat Slough, May.  
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-201. Velocity Density Distribution for Walnut Grove (Sacramento River), May. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-202. Velocity Density Distribution for Georgiana Slough, May. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-203. Velocity Density Distribution for Isleton (Sacramento River), May 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-204. Velocity Density Distribution for Rio Vista (Sacramento River), May. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-205. Velocity Density Distribution for Sevenmile Slough, May. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-206. Velocity Density Distribution for Chipps Island (Sacramento River–San Joaquin River Confluence), May. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-207. Velocity Density Distribution for Vernalis (San Joaquin River), May. 
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 Additional Information for Hydrodynamic Effects  
Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-208. Velocity Density Distribution for Mossdale (San Joaquin River), May. 
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 Additional Information for Hydrodynamic Effects  
Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-209. Velocity Density Distribution for San Joaquin River near Head of Old River, May. 
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 Additional Information for Hydrodynamic Effects  
Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-210. Velocity Density Distribution for San Joaquin River upstream of Head of Old River, May. 
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Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-211. Velocity Density Distribution for San Joaquin River at Highway 4, May. 
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 Additional Information for Hydrodynamic Effects  
Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-212. Velocity Density Distribution for San Joaquin River near Mokelumne River, May. 
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 Additional Information for Hydrodynamic Effects  
Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-213. Velocity Density Distribution for San Joaquin River near Jersey Point, May. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-214. Velocity Density Distribution for Old River near Head of Old River, May.  
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 Additional Information for Hydrodynamic Effects  
Based on DSM2-HYDRO Data  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-215. Velocity Density Distribution for Old River upstream of the South Delta Export Facilities, May. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-216. Velocity Density Distribution for Old River Downstream of the South Delta Export Facilities, May. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-217. Velocity Density Distribution for Old River at Highway 4, May. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-218. Velocity Density Distribution for Old River near Woodward Island, May. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-219. Velocity Density Distribution for Head of Middle River, May. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-220. Velocity Density Distribution for Middle River near Victoria Canal, May. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-221. Velocity Density Distribution for Middle River near Woodward Island, May. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-222. Velocity Density Distribution for State Water Project (West Canal near Entrance to Clifton Court Forebay), May. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-223. Velocity Density Distribution for Freeport, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-224. Velocity Density Distribution for Steamboat Slough, June.  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-225. Velocity Density Distribution for Walnut Grove (Sacramento River), June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-226. Velocity Density Distribution for Georgiana Slough, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-227. Velocity Density Distribution for Isleton (Sacramento River), June 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-228. Velocity Density Distribution for Rio Vista (Sacramento River), June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-229. Velocity Density Distribution for Sevenmile Slough, June.  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-230. Velocity Density Distribution for Chipps Island (Sacramento River–San Joaquin River Confluence), June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-231. Velocity Density Distribution for Vernalis (San Joaquin River), June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-232. Velocity Density Distribution for Mossdale (San Joaquin River), June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-233. Velocity Density Distribution for San Joaquin River upstream of Head of Old River, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-234. Velocity Density Distribution for San Joaquin River near Head of Old River, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-235. Velocity Density Distribution for San Joaquin River at Highway 4, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-236. Velocity Density Distribution for San Joaquin River near Mokelumne River, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-237. Velocity Density Distribution for San Joaquin River near Jersey Point, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-238. Velocity Density Distribution for Old River near Head of Old River, June.  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-239. Velocity Density Distribution for Old River upstream of the South Delta Export Facilities, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-240. Velocity Density Distribution for Old River Downstream of the South Delta Export Facilities, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-241. Velocity Density Distribution for Old River at Highway 4, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-242. Velocity Density Distribution for Old River near Woodward Island, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-243. Velocity Density Distribution for Head of Middle River, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-244. Velocity Density Distribution for Middle River near Victoria Canal, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-245. Velocity Density Distribution for Middle River near Woodward Island, June. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-246. Velocity Density Distribution for State Water Project (West Canal near Entrance to Clifton Court Forebay), June. 
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Sacramento River Delta 


 
Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-247. Velocity Density Distribution for Freeport, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-248. Velocity Density Distribution for Steamboat Slough, September.  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-249. Velocity Density Distribution for Walnut Grove (Sacramento River), September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-250. Velocity Density Distribution for Georgiana Slough, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-251. Velocity Density Distribution for Isleton (Sacramento River), September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-252. Velocity Density Distribution for Rio Vista (Sacramento River), September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-253. Velocity Density Distribution for Sevenmile Slough, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-254. Velocity Density Distribution for Chipps Island (Sacramento River–San Joaquin River Confluence), September. 
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San Joaquin River Delta 


 
Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-255. Velocity Density Distribution for Vernalis (San Joaquin River), September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-256. Velocity Density Distribution for Mossdale (San Joaquin River), September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-257. Velocity Density Distribution for San Joaquin River upstream of Head of Old River, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-258. Velocity Density Distribution for San Joaquin River near Head of Old River, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-259. Velocity Density Distribution for San Joaquin River at Highway 4, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-260. Velocity Density Distribution for San Joaquin River near Mokelumne River, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-261. Velocity Density Distribution for San Joaquin River near Jersey Point, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-262. Velocity Density Distribution for Old River near Head of Old River, September.  
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-263. Velocity Density Distribution for Old River upstream of the South Delta Export Facilities, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-264. Velocity Density Distribution for Old River Downstream of the South Delta Export Facilities, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-265. Velocity Density Distribution for Old River at Highway 4, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-266. Velocity Density Distribution for Old River near Woodward Island, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-267. Velocity Density Distribution for Head of Middle River, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-268. Velocity Density Distribution for Middle River near Victoria Canal, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-269. Velocity Density Distribution for Middle River near Woodward Island, September. 
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Note: The number on each plot represents the median overlap of density distribution between existing conditions (EC) and proposed action (Alt 5) for a given water year type. 


Figure 5D.1-270. Velocity Density Distribution for State Water Project (West Canal near Entrance to Clifton Court Forebay), September. 
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5D.1.3.2 Flow into Junctions 


Table 5D.1-1 provides the mean proportion of flow entering the various junctions described for 


Flow Into Junctions analysis in Appendix 5D: that is, Sutter Slough, Steamboat Slough, the Delta Cross 


Channel, Georgiana Slough, the head of Old River, Turner Cut, Columbia Cut, the mouth of Middle 


River, the mouth of Old River, Fisherman's Cut, False River, and Jersey Point. 


Table 5D.1-1. Mean Daily Proportion of Flow Entering Delta Junctions by Month and Water Year 
Type. 


Junction Month Water Year Type 
Existing 
Conditions 


Proposed Action  
(Alternative 5) 


Columbia Cut Nov Wet 0.135 0.134 (-1%) 


Columbia Cut Nov Above normal 0.130 0.128 (-1%) 


Columbia Cut Nov Below normal 0.130 0.129 (-1%) 


Columbia Cut Nov Dry 0.127 0.126 (-1%) 


Columbia Cut Nov Critical 0.120 0.120 (-1%) 


Columbia Cut Dec Wet 0.132 0.132 (0%) 


Columbia Cut Dec Above normal 0.128 0.127 (-1%) 


Columbia Cut Dec Below normal 0.126 0.126 (0%) 


Columbia Cut Dec Dry 0.125 0.123 (-1%) 


Columbia Cut Dec Critical 0.121 0.121 (0%) 


Columbia Cut Jan Wet 0.130 0.130 (0%) 


Columbia Cut Jan Above normal 0.128 0.128 (0%) 


Columbia Cut Jan Below normal 0.123 0.123 (0%) 


Columbia Cut Jan Dry 0.122 0.121 (0%) 


Columbia Cut Jan Critical 0.121 0.120 (0%) 


Columbia Cut Feb Wet 0.136 0.135 (-1%) 


Columbia Cut Feb Above normal 0.131 0.131 (0%) 


Columbia Cut Feb Below normal 0.131 0.131 (0%) 


Columbia Cut Feb Dry 0.123 0.122 (0%) 


Columbia Cut Feb Critical 0.120 0.120 (0%) 


Columbia Cut Mar Wet 0.129 0.128 (-1%) 


Columbia Cut Mar Above normal 0.128 0.128 (0%) 


Columbia Cut Mar Below normal 0.123 0.123 (0%) 


Columbia Cut Mar Dry 0.119 0.119 (0%) 


Columbia Cut Mar Critical 0.117 0.117 (0%) 


Columbia Cut Apr Wet 0.129 0.128 (-1%) 


Columbia Cut Apr Above normal 0.121 0.121 (0%) 


Columbia Cut Apr Below normal 0.119 0.119 (0%) 


Columbia Cut Apr Dry 0.115 0.115 (0%) 


Columbia Cut Apr Critical 0.111 0.111 (0%) 


Columbia Cut May Wet 0.129 0.130 (0%) 
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Junction Month Water Year Type 
Existing 
Conditions 


Proposed Action  
(Alternative 5) 


Columbia Cut May Above normal 0.123 0.123 (0%) 


Columbia Cut May Below normal 0.119 0.120 (1%) 


Columbia Cut May Dry 0.117 0.117 (0%) 


Columbia Cut May Critical 0.111 0.111 (0%) 


Columbia Cut Jun Wet 0.132 0.132 (0%) 


Columbia Cut Jun Above normal 0.128 0.129 (0%) 


Columbia Cut Jun Below normal 0.127 0.127 (0%) 


Columbia Cut Jun Dry 0.124 0.124 (0%) 


Columbia Cut Jun Critical 0.113 0.114 (1%) 


Delta Cross Channel Nov Wet 0.195 0.170 (-13%) 


Delta Cross Channel Nov Above normal 0.140 0.100 (-28%) 


Delta Cross Channel Nov Below normal 0.262 0.238 (-9%) 


Delta Cross Channel Nov Dry 0.229 0.183 (-20%) 


Delta Cross Channel Nov Critical 0.200 0.162 (-19%) 


Delta Cross Channel Dec Wet 0.024 0.024 (0%) 


Delta Cross Channel Dec Above normal 0.100 0.101 (2%) 


Delta Cross Channel Dec Below normal 0.133 0.135 (1%) 


Delta Cross Channel Dec Dry 0.129 0.127 (-2%) 


Delta Cross Channel Dec Critical 0.171 0.168 (-2%) 


Delta Cross Channel Jan Wet 0.000 0.000 (0%) 


Delta Cross Channel Jan Above normal 0.000 0.000 (0%) 


Delta Cross Channel Jan Below normal 0.000 0.000 (0%) 


Delta Cross Channel Jan Dry 0.000 0.000 (0%) 


Delta Cross Channel Jan Critical 0.000 0.000 (0%) 


Delta Cross Channel Feb Wet 0.000 0.000 (0%) 


Delta Cross Channel Feb Above normal 0.000 0.000 (0%) 


Delta Cross Channel Feb Below normal 0.000 0.000 (0%) 


Delta Cross Channel Feb Dry 0.000 0.000 (0%) 


Delta Cross Channel Feb Critical 0.000 0.000 (0%) 


Delta Cross Channel Mar Wet 0.000 0.000 (0%) 


Delta Cross Channel Mar Above normal 0.000 0.000 (0%) 


Delta Cross Channel Mar Below normal 0.000 0.000 (0%) 


Delta Cross Channel Mar Dry 0.000 0.000 (0%) 


Delta Cross Channel Mar Critical 0.000 0.000 (0%) 


Delta Cross Channel Apr Wet 0.000 0.000 (0%) 


Delta Cross Channel Apr Above normal 0.000 0.000 (0%) 


Delta Cross Channel Apr Below normal 0.000 0.000 (0%) 


Delta Cross Channel Apr Dry 0.000 0.000 (0%) 


Delta Cross Channel Apr Critical 0.000 0.000 (0%) 


Delta Cross Channel May Wet 0.000 0.000 (0%) 
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Junction Month Water Year Type 
Existing 
Conditions 


Proposed Action  
(Alternative 5) 


Delta Cross Channel May Above normal 0.000 0.000 (0%) 


Delta Cross Channel May Below normal 0.000 0.000 (0%) 


Delta Cross Channel May Dry 0.000 0.000 (0%) 


Delta Cross Channel May Critical 0.000 0.000 (0%) 


Delta Cross Channel Jun Wet 0.198 0.249 (26%) 


Delta Cross Channel Jun Above normal 0.309 0.337 (9%) 


Delta Cross Channel Jun Below normal 0.373 0.374 (0%) 


Delta Cross Channel Jun Dry 0.384 0.384 (0%) 


Delta Cross Channel Jun Critical 0.358 0.359 (0%) 


Fisherman's Cut Nov Wet 0.014 0.014 (-3%) 


Fisherman's Cut Nov Above normal 0.013 0.013 (-1%) 


Fisherman's Cut Nov Below normal 0.013 0.013 (0%) 


Fisherman's Cut Nov Dry 0.013 0.013 (0%) 


Fisherman's Cut Nov Critical 0.012 0.012 (0%) 


Fisherman's Cut Dec Wet 0.016 0.016 (-3%) 


Fisherman's Cut Dec Above normal 0.014 0.014 (-1%) 


Fisherman's Cut Dec Below normal 0.013 0.013 (2%) 


Fisherman's Cut Dec Dry 0.013 0.013 (-1%) 


Fisherman's Cut Dec Critical 0.013 0.013 (-1%) 


Fisherman's Cut Jan Wet 0.020 0.020 (-1%) 


Fisherman's Cut Jan Above normal 0.016 0.016 (-5%) 


Fisherman's Cut Jan Below normal 0.015 0.014 (-2%) 


Fisherman's Cut Jan Dry 0.014 0.014 (0%) 


Fisherman's Cut Jan Critical 0.013 0.014 (2%) 


Fisherman's Cut Feb Wet 0.022 0.022 (-2%) 


Fisherman's Cut Feb Above normal 0.018 0.017 (-3%) 


Fisherman's Cut Feb Below normal 0.015 0.016 (2%) 


Fisherman's Cut Feb Dry 0.014 0.014 (-1%) 


Fisherman's Cut Feb Critical 0.013 0.013 (-1%) 


Fisherman's Cut Mar Wet 0.019 0.019 (1%) 


Fisherman's Cut Mar Above normal 0.017 0.017 (-2%) 


Fisherman's Cut Mar Below normal 0.014 0.014 (-4%) 


Fisherman's Cut Mar Dry 0.014 0.014 (-3%) 


Fisherman's Cut Mar Critical 0.013 0.013 (0%) 


Fisherman's Cut Apr Wet 0.016 0.016 (-1%) 


Fisherman's Cut Apr Above normal 0.014 0.014 (1%) 


Fisherman's Cut Apr Below normal 0.014 0.014 (2%) 


Fisherman's Cut Apr Dry 0.013 0.013 (-1%) 


Fisherman's Cut Apr Critical 0.013 0.013 (0%) 


Fisherman's Cut May Wet 0.015 0.015 (1%) 
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Junction Month Water Year Type 
Existing 
Conditions 


Proposed Action  
(Alternative 5) 


Fisherman's Cut May Above normal 0.014 0.014 (1%) 


Fisherman's Cut May Below normal 0.013 0.013 (-1%) 


Fisherman's Cut May Dry 0.013 0.013 (-1%) 


Fisherman's Cut May Critical 0.013 0.013 (0%) 


Fisherman's Cut Jun Wet 0.014 0.014 (0%) 


Fisherman's Cut Jun Above normal 0.014 0.014 (1%) 


Fisherman's Cut Jun Below normal 0.013 0.013 (0%) 


Fisherman's Cut Jun Dry 0.013 0.013 (-1%) 


Fisherman's Cut Jun Critical 0.013 0.013 (0%) 


False River Nov Wet 0.185 0.185 (0%) 


False River Nov Above normal 0.184 0.184 (0%) 


False River Nov Below normal 0.185 0.185 (0%) 


False River Nov Dry 0.184 0.184 (0%) 


False River Nov Critical 0.183 0.183 (0%) 


False River Dec Wet 0.183 0.183 (0%) 


False River Dec Above normal 0.185 0.184 (0%) 


False River Dec Below normal 0.185 0.185 (0%) 


False River Dec Dry 0.185 0.185 (0%) 


False River Dec Critical 0.184 0.184 (0%) 


False River Jan Wet 0.178 0.179 (0%) 


False River Jan Above normal 0.182 0.182 (0%) 


False River Jan Below normal 0.184 0.184 (0%) 


False River Jan Dry 0.184 0.184 (0%) 


False River Jan Critical 0.184 0.184 (0%) 


False River Feb Wet 0.178 0.178 (0%) 


False River Feb Above normal 0.181 0.181 (0%) 


False River Feb Below normal 0.183 0.183 (0%) 


False River Feb Dry 0.183 0.183 (0%) 


False River Feb Critical 0.182 0.182 (0%) 


False River Mar Wet 0.177 0.176 (0%) 


False River Mar Above normal 0.180 0.180 (0%) 


False River Mar Below normal 0.182 0.182 (0%) 


False River Mar Dry 0.182 0.182 (0%) 


False River Mar Critical 0.181 0.181 (0%) 


False River Apr Wet 0.177 0.177 (0%) 


False River Apr Above normal 0.179 0.179 (0%) 


False River Apr Below normal 0.180 0.180 (0%) 


False River Apr Dry 0.181 0.181 (0%) 


False River Apr Critical 0.181 0.181 (0%) 


False River May Wet 0.179 0.179 (0%) 
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False River May Above normal 0.180 0.181 (0%) 


False River May Below normal 0.182 0.182 (0%) 


False River May Dry 0.182 0.182 (0%) 


False River May Critical 0.182 0.182 (0%) 


False River Jun Wet 0.182 0.181 (0%) 


False River Jun Above normal 0.183 0.183 (0%) 


False River Jun Below normal 0.184 0.184 (0%) 


False River Jun Dry 0.184 0.184 (0%) 


False River Jun Critical 0.182 0.182 (0%) 


Georgiana Slough Nov Wet 0.389 0.390 (0%) 


Georgiana Slough Nov Above normal 0.381 0.386 (1%) 


Georgiana Slough Nov Below normal 0.410 0.409 (0%) 


Georgiana Slough Nov Dry 0.392 0.395 (1%) 


Georgiana Slough Nov Critical 0.389 0.390 (0%) 


Georgiana Slough Dec Wet 0.319 0.326 (2%) 


Georgiana Slough Dec Above normal 0.389 0.391 (1%) 


Georgiana Slough Dec Below normal 0.390 0.390 (0%) 


Georgiana Slough Dec Dry 0.402 0.401 (0%) 


Georgiana Slough Dec Critical 0.410 0.410 (0%) 


Georgiana Slough Jan Wet 0.297 0.301 (1%) 


Georgiana Slough Jan Above normal 0.318 0.325 (2%) 


Georgiana Slough Jan Below normal 0.353 0.364 (3%) 


Georgiana Slough Jan Dry 0.399 0.408 (2%) 


Georgiana Slough Jan Critical 0.417 0.425 (2%) 


Georgiana Slough Feb Wet 0.286 0.288 (1%) 


Georgiana Slough Feb Above normal 0.295 0.303 (3%) 


Georgiana Slough Feb Below normal 0.320 0.325 (2%) 


Georgiana Slough Feb Dry 0.356 0.366 (3%) 


Georgiana Slough Feb Critical 0.402 0.406 (1%) 


Georgiana Slough Mar Wet 0.290 0.295 (2%) 


Georgiana Slough Mar Above normal 0.288 0.295 (2%) 


Georgiana Slough Mar Below normal 0.326 0.350 (7%) 


Georgiana Slough Mar Dry 0.357 0.373 (4%) 


Georgiana Slough Mar Critical 0.425 0.428 (1%) 


Georgiana Slough Apr Wet 0.305 0.307 (1%) 


Georgiana Slough Apr Above normal 0.326 0.329 (1%) 


Georgiana Slough Apr Below normal 0.380 0.382 (0%) 


Georgiana Slough Apr Dry 0.427 0.427 (0%) 


Georgiana Slough Apr Critical 0.452 0.452 (0%) 


Georgiana Slough May Wet 0.311 0.315 (2%) 
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Georgiana Slough May Above normal 0.342 0.348 (2%) 


Georgiana Slough May Below normal 0.389 0.394 (2%) 


Georgiana Slough May Dry 0.434 0.434 (0%) 


Georgiana Slough May Critical 0.425 0.423 (0%) 


Georgiana Slough Jun Wet 0.360 0.381 (6%) 


Georgiana Slough Jun Above normal 0.398 0.409 (3%) 


Georgiana Slough Jun Below normal 0.422 0.425 (0%) 


Georgiana Slough Jun Dry 0.423 0.422 (0%) 


Georgiana Slough Jun Critical 0.365 0.367 (1%) 


Head of Old River Nov Wet 0.568 0.561 (-1%) 


Head of Old River Nov Above normal 0.548 0.542 (-1%) 


Head of Old River Nov Below normal 0.551 0.545 (-1%) 


Head of Old River Nov Dry 0.537 0.529 (-1%) 


Head of Old River Nov Critical 0.497 0.495 (0%) 


Head of Old River Dec Wet 0.657 0.656 (0%) 


Head of Old River Dec Above normal 0.665 0.658 (-1%) 


Head of Old River Dec Below normal 0.668 0.667 (0%) 


Head of Old River Dec Dry 0.677 0.667 (-2%) 


Head of Old River Dec Critical 0.612 0.611 (0%) 


Head of Old River Jan Wet 0.610 0.610 (0%) 


Head of Old River Jan Above normal 0.638 0.638 (0%) 


Head of Old River Jan Below normal 0.651 0.651 (0%) 


Head of Old River Jan Dry 0.675 0.672 (0%) 


Head of Old River Jan Critical 0.657 0.654 (0%) 


Head of Old River Feb Wet 0.587 0.586 (0%) 


Head of Old River Feb Above normal 0.627 0.627 (0%) 


Head of Old River Feb Below normal 0.622 0.621 (0%) 


Head of Old River Feb Dry 0.671 0.669 (0%) 


Head of Old River Feb Critical 0.662 0.659 (0%) 


Head of Old River Mar Wet 0.570 0.570 (0%) 


Head of Old River Mar Above normal 0.595 0.593 (0%) 


Head of Old River Mar Below normal 0.620 0.616 (-1%) 


Head of Old River Mar Dry 0.657 0.654 (0%) 


Head of Old River Mar Critical 0.647 0.647 (0%) 


Head of Old River Apr Wet 0.556 0.555 (0%) 


Head of Old River Apr Above normal 0.567 0.566 (0%) 


Head of Old River Apr Below normal 0.586 0.586 (0%) 


Head of Old River Apr Dry 0.625 0.625 (0%) 


Head of Old River Apr Critical 0.622 0.623 (0%) 


Head of Old River May Wet 0.560 0.561 (0%) 
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Head of Old River May Above normal 0.571 0.571 (0%) 


Head of Old River May Below normal 0.587 0.588 (0%) 


Head of Old River May Dry 0.620 0.619 (0%) 


Head of Old River May Critical 0.632 0.631 (0%) 


Head of Old River Jun Wet 0.532 0.531 (0%) 


Head of Old River Jun Above normal 0.532 0.532 (0%) 


Head of Old River Jun Below normal 0.530 0.530 (0%) 


Head of Old River Jun Dry 0.512 0.511 (0%) 


Head of Old River Jun Critical 0.398 0.403 (1%) 


Jersey Point Nov Wet 0.071 0.071 (0%) 


Jersey Point Nov Above normal 0.071 0.071 (0%) 


Jersey Point Nov Below normal 0.071 0.071 (0%) 


Jersey Point Nov Dry 0.071 0.071 (0%) 


Jersey Point Nov Critical 0.070 0.070 (0%) 


Jersey Point Dec Wet 0.072 0.072 (0%) 


Jersey Point Dec Above normal 0.071 0.071 (0%) 


Jersey Point Dec Below normal 0.071 0.071 (0%) 


Jersey Point Dec Dry 0.071 0.071 (0%) 


Jersey Point Dec Critical 0.071 0.071 (0%) 


Jersey Point Jan Wet 0.072 0.072 (0%) 


Jersey Point Jan Above normal 0.072 0.072 (0%) 


Jersey Point Jan Below normal 0.072 0.072 (0%) 


Jersey Point Jan Dry 0.071 0.071 (0%) 


Jersey Point Jan Critical 0.071 0.071 (0%) 


Jersey Point Feb Wet 0.071 0.071 (0%) 


Jersey Point Feb Above normal 0.072 0.072 (0%) 


Jersey Point Feb Below normal 0.072 0.072 (0%) 


Jersey Point Feb Dry 0.071 0.071 (0%) 


Jersey Point Feb Critical 0.071 0.071 (0%) 


Jersey Point Mar Wet 0.072 0.072 (0%) 


Jersey Point Mar Above normal 0.072 0.072 (0%) 


Jersey Point Mar Below normal 0.071 0.071 (0%) 


Jersey Point Mar Dry 0.071 0.071 (0%) 


Jersey Point Mar Critical 0.071 0.071 (0%) 


Jersey Point Apr Wet 0.071 0.071 (0%) 


Jersey Point Apr Above normal 0.071 0.071 (0%) 


Jersey Point Apr Below normal 0.071 0.071 (0%) 


Jersey Point Apr Dry 0.070 0.070 (0%) 


Jersey Point Apr Critical 0.071 0.071 (0%) 


Jersey Point May Wet 0.072 0.072 (0%) 
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Jersey Point May Above normal 0.071 0.071 (0%) 


Jersey Point May Below normal 0.071 0.071 (0%) 


Jersey Point May Dry 0.071 0.071 (0%) 


Jersey Point May Critical 0.071 0.071 (0%) 


Jersey Point Jun Wet 0.072 0.072 (0%) 


Jersey Point Jun Above normal 0.071 0.071 (0%) 


Jersey Point Jun Below normal 0.071 0.071 (0%) 


Jersey Point Jun Dry 0.071 0.071 (0%) 


Jersey Point Jun Critical 0.071 0.071 (0%) 


Mouth of Middle River Nov Wet 0.201 0.199 (-1%) 


Mouth of Middle River Nov Above normal 0.195 0.193 (-1%) 


Mouth of Middle River Nov Below normal 0.195 0.193 (-1%) 


Mouth of Middle River Nov Dry 0.190 0.189 (-1%) 


Mouth of Middle River Nov Critical 0.180 0.180 (0%) 


Mouth of Middle River Dec Wet 0.192 0.191 (0%) 


Mouth of Middle River Dec Above normal 0.190 0.189 (-1%) 


Mouth of Middle River Dec Below normal 0.190 0.189 (0%) 


Mouth of Middle River Dec Dry 0.186 0.184 (-1%) 


Mouth of Middle River Dec Critical 0.181 0.181 (0%) 


Mouth of Middle River Jan Wet 0.186 0.185 (0%) 


Mouth of Middle River Jan Above normal 0.185 0.185 (0%) 


Mouth of Middle River Jan Below normal 0.180 0.180 (0%) 


Mouth of Middle River Jan Dry 0.180 0.179 (0%) 


Mouth of Middle River Jan Critical 0.177 0.177 (0%) 


Mouth of Middle River Feb Wet 0.190 0.188 (-1%) 


Mouth of Middle River Feb Above normal 0.185 0.185 (0%) 


Mouth of Middle River Feb Below normal 0.188 0.188 (0%) 


Mouth of Middle River Feb Dry 0.180 0.180 (0%) 


Mouth of Middle River Feb Critical 0.176 0.176 (0%) 


Mouth of Middle River Mar Wet 0.182 0.181 (-1%) 


Mouth of Middle River Mar Above normal 0.184 0.184 (0%) 


Mouth of Middle River Mar Below normal 0.179 0.179 (0%) 


Mouth of Middle River Mar Dry 0.174 0.175 (0%) 


Mouth of Middle River Mar Critical 0.174 0.174 (0%) 


Mouth of Middle River Apr Wet 0.182 0.181 (0%) 


Mouth of Middle River Apr Above normal 0.176 0.177 (1%) 


Mouth of Middle River Apr Below normal 0.174 0.173 (0%) 


Mouth of Middle River Apr Dry 0.169 0.170 (0%) 


Mouth of Middle River Apr Critical 0.168 0.168 (0%) 


Mouth of Middle River May Wet 0.184 0.185 (0%) 
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Mouth of Middle River May Above normal 0.178 0.178 (0%) 


Mouth of Middle River May Below normal 0.175 0.176 (1%) 


Mouth of Middle River May Dry 0.172 0.172 (0%) 


Mouth of Middle River May Critical 0.169 0.169 (0%) 


Mouth of Middle River Jun Wet 0.191 0.192 (1%) 


Mouth of Middle River Jun Above normal 0.189 0.190 (0%) 


Mouth of Middle River Jun Below normal 0.187 0.187 (0%) 


Mouth of Middle River Jun Dry 0.185 0.184 (0%) 


Mouth of Middle River Jun Critical 0.172 0.173 (1%) 


Mouth of Old River Nov Wet 0.174 0.171 (-2%) 


Mouth of Old River Nov Above normal 0.164 0.160 (-2%) 


Mouth of Old River Nov Below normal 0.163 0.160 (-2%) 


Mouth of Old River Nov Dry 0.156 0.154 (-2%) 


Mouth of Old River Nov Critical 0.144 0.142 (-1%) 


Mouth of Old River Dec Wet 0.183 0.179 (-2%) 


Mouth of Old River Dec Above normal 0.164 0.161 (-2%) 


Mouth of Old River Dec Below normal 0.156 0.155 (-1%) 


Mouth of Old River Dec Dry 0.152 0.149 (-2%) 


Mouth of Old River Dec Critical 0.146 0.146 (0%) 


Mouth of Old River Jan Wet 0.205 0.202 (-2%) 


Mouth of Old River Jan Above normal 0.175 0.172 (-1%) 


Mouth of Old River Jan Below normal 0.151 0.149 (-1%) 


Mouth of Old River Jan Dry 0.145 0.144 (-1%) 


Mouth of Old River Jan Critical 0.142 0.141 (-1%) 


Mouth of Old River Feb Wet 0.224 0.220 (-2%) 


Mouth of Old River Feb Above normal 0.186 0.184 (-1%) 


Mouth of Old River Feb Below normal 0.173 0.171 (-1%) 


Mouth of Old River Feb Dry 0.151 0.150 (-1%) 


Mouth of Old River Feb Critical 0.143 0.142 (0%) 


Mouth of Old River Mar Wet 0.194 0.191 (-2%) 


Mouth of Old River Mar Above normal 0.177 0.175 (-1%) 


Mouth of Old River Mar Below normal 0.151 0.150 (-1%) 


Mouth of Old River Mar Dry 0.145 0.144 (-1%) 


Mouth of Old River Mar Critical 0.139 0.139 (0%) 


Mouth of Old River Apr Wet 0.175 0.173 (-1%) 


Mouth of Old River Apr Above normal 0.150 0.149 (0%) 


Mouth of Old River Apr Below normal 0.143 0.143 (0%) 


Mouth of Old River Apr Dry 0.134 0.135 (0%) 


Mouth of Old River Apr Critical 0.128 0.129 (0%) 


Mouth of Old River May Wet 0.171 0.171 (0%) 
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Mouth of Old River May Above normal 0.149 0.149 (0%) 


Mouth of Old River May Below normal 0.142 0.143 (1%) 


Mouth of Old River May Dry 0.136 0.136 (0%) 


Mouth of Old River May Critical 0.128 0.128 (0%) 


Mouth of Old River Jun Wet 0.170 0.170 (1%) 


Mouth of Old River Jun Above normal 0.159 0.160 (0%) 


Mouth of Old River Jun Below normal 0.157 0.157 (0%) 


Mouth of Old River Jun Dry 0.153 0.153 (0%) 


Mouth of Old River Jun Critical 0.138 0.139 (1%) 


Sutter Slough Nov Wet 0.196 0.196 (0%) 


Sutter Slough Nov Above normal 0.188 0.192 (2%) 


Sutter Slough Nov Below normal 0.186 0.187 (1%) 


Sutter Slough Nov Dry 0.182 0.186 (2%) 


Sutter Slough Nov Critical 0.175 0.180 (3%) 


Sutter Slough Dec Wet 0.216 0.216 (0%) 


Sutter Slough Dec Above normal 0.208 0.207 (0%) 


Sutter Slough Dec Below normal 0.197 0.196 (-1%) 


Sutter Slough Dec Dry 0.201 0.200 (0%) 


Sutter Slough Dec Critical 0.193 0.194 (0%) 


Sutter Slough Jan Wet 0.220 0.220 (0%) 


Sutter Slough Jan Above normal 0.219 0.219 (0%) 


Sutter Slough Jan Below normal 0.219 0.219 (0%) 


Sutter Slough Jan Dry 0.221 0.222 (1%) 


Sutter Slough Jan Critical 0.219 0.220 (0%) 


Sutter Slough Feb Wet 0.221 0.221 (0%) 


Sutter Slough Feb Above normal 0.219 0.219 (0%) 


Sutter Slough Feb Below normal 0.218 0.217 (0%) 


Sutter Slough Feb Dry 0.218 0.217 (0%) 


Sutter Slough Feb Critical 0.218 0.219 (0%) 


Sutter Slough Mar Wet 0.220 0.220 (0%) 


Sutter Slough Mar Above normal 0.219 0.218 (0%) 


Sutter Slough Mar Below normal 0.217 0.217 (0%) 


Sutter Slough Mar Dry 0.219 0.219 (0%) 


Sutter Slough Mar Critical 0.223 0.223 (0%) 


Sutter Slough Apr Wet 0.220 0.220 (0%) 


Sutter Slough Apr Above normal 0.219 0.219 (0%) 


Sutter Slough Apr Below normal 0.221 0.222 (0%) 


Sutter Slough Apr Dry 0.225 0.225 (0%) 


Sutter Slough Apr Critical 0.222 0.224 (0%) 


Sutter Slough May Wet 0.220 0.220 (0%) 
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Sutter Slough May Above normal 0.219 0.219 (0%) 


Sutter Slough May Below normal 0.222 0.223 (0%) 


Sutter Slough May Dry 0.227 0.227 (0%) 


Sutter Slough May Critical 0.203 0.203 (0%) 


Sutter Slough Jun Wet 0.202 0.199 (-1%) 


Sutter Slough Jun Above normal 0.187 0.186 (-1%) 


Sutter Slough Jun Below normal 0.182 0.182 (0%) 


Sutter Slough Jun Dry 0.180 0.180 (0%) 


Sutter Slough Jun Critical 0.164 0.164 (0%) 


Steamboat Slough Nov Wet 0.199 0.197 (-1%) 


Steamboat Slough Nov Above normal 0.197 0.195 (-1%) 


Steamboat Slough Nov Below normal 0.182 0.180 (-1%) 


Steamboat Slough Nov Dry 0.184 0.184 (0%) 


Steamboat Slough Nov Critical 0.181 0.184 (2%) 


Steamboat Slough Dec Wet 0.247 0.243 (-2%) 


Steamboat Slough Dec Above normal 0.209 0.207 (-1%) 


Steamboat Slough Dec Below normal 0.199 0.196 (-1%) 


Steamboat Slough Dec Dry 0.196 0.195 (-1%) 


Steamboat Slough Dec Critical 0.185 0.185 (0%) 


Steamboat Slough Jan Wet 0.264 0.261 (-1%) 


Steamboat Slough Jan Above normal 0.249 0.245 (-2%) 


Steamboat Slough Jan Below normal 0.229 0.224 (-2%) 


Steamboat Slough Jan Dry 0.212 0.206 (-2%) 


Steamboat Slough Jan Critical 0.203 0.199 (-2%) 


Steamboat Slough Feb Wet 0.272 0.271 (-1%) 


Steamboat Slough Feb Above normal 0.263 0.259 (-2%) 


Steamboat Slough Feb Below normal 0.246 0.243 (-1%) 


Steamboat Slough Feb Dry 0.228 0.224 (-2%) 


Steamboat Slough Feb Critical 0.210 0.207 (-1%) 


Steamboat Slough Mar Wet 0.264 0.262 (-1%) 


Steamboat Slough Mar Above normal 0.261 0.258 (-1%) 


Steamboat Slough Mar Below normal 0.236 0.228 (-3%) 


Steamboat Slough Mar Dry 0.227 0.222 (-2%) 


Steamboat Slough Mar Critical 0.200 0.199 (-1%) 


Steamboat Slough Apr Wet 0.252 0.251 (0%) 


Steamboat Slough Apr Above normal 0.237 0.235 (-1%) 


Steamboat Slough Apr Below normal 0.216 0.215 (0%) 


Steamboat Slough Apr Dry 0.197 0.197 (0%) 


Steamboat Slough Apr Critical 0.184 0.185 (0%) 


Steamboat Slough May Wet 0.247 0.245 (-1%) 
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Steamboat Slough May Above normal 0.233 0.231 (-1%) 


Steamboat Slough May Below normal 0.215 0.213 (-1%) 


Steamboat Slough May Dry 0.196 0.195 (0%) 


Steamboat Slough May Critical 0.185 0.186 (0%) 


Steamboat Slough Jun Wet 0.214 0.206 (-4%) 


Steamboat Slough Jun Above normal 0.184 0.180 (-2%) 


Steamboat Slough Jun Below normal 0.172 0.171 (-1%) 


Steamboat Slough Jun Dry 0.169 0.169 (0%) 


Steamboat Slough Jun Critical 0.175 0.175 (0%) 


Turner Cut Nov Wet 0.181 0.180 (-1%) 


Turner Cut Nov Above normal 0.171 0.169 (-1%) 


Turner Cut Nov Below normal 0.172 0.172 (0%) 


Turner Cut Nov Dry 0.166 0.166 (0%) 


Turner Cut Nov Critical 0.158 0.157 (0%) 


Turner Cut Dec Wet 0.169 0.168 (0%) 


Turner Cut Dec Above normal 0.162 0.161 (-1%) 


Turner Cut Dec Below normal 0.158 0.158 (0%) 


Turner Cut Dec Dry 0.154 0.153 (-1%) 


Turner Cut Dec Critical 0.151 0.151 (0%) 


Turner Cut Jan Wet 0.170 0.169 (0%) 


Turner Cut Jan Above normal 0.165 0.164 (0%) 


Turner Cut Jan Below normal 0.156 0.156 (0%) 


Turner Cut Jan Dry 0.152 0.151 (0%) 


Turner Cut Jan Critical 0.151 0.150 (0%) 


Turner Cut Feb Wet 0.178 0.177 (-1%) 


Turner Cut Feb Above normal 0.169 0.170 (0%) 


Turner Cut Feb Below normal 0.172 0.172 (0%) 


Turner Cut Feb Dry 0.152 0.152 (0%) 


Turner Cut Feb Critical 0.149 0.149 (0%) 


Turner Cut Mar Wet 0.177 0.175 (-1%) 


Turner Cut Mar Above normal 0.169 0.170 (0%) 


Turner Cut Mar Below normal 0.162 0.163 (1%) 


Turner Cut Mar Dry 0.148 0.149 (0%) 


Turner Cut Mar Critical 0.147 0.147 (0%) 


Turner Cut Apr Wet 0.184 0.183 (0%) 


Turner Cut Apr Above normal 0.170 0.170 (0%) 


Turner Cut Apr Below normal 0.162 0.162 (0%) 


Turner Cut Apr Dry 0.148 0.148 (0%) 


Turner Cut Apr Critical 0.141 0.141 (0%) 


Turner Cut May Wet 0.181 0.182 (1%) 
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Turner Cut May Above normal 0.169 0.170 (0%) 


Turner Cut May Below normal 0.163 0.164 (1%) 


Turner Cut May Dry 0.153 0.153 (0%) 


Turner Cut May Critical 0.142 0.142 (0%) 


Turner Cut Jun Wet 0.185 0.186 (0%) 


Turner Cut Jun Above normal 0.172 0.172 (0%) 


Turner Cut Jun Below normal 0.164 0.165 (0%) 


Turner Cut Jun Dry 0.158 0.158 (0%) 


Turner Cut Jun Critical 0.145 0.146 (0%) 
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Executive Summary  
 
This technical memorandum describes results from running the winter-run Oncorhynchus 
Bayesian Analysis (OBAN) model for an existing condition (EC) and several alternatives (Alt 1/3, 
Alt 2a/4a, Alt 2b/4b, Alt 2c/4c, and Alt 5) during 2020 climate conditions.  
 
For the 2020 model runs, the modeled median abundances were highest under Alt 2a/4a 
relative to the EC and all other alternatives. The Alt 2a/4a alternative had median abundances 
greater than the EC when averaged across the timeseries, whereas all other alternatives had 
median abundances less than the EC.  These results were due in large part to the initial ten 
years of the modeling time-period, and comparisons among the remaining years indicated 
median abundances below the EC for all alternatives. Rankings of the alternatives from highest 
to lowest abundance on average from the period excluding the first ten years was Alt 2a/4a, Alt 
2c/4c, Alt 2b/4b, Alt 5, and Alt 1/3.   The probability of quasi-extinction (spawner abundance < 
100) also followed this general pattern, in which Alt 2a/4a had the lowest probability and Alt 
1/3 had the highest probability over the period excluding the first ten years.  Differences in the 
performance of the alternatives were due mostly to the egg through fry survival stage of the 
OBAN model, which uses temperature at Bend Bridge and minimum flow at Bend Bridge as 
physical drivers.  Temperatures and minimum flows were similar among alternatives, but 
temperatures were slightly lower on average in Alt2a/4a and flows were slightly higher relative 
to the other alternatives. In addition, the OBAN model was run for the 2020 climate condition 
with two mortality assumptions (5% and 10%) to evaluate the sensitivity of model results to 
additional potential mortality associated with the north Delta diversions. All of the alternatives, 
including the Alt 2a/4a, had median abundance less than the EC under a mortality assumption 
of 5% and 10% over the full time period of the model.  
 
OBAN Model Description 
 
The Oncorhynchus Bayesian Analysis (OBAN) model uses statistical approaches to understand 
how a series of environmental driver variables (e.g., temperature and flow) that are under 
management control may affect winter-run Chinook salmon population dynamics.  The model 
was developed by first determining which of a suite of parameters (e.g., water temperature, 
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harvest, exports, striped bass abundance, and offshore upwelling) covaried with historical 
abundance data.  The OBAN model incorporates uncertainty by estimating the influence of 
covariates on population abundance in a Bayesian estimation framework.  The set of covariates 
that provided the best model fit were then retained for the predictive model.  The OBAN model 
can be used to evaluate the effect of project operations on winter-run Chinook.  The OBAN 
model uses values of the covariates under climate or operational alternatives, which are 
produced primarily from CALSIM and HEC 5Q outputs, to predict patterns in winter-run Chinook 
salmon population dynamics. Furthermore, uncertainty in the predicted winter-run abundance 
is then incorporated into model output through Monte Carlo simulations (1,000 simulations per 
model run).  The alternatives are compared to a baseline condition to provide inference on the 
relative performance of the alternatives to the baseline, which is a more robust approach for 
evaluating alternatives than absolute prediction.  
 
Specifically, the OBAN model: 


• Accounts for mortality during all phases of the Chinook salmon life history, including 


environmental and anthropogenic factors; 


• Evaluates covariates that may explain dynamic vital rates (e.g., thermal mortality 


reduces alevin survival rates in spawning reaches);  


• Estimates model coefficients by fitting predictions of the population dynamics model to 


observed indices of abundance in a Bayesian framework. 


Model Structure 
The winter-run Chinook salmon OBAN model is composed of several life history stages: 


• Alevin – incubation in the gravel below Keswick Dam 


• Fry – rearing above Red Bluff Diversion Dam (RBDD) 


• Delta – from RBDD to Chipps Island 


• Bay – from Chipps Island to the Golden Gate 


• Gulf – Gulf of Farrallones 


• Ocean 1 – first year in the ocean, return to spawn as 2 year olds 


• Ocean 2 – second year in the ocean, return to spawn as 3 year olds 


• Ocean 3 – third and final year in the ocean, return to spawn as 4 year olds 


• Escapement – composed of all spawners on the spawning ground 


 
The winter run Chinook OBAN model has been developed from the conceptual life-cycle model 
of winter run, and uses a Bayesian statistical estimation algorithm to find a statistical “best fit” 
to empirical trends by matching model predictions to empirically observed juvenile and adult 
abundances. The model is capable of fitting any number of abundance data sources and 
estimating any number of coefficient values to find the best statistical prediction. 
 
The transition between life history stages occurs with a Beverton-Holt recruitment function: 
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𝑁𝑗+1 = 𝑁𝑗 ×
𝑝𝑗


1 +
𝑝𝑗𝑁𝑗
𝐾𝑗


 


 
where Nj is the abundance at stage j, pj is the productivity in the absence of density 
dependence for stage j, Kj is the capacity at stage j.  The two parameters of the Beverton-Holt 
transition equation are pj and Kj , and they can be user defined constants, estimated 
parameters fixed across all years, or dynamic, i.e., pj,t and Kj,t can be modeled as changing in 
each year t.  Note that density dependence can be effectively removed from the formulation by 
setting Kj to a very large value. 
 
In the case of dynamic productivity (pj,t ) and capacity (Kj,t), parameter values, the values of the 
productivities and capacities in a given year are modeled from a set of time-varying covariates.  
By using this formulation, the influence of anthropogenic and environmental factors on specific 
life history stages can be incorporated.  Each productivity parameter can be influenced by 
independent covariates acting simultaneously on the life history stage to drive demographic 
rates.   
 
The dynamic productivities used a logit transformation, which caused the productivities to 
remain between 0 and 1. This interval is the sample space for the survival for all stages from 
alevin to spawner. 
 


logit(𝑝𝑗,𝑡) = 𝛽0,𝑗 + 𝛽1,𝑗𝑋1,𝑡 + 𝛽2,𝑗𝑋2,𝑡 +⋯+ 𝛽5,𝑗𝑋5,𝑡 


 
The dynamic capacities used a natural log transformation, which caused the capacities to 
remain between 0 and infinity. This interval is the sample space for the abundance for all stages 
from alevin to spawner. 
 


ln(𝐾𝑗,𝑡) = 𝛽0,𝑗 + 𝛽1,𝑗𝑋1,𝑡 + 𝛽2,𝑗𝑋2,𝑡 +⋯+ 𝛽5,𝑗𝑋5,𝑡 


 


The estimation of pj,t and Kj,t involves estimating the   coefficients on the right hand sides of 
the equations. The X1:5,t are environmental covariates that represent water conditions such as 
temperature or flow, biotic factors such as predator abundance, food abundance, or 
anthropogenic factors such as water export levels or harvest rates.  The model has the ability to 
estimate as few or as many of the parameters as desired, and covariates were used in the 
OBAN model based on their ability to explain historical patterns in winter-run escapement and 
juvenile abundance at Red Bluff Diversion Dam data.  
 
Covariates 
 
The following covariates were retained in the model and their coefficients estimated: 
 
STEMP: July through September mean daily water temperature (degrees Fahrenheit) in the 
Sacramento River at Bend Bridge.  This covariate affects survival of the alevin life history stage. 
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FLMIN: August through November minimum monthly flow (cubic feet per second) in the 
Sacramento River at Bend Bridge (USGS Gauge 11377100 data).  This covariate affects survival 
of the fry life history stage. 
 
EXPT: Total water exports in the south Delta (CVP and SWP) during December through June, 
derived by taking average daily export rate (cubic feet per second), multiplying by the number 
of days in the month, and then summing over December-June (IEP Dayflow data). This covariate 
affects survival in the Delta life history stage. 
 
YOLO: Number of days during December through March with minimum flows of 100 cfs over 
the Fremont Weir, which is enough for positive flows onto the Yolo Bypass (December of the 
brood year and January – March of the year following) (Reclamation data).  The 100 cfs 
minimum flow threshold was chosen to distinguish days with an actual inundation event from 
the rest of the days with year-round 100 cfs flows into the Bypass to maintain positive flows for 
adult fish passage under the via the preliminary proposal.  Although this flow is much lower 
than the suggested flows needed for juveniles salmonids to gain survival benefits in the Yolo 
Bypass (~4,000 cfs, T. Sommer pers. comm.), the parameter used to fit the data is number of 
days of flooding, and not flow rate during flooding.  This covariate affects survival in the Delta 
life history stage. 
 
DCC: Proportion of time that the Delta Cross Channel gates were open between December and 
March (December of the brood year and January – March of the year following) (US Bureau of 
Reclamation data). This covariate affects survival in the Delta life history stage. 
 
CURL: a wind stress curl index that is correlated with coastal productivity off California (Chelton 
1982) (Pascals per meter) (Pacific Fisheries Environmental Laboratory, Pacific Grove data).  
Persistent longshore equatorward wind stress during spring and summer forces surface waters 
offshore via Eckman transport drawing nutrient-rich water to the euphotic zone to replace 
surface waters pushed offshore (Rykaczewski and Checkley 2008).  Once nutrient-rich water 
reaches the euphotic zone, primary productivity increases.  Positive effects of the CURL index 
on Chinook salmon growth and maturation have been observed (Wells et al. 2007).  This 
covariate affects survival in the Gulf life history stage. 
 
Harvest: Ocean harvest of Ocean 2 and Ocean 3 individuals (Ocean 1 are assumed to be too 
small to be vulnerable to the fishery) as the proportion of the total Ocean 2 and Ocean 3 
individuals available for harvest.  The harvest rate index was constructed by using the California 
Department of Fish and Game ocean and recreational fishing regulations.  Until 1987, there was 
little regulation of the Central Valley Chinook fishery and estimates of the mortality rate on 
winter run Chinook in the ocean fishery was approximately 0.7 of the mortality rate 
experienced by fall run Chinook.  The harvest rate of fall-run Chinook is calculated annually as 
the Central Valley Index (CVI) by calculating the proportion of the fall run that were captured in 
the fishery (harvested/(harvested + escaped) ). In 1989, winter-run were listed as threatened 
and the following year the ocean fishery regulations were shifted to open two weeks later 
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(NMFS 1997). It was assumed that this had an effect on the winter-run harvest mortality and 
reduced the impact to 0.5 of the CVI. In 1994, winter-run were listed as endangered and, in 
1997, a biological opinion was released by NMFS (1997) initiating a delayed opening of the 
ocean fishery from mid-March to mid-April and eventually to late April in 2001.  Using coded 
wire tagged winter run from 1998 through 2000 cohorts, Grover et al. (2004) estimated ocean 
harvest rates of 0.22. The effect of the fishery is not the same for Ocean 2 and Ocean 3 stages, 
however. The rates described above were generated for the Ocean 2 stage. Ocean 2 and Ocean 
3 fish are not captured at the same rate. Most winter-run Chinook return to spawn as three-
year olds (after the Ocean 2 phase); however, the Ocean 3 stages are more likely to be captured 
in the commercial fishery due to their larger size. Grover et al. (2004) found that the harvest 
related mortality of Ocean 3 winter run Chinook was 2.5 to 3.7 times the rate of Ocean 2 winter 
run.  For OBAN, it assumed that the harvest rates experienced by Ocean 3 stage winter run 
were 2.7 times the harvest rates experienced by Ocean 2 stage. In order to make sure that the 
harvest rate could not surpass 1, a logistic regression approach was used to incorporate the 
harvest rates. Harvest also occurs in the Sacramento River, and the best available published 
rates were used.  Between 1967 and 1975, estimates of winter-run harvest in the recreational 
river fishery varied from 0.04 to 0.14 (Hallock and Fisher 1985).  For OBAN, it was assumed that 
the in-river fishery harvest rates were 0.09 from 1975 to 1982, which was the average of the 
Hallock and Fisher (1985) estimates.  NMFS (1997) published in-river harvest rates from 1983 to 
1990 that varied between 0.013 and 0.087. For OBAN, it was assumed that the in-river harvest 
was constant at 0.05 from 1991 to 2007.  The 0.05 river harvest rate was used in combination 
with the 0.22 ocean harvest rate to equal the average harvest impact rate identified by Grover 
et al. (2004) for the 1998, 1999, and 2000 cohorts. 
 
Using the OBAN model for Evaluating Delta Conveyance Project alternatives 
 
In order to simulate winter-run Chinook salmon population dynamics under each of the 
alternatives, covariate data were required for each alternative.  These covariates were 
produced for each alternative by using hydrological (CalSim) and water quality models (HEC 
5Q).  In addition, DCC position does not differ between model scenarios during the period of 
winter-run presence in the Delta, as it is assumed to be closed during winter-run presence.  All 
covariates were normalized by subtracting the mean and dividing by the standard deviation of 
empirical data used to estimate the OBAN model coefficients.  
 
The OBAN model was modified to be able to run for the full CalSim 3 period of hydrologic 
outputs (1922 – 2014) by making two modifications to the model.  The first was the inclusion of 
a harvest control rule for calculating harvest rates as a function of spawning abundance.  The 
harvest control rule is consistent with the rule used in the NMFS winter-run life cycle model 
(WRLCM) and has a maximum harvest rate of 0.2 when the three-year geometric average is 
greater than 3500 spawners (Hendrix et al. 2014).  The second modification was the need to 
resample from the ocean productivity indices (CURL).  The historical 1967 – 2014 CURL values 
were resampled with replacement in each iteration to provide variability in ocean productivity 
across the 1000 Monte Carlo simulations for each alternative.  
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OBAN Model Results 
 
Median abundance was the highest under Alt 2a/4a relative to the existing condition (EC) and 
to all other alternatives (Figure 1).  When averaging across the model years 1922 - 2014, Alt 
2a/4a had the highest average abundance of all the alternatives, and all alternatives except Alt 
2a/4a had median abundances lower than the EC on average.  This result for Alt 2a/4a was due 
to largely to the escapement in model years 1928 – 1932.  All alternatives had the largest 
differences in the early model years, which may reflect differences in the production during the 
initialization of the model.  As a result, the period of evaluation for the abundances was 
truncated to 1932 – 2014 to allow comparisons between alternatives and the EC to occur 
during more representative conditions.  Average median abundance from 1932 to the end of 
the time series was lower in Alt2a/4a than the EC (Figure 1). Rankings of the alternatives from 
highest to lowest abundance on average over the 1932 – 2014 period was Alt 2a/4a, Alt 2c/4c, 
Alt 2b/4b, Alt 5, and Alt 1/3.    
 


 
Figure 1.  Difference (Alternative – EC) in median spawner abundance for model years 1922 – 
2014. Positive values indicate higher abundances under alternatives relative to the baseline 
existing condition (EC). 
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There were periods in which the spawner abundances were similar among the alternatives and 
the EC, such as during the modeled 1940’s and 1990’s (Figure 1).  Other periods showed 
variability among the alternatives and the EC, such as during the modeled 1960’s to 1980’s 
(Figure 1), and it was during these periods of variability that the alternatives could be evaluated 
for their relative performance.  Uncertainty in the abundances followed these general patterns 
in which the spawner abundances in the alternatives and the EC were consistently equivalent 
during the 1940’s and 1990’s (Figure 2).  Generally, these periods of low variability and low 
uncertainty across Monte Carlo simulations were years of low abundance in both the 
alternatives and the EC. 
 
 


 
Figure 2a. Difference (Alt - EC) in spawner abundance for model years 1922 – 2014. Positive 
values indicate higher abundances under alternatives relative to the existing condition (EC).  
Median (red line) and 80% intervals (gray) across 1000 Monte Carlo simulations are presented.   
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The probability of quasi-extinction (probability that spawner abundance < 100) was another 
metric that indicated the years in which spawner abundance was low.  Temporal patterns in 
quasi-extinction were similar among alternatives and the existing condition (Figure 3 left).  High 
probability of quasi-extinction coincided with years of little variation between alternatives and 
the EC identified in Figure 1.  Performance of the alternatives relative to the EC indicated that 
Alt 2a/4a had consistently lower probabilities of quasi-extinction than the EC (Figure 3, right).  
The rankings of the alternatives from the greatest to least probability of quasi-extinction was 
Alt 2a/4a, Alt 2c/4c, Alt 5, Alt 1/3, and Alt 2b/4b (Figure 3, right).  
 
 
 


 
Figure 3. Probability of quasi-extinction (spawner abundance < 100) showing the existing 
condition (EC) (black) and alternatives (left).   Difference (Alt – EC) in the probability of quasi-
extinction (right); thus, negative values indicate lower probability of quasi-extinction. 
 
 
The survival rates in the egg through fry stage provided an indicator of how operations affect 
the early winter-run life history stages.  The difference in survival rates of the alternatives 
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relative to the EC was calculated to understand how the alternatives differed compared to the 
EC, and to identify the model years in which those differences were occurring.  Average egg 
through fry survival was lower in all alternatives relative to the EC, but the egg to fry survival 
were highest for alternative Alt2a/4a relative to the other alternatives (Figure 4).   
 


 
Figure 4. Median difference (Alt – EC) in survival of the egg through fry stages which includes 
thermal mortality and Bend Bridge flow effects.   
 
The relative survival of egg through fry in the alternatives compared to the EC varied in their 
temporal patterns (Figure 4, Figure 5).  In most years, the survival of the alternatives and EC 
were similar, with a few years having large positive or negative differences (Figure 5). The 
number of years with negative median survival differences provides insight into the different 
levels of performance of the alternatives.  Alt 2a/4a had six years with survival differences > 
0.05 (i.e., positive effects) and eight years with survival differences < -0.05 (i.e., negative 
effects). The number of years with positive and negative survival differences for Alt 2b/4b and 
Alt 2c/4c was five positive and eight negative, whereas Alt 1/3 had five positive and seven 
negative and Alt 5 had four positive and seven negative.   
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Figure 5. Difference (ALT – NAA) in survival of the egg through fry stages which includes thermal 
mortality and Bend Bridge flow effects.  Median (red line) and 80% intervals (gray) across 1000 
Monte Carlo simulations are presented.   
 
 
There was little difference in the survival rates of the alternatives relative to the EC in the delta 
(Figure 6, Figure 7), and median differences between the alternatives and the EC were within 
+/- 5e-04 (Figure 6).  Uncertainty in the estimates was also small and 80th percentile intervals 
were consistently within +/- 5 e-03 (Figure 7).  
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Figure 6. Median difference (Alt – EC) in survival of the delta stage which includes access to Yolo 
bypass and export effects. 
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Figure 7. Difference (Alt – EC) in survival of the delta stage which includes access to Yolo bypass 
and export effects. Median (red line) and 80% intervals (gray) across 1000 Monte Carlo 
simulations are presented. 
 
 
Evaluation of Physical Data Affecting Performance 
 
Of the alternatives, Alt 2a/4a provided the only improvement over the existing condition (EC) in 
average abundance, but this was due largely to the first ten modeled years.   Egg through fry 
survival, which differed among alternatives and the EC, was on average negative for all 
alternatives.  The two physical drivers that affect the egg through fry survival in the OBAN 
model are the temperatures at Bend Bridge during egg incubation and the minimum flow at 
Bend Bridge during fry rearing and outmigration (Figure 8 and 9).  The average difference in 
temperatures was similar across alternatives and the EC (less than 0.1 F on average).  Still, 
alternatives Alt 2a/4a, Alt 2b/4b and Alt2c/4c had slightly lower average temperatures relative 
to the EC, whereas Alt 1/3 and Alt 5 had higher temperatures when averaged across model 
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years (Figure 8).  In contrast, median temperature values for all alternatives were all very 
slightly higher (differences less than 0.01 F) than the EC.  Ranking of the alternatives in order of 
the coolest to warmest average temperatures is Alt 2a/4a, Alt 2c/4c, Alt 2b/4b, Alt 5, and Alt 
1/3.   
 
Differences in minimum flow between the alternatives and the EC showed unique patterns and 
differences among years (Figure 9).  The average minimum flow was lower than the EC for all 
alternatives, but on average the highest average flows were in alternative Alt 2a/4a.  The ranks 
of the alternatives in order of the least to greatest average flow differences (i.e., most like the 
EC to least like the EC) are Alt 2a/4a, Alt 2b/4b, Alt 1/3,  Alt 5, Alt 2c/4c.   
 
 


 
Figure 8. Difference (Alt – EC) in temperature (degrees F) between the existing condition (EC) 
and the alternatives.  
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Figure 9. Difference (Alt – EC) in flow (cubic feet per second, cfs) between the existing condition 
(EC) and the alternatives.  
 
 
 
The delta survival rates did not vary appreciably between the alternatives and the EC (Figure 6 
and 7); therefore, we did not explore the role of those driver variables further.  
 
 
Sensitivity Analyses 
 
To understand the potential for effects associated with additional potential mortality 
associated with the north Delta diversions, the OBAN model was run with an assumed 5% and 
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10% mortality rates.  The levels of mortality (5% and 10%) were implemented in the delta 
survival stage of the OBAN model.  These levels of mortality were evaluated to understand how 
sensitive the population metrics of spawner abundance and quasi-extinction were to these 
different mortality assumptions.  Of particular interest is the role that the additional mortality 
will have on the results of the Alt 2a/4a alternative, so we begin with this alternative. 
 
Alt 2a/4a 
 
The difference in median abundance was sensitive to the level of mortality associated with the 
diversion.  The median difference in spawner abundance was greater than the EC on average 
under Alt 2a/4a with 0% mortality over the 1928 – 2014 period, whereas the median difference 
was less than the EC on average under the 5% and 10% mortality level (Figure 10).  
 


 
 
Figure 10. Difference (Alternative – EC) in median spawner abundance for model years 1922 – 
2014 with mortality sensitivities. Positive values indicate higher abundances under alternatives 
relative to the baseline existing condition (EC). 
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The lower spawner abundances calculated in the OBAN model for the 5% and 10% additional 
mortality levels also affected the probability of quasi-extinction (Figure 11).  The assumed 
mortality associated with the diversions reduced the spawner abundance below the quasi-
extinction threshold of 100 spawners.  The effects of the additional mortality were most 
pronounced during the more productive periods of the 1950’s – 1970’s in spawner abundance 
(Figure 10) and also increased the probability of quasi-extinction in those years (Figure 11).  
 
 


 
 
Figure 11. Probability of quasi-extinction (spawner abundance < 100) showing the existing 
condition (EC) (black) and alternatives (left).   Difference (Alt – EC) in the probability of quasi-
extinction (right); thus, negative values indicate lower probability of quasi-extinction. 
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Alt 1/3 
 
The sensitivity analysis for Alt 1/3 gave lower abundances with the additional mortality 
assumptions included.  As a result, the spawner abundances were lower than the EC for the 5% 
and 10% mortality levels (Figure 12).  The levels of spawner abundance often decreased to 
levels below the quasi-extinction threshold of 100 spawners, which increased the probability of 
quasi-extinction relative to the EC (Figure 13).    
 


 
Figure 12. Difference (Alternative – EC) in median spawner abundance for model years 1922 – 
2014 with mortality sensitivities. Positive values indicate higher abundances under alternatives 
relative to the baseline existing condition (EC). 
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Figure 13. Probability of quasi-extinction (spawner abundance < 100) showing the existing 
condition (EC) (black) and alternatives (left).   Difference (Alt – EC) in the probability of quasi-
extinction (right); thus, negative values indicate lower probability of quasi-extinction. 
 
 
 
Alt 2b/4b 
 
The model results for Alt 2b/4b with the assumption of no mortality due to diversion indicated 
spawner abundances were lower under Alt 2b/4b compared to the EC. The results for Alt 2b/4b 
under increased mortality were likewise lower than the EC (Figure 14).  The additional mortality 
decreased the abundance to below 100 spawners in many of the Monte Carlo iterations, thus 
increasing the probability of quasi-extinction (Figure 15).    
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Figure 14. Difference (Alternative – EC) in median spawner abundance for model years 1922 – 
2014 with mortality sensitivities. Positive values indicate higher abundances under alternatives 
relative to the baseline existing condition (EC). 
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Figure 15. Probability of quasi-extinction (spawner abundance < 100) showing the existing 
condition (EC) (black) and alternatives (left).   Difference (Alt – EC) in the probability of quasi-
extinction (right); thus, negative values indicate lower probability of quasi-extinction. 
 
 
Alt 2c/4c 
 
The model results for Alt 2c/4c were similar in magnitude to Alt 1/3..  The results of the 
sensitivity analysis for Alt 2c/4c indicated decreases in the spawner abundance relative to the 
EC as the additional mortality rate increased (Figure 16). As a result of the lower abundance, 
the probability of quasi-extinction increased under the higher mortality levels (Figure 17).    
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Figure 16. Difference (Alternative – EC) in median spawner abundance for model years 1922 – 
2014 with mortality sensitivities. Positive values indicate higher abundances under alternatives 
relative to the baseline existing condition (EC). 
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Figure 17. Probability of quasi-extinction (spawner abundance < 100) showing the existing 
condition (EC) (black) and alternatives (left).   Difference (Alt – EC) in the probability of quasi-
extinction (right); thus, negative values indicate lower probability of quasi-extinction. 
 
 
Alt 5 
 
The final alternative, Alt 5, had average spawner abundances that were below the EC with 
additional mortality assumed to be 0%.  When the additional mortality rate was assumed to be 
5% and 10%, the average Alt 5 spawner abundances decreased to levels below the EC on 
average, but particularly for years 1960 - 1985 (Figure 18).  As in previous evaluations of the 
additional mortality, the decrease in spawner abundances resulted in increased probabilities of 
quasi-extinction due to the additional mortality levels (Figure 19). 
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Figure 18. Difference (Alternative – EC) in median spawner abundance for model years 1922 – 
2014 with mortality sensitivities. Positive values indicate higher abundances under alternatives 
relative to the baseline existing condition (EC). 
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Figure 19. Probability of quasi-extinction (spawner abundance < 100) showing the existing 
condition (EC) (black) and alternatives (left).   Difference (Alt – EC) in the probability of quasi-
extinction (right); thus, negative values indicate lower probability of quasi-extinction. 
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Attachment 5D.3 
Raw DSM2 Particle Tracking Modeling Output 


5D.3.1 Introduction 
File <postp2020np30d.xlsx> provided with this attachment includes the raw DSM2 particle tracking 


model (DSM2-PTM) outputs used in the analysis of delta smelt larval entrainment provided in 


Appendix 5D, Bay-Delta Methods and Results (see Section 5D.10, Delta Smelt Larval Entrainment 


[DSM2 Particle Tracking Model]). The sheets included in this file are as follows: 


• ‘insert’: locations of particle insertion points, with the ‘loc’ in column A corresponding to the 


location used in other sheets 


• ‘output’: a summary of some of the additional output locations computed, beyond standard 


outputs 


• ‘ex’: results for the existing conditions scenario; columns include ‘SimPeriod’ (the insertion 


month of particles), ‘SimLoc’ (equivalent to ‘loc’ from ‘insert’ sheet), ‘Export_CVP’ (percentage of 


particles entrained at the Central Valley Project Jones Pumping Plant), ‘Export_CCF’ (percentage 


of particles entrained at the State Water Project Clifton Court Forebay), ‘Export_IF’ (percentage 


of particles entrained at the proposed north Delta intakes*), ‘Past_MTZ’ (percentage of particles 


that moved past Martinez), ‘Past_Chipps’ (percentage of particles that moved past Chipps 


Island), ‘Diversion_Ag’ (percentage of particles entrained by agricultural diversions*), ‘To_NBA’ 


(percentage of particles entrained at the State Water Project North Bay Aqueduct Barker Slough 


Pumping Plant), ‘Other_Div’ (percentage of particles entrained at other diversions), ‘In_Delta’ 


(percentage of particles remaining within the Delta), ‘Total’ (total percentage of particles), 


‘East_Chipps’ (percentage of particles east of Chipps Island), ‘SJR_to_South_Delta’ (percentage of 


particles moving from San Joaquin River into the south Delta), ‘mon’ (month), ‘node’ (DSM2 


node; see ‘insert’ sheet), and ‘insert’ (name of insertion location; see also ‘insert’ sheet) 


• ‘pa3k’: results for EIR/EIS Alternatives 2b/4b, with columns as described above for the existing 


conditions scenario 


• ‘pa4k5’: results for EIR/EIS Alternatives 2c/4c, with columns as described above for the existing 


conditions scenario  


• ‘pa6k’: results for EIR/EIS Alternatives 1/3, with columns as described above for the existing 


conditions scenario 


• ‘pa6kb’: results for EIR/EIS Alternative 5, corresponding to the proposed action, with columns 


as described above for the existing conditions scenario 


• ‘pa7k5’: results for EIR/EIS Alternatives 2a/4a, with columns as described above for the existing 


conditions scenario 


• ‘pa3k-ex’ through ‘pa7k5-ex’: absolute differences between each alternative and existing 


conditions, using the naming scheme for scenarios as above 


* These locations were turned off as sources of entrainment, but the hydrodynamic effects of their 


diversions on channel flows and particle movement were retained.  
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Attachment 5D.4 
Delta Smelt Life Cycle Modeling 


5.D4.1 Introduction 
This attachment discusses analysis of potential effects on delta smelt of the proposed action 


compared to existing conditions using the Life Cycle Model with Entrainment (LCME) (Smith et al. 


2021).  


5.D4.2 Methods 
The LCME estimates annual population replacement rate (lambda) as a function of various 


covariates acting on six different life stages. R statistical software (R Core Team 2023) model code 


was provided by the lead author (Smith pers. comm.). Coordination was undertaken with the model 


authors to establish the appropriate application of the model for the comparison of the proposed 


action to existing conditions modeling scenarios. Although the LCME includes numerous covariates 


(see Table 1 of Smith et al. 2021), the appropriate use of the model indicated by the authors was to 


focus on CalSim-modeled inputs for several Old and Middle River flow covariates (Tables 5D.4-1 and 


5D.4-2) and June–August Delta outflow (Table 5D.4-3), leaving other covariates at historical values 


for the 1995–2015 modeling period. 


Table 5D.4-1. Old and Middle River Flow Inputs (cubic feet per second) for Delta Smelt LCME 
Modeling, Existing Conditions 


Cohort 
Year 


Early 
Postlarval 


(PL1); April–
May 


Late Postlarval 
(PL2); June 


Early Subadult 
(SA1); 


December–
January 


Late Subadult 
(SA2); 


February 
Early Adult 
(A1); March 


1995 -2,165 -4,593 -4,903 -4,061 -3,258 


1996 -2,567 -5,000 7,854 2,263 -3,258 


1997 -1,967 -4,646 -6,600 2,697 2,274 


1998 303 -2,968 -4,903 -4,464 -3,258 


1999 -2,143 -5,000 -5,387 -4,483 -3,258 


2000 -1,912 -4,746 -5,593 -4,464 -3,258 


2001 -1,756 -5,000 -4,903 -4,464 -3,258 


2002 -1,891 -5,000 -4,903 -4,464 -3,258 


2003 -1,868 -5,000 -4,903 -4,483 -3,258 


2004 -1,869 -5,000 -4,903 -4,464 -3,258 


2005 -2,167 -5,000 -4,903 -4,464 -1,408 


2006 3,229 -4,206 -7,383 -4,464 -3,258 


2007 -1,933 -5,000 -3,918 -4,483 -3,258 


2008 -1,930 -5,000 -3,784 -4,464 -3,258 


2009 -1,911 -5,000 -3,636 -4,464 -3,258 
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Cohort 
Year 


Early 
Postlarval 


(PL1); April–
May 


Late Postlarval 
(PL2); June 


Early Subadult 
(SA1); 


December–
January 


Late Subadult 
(SA2); 


February 
Early Adult 
(A1); March 


2010 -1,577 -5,000 -4,903 -2,525 2,321 


2011 -1,976 -4,250 -5,195 -4,192 -3,258 


2012 -2,052 -5,000 -5,266 -3,573 -3,258 


2013 -1,930 -5,000 -1,652 -5,000 -4,516 


2014 -1,631 -1,984 -4,689 -4,464 -289 


2015 -1,285 -1,339 – – – 


 


Table 5D.4-2. Old and Middle River Flow (cubic feet per second) Inputs for Delta Smelt LCME 
Modeling, Proposed Action 


Cohort 
Year 


Early 
Postlarval 


(PL1); April–
May 


Late Postlarval 
(PL2); June 


Early Subadult 
(SA1); 


December–
January 


Late Subadult 
(SA2); 


February 
Early Adult 
(A1); March 


1995 -1,389 -4,586 -4,903 -2,117 -3,074 


1996 -1,571 -5,000 7,762 2,194 -3,258 


1997 -1,677 -4,484 -6,599 5,617 2,730 


1998 1,147 -2,960 -4,903 -4,464 -3,258 


1999 -2,339 -5,000 -5,448 -4,483 -3,258 


2000 -1,568 -4,825 -5,542 -4,464 -3,258 


2001 -1,750 -5,000 -4,903 -4,464 -3,248 


2002 -1,917 -5,000 -4,903 -4,464 -3,250 


2003 -1,867 -5,000 -4,903 -4,483 -3,258 


2004 -2,074 -4,943 -4,903 -4,464 -3,258 


2005 -2,158 -5,000 -4,903 -4,236 -454 


2006 3,247 -4,196 -7,382 -4,464 -3,246 


2007 -1,945 -5,000 -3,886 -4,483 -3,258 


2008 -1,931 -5,000 -3,189 -4,464 -3,258 


2009 -1,933 -5,000 -3,379 -4,464 -3,236 


2010 -1,876 -5,000 -4,903 -2,647 2,150 


2011 -1,971 -4,239 -5,201 -4,198 -3,258 


2012 -2,053 -5,000 -5,266 -4,925 -3,253 


2013 -1,947 -5,000 -1,471 -5,000 -4,509 


2014 -1,581 -1,307 -4,728 -4,464 -286 


2015 -1,293 -1,334 – – – 
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Table 5D.4-3. June–August Delta Outflow (1,000 cubic meters) Inputs for Delta Smelt LCME 
Modeling 


Cohort Year Existing Conditions Proposed Action 


1995 5,220,530 4,944,108 


1996 1,578,651 1,524,948 


1997 1,525,580 1,496,027 


1998 7,873,416 7,627,768 


1999 1,638,299 1,532,051 


2000 1,507,053 1,419,177 


2001 978,750 978,705 


2002 1,106,312 1,086,791 


2003 1,502,987 1,395,495 


2004 1,792,315 1,603,048 


2005 2,481,072 2,282,283 


2006 2,723,588 2,551,726 


2007 1,200,302 1,114,516 


2008 896,899 897,182 


2009 1,255,605 1,255,543 


2010 1,604,832 1,431,273 


2011 5,642,130 5,300,240 


2012 1,222,161 1,140,155 


2013 1,240,842 1,126,271 


2014 964,121 964,111 


2015 974,468 974,529 


5.D4.3 Results 
The results of the LCME modeling showed that median population growth rate generally ranged 


from similar to 8% lower under the proposed action compared to existing conditions (Figure 5D.4-1, 


Table 5D.4-4). The proportion of the proposed action population growth rate posterior distribution 


that was lower than existing conditions was generally close to 0.500, ranging from 0.463 in 1996 to 


over 0.51 in several years (Table 5D.4-4). The model authors suggested during coordination on use 


of the method that particular focus be placed on the years following implementation of the 2009 


Biological Opinion, during which factors such as Old and Middle River flow management changed. 


During this time period, the difference between scenarios ranged from 0% to 8% lower under the 


proposed action, with around 0.500 to 0.51 of the posterior distribution being lower under the 


proposed action than existing conditions (Figure 5D.4-1, Table 5D.4-4).  
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Note: EC = existing conditions; PP = proposed action; median is 50th percentile of posterior distribution by year. 


Figure 5D.4-1. Median Population Growth Rate (Lambda) from Delta Smelt LCME Modeling 


Table 5D.4-4. Median, Percentage Difference (Proposed Action minus Existing Conditions), and 
Proportion of Posterior Distribution with Proposed Action Less than Existing Conditions in 
Population Growth Rate from Delta Smelt LCME Modeling 


Cohort 
Year 


Existing 
Conditions Proposed Action 


Percentage 
Difference 


Proportion of Posterior 
Distribution Less Under 


Proposed Action 


1995 3.04 3.00 -1% 0.501 


1996 0.42 0.53 27% 0.463 


1997 0.87 0.87 1% 0.499 


1998 2.85 2.95 4% 0.493 


1999 0.91 0.87 -4% 0.503 


2000 0.75 0.71 -5% 0.512 


2001 0.21 0.21 1% 0.499 
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Cohort 
Year 


Existing 
Conditions Proposed Action 


Percentage 
Difference 


Proportion of Posterior 
Distribution Less Under 


Proposed Action 


2002 0.86 0.85 -1% 0.500 


2003 1.48 1.41 -5% 0.510 


2004 0.78 0.71 -8% 0.516 


2005 1.76 1.65 -6% 0.513 


2006 2.71 2.59 -5% 0.508 


2007 0.53 0.51 -4% 0.506 


2008 0.91 0.91 0% 0.500 


2009 0.72 0.72 0% 0.499 


2010 1.26 1.16 -8% 0.511 


2011 4.18 4.04 -3% 0.507 


2012 0.90 0.87 -4% 0.507 


2013 0.93 0.87 -6% 0.512 


2014 0.48 0.48 0% 0.500 


2015 0.68 0.68 0% 0.500 
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Appendix 5E 
Fish and Aquatic Resources Year 2040 Analysis 


This appendix compares existing conditions at 2040 to the proposed action at 2040 using modeling 


tools and methods appropriate for the evaluation of impacts on fish and aquatic resources. Modeling 


for the existing conditions at 2040 and proposed action at 2040 incorporates assumptions regarding 


changes to hydrology and sea level rise as a result of climate change. Information regarding how 


climate change was considered in the modeling is provided in the Delta Conveyance Project Final 


Environmental Impact Report (Final EIR) Appendix 5A, Modeling Technical Appendix (California 


Department of Water Resources 2023). The analysis in this appendix is provided for informational 


purposes to help decision-makers better understand the effects analyses.   


5E.1 Impacts Analysis 


5E.1.1 Effects of Construction of Water Conveyance Facilities on 
Special-Status Fish Species 


The effects of construction of water conveyance facilities on special-status fish species are described 


in Chapter 5, Effects Analysis for Chinook Salmon, California Central Valley Steelhead, Green Sturgeon, 


and Killer Whale, Section 5.4, Effects of Water Facility Construction on Chinook Salmon, Central Valley 


Steelhead, and Green Sturgeon, and for delta smelt described in Chapter 6, Effects Analysis for Delta 


Smelt, Longfin Smelt, and Terrestrial Species, Section 6.1.1, Effects of Construction Activities on Delta 


Smelt, and Section 6.2.1, Effects of Construction Activities on Longfin Smelt. Construction of the 


proposed action would be complete by 2039; thus, there would be no construction-related impacts 


on fish and aquatic species at 2040. 


5E.1.2 Effects of Water Facility Construction on Designated 
Critical Habitat 


The effects of construction of water conveyance facilities on critical habitat for winter-run Chinook 


salmon, spring-run Chinook salmon, steelhead, and green sturgeon are described in Chapter 5, 


Section 5.5, Effects of Water Facility Construction on Designated Critical Habitat, and for delta smelt 


and longfin smelt are described in Chapter 6, Section 6.1.2, Effects of Construction Activities on Delta 


Smelt Critical Habitat. Construction of the proposed action would be complete by 2039; thus, there 


would be no construction-related impacts on fish and aquatic species at 2040. 


5E.1.3 Effects of Operations and Maintenance of Water 
Conveyance Facilities on Sacramento River Winter-Run 
Chinook Salmon 


The effects of operations and maintenance of water conveyance facilities on winter-run Chinook 


salmon are described in Appendix 5C, Operations and Maintenance Effects Analysis for Chinook 


Salmon, California Central Valley Steelhead, Green Sturgeon, and Killer Whale, Section 5C.7, Effects of 
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Operations and Maintenance of Water Conveyance Facilities on Sacramento River Winter-Run Chinook 


Salmon. The impact mechanisms at 2040 remains the same as at 2020. Table 5E.1-1 summarizes 


quantitative analyses and differences between 2040 (i.e., existing conditions vs. the proposed 


action) and 2020 (i.e., existing conditions vs. the proposed action). 


Table 5E.1-1. Summary of Winter-Run Chinook Salmon Quantitative Analyses and Differences at 2040 
Relative to 2020 


Effect/Method 2040 Results a 2020 Results b Differences 


Juvenile south Delta entrainment/ 
salvage-density method 


Tables 5E.1-2 
and 5E.1-3 


Tables 5C.7-8 
and 5C.7-9 


Generally similar,c with some slightly 
lower differences at 2040. In spring, 
exports at CVP Jones Pumping Plant are 
greater because regulatory control has 
shifted to Delta export/inflow ratio due 
to north Delta exports, leading to a shift 
in exports in the south Delta from SWP 
Banks Pumping Plant to CVP Jones 
Pumping Plant to satisfy Coordinated 
Operation Agreement sharing 
requirements. This occurs especially in 
March of below-normal and dry years. In 
this case, overall south Delta exports do 
not change, but there is a shift from SWP 
Banks Pumping Plant to CVP Jones 
Pumping Plant.  


Juvenile south Delta entrainment/ 
Zeug and Cavallo (2014) 


Table 5E.1-6 Table 5C.7-10 Similar 


Channel velocity/DSM2 Table 5E.1-7 Table 5C.7-11 Generally similar, with some exceptions 
(e.g., smaller differences at 2040 in 
September of dry years, November and 
January of critically dry years, and June of 
wet and above normal years; larger 
difference at 2040 in February, March, 
and April of dry years) 


Reverse flow downstream of 
Georgiana Slough/DSM2 


Table 5E.1-8 Table 5C.7-12 Generally similar, with some exceptions 
(e.g., smaller differences at 2040 in June 
of wet years; larger differences at 2040 in 
January, February, and May of dry years, 
and December and March of dry years) 


Juvenile through-Delta 
survival/Perry et al. (2018) 


Table 5E.1-9 Table 5C.7-13 Generally similar, except smaller 
differences at 2040 (September in below 
normal years, June in wet and above 
normal years) and larger differences at 
2040 (October in below normal years, 
February in dry years) 


Juvenile through-Delta 
survival/Delta Passage Model 


Table 5E.1-10 Table 5C.7-15 Generally similar, except slightly larger 
differences at 2040 in dry years 


Riparian and wetland bench 
inundation/DSM2 


Tables 5E.1-11 
and 5E.1-12 


Tables 5C.7-16 
and 5C.7-17 


Generally similar or smaller difference at 
2040 than 2020 


Water temperature/DSM2 Tables 5E.1-13, 
5E.1-14, and 
5E.1-15 


Tables 5C.7-18, 
5C.7-19, and 
5C.7-20  


Same (zero difference) 


Adult female escapement/IOS Table 5E.1-16 Table 5C.7-21 Generally similar or larger differences at 
2040 than 2020  
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Effect/Method 2040 Results a 2020 Results b Differences 


Juvenile through-Delta 
survival/IOS 


Table 5E.1-17 Table 5C.7-22 Generally similar with larger differences 
at 2040 in dry years  


Egg survival/IOS Table 5E.1-18 Table 5C.7-23 Generally similar or slightly larger 
differences at 2040 in critically dry years 


Fry survival/IOS Table 5E.1-19 Table 5C.7-24 Similar 


River survival/IOS Table 5E.1-20 Table 5C.7-25 Similar 


Adult escapement/OBAN Table 5E.1-21 Table 5C.7-26 Lower relative difference at 2040 than 
2020, somewhat different ranking of 
mean difference (e.g., proposed action 
has the largest negative difference at 
2020 but similar/low positive at 2040) 


Spawner abundance, freshwater 
productivity, and cohort 
replacement rate/Winter-Run 
Chinook Salmon Life Cycle Model 


Table 5E.1-22 Table 5C.7-27 Similar or slightly lower difference at 
2040 than 2020 


a Results for 2040 are provided in this appendix. 
b Results for 2020 are provided in Appendix 5C, Operations and Maintenance Effects Analysis for Chinook Salmon, California 
Central Valley Steelhead, Green Sturgeon, and Killer Whale. 
c Throughout this appendix, the term similar is generally taken to mean differences within a few percentage points (i.e., 
relative percentage difference between the proposed action and existing conditions at 2040 compared to relative 
percentage difference between the proposed action and existing conditions at 2020 generally is no more than 5% or so), 
although this is not necessarily applied in situations where small changes to low absolute differences may give relatively 
large relative changes. 


Table 5E.1-2. Entrainment Loss of Juvenile Winter-Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 2,246 2,050 (-9%) 


Above normal N/A (-1%) 


Below normal 1,589 1,560 (-2%) 


Dry 918 868 (-5%) 


Critically dry 924 880 (-5%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions. 


EC = existing conditions; N/A = not applicable; SWP = State Water Project. 


Table 5E.1-3. Entrainment Loss of Juvenile Winter-Run Chinook Salmon At CVP Jones Pumping 
Plant, Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 222 220 (-1%) 


Above normal N/A (0%) 


Below normal 464 491 (6%) 


Dry 271 288 (6%) 


Critically dry 72 72 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 







California Department of Water Resources 


  
Fish and Aquatic Resources Year 2040 Analysis 


 


 


Delta Conveyance Project, Biological Assessment 
5E-4 


May 2024 
ICF 103653.0.003 


 


percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions. 
CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Table 5E.1-4. Entrainment Loss of Juvenile Winter-Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month EC Proposed Action 


Wet Jan 196 196 (0%) 


Wet Feb 521 497 (-5%) 


Wet Mar 1,246 1,088 (-13%) 


Wet Apr 102 88 (-13%) 


Wet May 3 3 (1%) 


Wet Jun 0 0 (0%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 178 178 (0%) 


Above normal Jan N/A (0%) 


Above normal Feb N/A (6%) 


Above normal Mar N/A (-4%) 


Above normal Apr N/A (0%) 


Above normal May N/A (0%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (-3%) 


Below normal Jan 201 200 (0%) 


Below normal Feb 622 635 (2%) 


Below normal Mar 718 680 (-5%) 


Below normal Apr 33 29 (-12%) 


Below normal May 11 12 (6%) 


Below normal Jun 0 0 (0%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 4 4 (-5%) 


Dry Jan 103 103 (0%) 







California Department of Water Resources 


  
Fish and Aquatic Resources Year 2040 Analysis 


 


 


Delta Conveyance Project, Biological Assessment 
5E-5 


May 2024 
ICF 103653.0.003 


 


Water Year Type Month EC Proposed Action 


Dry Feb 115 118 (3%) 


Dry Mar 543 503 (-7%) 


Dry Apr 16 16 (0%) 


Dry May 0 0 (0%) 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 140 128 (-9%) 


Critically dry Jan 79 86 (9%) 


Critically dry Feb 107 105 (-1%) 


Critically dry Mar 639 589 (-8%) 


Critically dry Apr 15 15 (2%) 


Critically dry May 0 0 (0%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 84 85 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to the existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. The analysis was based on historical salvage data during 
2009–2019, which did not include any above normal water years; results for above normal years focus only on 
relative difference in exports based on salvage-density patterns from wet years. Results are not future predictions. 


EC = existing conditions; N/A = not applicable; SWP = State Water Project. 


Table 5E.1-5. Entrainment Loss of Juvenile Winter-Run Chinook Salmon at CVP Jones Pumping 
Plant, Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month EC Proposed Action 


Wet Jan 33 32 (-3%) 


Wet Feb 48 46 (-3%) 


Wet Mar 88 89 (0%) 


Wet Apr 2 2 (1%) 


Wet May 0 0 (0%) 


Wet Jun 0 0 (0%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 
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Water Year Type Month EC Proposed Action 


Wet Dec 51 50 (-1%) 


Above normal Jan N/A (-1%) 


Above normal Feb N/A (0%) 


Above normal Mar N/A (0%) 


Above normal Apr N/A (0%) 


Above normal May N/A (0%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (2%) 


Below normal Jan 113 112 (0%) 


Below normal Feb 161 164 (2%) 


Below normal Mar 166 190 (15%) 


Below normal Apr 23 23 (0%) 


Below normal May 0 0 (0%) 


Below normal Jun 0 0 (0%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 1 1 (3%) 


Dry Jan 78 77 (0%) 


Dry Feb 73 74 (2%) 


Dry Mar 100 115 (15%) 


Dry Apr 4 4 (0%) 


Dry May 0 0 (0%) 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 16 17 (3%) 


Critically dry Jan 27 25 (-7%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 34 36 (5%) 


Critically dry Apr 3 3 (7%) 


Critically dry May 0 0 (0%) 


Critically dry Jun 0 0 (0%) 
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Water Year Type Month EC Proposed Action 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 9 9 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to the existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. The analysis was based on historical salvage data during 
2009–2019, which did not include any above normal water years; results for above normal years focus only on 
relative difference in exports based on salvage-density patterns from wet years. Results are not future predictions. 


CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Table 5E.1-6. Proportion of Juvenile Winter-Run Chinook Salmon Entering the Delta Salvaged at 
the South Delta Export Facilities, Averaged by Water Year Type, Based on Zeug and Cavallo (2014) 


Water Year Type EC Proposed Action 


Wet 0.0038 0.0032 (-15%) 


Above normal 0.0025 0.0024 (-2%) 


Below normal 0.0020 0.0020 (0%) 


Dry 0.0016 0.0017 (2%) 


Critically dry 0.0014 0.0014 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. Results are not future predictions. 


EC = existing conditions. 


Table 5E.1-7. Mean Channel Velocity (feet per second) in the Sacramento River Downstream of 
Intake C 


Water Year Type EC Proposed Action 


September 


Wet 1.26 1.27 (0%) 


Above normal 1.17 1.17 (0%) 


Below normal 0.82 0.76 (-8%) 


Dry 0.68 0.68 (0%) 


Critically dry 0.63 0.63 (0%) 


October 


Wet 0.89 0.85 (-4%) 


Above normal 0.84 0.81 (-3%) 


Below normal 0.78 0.77 (0%) 


Dry 0.71 0.71 (-1%) 


Critically dry 0.62 0.60 (-3%) 


November 


Wet 1.30 1.22 (-6%) 


Above normal 1.05 0.95 (-10%) 
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Water Year Type EC Proposed Action 


Below normal 0.91 0.83 (-8%) 


Dry 0.77 0.74 (-3%) 


Critically dry 0.66 0.66 (0%) 


December 


Wet 2.52 2.43 (-3%) 


Above normal 1.69 1.59 (-6%) 


Below normal 1.23 1.18 (-4%) 


Dry 1.02 0.97 (-5%) 


Critically dry 0.92 0.88 (-4%) 


January 


Wet 3.26 3.20 (-2%) 


Above normal 2.65 2.55 (-4%) 


Below normal 1.52 1.41 (-8%) 


Dry 1.25 1.14 (-8%) 


Critically dry 0.97 0.94 (-4%) 


February 


Wet 3.47 3.51 (1%) 


Above normal 3.00 2.95 (-2%) 


Below normal 2.02 1.91 (-6%) 


Dry 1.69 1.50 (-11%) 


Critically dry 1.17 1.11 (-5%) 


March 


Wet 3.15 3.16 (1%) 


Above normal 2.91 2.81 (-3%) 


Below normal 1.74 1.59 (-9%) 


Dry 1.61 1.45 (-10%) 


Critically dry 1.08 1.04 (-4%) 


April 


Wet 2.40 2.43 (1%) 


Above normal 1.49 1.49 (0%) 


Below normal 1.34 1.32 (-2%) 


Dry 1.08 1.03 (-5%) 


Critically dry 0.85 0.83 (-3%) 


May 


Wet 1.64 1.63 (-1%) 


Above normal 1.16 1.16 (0%) 


Below normal 1.07 1.07 (1%) 


Dry 0.87 0.90 (4%) 


Critically dry 0.63 0.64 (0%) 


June 


Wet 1.14 1.15 (1%) 


Above normal 1.20 1.20 (1%) 


Below normal 1.03 1.03 (0%) 
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Water Year Type EC Proposed Action 


Dry 0.99 0.96 (-3%) 


Critically dry 0.81 0.81 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 


EC = existing conditions. 


Table 5E.1-8. Number of Hours within Each Month with Reversing Flow in the Sacramento River 
Downstream of Georgiana Slough (DSM2 Channel 423) 


Water Year Type EC Proposed Action 


September 


Wet (720) 7.5 10.4 (2.8/37%) 


Above normal (720) 5.2 11.5 (6.3/121%) 


Below normal (720) 81.4 100.7 (19.2/24%) 


Dry (720) 123.5 143.7 (20.2/16%) 


Critically dry (720) 179.4 192.3 (13.0/7%) 


October 


Wet (744) 255.4 260.3 (5.0/2%) 


Above normal (744) 286.8 273.1 (-13.6/-5%) 


Below normal (744) 281.1 279.2 (-2.0/-1%) 


Dry (744) 287.9 285.9 (-2.0/-1%) 


Critically dry (744) 285.2 281.1 (-4.1/-1%) 


November 


Wet (720) 180.8 190.8 (10.0/6%) 


Above normal (720) 204.5 224.1 (19.6/10%) 


Below normal (720) 240.8 249.4 (8.6/4%) 


Dry (720) 269.7 272.4 (2.7/1%) 


Critically dry (720) 276.7 276.5 (-0.2/0%) 


December 


Wet (744) 65.6 69.7 (4.1/6%) 


Above normal (744) 154.1 155.4 (1.3/1%) 


Below normal (744) 169.0 169.1 (0.1/0%) 


Dry (744) 215.4 207.0 (-8.4/-4%) 


Critically dry (744) 272.0 271.8 (-0.2/0%) 


January 


Wet (744) 0.0 0.2 (0.2) 


Above normal (744) 5.5 17.1 (11.6/212%) 


Below normal (744) 47.4 59.3 (11.9/25%) 


Dry (744) 33.0 68.8 (35.8/108%) 


Critically dry (744) 132.6 151.8 (19.2/14%) 


February 


Wet (676) 2.9 7.1 (4.2/145%) 


Above normal (684) 0.0 2.9 (2.9) 


Below normal (678) 37.9 55.5 (17.6/46%) 
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Water Year Type EC Proposed Action 


Dry (679) 49.3 79.8 (30.5/62%) 


Critically dry (678) 152.5 161.3 (8.8/6%) 


March 


Wet (744) 244.6 246.0 (1.4/1%) 


Above normal (744) 255.4 255.8 (0.4/0%) 


Below normal (744) 298.6 304.4 (5.8/2%) 


Dry (744) 313.1 313.1 (0.0/0%) 


Critically dry (744) 316.7 316.5 (-0.2/0%) 


April 


Wet (720) 245.0 247.4 (2.4/1%) 


Above normal (720) 262.1 259.1 (-3.0/-1%) 


Below normal (720) 281.1 279.9 (-1.1/0%) 


Dry (720) 300.8 298.3 (-2.5/-1%) 


Critically dry (720) 304.8 305.6 (0.9/0%) 


May 


Wet (744) 30.2 30.6 (0.4/1%) 


Above normal (744) 60.3 63.8 (3.5/6%) 


Below normal (744) 105.8 113.9 (8.2/8%) 


Dry (744) 155.4 174.4 (19.0/12%) 


Critically dry (744) 223.6 231.6 (8.0/4%) 


June 


Wet (720) 225.6 225.5 (-0.1/0%) 


Above normal (720) 229.3 229.1 (-0.1/0%) 


Below normal (720) 252.3 252.8 (0.5/0%) 


Dry (720) 259.9 262.7 (2.9/1%) 


Critically dry (720) 281.0 281.4 (0.4/0%) 


Notes: Numbers in parentheses after water year type indicate total number of hours by month. Absolute and 
percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Absolute differences only are shown in parentheses when existing 
conditions percentage is zero. 


EC = existing conditions. 


Table 5E.1-9. Probability of Juvenile Chinook Salmon Through-Delta Survival, Averaged by Month 
and Water Year Type, Based on Perry et al. (2018) 


Water Year Type EC Proposed Action 


September 


Wet 0.34 0.34 (0%) 


Above normal 0.33 0.33 (0%) 


Below normal 0.28 0.27 (-3%) 


Dry 0.26 0.26 (0%) 


Critically dry 0.25 0.25 (0%) 


October 


Wet 0.32 0.32 (0%) 
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Water Year Type EC Proposed Action 


Above normal 0.29 0.29 (1%) 


Below normal 0.33 0.35 (8%) 


Dry 0.33 0.33 (0%) 


Critically dry 0.32 0.32 (0%) 


November 


Wet 0.38 0.37 (-1%) 


Above normal 0.37 0.36 (-1%) 


Below normal 0.37 0.36 (-2%) 


Dry 0.33 0.34 (2%) 


Critically dry 0.29 0.29 (-1%) 


December 


Wet 0.47 0.46 (-2%) 


Above normal 0.48 0.47 (-2%) 


Below normal 0.49 0.48 (-2%) 


Dry 0.38 0.38 (-2%) 


Critically dry 0.41 0.40 (-2%) 


January 


Wet 0.62 0.61 (-2%) 


Above normal 0.58 0.57 (-2%) 


Below normal 0.48 0.47 (-3%) 


Dry 0.45 0.43 (-3%) 


Critically dry 0.41 0.41 (-1%) 


February 


Wet 0.63 0.63 (-1%) 


Above normal 0.60 0.59 (-2%) 


Below normal 0.53 0.51 (-2%) 


Dry 0.50 0.48 (-5%) 


Critically dry 0.44 0.43 (-2%) 


March 


Wet 0.61 0.61 (-1%) 


Above normal 0.61 0.59 (-2%) 


Below normal 0.50 0.49 (-4%) 


Dry 0.49 0.47 (-4%) 


Critically dry 0.43 0.42 (-1%) 


April 


Wet 0.56 0.56 (0%) 


Above normal 0.48 0.48 (0%) 


Below normal 0.46 0.46 (-1%) 


Dry 0.43 0.42 (-2%) 


Critically dry 0.40 0.39 (-1%) 


May 


Wet 0.49 0.49 (-1%) 


Above normal 0.44 0.44 (0%) 
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Water Year Type EC Proposed Action 


Below normal 0.43 0.43 (0%) 


Dry 0.40 0.40 (1%) 


Critically dry 0.36 0.36 (0%) 


June 


Wet 0.34 0.34 (0%) 


Above normal 0.35 0.35 (0%) 


Below normal 0.32 0.32 (0%) 


Dry 0.32 0.31 (-1%) 


Critically dry 0.29 0.29 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed actions compared to existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. The main period of juvenile winter-run Chinook salmon 
occurrence in the Delta is December–April. Table only includes mean responses and does not consider model 
uncertainty. Results are not future predictions. 


EC = existing conditions. 


Table 5E.1-10. Through-Delta Survival of Juvenile Winter-Run Chinook Salmon, Averaged by Water 
Year Type, Based on the Delta Passage Model 


Water Year Type EC Proposed Action 


Wet 0.33 0.33 (-1%) 


Above normal 0.27 0.26 (-2%) 


Below normal 0.20 0.19 (-3%) 


Dry 0.18 0.17 (-4%) 


Critically dry 0.15 0.14 (-2%) 


Notes: Percentage values in parentheses indicate differences of the proposed actions compared to existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. Table only includes mean responses and does not consider 
model uncertainty. Results are not future predictions. 


EC = existing conditions. 
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Table 5E.1-11. Mean Riparian and Wetland Bench Inundation Index by Geographic Group, Season, and Water Year Type 


Geographic Group Bench Type WYT Season EC Proposed Action 


Cache Slough Riparian W Winter 0.58 0.58 (-1%) 


Cache Slough Riparian AN Winter 0.51 0.51 (-1%) 


Cache Slough Riparian BN Winter 0.43 0.42 (-1%) 


Cache Slough Riparian D Winter 0.41 0.41 (-1%) 


Cache Slough Riparian C Winter 0.40 0.40 (0%) 


Cache Slough Wetland W Winter 0.62 0.62 (0%) 


Cache Slough Wetland AN Winter 0.66 0.67 (0%) 


Cache Slough Wetland BN Winter 0.69 0.69 (0%) 


Cache Slough Wetland D Winter 0.69 0.69 (0%) 


Cache Slough Wetland C Winter 0.69 0.69 (0%) 


Sacramento River above north Delta intakes Riparian W Winter 0.23 0.24 (4%) 


Sacramento River above north Delta intakes Riparian AN Winter 0.35 0.35 (1%) 


Sacramento River above north Delta intakes Riparian BN Winter 0.35 0.35 (-1%) 


Sacramento River above north Delta intakes Riparian D Winter 0.37 0.35 (-6%) 


Sacramento River above north Delta intakes Riparian C Winter 0.25 0.24 (-3%) 


Sacramento River above north Delta intakes Wetland W Winter 0.10 0.10 (3%) 


Sacramento River above north Delta intakes Wetland AN Winter 0.15 0.16 (4%) 


Sacramento River above north Delta intakes Wetland BN Winter 0.31 0.32 (4%) 


Sacramento River above north Delta intakes Wetland D Winter 0.36 0.38 (6%) 


Sacramento River above north Delta intakes Wetland C Winter 0.47 0.48 (2%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian W Winter 0.44 0.46 (4%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian AN Winter 0.46 0.45 (-1%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian BN Winter 0.40 0.38 (-5%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian D Winter 0.34 0.30 (-11%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian C Winter 0.26 0.25 (-4%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland W Winter 0.25 0.28 (10%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland AN Winter 0.41 0.44 (7%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland BN Winter 0.61 0.63 (4%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland D Winter 0.68 0.70 (3%) 
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Geographic Group Bench Type WYT Season EC Proposed Action 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland C Winter 0.70 0.71 (1%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian W Winter 0.59 0.61 (2%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian AN Winter 0.61 0.61 (0%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian BN Winter 0.56 0.54 (-3%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian D Winter 0.51 0.48 (-5%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian C Winter 0.46 0.45 (-2%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland W Winter 0.31 0.33 (7%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland AN Winter 0.44 0.47 (5%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland BN Winter 0.61 0.62 (3%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland D Winter 0.65 0.66 (2%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland C Winter 0.67 0.67 (1%) 


Sutter/Steamboat Sloughs Riparian W Winter 0.55 0.56 (3%) 


Sutter/Steamboat Sloughs Riparian AN Winter 0.59 0.60 (1%) 


Sutter/Steamboat Sloughs Riparian BN Winter 0.59 0.58 (-1%) 


Sutter/Steamboat Sloughs Riparian D Winter 0.57 0.55 (-3%) 


Sutter/Steamboat Sloughs Riparian C Winter 0.53 0.53 (-1%) 


Sutter/Steamboat Sloughs Wetland W Winter 0.26 0.27 (6%) 


Sutter/Steamboat Sloughs Wetland AN Winter 0.37 0.39 (5%) 


Sutter/Steamboat Sloughs Wetland BN Winter 0.51 0.53 (3%) 


Sutter/Steamboat Sloughs Wetland D Winter 0.56 0.57 (2%) 


Sutter/Steamboat Sloughs Wetland C Winter 0.58 0.59 (1%) 


Cache Slough Riparian W Spring 0.48 0.48 (0%) 


Cache Slough Riparian AN Spring 0.43 0.43 (0%) 


Cache Slough Riparian BN Spring 0.40 0.40 (0%) 


Cache Slough Riparian D Spring 0.40 0.40 (0%) 


Cache Slough Riparian C Spring 0.39 0.39 (0%) 


Cache Slough Wetland W Spring 0.68 0.68 (0%) 


Cache Slough Wetland AN Spring 0.69 0.69 (0%) 


Cache Slough Wetland BN Spring 0.69 0.69 (0%) 


Cache Slough Wetland D Spring 0.69 0.69 (0%) 
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Geographic Group Bench Type WYT Season EC Proposed Action 


Cache Slough Wetland C Spring 0.69 0.69 (0%) 


Sacramento River above north Delta intakes Riparian W Spring 0.33 0.33 (-1%) 


Sacramento River above north Delta intakes Riparian AN Spring 0.32 0.33 (1%) 


Sacramento River above north Delta intakes Riparian BN Spring 0.33 0.32 (-3%) 


Sacramento River above north Delta intakes Riparian D Spring 0.27 0.25 (-5%) 


Sacramento River above north Delta intakes Riparian C Spring 0.19 0.18 (-2%) 


Sacramento River above north Delta intakes Wetland W Spring 0.22 0.22 (1%) 


Sacramento River above north Delta intakes Wetland AN Spring 0.29 0.30 (1%) 


Sacramento River above north Delta intakes Wetland BN Spring 0.38 0.39 (3%) 


Sacramento River above north Delta intakes Wetland D Spring 0.44 0.46 (3%) 


Sacramento River above north Delta intakes Wetland C Spring 0.55 0.55 (1%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian W Spring 0.42 0.42 (-2%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian AN Spring 0.39 0.39 (1%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian BN Spring 0.31 0.29 (-5%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian D Spring 0.26 0.25 (-5%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian C Spring 0.21 0.20 (-3%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland W Spring 0.50 0.51 (2%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland AN Spring 0.59 0.61 (2%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland BN Spring 0.69 0.70 (1%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland D Spring 0.70 0.71 (1%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland C Spring 0.72 0.72 (0%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian W Spring 0.58 0.58 (-1%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian AN Spring 0.55 0.56 (1%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian BN Spring 0.49 0.48 (-2%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian D Spring 0.46 0.45 (-2%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian C Spring 0.41 0.40 (-1%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland W Spring 0.51 0.52 (1%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland AN Spring 0.59 0.60 (2%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland BN Spring 0.66 0.67 (1%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland D Spring 0.67 0.68 (1%) 
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Geographic Group Bench Type WYT Season EC Proposed Action 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland C Spring 0.69 0.69 (0%) 


Sutter/Steamboat Sloughs Riparian W Spring 0.59 0.59 (0%) 


Sutter/Steamboat Sloughs Riparian AN Spring 0.59 0.59 (1%) 


Sutter/Steamboat Sloughs Riparian BN Spring 0.55 0.55 (-1%) 


Sutter/Steamboat Sloughs Riparian D Spring 0.53 0.52 (-1%) 


Sutter/Steamboat Sloughs Riparian C Spring 0.50 0.50 (0%) 


Sutter/Steamboat Sloughs Wetland W Spring 0.43 0.43 (1%) 


Sutter/Steamboat Sloughs Wetland AN Spring 0.50 0.51 (1%) 


Sutter/Steamboat Sloughs Wetland BN Spring 0.57 0.57 (1%) 


Sutter/Steamboat Sloughs Wetland D Spring 0.58 0.59 (1%) 


Sutter/Steamboat Sloughs Wetland C Spring 0.61 0.61 (0%) 


Cache Slough Riparian W Fall 0.41 0.41 (0%) 


Cache Slough Riparian AN Fall 0.40 0.40 (0%) 


Cache Slough Riparian BN Fall 0.39 0.39 (0%) 


Cache Slough Riparian D Fall 0.38 0.38 (0%) 


Cache Slough Riparian C Fall 0.39 0.39 (0%) 


Cache Slough Wetland W Fall 0.70 0.70 (0%) 


Cache Slough Wetland AN Fall 0.70 0.70 (0%) 


Cache Slough Wetland BN Fall 0.70 0.70 (0%) 


Cache Slough Wetland D Fall 0.70 0.70 (0%) 


Cache Slough Wetland C Fall 0.70 0.70 (0%) 


Sacramento River above north Delta intakes Riparian W Fall 0.23 0.23 (-1%) 


Sacramento River above north Delta intakes Riparian AN Fall 0.20 0.20 (-1%) 


Sacramento River above north Delta intakes Riparian BN Fall 0.18 0.17 (-2%) 


Sacramento River above north Delta intakes Riparian D Fall 0.15 0.15 (-1%) 


Sacramento River above north Delta intakes Riparian C Fall 0.14 0.14 (0%) 


Sacramento River above north Delta intakes Wetland W Fall 0.47 0.48 (2%) 


Sacramento River above north Delta intakes Wetland AN Fall 0.52 0.52 (1%) 


Sacramento River above north Delta intakes Wetland BN Fall 0.56 0.56 (1%) 


Sacramento River above north Delta intakes Wetland D Fall 0.59 0.60 (0%) 
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Sacramento River above north Delta intakes Wetland C Fall 0.61 0.61 (0%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian W Fall 0.27 0.26 (-4%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian AN Fall 0.21 0.21 (-3%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian BN Fall 0.19 0.18 (-3%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian D Fall 0.17 0.17 (-1%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Riparian C Fall 0.17 0.17 (0%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland W Fall 0.69 0.69 (1%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland AN Fall 0.72 0.72 (0%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland BN Fall 0.72 0.72 (0%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland D Fall 0.72 0.72 (0%) 


Sacramento River below north Delta intakes to Sutter/Steamboat Slough Wetland C Fall 0.73 0.73 (0%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian W Fall 0.46 0.45 (-2%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian AN Fall 0.42 0.42 (-1%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian BN Fall 0.39 0.39 (-1%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian D Fall 0.37 0.37 (0%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Riparian C Fall 0.38 0.38 (0%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland W Fall 0.66 0.66 (1%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland AN Fall 0.68 0.68 (0%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland BN Fall 0.69 0.69 (0%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland D Fall 0.70 0.70 (0%) 


Sacramento River from Sutter/Steamboat Slough to Rio Vista Wetland C Fall 0.70 0.70 (0%) 


Sutter/Steamboat Sloughs Riparian W Fall 0.54 0.53 (-1%) 


Sutter/Steamboat Sloughs Riparian AN Fall 0.52 0.51 (-1%) 


Sutter/Steamboat Sloughs Riparian BN Fall 0.50 0.49 (-1%) 


Sutter/Steamboat Sloughs Riparian D Fall 0.48 0.48 (0%) 


Sutter/Steamboat Sloughs Riparian C Fall 0.49 0.49 (0%) 


Sutter/Steamboat Sloughs Wetland W Fall 0.57 0.58 (1%) 


Sutter/Steamboat Sloughs Wetland AN Fall 0.60 0.60 (0%) 


Sutter/Steamboat Sloughs Wetland BN Fall 0.61 0.62 (0%) 


Sutter/Steamboat Sloughs Wetland D Fall 0.62 0.62 (0%) 
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Sutter/Steamboat Sloughs Wetland C Fall 0.62 0.62 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. Absolute and percentage values are rounded; as a 
result, differences between absolutes and differences between percentages may not always appear consistent. Results are not future predictions. 


EC = existing conditions; WYT = water year type (W = wet, AN = above normal, BN = below normal, D = dry, C = critically dry). 
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Table 5E.1-12. Riparian Bench Length and Total Deficit Compared to Existing Conditions 
(linear feet) 


Geographic Location 
Bench 
Type Length 


Proposed 
Action 


Cache Slough Riparian 2,950 -27 


Cache Slough Wetland 3,992 0 


Sacramento River above north Delta intakes Riparian 18,251 -1,114 


Sacramento River above north Delta intakes Wetland 3,766 -3 


Sacramento River below north Delta intakes to Sutter/ Steamboat Slough Riparian 3,037 -343 


Sacramento River below north Delta intakes to Sutter/ Steamboat Slough Wetland 3,115 -11 


Sacramento River from Sutter/ Steamboat Slough to Rio Vista Riparian 1,685 -84 


Sacramento River from Sutter/ Steamboat Slough to Rio Vista Wetland 2,430 1 


Sutter/Steamboat Sloughs Riparian 5,235 -142 


Sutter/Steamboat Sloughs Wetland 2,670 0 


Total Both 47,131 -1,724 


Note: Results are not future predictions. 


Table 5E.1-13. Mean Water Temperature (degrees Celsius) by Water Year Type and Month from 
DSM2-QUAL Modeling, Sacramento River Immediately Downstream of Intake C 


Water Year Type Month EC Proposed Action 


Wet Jan 10.1 10.1 (0.0) 


Wet Feb 11.5 11.5 (0.0) 


Wet Mar 13.1 13.1 (0.0) 


Wet Apr 15.1 15.1 (0.0) 


Wet May 18.0 18.0 (0.0) 


Wet Jun 19.6 19.7 (0.0) 


Wet Jul 21.1 21.1 (0.0) 


Wet Aug 21.1 21.1 (0.0) 


Wet Sep 20.2 20.2 (0.0) 


Wet Oct 17.1 17.1 (0.0) 


Wet Nov 13.3 13.3 (0.0) 


Wet Dec 10.7 10.7 (0.0) 


Above normal Jan 10.0 10.0 (0.0) 


Above normal Feb 11.3 11.3 (0.0) 


Above normal Mar 13.4 13.4 (0.0) 


Above normal Apr 15.8 15.8 (0.0) 


Above normal May 18.0 18.0 (0.0) 


Above normal Jun 19.8 19.8 (0.0) 


Above normal Jul 21.2 21.2 (0.0) 


Above normal Aug 20.9 21.0 (0.0) 


Above normal Sep 19.8 19.8 (0.0) 


Above normal Oct 17.5 17.5 (0.0) 
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Water Year Type Month EC Proposed Action 


Above normal Nov 13.0 13.0 (0.0) 


Above normal Dec 10.2 10.2 (0.0) 


Below normal Jan 9.3 9.3 (0.0) 


Below normal Feb 11.0 11.0 (0.0) 


Below normal Mar 13.0 13.0 (0.0) 


Below normal Apr 15.4 15.4 (0.0) 


Below normal May 17.5 17.5 (0.0) 


Below normal Jun 19.9 19.9 (0.0) 


Below normal Jul 21.1 21.1 (0.0) 


Below normal Aug 20.7 20.7 (0.0) 


Below normal Sep 19.6 19.6 (0.0) 


Below normal Oct 17.0 17.0 (0.0) 


Below normal Nov 12.8 12.8 (0.0) 


Below normal Dec 9.8 9.8 (0.0) 


Dry Jan 9.0 9.0 (0.0) 


Dry Feb 11.0 11.0 (0.0) 


Dry Mar 13.4 13.4 (0.0) 


Dry Apr 15.6 15.5 (0.0) 


Dry May 17.7 17.7 (0.0) 


Dry Jun 19.8 19.8 (0.0) 


Dry Jul 20.7 20.8 (0.0) 


Dry Aug 20.5 20.6 (0.0) 


Dry Sep 19.6 19.6 (0.0) 


Dry Oct 16.6 16.6 (0.0) 


Dry Nov 12.8 12.8 (0.0) 


Dry Dec 10.0 10.0 (0.0) 


Critically dry Jan 9.3 9.3 (0.0) 


Critically dry Feb 11.4 11.4 (0.0) 


Critically dry Mar 13.4 13.4 (0.0) 


Critically dry Apr 15.4 15.4 (0.0) 


Critically dry May 17.4 17.4 (0.0) 


Critically dry Jun 19.6 19.6 (0.0) 


Critically dry Jul 21.2 21.2 (0.0) 


Critically dry Aug 20.8 20.8 (0.0) 


Critically dry Sep 19.6 19.6 (0.0) 


Critically dry Oct 17.1 17.1 (0.0) 


Critically dry Nov 13.3 13.3 (0.0) 


Critically dry Dec 9.6 9.6 (0.0) 


Note: Values in parentheses indicate absolute differences of the proposed action compared to existing conditions.  


EC = existing conditions.  
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Table 5E.1-14. Mean Water Temperature (degrees Celsius) by Water Year Type and Month from 
DSM2-QUAL Modeling, Sacramento River at Rio Vista 


Water Year Type Month EC Proposed Action 


Wet Jan 10.0 10.0 (0.0) 


Wet Feb 11.6 11.6 (0.0) 


Wet Mar 13.4 13.4 (0.0) 


Wet Apr 15.2 15.2 (0.0) 


Wet May 17.9 17.9 (0.0) 


Wet Jun 19.7 19.7 (0.0) 


Wet Jul 21.5 21.5 (0.0) 


Wet Aug 21.6 21.6 (0.0) 


Wet Sep 20.3 20.3 (0.0) 


Wet Oct 17.3 17.3 (0.0) 


Wet Nov 13.8 13.8 (0.0) 


Wet Dec 10.7 10.7 (0.0) 


Above normal Jan 10.0 10.0 (0.0) 


Above normal Feb 11.4 11.4 (0.0) 


Above normal Mar 13.7 13.7 (0.0) 


Above normal Apr 15.9 15.9 (0.0) 


Above normal May 18.0 18.0 (0.0) 


Above normal Jun 19.7 19.7 (0.0) 


Above normal Jul 21.6 21.6 (0.0) 


Above normal Aug 21.7 21.7 (0.0) 


Above normal Sep 19.9 19.9 (0.0) 


Above normal Oct 17.8 17.8 (0.0) 


Above normal Nov 13.6 13.7 (0.1) 


Above normal Dec 10.1 10.1 (0.0) 


Below normal Jan 9.0 9.0 (0.0) 


Below normal Feb 11.0 11.0 (0.0) 


Below normal Mar 13.4 13.4 (0.0) 


Below normal Apr 15.4 15.4 (0.0) 


Below normal May 17.3 17.3 (0.0) 


Below normal Jun 20.0 20.0 (0.0) 


Below normal Jul 21.6 21.6 (0.0) 


Below normal Aug 21.3 21.3 (0.0) 


Below normal Sep 20.1 20.1 (0.0) 


Below normal Oct 17.3 17.3 (0.0) 


Below normal Nov 13.4 13.4 (0.0) 


Below normal Dec 9.7 9.7 (0.0) 


Dry Jan 8.5 8.5 (0.0) 


Dry Feb 11.0 11.0 (0.0) 


Dry Mar 13.9 13.9 (0.0) 


Dry Apr 15.7 15.7 (0.0) 


Dry May 17.4 17.4 (0.0) 
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Water Year Type Month EC Proposed Action 


Dry Jun 19.7 19.7 (0.0) 


Dry Jul 21.3 21.3 (0.0) 


Dry Aug 21.2 21.2 (0.0) 


Dry Sep 20.2 20.2 (0.0) 


Dry Oct 16.9 16.9 (0.0) 


Dry Nov 13.6 13.6 (0.0) 


Dry Dec 10.0 10.0 (0.0) 


Critically dry Jan 8.9 8.9 (0.0) 


Critically dry Feb 11.5 11.5 (0.0) 


Critically dry Mar 14.0 14.0 (0.0) 


Critically dry Apr 15.4 15.4 (0.0) 


Critically dry May 17.5 17.5 (0.0) 


Critically dry Jun 19.8 19.7 (0.0) 


Critically dry Jul 22.2 22.2 (0.0) 


Critically dry Aug 22.0 22.0 (0.0) 


Critically dry Sep 20.6 20.6 (0.0) 


Critically dry Oct 17.8 17.8 (0.0) 


Critically dry Nov 14.0 14.0 (0.0) 


Critically dry Dec 9.7 9.7 (0.0) 


Note: Values in parentheses indicate absolute differences of the proposed action compared to existing conditions.  


EC = existing conditions.  


Table 5E.1-15. Mean Water Temperature (degrees Celsius) by Water Year Type and Month from 
DSM2-QUAL Modeling, San Joaquin River at Jersey Point 


Water Year Type Month EC Proposed Action 


Wet Jan 9.9 9.9 (0.0) 


Wet Feb 11.8 11.8 (0.0) 


Wet Mar 13.8 13.9 (0.0) 


Wet Apr 15.4 15.4 (0.0) 


Wet May 17.9 17.9 (0.0) 


Wet Jun 19.7 19.7 (0.0) 


Wet Jul 21.6 21.6 (0.0) 


Wet Aug 21.8 21.8 (0.0) 


Wet Sep 20.4 20.4 (0.0) 


Wet Oct 17.5 17.5 (0.0) 


Wet Nov 14.3 14.3 (0.0) 


Wet Dec 10.9 11.0 (0.0) 


Above normal Jan 9.8 9.8 (0.0) 


Above normal Feb 11.4 11.4 (0.0) 


Above normal Mar 14.2 14.2 (0.0) 


Above normal Apr 16.0 16.0 (0.0) 


Above normal May 18.0 18.0 (0.0) 


Above normal Jun 19.7 19.7 (0.0) 


Above normal Jul 21.7 21.7 (0.0) 
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Water Year Type Month EC Proposed Action 


Above normal Aug 22.0 22.0 (0.0) 


Above normal Sep 20.0 20.0 (0.0) 


Above normal Oct 17.9 17.9 (0.0) 


Above normal Nov 14.3 14.3 (0.0) 


Above normal Dec 10.2 10.2 (0.0) 


Below normal Jan 8.7 8.7 (0.0) 


Below normal Feb 10.8 10.8 (0.0) 


Below normal Mar 13.7 13.7 (0.0) 


Below normal Apr 15.5 15.5 (0.0) 


Below normal May 17.1 17.1 (0.0) 


Below normal Jun 20.0 20.0 (0.0) 


Below normal Jul 21.8 21.8 (0.0) 


Below normal Aug 21.5 21.5 (0.0) 


Below normal Sep 20.2 20.2 (0.0) 


Below normal Oct 17.5 17.5 (0.0) 


Below normal Nov 13.9 13.9 (0.0) 


Below normal Dec 10.0 10.0 (0.0) 


Dry Jan 8.3 8.2 (0.0) 


Dry Feb 10.8 10.7 (0.0) 


Dry Mar 14.1 14.1 (0.0) 


Dry Apr 15.8 15.8 (0.0) 


Dry May 17.3 17.3 (0.0) 


Dry Jun 19.6 19.6 (0.0) 


Dry Jul 21.3 21.3 (0.0) 


Dry Aug 21.3 21.3 (0.0) 


Dry Sep 20.3 20.3 (0.0) 


Dry Oct 17.1 17.1 (0.0) 


Dry Nov 14.1 14.1 (0.0) 


Dry Dec 10.3 10.3 (0.0) 


Critically dry Jan 8.6 8.6 (0.0) 


Critically dry Feb 11.3 11.3 (0.0) 


Critically dry Mar 14.3 14.3 (0.0) 


Critically dry Apr 15.5 15.5 (0.0) 


Critically dry May 17.4 17.4 (0.0) 


Critically dry Jun 19.7 19.7 (0.0) 


Critically dry Jul 22.3 22.3 (0.0) 


Critically dry Aug 22.2 22.2 (0.0) 


Critically dry Sep 20.7 20.8 (0.0) 


Critically dry Oct 18.0 18.0 (0.0) 


Critically dry Nov 14.5 14.5 (0.0) 


Critically dry Dec 10.2 10.2 (0.0) 


Note: Values in parentheses indicate absolute differences of the proposed action compared to existing conditions.  


EC = existing conditions.  
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Table 5E.1-16. Mean Adult Female Winter-Run Chinook Salmon Escapement (Number of Fish) 
Based on the IOS Model 


Water Year Type EC Proposed Action 


Wet 4,315 3,920 (-9%) 


Above normal 4,880 4,449 (-9%) 


Below normal 4,223 3,819 (-10%) 


Dry 3,557 3,220 (-9%) 


Critically dry 2,630 2,306 (-12%) 


All 3,997 3,610 (-10%) 


Notes: Percentage values in parentheses indicate differences of the proposed actions compared to existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. Table only includes mean responses and does not consider 
model uncertainty. Results are not future predictions. 


EC = existing conditions. 


Table 5E.1-17. Mean Juvenile Winter-Run Chinook Salmon Through-Delta Proportional Survival 
Based on the IOS Model 


Water Year Type EC Proposed Action 


Wet 0.36 0.35 (-1%) 


Above normal 0.33 0.32 (-3%) 


Below normal 0.24 0.23 (-4%) 


Dry 0.22 0.20 (-7%) 


Critically dry 0.17 0.16 (-5%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. Results are not future predictions.  


EC = existing conditions. 


Table 5E.1-18. Mean Winter-Run Chinook Salmon Egg Proportional Survival Based on the IOS 
Model 


Water Year Type EC Proposed Action 


Wet 1.00 1.00 (0%) 


Above normal 1.00 1.00 (0%) 


Below normal 1.00 1.00 (0%) 


Dry 1.00 1.00 (0%) 


Critically dry 0.83 0.87 (5%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. Results are not future predictions. 


EC = existing conditions. 
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Table 5E.1-19. Mean Winter-Run Chinook Salmon Fry Proportional Survival Based on the IOS 
Model 


Water Year Type EC Proposed Action 


Wet 0.95 0.95 (0%) 


Above normal 0.96 0.96 (0%) 


Below normal 0.95 0.95 (0%) 


Dry 0.95 0.95 (0%) 


Critically dry 0.77 0.80 (3%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. Results are not future predictions. 


EC = existing conditions. 


Table 5E.1-20. Mean Juvenile Winter-Run Chinook Salmon Riverine Proportional Survival Based on 
the IOS Model 


Water Year Type EC Proposed Action 


Wet 0.28 0.28 (0%) 


Above normal 0.27 0.27 (0%) 


Below normal 0.25 0.25 (0%) 


Dry 0.25 0.25 (0%) 


Critically dry 0.25 0.25 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. Results are not future predictions. 


EC = existing conditions. 


Table 5E.1-21. OBAN Winter-Run Chinook Salmon Escapement Results: Mean Difference 
(Proposed Action Minus Existing Conditions, Based on Annual Median) and Mean Probability of 
Greater Escapement under the Proposed Action Compared to Existing Conditions 


Proposed Action Mean Escapement % Difference Mean Probability > EC 


Proposed action  0% 2 0.51 


Proposed action  5% -12 0.41 


Proposed action  10% -25 0.31 


Notes: Table only includes mean responses and does not consider model uncertainty. Additional results are provided 
in Attachment 5D.2, Results of OBAN Analysis of Delta Conveyance Project 2020. 


EC = existing conditions. 


Table 5E.1-22. Summary of Winter-Run Chinook Salmon Life Cycle Model Results. 


Output Proposed Action 


Spawner abundance (mean % difference relative to EC) 5.22% 


Probability of spawner abundance > EC 1.00 


Freshwater productivity (mean % difference in gulf smolts per spawner relative to EC) 0.24% 


Cohort replacement rate (mean % difference relative to EC) 0.42% 


Probability of cohort replacement rate > EC 0.81 
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EC= existing conditions. 


5E.1.4 Effects of Operations and Maintenance of Water 
Conveyance Facilities on Central Valley Spring-Run 
Chinook Salmon 


The effects of operations and maintenance of water conveyance facilities on spring-run Chinook 


salmon are described in Appendix 5C, Section 5C.8, Effects of Operations and Maintenance of Water 


Conveyance Facilities on Central Valley Spring-Run Chinook Salmon. The impact mechanisms at 2040 


remain the same as at 2020. Table 5E.1-23 summarizes quantitative analyses and differences 


between 2040 (i.e., existing conditions vs. the proposed action) and 2020 (i.e., existing conditions vs. 


the proposed action). 


Table 5E.1-23. Summary of Spring-Run Chinook Salmon Quantitative Analyses and Differences at 
2040 Relative to 2020 


Effect/Method 2040 Results a 2020 Results b Differences 


Juvenile south Delta 
entrainment/salvage-
density method 


Tables 5E.1-25 and 
5E.1-26 


Tables 5C.8-1 
and 5C.8-2 


Generally similar, except somewhat 
smaller difference in wet years at SWP 
Banks Pumping Plant (see also summary 
in Table 5E.1-1 for winter-run Chinook 
salmon); differences in the interaction of 
north Delta 


Channel velocity/DSM2 Table 5E.1-7 Table 5C.7-11 Generally similar, with some exceptions 
(e.g., smaller differences at 2040 in 
September of dry years, November and 
January of critically dry years, and June 
of wet and above normal years; larger 
difference at 2040 in February, March, 
and April of dry years) 


Reverse flow downstream 
of Georgiana 
Slough/DSM2 


Table 5E.1-8 Table 5C.7-12 Generally similar, with some exceptions 
(e.g., smaller differences at 2040 in June 
of wet years; larger differences at 2040 
in January, February, and May of dry 
years, and December and March of dry 
years) 


Juvenile through-Delta 
survival/Perry et al. 
(2018) 


Table 5E.1-9 Table 5C.7-13 Generally similar, except smaller 
differences at 2040 (September in below 
normal years, June in wet and above 
normal years) and larger differences at 
2040 (October in below normal years, 
February in dry years) 


Juvenile through-Delta 
survival/Delta Passage 
Model 


Table 5E.1-24 Table 5C.7-15 Generally similar, except slightly larger 
difference at 2040 in dry years 


Juvenile through-Delta 
survival (San Joaquin 
River basin spring-
run)/Structured Decision 
Model 


Table 5E.1-29 Table 5C.8-4 Similar (greater relative difference at 
2040 than 2020 in wet and above 
normal years but low absolute survival 
under all scenarios) 


Riparian and wetland 
bench inundation/DSM2 


Tables 5E.1-11 and 
5E.1-12 


Tables 5C.7-16 
and 5C.7-17 


Generally similar or smaller difference 
at 2040 than 2020 
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Effect/Method 2040 Results a 2020 Results b Differences 


Water 
temperature/DSM2 


Tables 5E.1-13, 
5E.1-14, and 5E.1-
15 


Tables 5C.7-18, 
5C.7-19, and 
5C.7-20 


Same (zero difference) 


CVP = Central Valley Project; SWP = State Water Project. 
a Results for 2040 are provided in this appendix. 
b Results for 2020 are provided in Appendix 5C, Operations and Maintenance Effects Analysis for Chinook Salmon, 
California Central Valley Steelhead, Green Sturgeon, and Killer Whale. 


Table 5E.1-24. Through-Delta Survival of Juvenile Spring-Run Chinook Salmon, Averaged by Water 
Year Type, Based on the Delta Passage Model 


Water Year Type EC Proposed Action 


Wet 0.33 0.33 (-1%) 


Above normal 0.27 0.27 (-1%) 


Below normal 0.21 0.21 (-3%) 


Dry 0.19 0.18 (-4%) 


Critically dry 0.15 0.15 (-2%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. 


EC = existing conditions. 


Table 5E.1-25. Entrainment Loss of Juvenile Spring-Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 40,215 38,571 (-4%) 


Above normal N/A (0%) 


Below normal 4,002 3,808 (-5%) 


Dry 3,038 2,981 (-2%) 


Critically dry 2,829 2,848 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. 


EC = existing conditions; N/A = not applicable; SWP = State Water Project. 


Table 5E.1-26. Entrainment Loss of Juvenile Spring-Run Chinook Salmon at CVP Jones Pumping 
Plant, Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 6,736 6,958 (3%) 


Above normal N/A (1%) 


Below normal 2,111 2,172 (3%) 


Dry 1,959 1,976 (1%) 


Critically dry 109 116 (6%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
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percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. 


CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Table 5E.1-27. Entrainment Loss of Juvenile Spring-Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month EC Proposed Action 


Wet Jan 6 6 (0%) 


Wet Feb 60 57 (-5%) 


Wet Mar 1,593 1,391 (-13%) 


Wet Apr 13,303 11,510 (-13%) 


Wet May 22,795 23,087 (1%) 


Wet Jun 2,459 2,521 (3%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 0 0 (0%) 


Above normal Jan N/A (0%) 


Above normal Feb N/A (6%) 


Above normal Mar N/A (-4%) 


Above normal Apr N/A (0%) 


Above normal May N/A (0%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (0%) 


Below normal Jan 0 0 (0%) 


Below normal Feb 0 0 (0%) 


Below normal Mar 599 567 (-5%) 


Below normal Apr 2,040 1,796 (-12%) 


Below normal May 1,320 1,403 (6%) 


Below normal Jun 43 42 (-1%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 
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Water Year Type Month EC Proposed Action 


Below normal Dec 0 0 (0%) 


Dry Jan 0 0 (0%) 


Dry Feb 0 0 (0%) 


Dry Mar 104 96 (-7%) 


Dry Apr 2,181 2,181 (0%) 


Dry May 753 704 (-7%) 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 0 0 (0%) 


Critically dry Jan 0 0 (0%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 122 112 (-8%) 


Critically dry Apr 1,994 2,043 (2%) 


Critically dry May 713 692 (-3%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 0 0 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to the existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. The analysis was based on historical salvage data during 
2009–2019, which did not include any above normal water years; results for above normal years focus only on 
relative difference in exports based on salvage-density patterns from wet years. Results are not future predictions. 


EC = existing conditions; N/A = not applicable; SWP = State Water Project. 


Table 5E.1-28. Entrainment Loss of Juvenile Spring-Run Chinook Salmon at CVP Jones Pumping 
Plant, Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month EC Proposed Action 


Wet Jan 3 3 (-3%) 


Wet Feb 11 11 (-3%) 


Wet Mar 137 138 (0%) 


Wet Apr 1,435 1,445 (1%) 


Wet May 4,901 5,113 (4%) 


Wet Jun 240 239 (-1%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 
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Water Year Type Month EC Proposed Action 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 8 8 (-1%) 


Above normal Jan N/A (-1%) 


Above normal Feb N/A (0%) 


Above normal Mar N/A (0%) 


Above normal Apr N/A (0%) 


Above normal May N/A (1%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (2%) 


Below normal Jan 1 1 (0%) 


Below normal Feb 6 6 (2%) 


Below normal Mar 427 490 (15%) 


Below normal Apr 1,130 1,125 (0%) 


Below normal May 545 547 (0%) 


Below normal Jun 3 3 (0%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 0 0 (0%) 


Dry Jan 0 0 (0%) 


Dry Feb 0 0 (0%) 


Dry Mar 144 165 (15%) 


Dry Apr 1,381 1,376 (0%) 


Dry May 432 434 (0%) 


Dry Jun 2 2 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 0 0 (0%) 


Critically dry Jan 0 0 (0%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 44 46 (5%) 
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Water Year Type Month EC Proposed Action 


Critically dry Apr 55 59 (7%) 


Critically dry May 10 10 (4%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 0 0 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to the existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. The analysis was based on historical salvage data during 
2009–2019, which did not include any above normal water years; results for above normal years focus only on 
relative difference in exports based on salvage-density patterns from wet years. Results are not future predictions. 


CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Table 5E.1-29. Through-Delta Survival of Juvenile Spring-Run Chinook Salmon from the San 
Joaquin River Basin, Averaged by Water Year Type, Based on the Structured Decision Model 
Routing Application 


Water Year Type EC Proposed Action 


Wet 0.026 0.025 (-4%) 


Above normal 0.021 0.020 (-4%) 


Below normal 0.022 0.022 (-1%) 


Dry 0.021 0.022 (2%) 


Critically dry 0.016 0.016 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. 


EC = existing conditions.  


5E.1.5 Effects of Operations and Maintenance of Water 
Conveyance Facilities on Central Valley Fall-Run/Late Fall–
Run Chinook Salmon 


The effects of operations and maintenance of water conveyance facilities on fall- and late fall–run 


Chinook salmon are described in Appendix 5C, Section 5C.9, Effects of Operations and Maintenance of 


Water Conveyance Facilities on Central Valley Fall-Run/Late Fall–Run Chinook Salmon. The impact 


mechanisms at 2040 remain the same as at 2020. Table 5E.1-30 summarizes quantitative analyses 


and differences between 2040 (i.e., existing conditions vs. the proposed action) and 2020 (i.e., 


existing conditions vs. the proposed action). 
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Table 5E.1-30. Summary of Fall- and Late Fall–Run Chinook Salmon Quantitative Analyses and 
Differences at 2040 Relative to 2020 


Effect/Method 2040 Results a 2020 Results b Differences 


Juvenile south Delta 
entrainment/salvage-
density method 


Tables 5E.1-33, 
5E.1-34, 5E.1-37, 
and 5E.1-38 


Tables 5C.9-3 
through 5C.9-6 


Generally similar, with less difference at 
2040 (fall-run in wet/above normal years; 
late fall–run at CVP in dry years) and 
greater difference at 2040 (fall-run in 
critically dry years at CVP)  


Channel velocity/DSM2 Table 5E.1-7 Table 5C.7-11 Generally similar, with some exceptions 
(e.g., smaller differences at 2040 in 
September of dry years, November and 
January of critically dry years, and June of 
wet and above normal years; larger 
difference at 2040 in February, March, and 
April of dry years) 


Reverse flow downstream 
of Georgiana Slough/DSM2 


Table 5E.1-8 Table 5C.7-12 Generally similar, with some exceptions 
(e.g., smaller differences at 2040 in June of 
wet years; larger differences at 2040 in 
January, February, and May of dry years, 
and December and March of dry years) 


Juvenile through-Delta 
survival/Perry et al. (2018) 


Table 5E.1-9 Table 5C.7-13 Generally similar, except smaller 
differences at 2040 (September in below 
normal years, June in wet and above normal 
years) and larger differences at 2040 
(October in below normal years, February 
in dry years) 


Juvenile through-Delta 
survival/Delta Passage 
Model 


Tables 5E.1-31 and 
5E.1-32 


Tables 5C.9-1 
and 5C.9-2 


Similar 


Juvenile through-Delta 
survival (San Joaquin River 
basin fall-run)/Structured 
Decision Model 


Table 5E.1-41 Table 5C.9-7 Similar (greater relative difference at 2040 
in wet/above normal years but low 
absolute survival under all scenarios) 


San Joaquin River basin 
adult fall-run 
straying/Marston et al. 
(2012) 


Table 5E.1-42 Table 5C.9-8 Similar or greater differences at 2040 


Riparian and wetland bench 
inundation/DSM2 


Tables 5E.1-11 and 
5E.1-12 


Tables 5C.7-16 
and 5C.7-17 


Generally similar or less difference at 2040 
than 2020 


Water temperature/DSM2 Tables 5E.1-13, 
5E.1-14, and 5E.1-
15 


Tables 5C.7-18, 
5C.7-19, and 
5C.7-20 


Same (zero difference) 


Juvenile Mokelumne River 
fall-run south Delta 
entrainment/CalSim 


Tables 5E.1-43, 
5E.1-44, 5E.1-45, 
and 5E.1-46 


Tables 5C.9-9, 
5C.9-10, 5C.9-11, 
and 5C.9-12 


Similar (greater positive or negative involve 
relatively small absolute differences of no 
more than a few hundred cfs) 


Juvenile Mokelumne River 
fall-run south Delta 
entrainment/DSM2 


Figures 5E.1-1 
through 5E.1-4  


Figures 5D.4-34 
through 5D.4-37 


Similar 


Adult Mokelumne River fall-
run straying/CalSim 


Tables 5E.1-47 and 
5E.1-48 


Tables 5C.9-13 
and 5C.9-14 


Generally similar or less openings at 2040 


cfs = cubic feet per second; CVP = Central Valley Project. 
a Results for 2040 are provided in this appendix. 
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b Results for 2020 are provided in Appendix 5C, Operations and Maintenance Effects Analysis for Chinook Salmon, California 
Central Valley Steelhead, Green Sturgeon, and Killer Whale, and Appendix 5D, Bay-Delta Methods and Results.  


Table 5E.1-31. Through-Delta Survival of Juvenile Fall-Run Chinook Salmon, Averaged by Water 
Year Type, Based on the Delta Passage Model 


Water Year Type EC Proposed Action 


Wet 0.25 0.25 (-1%) 


Above normal 0.21 0.20 (-1%) 


Below normal 0.18 0.18 (-1%) 


Dry 0.16 0.16 (-2%) 


Critically dry 0.14 0.13 (-1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. 


EC = existing conditions. 


Table 5E.1-32. Through-Delta Survival of Juvenile Late Fall–Run Chinook Salmon, Averaged by 
Water Year Type, Based on the Delta Passage Model 


Water Year Type EC Proposed Action 


Wet 0.27 0.26 (-2%) 


Above normal 0.22 0.22 (-2%) 


Below normal 0.17 0.16 (-3%) 


Dry 0.15 0.14 (-3%) 


Critically dry 0.13 0.13 (-2%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. 


EC = existing conditions. 


Table 5E.1-33. Entrainment Loss of Juvenile Fall-Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 22,228 22,351 (1%) 


Above normal N/A (1%) 


Below normal 3,902 3,953 (1%) 


Dry 3,772 3,580 (-5%) 


Critically dry 3,339 3,300 (-1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. 


EC = existing conditions; N/A = not applicable; SWP = State Water Project. 
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Table 5E.1-34. Entrainment Loss of Juvenile Fall-Run Chinook Salmon at CVP Jones Pumping Plant, 
Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 7,120 7,246 (2%) 


Above normal N/A (1%) 


Below normal 1,540 1,554 (1%) 


Dry 2,365 2,368 (0%) 


Critically dry 113 119 (6%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. 


CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Table 5E.1-35. Entrainment Loss of Juvenile Fall-Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month EC Proposed Action 


Wet Jan 1,220 1,218 (0%) 


Wet Feb 2,676 2,554 (-5%) 


Wet Mar 337 294 (-13%) 


Wet Apr 413 357 (-13%) 


Wet May 7,904 8,005 (1%) 


Wet Jun 9,605 9,848 (3%) 


Wet Jul 11 11 (-4%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 63 63 (0%) 


Above normal Jan N/A (0%) 


Above normal Feb N/A (6%) 


Above normal Mar N/A (-4%) 


Above normal Apr N/A (0%) 


Above normal May N/A (0%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (-4%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (-3%) 


Below normal Jan 0 0 (0%) 


Below normal Feb 7 8 (2%) 


Below normal Mar 75 71 (-5%) 
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Water Year Type Month EC Proposed Action 


Below normal Apr 750 660 (-12%) 


Below normal May 2,432 2,585 (6%) 


Below normal Jun 627 620 (-1%) 


Below normal Jul 4 4 (-4%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 6 5 (-5%) 


Dry Jan 0 0 (0%) 


Dry Feb 10 11 (3%) 


Dry Mar 32 29 (-7%) 


Dry Apr 1,048 1,048 (0%) 


Dry May 2,146 2,005 (-7%) 


Dry Jun 55 48 (-12%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 480 438 (-9%) 


Critically dry Jan 0 0 (0%) 


Critically dry Feb 10 10 (-1%) 


Critically dry Mar 37 34 (-8%) 


Critically dry Apr 958 982 (2%) 


Critically dry May 2,033 1,972 (-3%) 


Critically dry Jun 12 11 (-13%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 289 292 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to the existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. The analysis was based on historical salvage data during 
2009–2019, which did not include any above normal water years; results for above normal years focus only on 
relative difference in exports based on salvage-density patterns from wet years. Results are not future predictions. 


EC = existing conditions; N/A = not applicable; SWP = State Water Project. 
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Table 5E.1-36. Entrainment Loss of Juvenile Fall-Run Chinook Salmon at CVP Jones Pumping Plant, 
Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month EC Proposed Action 


Wet Jan 672 654 (-3%) 


Wet Feb 623 606 (-3%) 


Wet Mar 142 142 (0%) 


Wet Apr 64 65 (1%) 


Wet May 3,935 4,106 (4%) 


Wet Jun 1,647 1,638 (-1%) 


Wet Jul 19 18 (-2%) 


Wet Aug 1 1 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 1 1 (2%) 


Wet Dec 15 15 (-1%) 


Above normal Jan N/A (-1%) 


Above normal Feb N/A (0%) 


Above normal Mar N/A (0%) 


Above normal Apr N/A (0%) 


Above normal May N/A (1%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (-2%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (-1%) 


Above normal Dec N/A (2%) 


Below normal Jan 7 7 (0%) 


Below normal Feb 16 17 (2%) 


Below normal Mar 88 101 (15%) 


Below normal Apr 493 491 (0%) 


Below normal May 890 893 (0%) 


Below normal Jun 44 44 (0%) 


Below normal Jul 0 0 (-7%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 0 0 (0%) 


Dry Jan 4 4 (0%) 


Dry Feb 5 5 (2%) 


Dry Mar 16 19 (15%) 


Dry Apr 1,195 1,190 (0%) 


Dry May 1,105 1,109 (0%) 
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Water Year Type Month EC Proposed Action 


Dry Jun 10 10 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 29 30 (3%) 


Critically dry Jan 0 0 (0%) 


Critically dry Feb 8 9 (5%) 


Critically dry Mar 10 10 (5%) 


Critically dry Apr 55 59 (7%) 


Critically dry May 40 41 (4%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 0 0 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed actions compared to the existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. The analysis was based on historical salvage data during 
2009–2019, which did not include any above normal water years; results for above normal years focus only on 
relative difference in exports based on salvage-density patterns from wet years. Results are not future predictions. 


CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Table 5E.1-37. Entrainment Loss of Juvenile Late Fall–Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 1,443 1,436 (0%) 


Above normal N/A (-1%) 


Below normal 376 373 (-1%) 


Dry 1,043 952 (-9%) 


Critically dry 630 637 (1%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. 


EC = existing conditions; N/A = not applicable; SWP = State Water Project. 
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Table 5E.1-38. Entrainment Loss of Juvenile Late Fall–Run Chinook Salmon at CVP Jones Pumping 
Plant, Averaged by Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 271 268 (-1%) 


Above normal N/A (1%) 


Below normal 69 69 (1%) 


Dry 91 94 (3%) 


Critically dry 26 26 (-1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. 


The analysis was based on historical salvage data during 2009–2019, which did not include any above normal water 
years; results for above normal years focus only on relative difference in exports based on salvage-density patterns 
from wet years. 


CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Table 5E.1-39. Entrainment Loss of Juvenile Late Fall–Run Chinook Salmon at SWP Banks Pumping 
Plant, Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month EC Proposed Action 


Wet Jan 661 660 (0%) 


Wet Feb 86 83 (-5%) 


Wet Mar 9 8 (-13%) 


Wet Apr 0 0 (0%) 


Wet May 0 0 (0%) 


Wet Jun 0 0 (0%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 686 686 (0%) 


Above normal Jan N/A (0%) 


Above normal Feb N/A (6%) 


Above normal Mar N/A (-4%) 


Above normal Apr N/A (0%) 


Above normal May N/A (0%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (-3%) 


Below normal Jan 156 156 (0%) 


Below normal Feb 107 109 (2%) 
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Water Year Type Month EC Proposed Action 


Below normal Mar 17 16 (-5%) 


Below normal Apr 0 0 (-12%) 


Below normal May 0 0 (0%) 


Below normal Jun 0 0 (0%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 96 91 (-5%) 


Dry Jan 19 19 (0%) 


Dry Feb 0 0 (0%) 


Dry Mar 0 0 (0%) 


Dry Apr 0 0 (0%) 


Dry May 0 0 (0%) 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 1,023 933 (-9%) 


Critically dry Jan 15 16 (9%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 0 0 (0%) 


Critically dry Apr 0 0 (0%) 


Critically dry May 0 0 (0%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 615 621 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to the existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. The analysis was based on historical salvage data during 
2009–2019, which did not include any above normal water years; results for above normal years focus only on 
relative difference in exports based on salvage-density patterns from wet years. Results are not future predictions. 


EC = existing conditions; N/A = not applicable; SWP = State Water Project. 
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Table 5E.1-40. Entrainment Loss of Juvenile Late Fall–Run Chinook Salmon at CVP Jones Pumping 
Plant, Averaged by Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month EC Proposed Action 


Wet Jan 66 64 (-3%) 


Wet Feb 2 2 (-3%) 


Wet Mar 0 0 (0%) 


Wet Apr 0 0 (0%) 


Wet May 0 0 (0%) 


Wet Jun 0 0 (0%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 1 1 (-2%) 


Wet Nov 1 1 (2%) 


Wet Dec 203 201 (-1%) 


Above normal Jan N/A (-1%) 


Above normal Feb N/A (0%) 


Above normal Mar N/A (0%) 


Above normal Apr N/A (0%) 


Above normal May N/A (0%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (4%) 


Above normal Nov N/A (-1%) 


Above normal Dec N/A (2%) 


Below normal Jan 53 53 (0%) 


Below normal Feb 8 8 (2%) 


Below normal Mar 1 1 (15%) 


Below normal Apr 0 0 (0%) 


Below normal May 0 0 (0%) 


Below normal Jun 0 0 (0%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 7 7 (3%) 


Dry Jan 7 7 (0%) 


Dry Feb 0 0 (0%) 


Dry Mar 0 0 (0%) 


Dry Apr 0 0 (0%) 


Dry May 0 0 (0%) 







California Department of Water Resources 


  
Fish and Aquatic Resources Year 2040 Analysis 


 


 


Delta Conveyance Project, Biological Assessment 
5E-41 


May 2024 
ICF 103653.0.003 


 


Water Year Type Month EC Proposed Action 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 84 87 (3%) 


Critically dry Jan 5 5 (-7%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 0 0 (0%) 


Critically dry Apr 0 0 (0%) 


Critically dry May 0 0 (0%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 21 21 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to the existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. The analysis was based on historical salvage data during 
2009–2019, which did not include any above normal water years; results for above normal years focus only on 
relative difference in exports based on salvage-density patterns from wet years. Results are not future predictions. 


CVP = Central Valley Project; EC = existing conditions; N/A = not applicable.  


Table 5E.1-41. Through-Delta Survival of Juvenile Fall-Run Chinook Salmon from the San Joaquin 
River Basin, Averaged by Water Year Type, Based on the Structured Decision Model Routing 
Application 


Water Year Type EC Proposed Action 


Wet 0.022 0.021 (-5%) 


Above normal 0.016 0.016 (-3%) 


Below normal 0.022 0.021 (-1%) 


Dry 0.019 0.018 (-1%) 


Critically dry 0.014 0.013 (-2%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. 


EC = existing conditions. 
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Table 5E.1-42. Straying Rate (Percent) of San Joaquin River Basin Fall-Run Chinook Salmon to the 
Sacramento River Basin, Averaged by Water Year Type, Based on Marston et al. (2012) 


Water Year Type EC Proposed Action 


Wet 19% 17% (-9%) 


Above normal 23% 19% (-17%) 


Below normal 15% 14% (-11%) 


Dry 12% 11% (-9%) 


Critically dry 9% 8% (-10%) 


Notes: Percentage values in parentheses indicate relative differences of the proposed action compared to existing 
conditions (relative differences are larger than absolute differences). Table only includes mean responses and does 
not consider model uncertainty. 


EC = existing conditions. 


Table 5E.1-43. Mean South Delta Exports (cubic feet per second) by Water Year Type, March 


Water Year Type EC Proposed Action 


Wet 7,617 7,015 (-8%) 


Above normal 6,643 6,497 (-2%) 


Below normal 4,976 4,966 (0%) 


Dry 3,748 3,963 (6%) 


Critically dry 4,109 4,089 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-44. Mean South Delta Exports (cubic feet per second) by Water Year Type, April 


Water Year Type EC Proposed Action 


Wet 6,374 6,004 (-6%) 


Above normal 4,359 4,335 (-1%) 


Below normal 3,422 3,349 (-2%) 


Dry 2,366 2,370 (0%) 


Critically dry 1,569 1,675 (7%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-45. Mean South Delta Exports (cubic feet per second) by Water Year Type, May 


Water Year Type EC Proposed Action 


Wet 5,673 5,791 (2%) 


Above normal 4,280 4,307 (1%) 


Below normal 2,569 2,592 (1%) 


Dry 1,885 1,847 (-2%) 


Critically dry 1,719 1,742 (1%) 
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Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-46. Mean South Delta Exports (cubic feet per second) by Water Year Type, June 


Water Year Type EC Proposed Action 


Wet 7,156 7,259 (1%) 


Above normal 6,393 6,389 (0%) 


Below normal 5,192 5,145 (-1%) 


Dry 4,115 3,703 (-10%) 


Critically dry 1,560 1,442 (-8%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 







California Department of Water Resources 


  
Fish and Aquatic Resources Year 2040 Analysis 


 


 


Delta Conveyance Project, Biological Assessment 
5E-44 


May 2024 
ICF 103653.0.003 


 


 
Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside 
this range.  


Alt = alternative; Alt 5 = proposed action; NPA = No Project Alternative (existing conditions) 
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Figure 5E.1-1. Proportion of Flow Entering the Mouth of Old River from DSM2-HYDRO Modeling Data 


  
Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside 
this range. 


Alt = alternative; Alt 5 = proposed action; NPA = No Project Alternative (existing conditions). 
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Figure 5E.1-2. Proportion of Flow Entering Fisherman’s Cut from DSM2-HYDRO Modeling Data 


  
Note: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside 
this range.  
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Alt = alternative; Alt 5 = proposed action; NPA = No Project Alternative (existing conditions). 


Figure 5E.1-3. Proportion of Flow Entering False River from DSM2-HYDRO Modeling Data 
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Notes: Boxes represent median (horizontal line) and 25th/75th percentiles; whiskers represent 5th/95th percentiles; points represent additional observations outside 
this range.  


Alt = alternative; Alt 5 = proposed action; NPA = No Project Alternative (existing conditions). 


Figure 5E.1-4. Proportion of Flow Entering Jersey Point from DSM2-HYDRO Modeling Data
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Table 5E.1-47. Mean Number of Days with Delta Cross Channel Open by Water Year Type, October 


Water Year Type EC Proposed Action 


Wet 17 16 (-5%) 


Above normal 28 17 (-38%) 


Below normal 21 18 (-11%) 


Dry 15 13 (-14%) 


Critically dry 10 5 (-53%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-48. Mean Number of Days with Delta Cross Channel Open by Water Year Type, 
November 


Water Year Type EC Proposed Action 


Wet 14 12 (-13%) 


Above normal 15 16 (1%) 


Below normal 17 14 (-16%) 


Dry 19 19 (-2%) 


Critically dry 12 13 (7%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


5E.1.6 Effects of Operations and Maintenance of Water 
Conveyance Facilities on California Central Valley 
Steelhead 


The effects of operations and maintenance of water conveyance facilities on steelhead are described 


in Appendix 5C, Section 5C.10, Effects of Operations and Maintenance of Water Conveyance Facilities 


on California Central Valley Steelhead. The impact mechanisms at 2040 remain the same as at 2020. 


Table 5E.1-49 summarizes quantitative analyses and differences between 2040 (i.e., existing 


conditions vs. the proposed action) and 2020 (i.e., existing conditions vs. the proposed action). 


Table 5E.1-49. Summary of Central Valley Steelhead Quantitative Analyses and Differences at 2040 
Relative to 2020 


Effect/Method 2040 Results a 2020 Results b Differences 


Juvenile south Delta 
entrainment/salvage-
density method 


Tables 5E.1-50 and 
5E.1-51 


Tables 5C.10-5 and 
5C.10-6 


Generally similar, with somewhat less 
difference at 2040 for SWP 


Channel 
velocity/DSM2 


Table 5E.1-7 Table 5C.7-11 Generally similar, with some exceptions 
(e.g., smaller differences at 2040 in 
September of dry years, November and 
January of critically dry years, and June of 
wet and above normal years; larger 
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Effect/Method 2040 Results a 2020 Results b Differences 


difference at 2040 in February, March, 
and April of dry years) 


Reverse flow 
downstream of 
Georgiana 
Slough/DSM2 


Table 5E.1-8 Table 5C.7-12 Generally similar, with some exceptions 
(e.g., smaller differences at 2040 in June of 
wet years; larger differences at 2040 in 
January, February, and May of dry years, 
and December and March of dry years) 


Riparian and wetland 
bench inundation/ 
DSM2 


Tables 5E.1-11 and 
5E.1-12 


Tables 5C.7-16 and 
5C.7-17 


Generally similar or smaller difference at 
2040 than 2020 


Water 
temperature/DSM2 


Tables 5E.1-13, 5E.1-
14, and 5E.1-15 


Tables 5C.7-18, 
5C.7-19, and 5C.7-
20 


Same (zero difference) 


Juvenile Mokelumne 
River south Delta 
entrainment/CalSim 


Tables 5E.1-43 through 
5E.1-46 


Tables 5E.1-50 
through 5E.1-12 


Similar (greater positive or negative 
involve relatively small absolute 
differences no more than a few hundred 
cfs) 


Juvenile Mokelumne 
River south Delta 
entrainment/DSM2-
HYDRO 


Figures 5E.1-1 through 
5E.1-4 


Figures 5E.1-5 
through 5E.1-6 


Similar 


Juvenile San Joaquin 
River basin through-
Delta survival/CalSim 


Tables 5E.1-54, 5E.1-
55, 5E.1-56 and 5E.1-
57 


Tables 5C.10-1, 
5C.10-2, 5C.10-3, 
and 5C.10-4 


Same (no difference between EC and the 
project alternatives) 


EC = existing conditions; SWP = State Water Project. 
a Results for 2040 are provided in this appendix. 
b Results for 2020 are provided in Chapter 5, Appendix 5C, Operations and Maintenance Effects Analysis for Chinook 
Salmon, California Central Valley Steelhead, Green Sturgeon, and Killer Whale. and Appendix 5D, Bay-Delta Methods and 
Results.  


Table 5E.1-51. Entrainment Loss of Juvenile Steelhead at SWP Banks Pumping Plant, Averaged by 
Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 5,142 4,786 (-7%) 


Above normal N/A (2%) 


Below normal 3,546 3,466 (-2%) 


Dry 2,177 2,105 (-3%) 


Critically dry 2,103 2,036 (-3%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. 


EC = existing conditions; N/A = not applicable; SWP = State Water Project. 
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Table 5E.1-52. Entrainment Loss of Juvenile Steelhead at CVP Jones Pumping Plant, Averaged by 
Water Year Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 268 264 (-1%) 


Above normal N/A (0%) 


Below normal 813 849 (5%) 


Dry 522 557 (7%) 


Critically dry 156 165 (5%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. 


CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Table 5E.1-53. Entrainment Loss of Juvenile Steelhead at SWP Banks Pumping Plant, Averaged by 
Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month EC Proposed Action 


Wet Jan 313 312 (0%) 


Wet Feb 2,025 1,933 (-5%) 


Wet Mar 985 860 (-13%) 


Wet Apr 1,113 963 (-13%) 


Wet May 387 392 (1%) 


Wet Jun 303 310 (3%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 2 2 (1%) 


Wet Oct 3 3 (-4%) 


Wet Nov 5 4 (-10%) 


Wet Dec 7 7 (0%) 


Above normal Jan N/A (0%) 


Above normal Feb N/A (6%) 


Above normal Mar N/A (-4%) 


Above normal Apr N/A (0%) 


Above normal May N/A (0%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (-2%) 


Above normal Oct N/A (-10%) 


Above normal Nov N/A (-30%) 


Above normal Dec N/A (-3%) 


Below normal Jan 265 264 (0%) 


Below normal Feb 1,330 1,358 (2%) 


Below normal Mar 1,262 1,194 (-5%) 
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Water Year Type Month EC Proposed Action 


Below normal Apr 392 345 (-12%) 


Below normal May 158 168 (6%) 


Below normal Jun 127 126 (-1%) 


Below normal Jul 6 5 (-4%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 6 6 (-5%) 


Dry Jan 140 139 (0%) 


Dry Feb 483 496 (3%) 


Dry Mar 787 729 (-7%) 


Dry Apr 445 445 (0%) 


Dry May 176 165 (-7%) 


Dry Jun 103 91 (-12%) 


Dry Jul 7 8 (15%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 5 4 (-12%) 


Dry Dec 31 28 (-9%) 


Critically dry Jan 106 116 (9%) 


Critically dry Feb 449 443 (-1%) 


Critically dry Mar 926 854 (-8%) 


Critically dry Apr 407 417 (2%) 


Critically dry May 167 162 (-3%) 


Critically dry Jun 23 20 (-13%) 


Critically dry Jul 3 3 (-1%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 3 3 (-7%) 


Critically dry Dec 18 19 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to the existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. The analysis was based on historical salvage data during 
2009–2019, which did not include any above normal water years; results for above normal years focus only on 
relative difference in exports based on salvage-density patterns from wet years. Results are not future predictions. 
EC = existing conditions; N/A = not applicable; SWP = State Water Project. 
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Table 5E.1-54. Entrainment Loss of Juvenile Steelhead at CVP Jones Pumping Plant, Averaged by 
Water Year Type and Month, Based on the Salvage-Density Method 


Water Year Type Month EC Proposed Action 


Wet Jan 45 43 (-3%) 


Wet Feb 131 128 (-3%) 


Wet Mar 32 33 (0%) 


Wet Apr 10 10 (1%) 


Wet May 29 30 (4%) 


Wet Jun 18 18 (-1%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 1 1 (-2%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 2 2 (-1%) 


Above normal Jan N/A (-1%) 


Above normal Feb N/A (0%) 


Above normal Mar N/A (0%) 


Above normal Apr N/A (0%) 


Above normal May N/A (1%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (2%) 


Below normal Jan 49 49 (0%) 


Below normal Feb 471 481 (2%) 


Below normal Mar 186 213 (15%) 


Below normal Apr 73 73 (0%) 


Below normal May 30 30 (0%) 


Below normal Jun 3 3 (0%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 0 0 (0%) 


Dry Jan 32 31 (0%) 


Dry Feb 153 156 (2%) 


Dry Mar 218 251 (15%) 


Dry Apr 74 74 (0%) 


Dry May 35 35 (0%) 
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Water Year Type Month EC Proposed Action 


Dry Jun 3 3 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 7 7 (3%) 


Critically dry Jan 0 0 (0%) 


Critically dry Feb 64 67 (5%) 


Critically dry Mar 68 72 (5%) 


Critically dry Apr 19 21 (7%) 


Critically dry May 5 5 (4%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 0 0 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. Results are not future predictions.  
CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Table 5E.1-55. Mean San Joaquin River Flow at Vernalis (cubic feet per second) by Water Year 
Type, February 


Water Year Type EC Proposed Action 


Wet 10,124 10,130 (0%) 


Above normal 7,413 7,415 (0%) 


Below normal 3,568 3,569 (0%) 


Dry 2,017 2,016 (0%) 


Critically dry 1,885 1,887 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 
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Table 5E.1-56. Mean San Joaquin River Flow at Vernalis (cubic feet per second) by Water Year 
Type, March 


Water Year Type EC Proposed Action 


Wet 11,640 11,642 (0%) 


Above normal 6,997 6,998 (0%) 


Below normal 2,985 2,986 (0%) 


Dry 1,936 1,935 (0%) 


Critically dry 1,837 1,840 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-57. Mean San Joaquin River Flow at Vernalis (cubic feet per second) by Water Year 
Type, April 


Water Year Type EC Proposed Action 


Wet 11,112 11,115 (0%) 


Above normal 6,617 6,619 (0%) 


Below normal 3,778 3,779 (0%) 


Dry 2,509 2,513 (0%) 


Critically dry 1,838 1,838 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-58. Mean San Joaquin River Flow at Vernalis (cubic feet per second) by Water Year 
Type, May 


Water Year Type EC Proposed Action 


Wet 9,726 9,728 (0%) 


Above normal 6,161 6,163 (0%) 


Below normal 3,812 3,816 (0%) 


Dry 2,699 2,702 (0%) 


Critically dry 1,928 1,929 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


5E.1.7 Effects of Operations and Maintenance of Water 
Conveyance Facilities on Delta Smelt 


The effects of operations and maintenance of water conveyance facilities on delta smelt are 


described in Appendix 6C, Operations and Maintenance Effects Analysis for Delta Smelt, Longfin Smelt, 


and Terrestrial Species, Section 6C.1.1, Effects of Water Facility Operations and Maintenance on Delta 


Smelt. The impact mechanisms at 2040 remain the same as at 2020. Table 5E.1-59 summarizes 
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quantitative analyses and differences between 2040 (i.e., existing conditions vs. the proposed 


action) and 2020 (i.e., existing conditions vs. the proposed action). 


Table 5E.1-59. Summary of Delta Smelt Quantitative Analyses and Differences at 2040 Relative to 
2020 


Effect/Method 2040 Results a 2020 Results b Differences 


Larval NDD 
entrainment/CalSim 


Table 5E.1-59 Table 6C.1-2 Similar or less at 2040 than 2020 
(particularly May/June) 


Adult south Delta 
entrainment/CalSim 


Tables 5E.1-60, 5E.1-61, 
5E.1-62, and 5E.1-63 


Tables 6C.1-5, 6C.1-6, 
6C.1-7, and 6C.1-8 


Similar (although there are some 
differences more than a few 
percentage points, existing 
assumed regulatory entrainment 
restrictions would occur) 


Larval/early juvenile south 
Delta entrainment/CalSim 


Tables 5E.1-63, 5E.1-64, 
5E.1-65, and 5E.1-66 


Tables 6C.1-8, 6C.1-9, 
6C.1-10, and 6C.1-11 


Similar (although there are some 
differences more than a few 
percentage points, existing 
assumed regulatory entrainment 
restrictions would occur) 


Larval/early juvenile south 
Delta entrainment/DSM2-
PTM 


Table 5E.1-67 and 5E.1-
68 


Table 6C.1-12 Similar (although there are some 
differences more than a few 
percentage points, existing 
assumed regulatory entrainment 
restrictions would occur) 


NDD suspended sediment 
entrainment/CalSim 


Table 5E.1-69 Table 6C.1-13 Similar 


Eurytemora affinis food 
availability/X2-abundance 
regression 


Table 5E.1-70 Table 6C.1-14 Generally similar (marginally 
greater negative difference in dry 
years at 2040) 


Pseudodiaptomus forbesi 
food availability/CalSim 


Tables 5E.1-71 through 
5E.1-76   


Tables 6C.1-15 
through 6C.1-24 


Generally similar, with less 
difference at 2040 in some cases, 
(e.g., June and July outflow in 
above normal years) and 
somewhat greater difference at 
2040 in October of wet years; 
greater differences for QWEST 
percentage of years with positive 
flow at 2040 in August and 
October 


NDD phytoplankton 
carbon entrainment/DSM2 


Tables 5E.1-77 Table 6C.1-25 Similar 


Juvenile/subadult habitat 
extent/CalSim 


Tables 5E.1-78 and 5E.1-
79 


Tables 6C.1-26 and 
6C.1-27 


Generally similar, but with 
greater difference in November 
and December at 2040 for X2 < 
85 km 


Predator abundance 
(silversides)/CalSim 


Tables 5E.1-80 and 5E.1-
81 


Tables 6C.1-31 and 
6C.1-32 


Similar 
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Effect/Method 2040 Results a 2020 Results b Differences 


Cyanobacteria harmful 
algal blooms 


See Impact WQ-14: 
Effects on Cyanobacteria 
Harmful Algal Blooms 
Resulting from Facility 
Operations and 
Maintenance in 
Appendix 9L, Water 
Quality 2040 Analysis, of 
the Delta Conveyance 
Project Final 
Environmental Impact 
Report (Department of 
Water Resources 2023)  


See Appendix 6B Similar 


Selenium Quantitative analysis not 
undertaken but would 
remain well within 
toxicity thresholds based 
on 2020 results (relative 
magnitude of different 
selenium sources does 
not change appreciably 
from 2020 to 2040) 


See Appendix 6B  Similar (results would remain 
well below toxicity thresholds) 


km = kilometers; NDD = north Delta diversions. 
a Results for 2040 are provided in this appendix.  
b Results for 2020 are provided in Appendix 6B, Water Quality, and Appendix 6C, Operations and Maintenance Effects 
Analysis for Delta Smelt, Longfin Smelt, and Terrestrial Species.  


Table 5E.1-60. Percentage of Sacramento River Flow Diverted by the North Delta Diversions, 
March–June 


Percentile Proposed Action 


Minimum 0% 


10% 0% 


20% 0% 


30% 0% 


40% 0% 


50% 5% 


60% 8% 


70% 11% 


80% 13% 


90% 18% 


Maximum 23% 


Minimum 0% 


10% 0% 


20% 0% 


30% 0% 


40% 0% 


50% 0% 


60% 0% 
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Percentile Proposed Action 


70% 0% 


80% 0% 


90% 3% 


Maximum 16% 


Minimum 0% 


10% 0% 


20% 0% 


30% 0% 


40% 0% 


50% 0% 


60% 0% 


70% 0% 


80% 0% 


90% 3% 


Maximum 21% 


Minimum 0% 


10% 0% 


20% 0% 


30% 0% 


40% 0% 


50% 0% 


60% 0% 


70% 0% 


80% 0% 


90% 0% 


Maximum 10% 


Table 5E.1-61. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, 
December 


Water Year Type EC Proposed Action 


Wet -4,705 -4,674 (1%) 


Above normal -5,831 -5,788 (1%) 


Below normal -5,639 -5,565 (1%) 


Dry -5,442 -5,267 (3%) 


Critically dry -3,775 -3,818 (-1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 
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Table 5E.1-62. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, 
January 


Water Year Type EC Proposed Action 


Wet -2,779 -2,673 (4%) 


Above normal -4,029 -4,010 (0%) 


Below normal -4,362 -4,362 (0%) 


Dry -4,776 -4,759 (0%) 


Critically dry -3,752 -3,759 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-63. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, 
February 


Water Year Type EC Proposed Action 


Wet -2,427 -2,111 (13%) 


Above normal -2,797 -3,067 (-10%) 


Below normal -3,864 -3,920 (-1%) 


Dry -4,317 -4,444 (-3%) 


Critically dry -3,477 -3,574 (-3%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-64. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, 
March 


Water Year Type EC Proposed Action 


Wet -805 -245 (70%) 


Above normal -2,620 -2,487 (5%) 


Below normal -3,016 -3,006 (0%) 


Dry -2,423 -2,619 (-8%) 


Critically dry -2,800 -2,780 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-65. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, April 


Water Year Type EC Proposed Action 


Wet -529 -188 (65%) 


Above normal -1,164 -1,142 (2%) 


Below normal -1,510 -1,443 (4%) 


Dry -1,124 -1,126 (0%) 


Critically dry -753 -849 (-13%) 
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Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-66. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, May 


Water Year Type EC Proposed Action 


Wet -769 -876 (-14%) 


Above normal -1,360 -1,384 (-2%) 


Below normal -880 -899 (-2%) 


Dry -750 -714 (5%) 


Critically dry -941 -962 (-2%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-67. Mean Old and Middle River Flow (cubic feet per second) by Water Year Type, June 


Water Year Type EC Proposed Action 


Wet -4,301 -4,396 (-2%) 


Above normal -4,766 -4,761 (0%) 


Below normal -4,537 -4,491 (1%) 


Dry -3,753 -3,372 (10%) 


Critically dry -1,648 -1,539 (7%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-68. Entrainment of Particles at the South Delta Export Facilities and North Bay 
Aqueduct from DSM2 Particle Tracking Modeling, Weighted by Delta Smelt Larval/Early Juvenile 
Distribution 


Water Year Type EC Proposed Action 


March 


Wet 4.20 4.17 (-1%) 


Above normal 0.62 0.62 (1%) 


Below normal 12.82 12.89 (1%) 


Dry 12.50 14.13 (13%) 


Critically dry 13.19 13.17 (0%) 


April 


Wet 2.87 2.77 (-4%) 


Above normal 5.74 5.74 (0%) 


Below normal 5.96 6.19 (4%) 


Dry 6.28 6.26 (0%) 


Critically dry 4.72 5.21 (10%) 
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Water Year Type EC Proposed Action 


May  


Wet 6.10 7.30 (20%) 


Above normal 4.27 4.31 (1%) 


Below normal 4.21 4.26 (1%) 


Dry 3.96 3.74 (-6%) 


Critically dry 7.46 7.53 (1%) 


June 


Wet 16.45 16.83 (2%) 


Above normal 18.85 18.83 (0%) 


Below normal 23.61 23.40 (-1%) 


Dry 20.41 18.65 (-9%) 


Critically dry 10.07 9.54 (-5%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-69. Entrainment of Particles at North Bay Aqueduct from DSM2 Particle Tracking 
Modeling, Weighted by Delta Smelt Larval/Early Juvenile Distribution 


Water Year Type EC Proposed Action 


March 


Wet 0.02 0.02 (20%) 


Above normal 0.08 0.07 (-5%) 


Below normal 0.08 0.09 (12%) 


Dry 0.04 0.04 (3%) 


Critically dry 0.04 0.04 (-3%) 


April 


Wet 0.00 0.00 (3%) 


Above normal 0.00 0.00 (51%) 


Below normal 0.04 0.04 (-2%) 


Dry 0.05 0.05 (4%) 


Critically dry 0.03 0.03 (2%) 


May 


Wet 0.14 0.14 (0%) 


Above normal 0.21 0.20 (-2%) 


Below normal 0.21 0.21 (0%) 


Dry 0.14 0.14 (-1%) 


Critically dry 0.09 0.09 (0%) 


June 


Wet 0.22 0.21 (-3%) 


Above normal 0.22 0.24 (9%) 


Below normal 0.19 0.19 (1%) 


Dry 0.19 0.19 (2%) 


Critically dry 0.14 0.14 (0%) 
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Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-70. Mean Annual Percentage of Suspended Sediment in the Sacramento River at 
Freeport Entrained by the North Delta Diversions by Water Year Type and Total Percentage 
Entrained over Full CalSim Modeling Period (Water Years 1922–2015) 


Water Year Type Proposed Action 


Wet 3% 


Above normal 7% 


Below normal 7% 


Dry 6% 


Critically dry 4% 


Total 5% 


 


Table 5E.1-71. Mean Eurytemora affinis Density (adults per cubic meter) in the Low Salinity Zone 
by Water Year Type 


Water Year Type EC Proposed Action 


Wet 154 153 (-1%) 


Above normal 137 136 (-1%) 


Below normal 113 110 (-3%) 


Dry 101 97 (-4%) 


Critically dry 76 74 (-3%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. Results are not predictions of actual values. 


EC = existing conditions. 


Table 5E.1-72. Mean Delta Outflow (cubic feet per second) by Water Year Type, June 


Water Year Type EC Proposed Action 


Wet 11,628 11,523 (-1%) 


Above normal 10,093 10,109 (0%) 


Below normal 6,390 6,385 (0%) 


Dry 6,100 6,081 (0%) 


Critically dry 5,671 5,724 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-73. Mean Delta Outflow (cubic feet per second) by Water Year Type, July 


Water Year Type EC Proposed Action 


Wet 7,933 7,956 (0%) 


Above normal 7,048 7,067 (0%) 
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Water Year Type EC Proposed Action 


Below normal 5,312 5,314 (0%) 


Dry 4,258 4,166 (-2%) 


Critically dry 3,348 3,345 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-74. Mean Delta Outflow (cubic feet per second) by Water Year Type, August 


Water Year Type EC Proposed Action 


Wet 4,991 4,977 (0%) 


Above normal 5,588 5,597 (0%) 


Below normal 3,284 3,215 (-2%) 


Dry 3,576 3,688 (3%) 


Critically dry 3,022 3,044 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-75. Mean Delta Outflow (cubic feet per second) by Water Year Type, September 


Water Year Type EC Proposed Action 


Wet 11,500 11,468 (0%) 


Above normal 11,791 11,757 (0%) 


Below normal 2,699 2,396 (-11%) 


Dry 2,200 2,205 (0%) 


Critically dry 2,347 2,347 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-76. Mean Delta Outflow (cubic feet per second) by Water Year Type, October 


Water Year Type EC Proposed Action 


Wet 7,379 6,971 (-6%) 


Above normal 7,735 7,522 (-3%) 


Below normal 5,865 5,824 (-1%) 


Dry 5,365 5,330 (-1%) 


Critically dry 4,120 4,089 (-1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 
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Table 5E.1-77. Percentage of Years with Positive QWEST Flow, July–October 


Month EC Proposed Action 


July 55% 62% (12%) 


August 51% 41% (-19%) 


September 64% 69% (8%) 


October 78% 72% (-7%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions 
(these are percentage point differences as opposed to absolute percentage differences).  


EC = existing conditions. 


Table 5E.1-78. Estimated 5th, 50th, and 95th Percentile Entrainment of Phytoplankton Carbon at 
the North Delta Diversions Based on Minimum and Maximum Delta Phytoplankton Carbon Stock 
Size 


Month 


Min. Stock 
Size: 5th 


Percentile 
Entrainment 


Min. Stock 
Size: 50th 
Percentile 


Entrainment 


Min. Stock 
Size: 95th 
Percentile 


Entrainment 


Max. Stock 
Size: 5th 


Percentile 
Entrainment 


Max. Stock 
Size: 50th 
Percentile 


Entrainment 


Max. Stock 
Size: 95th 
Percentile 


Entrainment 


January 0.0% 0.7% 4.1% 0.0% 0.3% 1.8% 


February 0.0% 0.5% 3.1% 0.0% 0.3% 1.7% 


March 0.0% 0.3% 2.6% 0.0% 0.1% 1.2% 


April 0.0% 0.0% 1.3% 0.0% 0.0% 0.4% 


May 0.0% 0.0% 0.7% 0.0% 0.0% 0.1% 


June 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 


July 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 


August 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 


September 0.0% 0.0% 0.7% 0.0% 0.0% 0.2% 


October 0.0% 0.0% 1.1% 0.0% 0.0% 0.3% 


November 0.0% 0.0% 1.9% 0.0% 0.0% 0.7% 


December 0.0% 1.3% 8.1% 0.0% 0.2% 1.5% 


Notes: Max. and min. stock size = maximum and minimum stock size based on multiplying observed maximum and 
minimum phytoplankton carbon density at Antioch by the volume of the Delta. Entrainment percentiles represent 
the range of entrainment based on modeled north Delta intake diversion rates (Appendix 5D, Bay-Delta Methods and 
Results, Section 5D.12, Phytoplankton Carbon Entrainment by North Delta Diversions). 


Table 5E.1-79. Percentage of Years with X2 Less than 85 km (Low Salinity Zone within Honker Bay), 
June–December  


Month EC Proposed Action 


June 90% 89% (-1%) 


July 49% 50% (2%) 


August 37% 38% (3%) 


September 45% 45% (0%) 


October 48% 47% (-2%) 


November 22% 19% (-14%) 


December 54% 50% (-8%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions 
(these are percentage point differences as opposed to absolute percentage differences).  
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EC = existing conditions; km = kilometers. 


Table 5E.1-80. Mean September–November X2 By Water Year Type 


Water Year Type EC Proposed Action 


Wet 80.6 80.8 (0.2) 


Above normal 82.0 82.2 (0.1) 


Below normal 89.8 90.3 (0.5) 


Dry 92.7 92.8 (0.1) 


Critically dry 93.5 93.6 (0.0) 


Notes: Values in parentheses indicate differences of the proposed action compared to existing conditions.  


EC = existing conditions. 


Table 5E.1-81. Mean South Delta Exports (cubic feet per second) by Water Year Type, March–May 


Water Year Type EC Proposed Action 


Wet 6,555 6,270 (-4%) 


Above normal 5,094 5,046 (-1%) 


Below normal 3,656 3,636 (-1%) 


Dry 2,666 2,727 (2%) 


Critically dry 2,466 2,502 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-82. Mean Delta Inflow (cubic feet per second) by Water Year Type, June–September 


Water Year Type EC Proposed Action 


Wet 20,731 20,634 (0%) 


Above normal 18,384 18,398 (0%) 


Below normal 14,269 14,243 (0%) 


Dry 11,472 11,501 (0%) 


Critically dry 9,719 9,645 (-1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The Sacramento River flow term in the Delta inflow calculation is 
downstream of the north Delta diversions. 


EC = existing conditions. 


5E.1.8 Effects of Operations and Maintenance of Water 
Conveyance Facilities on Longfin Smelt 


The effects of operations and maintenance of water conveyance facilities on longfin smelt are 


described in Operations and Maintenance Effects on Longfin Smelt, in Section 6C.2.1.1. The impact 


mechanisms at 2040 remain the same as at 2020. Table 5E.1-83 summarizes quantitative analyses 


and differences between 2040 (i.e., existing conditions vs. the proposed action) and 2020 (i.e., 


existing conditions vs. the proposed action). 
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Table 5E.1-83. Summary of Longfin Smelt Quantitative Analyses and Differences at 2040 Relative to 
2020 


Effect/Method 2040 Results a 2020 Results b Differences 


Larval 
entrainment/DSM2-
PTM 


Tables 5E.1-83, 
5E.1-84 


Tables 6C.2-35 and 
6C.2-36 


Similar (although there are some differences 
more than a few percentage points, existing 
assumed regulatory entrainment restrictions 
would occur, and absolute percentage would 
remain low) 


Larval entry into south 
Delta/DSM2-PTM 


Tables 5E.1-87 
and 5E.1-88 


Tables I and 6C.2-
38 


Generally similar (although there are some 
differences more than a few percentage 
points, existing assumed regulatory 
entrainment restrictions would occur, and 
absolute percentage would remain low) 


Larval passage past 
Chipps Island/DSM2-
PTM 


Tables 5E.1-89 
and 5E.1-90 


Tables 6C.2-39 and 
6C.2-40 


Similar 


Juvenile south Delta 
entrainment/OMR-
salvage regression 


Table 5E.1-91 Table 6C.2-41  Similar 


Eurytemora affinis food 
availability/X2-
abundance regression 


Table 5E.1-70 Table 6C.1-14 Generally similar (marginally greater negative 
difference in dry years at 2040) 


Delta outflow-
abundance/Delta 
outflow-abundance 
index method 


Figures 5E.1-5; 
Tables 5E.1-92 
and 5E.1-93 


Figure 6C.2-2; 
Tables 6C.2-42 and 
6C.2-43 


Generally similar 


a Results for 2040 are provided in this appendix. 
b Results for 2020 are provided in Appendix 5D, Bay-Delta Methods and Results, and Appendix 6C, Operations and 
Maintenance Effects Analysis for Delta Smelt, Longfin Smelt, and Terrestrial Species. 


 


Table 5E.1-84. Entrainment of Neutrally Buoyant Particles at the South Delta Export Facilities and 
North Bay Aqueduct from DSM2 Particle Tracking Modeling, Weighted by Longfin Smelt Larval 
Distribution 


Water Year Type EC Proposed Action 


January  


Wet 1.33 1.43 (7%) 


Above normal 1.81 1.93 (7%) 


Below normal 4.91 5.20 (6%) 


Dry 7.01 7.48 (7%) 


Critically dry 6.22 6.55 (5%) 


February  


Wet 0.83 0.84 (2%) 


Above normal 1.45 1.53 (6%) 


Below normal 2.37 2.54 (7%) 


Dry 3.15 3.58 (14%) 


Critically dry 3.38 3.56 (6%) 


March 
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Water Year Type EC Proposed Action 


Wet 0.62 0.60 (-4%) 


Above normal 0.71 0.71 (-1%) 


Below normal 1.56 1.64 (5%) 


Dry 1.40 1.62 (16%) 


Critically dry 2.15 2.19 (2%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-85. Entrainment of Neutrally Buoyant Particles at the North Bay Aqueduct from DSM2 
Particle Tracking Modeling, Weighted by Longfin Smelt Larval Distribution 


Water Year Type EC Proposed Action 


January 


Wet 0.35 0.35 (0%) 


Above normal 0.39 0.41 (5%) 


Below normal 0.38 0.39 (3%) 


Dry 0.47 0.49 (3%) 


Critically dry 0.22 0.23 (3%) 


February 


Wet 0.33 0.33 (0%) 


Above normal 0.36 0.38 (6%) 


Below normal 0.34 0.34 (1%) 


Dry 0.27 0.27 (2%) 


Critically dry 0.14 0.15 (7%) 


March 


Wet 0.17 0.17 (0%) 


Above normal 0.17 0.16 (-4%) 


Below normal 0.19 0.20 (4%) 


Dry 0.19 0.20 (5%) 


Critically dry 0.16 0.16 (0%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-86. Entrainment of Surface-Oriented Particles at the South Delta Export Facilities from 
DSM2 Particle Tracking Modeling, Weighted by Longfin Smelt Larval Distribution 


Water Year Type EC Proposed Action 


January  


Wet 1.48 1.58 (7%) 


Above normal 1.98 2.14 (8%) 


Below normal 5.57 5.92 (6%) 


Dry 7.93 8.44 (6%) 
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Water Year Type EC Proposed Action 


Critically dry 7.15 7.54 (5%) 


February  


Wet 0.91 0.92 (2%) 


Above normal 1.62 1.71 (6%) 


Below normal 2.70 2.90 (7%) 


Dry 3.57 4.09 (15%) 


Critically dry 3.97 4.25 (7%) 


March 


Wet 0.69 0.67 (-4%) 


Above normal 0.79 0.80 (2%) 


Below normal 1.83 1.93 (5%) 


Dry 1.65 1.93 (17%) 


Critically dry 2.64 2.68 (1%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-87. Entrainment of Surface-Oriented Particles at the North Bay Aqueduct from DSM2 
Particle Tracking Modeling, Weighted by Longfin Smelt Larval Distribution   


Water Year Type EC Proposed Action 


January 


Wet 0.35 0.35 (1%) 


Above normal 0.40 0.39 (-4%) 


Below normal 0.38 0.39 (2%) 


Dry 0.47 0.49 (4%) 


Critically dry 0.22 0.22 (-1%) 


February 


Wet 0.33 0.33 (1%) 


Above normal 0.36 0.37 (0%) 


Below normal 0.33 0.34 (1%) 


Dry 0.25 0.27 (6%) 


Critically dry 0.13 0.14 (6%) 


March 


Wet 0.16 0.16 (3%) 


Above normal 0.16 0.15 (-1%) 


Below normal 0.18 0.18 (3%) 


Dry 0.18 0.19 (5%) 


Critically dry 0.15 0.15 (3%) 


Notes: Percentage values in parentheses indicate differences of proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 
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Table 5E.1-88. South Delta Flux of Neutrally Buoyant Particles from DSM2 Particle Tracking 
Modeling, Weighted by Longfin Smelt Larval Distribution   


Water Year Type EC Proposed Action 


January  


Wet -0.46 -0.37 (21%) 


Above normal 0.01 0.15 (1081%) 


Below normal 3.27 3.59 (10%) 


Dry 5.44 5.95 (10%) 


Critically dry 5.05 5.41 (7%) 


February  


Wet -1.01 -0.99 (2%) 


Above normal -0.35 -0.26 (25%) 


Below normal 0.69 0.89 (30%) 


Dry 1.52 2.01 (32%) 


Critically dry 2.10 2.34 (11%) 


March 


Wet -1.22 -1.24 (-2%) 


Above normal -1.10 -1.11 (0%) 


Below normal -0.04 0.07 (254%) 


Dry -0.13 0.16 (226%) 


Critically dry 1.20 1.26 (5%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-89. South Delta Flux of Surface-Oriented Particles from DSM2 Particle Tracking 
Modeling, Weighted by Longfin Smelt Larval Distribution 


Water Year Type EC Proposed Action 


January  


Wet -0.31 -0.21 (35%) 


Above normal 0.20 0.36 (85%) 


Below normal 3.93 4.30 (9%) 


Dry 6.34 6.90 (9%) 


Critically dry 5.97 6.42 (7%) 


February  


Wet -0.93 -0.91 (2%) 


Above normal -0.19 -0.09 (50%) 


Below normal 1.03 1.27 (22%) 


Dry 1.94 2.53 (30%) 


Critically dry 2.74 3.06 (11%) 


March  


Wet -1.15 -1.17 (-2%) 


Above normal -1.02 -1.00 (2%) 
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Water Year Type EC Proposed Action 


Below normal 0.23 0.38 (67%) 


Dry 0.17 0.50 (197%) 


Critically dry 1.79 1.85 (3%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-90. Passage Past Chipps Island of Neutrally Buoyant Particles from DSM2 Particle 
Tracking Modeling, Weighted by Longfin Smelt Larval Distribution 


Water Year Type EC Proposed Action 


January  


Wet 47.35 47.24 (0%) 


Above normal 45.23 44.97 (-1%) 


Below normal 39.11 38.25 (-2%) 


Dry 34.51 33.67 (-2%) 


Critically dry 31.12 30.26 (-3%) 


February  


Wet 47.95 47.92 (0%) 


Above normal 47.36 47.27 (0%) 


Below normal 44.10 43.37 (-2%) 


Dry 41.70 40.89 (-2%) 


Critically dry 37.25 35.81 (-4%) 


March 


Wet 47.69 47.69 (0%) 


Above normal 47.04 47.08 (0%) 


Below normal 45.73 45.26 (-1%) 


Dry 45.07 44.61 (-1%) 


Critically dry 39.67 38.84 (-2%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-91. Passage Past Chipps Island of Surface-Oriented Particles from DSM2 Particle 
Tracking Modeling, Weighted by Longfin Smelt Larval Distribution 


Water Year Type EC Proposed Action 


January  


Wet 48.02 47.87 (0%) 


Above normal 45.79 45.51 (-1%) 


Below normal 39.09 38.18 (-2%) 


Dry 34.25 33.34 (-3%) 


Critically dry 30.90 29.90 (-3%) 


February  
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Water Year Type EC Proposed Action 


Wet 48.77 48.72 (0%) 


Above normal 48.02 47.92 (0%) 


Below normal 44.41 43.67 (-2%) 


Dry 41.87 40.99 (-2%) 


Critically dry 37.22 35.73 (-4%) 


March  


Wet 48.55 48.55 (0%) 


Above normal 47.96 47.95 (0%) 


Below normal 46.17 45.65 (-1%) 


Dry 45.44 44.92 (-1%) 


Critically dry 39.90 39.04 (-2%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent.  


EC = existing conditions. 


Table 5E.1-92. Mean Juvenile Longfin Smelt April–May Salvage at the South Delta Export Facilities 
by Water Year Type, as Estimated by the Regression Including Mean Old and Middle River Flows 


Water Year Type EC Proposed Action 


Wet 2,233 2,076 (-7%) 


Above normal 2,579 2,511 (-3%) 


Below normal 2,624 2,610 (-1%) 


Dry 2,371 2,310 (-3%) 


Critically dry 1,541 1,546 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. Results are not future predictions. 


EC = existing conditions. 
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Notes: Alt = alternative; Alt 5 = proposed action; NPA = No Project Alternative (existing conditions). 


Figure 5E.1-7. Time Series Plots of Predicted Longfin Smelt Fall Midwater Trawl Index from Application 
of the Delta Outflow-Abundance Index Method 
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Table 5E.1-93. Predicted Mean Longfin Smelt Fall Midwater Trawl Index Averaged by Water Year 
Type, Based on Delta Outflow-Abundance Index Method 


Water Year Type EC Proposed Action 


Wet 559 530 (-5%) 


Above normal 161 147 (-9%) 


Below normal 72 67 (-7%) 


Dry 72 66 (-8%) 


Critically dry 46 44 (-5%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. Table only includes mean responses and does not consider model 
uncertainty. Results are not future predictions.  
EC = existing conditions. 


Table 5E.1-94. Probability of Longfin Smelt Fall Midwater Trawl Index Smaller than Existing 
Conditions Averaged by Water Year Type, Based on Delta Outflow-Abundance Index Method 


Water Year Type Proposed Action 


Wet 0.560 


Above normal 0.580 


Below normal 0.559 


Dry 0.559 


Critically dry 0.538 


Note: Probability of 0.500 indicates equal probability of fall midwater trawl index being smaller or larger than 
existing conditions. 


5E.1.9 Effects of Operations and Maintenance of Water 
Conveyance Facilities on Southern DPS Green Sturgeon 


The effects of operations and maintenance of water conveyance facilities on green sturgeon are 


described in Appendix 5C, Section 5C.11, Effects of Operations and Maintenance of Water Conveyance 


Facilities on Southern DPS Green Sturgeon. The impact mechanisms at 2040 remain the same as at 


2020. Table 5E.1-95 summarizes quantitative analyses and differences between 2040 (i.e., existing 


conditions vs. the proposed action) and 2020 (i.e., existing conditions vs. the proposed action). 


Table 5E.1-95. Summary of Green Sturgeon Quantitative Analyses and Differences at 2040 Relative 
to 2020 


Effect/Method 2040 Results a 2020 Results b Differences 


South Delta entrainment/Salvage-
density method 


Tables 5E.1-95 and 5E.1-
96 


Tables 5C.11-2 and 
5C.11-3 


Similar 


a Results for 2040 are provided in this appendix.  
b Results for 2020 are provided in Appendix 5C, Operations and Maintenance Effects Analysis for Chinook Salmon, 
California Central Valley Steelhead, Green Sturgeon, and Killer Whale. 







California Department of Water Resources 


  
Fish and Aquatic Resources Year 2040 Analysis 


 


 


Delta Conveyance Project, Biological Assessment 
5E-74 


May 2024 
ICF 103653.0.003 


 


Table 5E.1-96. Salvage of Green Sturgeon at SWP Banks Pumping Plant, Averaged by Water Year 
Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 1 1 (-13%) 


Above normal N/A (-4%) 


Below normal 1 1 (0%) 


Dry 0 0 (0%) 


Critically dry 0 0 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. 
EC = existing conditions; N/A = not applicable; SWP = State Water Project. 


Table 5E.1-97. Salvage of Green Sturgeon at CVP Jones Pumping Plant, Averaged by Water Year 
Type, Based on the Salvage-Density Method 


Water Year Type EC Proposed Action 


Wet 4 4 (-1%) 


Above normal N/A (0%) 


Below normal 0 0 (0%) 


Dry 0 0 (0%) 


Critically dry 0 0 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to existing conditions. 
Absolute and percentage values are rounded; as a result, differences between absolutes and differences between 
percentages may not always appear consistent. The analysis was based on historical salvage data during 2009–2019, 
which did not include any above normal water years; results for above normal years focus only on relative difference 
in exports based on salvage-density patterns from wet years. 
CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


Table 5E.1-98. Salvage of Green Sturgeon at SWP Banks Pumping Plant, Averaged by Water Year 
Type and Month, Based on the Salvage-Density Method 


Water Year Type Month EC Proposed Action 


Wet Jan 0 0 (0%) 


Wet Feb 0 0 (0%) 


Wet Mar 1 1 (-13%) 


Wet Apr 0 0 (0%) 


Wet May 0 0 (0%) 


Wet Jun 0 0 (0%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 0 0 (0%) 


Above normal Jan N/A (0%) 


Above normal Feb N/A (0%) 
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Water Year Type Month EC Proposed Action 


Above normal Mar N/A (-4%) 


Above normal Apr N/A (0%) 


Above normal May N/A (0%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (0%) 


Below normal Jan 1 1 (0%) 


Below normal Feb 0 0 (0%) 


Below normal Mar 0 0 (0%) 


Below normal Apr 0 0 (0%) 


Below normal May 0 0 (0%) 


Below normal Jun 0 0 (0%) 


Below normal Jul 0 0 (0%) 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 0 0 (0%) 


Dry Jan 0 0 (0%) 


Dry Feb 0 0 (0%) 


Dry Mar 0 0 (0%) 


Dry Apr 0 0 (0%) 


Dry May 0 0 (0%) 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 0 0 (0%) 


Critically dry Jan 0 0 (0%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 0 0 (0%) 


Critically dry Apr 0 0 (0%) 


Critically dry May 0 0 (0%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 
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Water Year Type Month EC Proposed Action 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 0 0 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to the existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. The analysis was based on historical salvage data during 
2009–2019, which did not include any above normal water years; results for above normal years focus only on 
relative difference in exports based on salvage-density patterns from wet years. Results are not future predictions. 


EC = existing conditions; N/A = not applicable; SWP = State Water Project. 


Table 5E.1-99. Salvage of Green Sturgeon at CVP Jones Pumping Plant, Averaged by Water Year 
Type and Month, Based on the Salvage-Density Method 


Water Year Type Month EC Proposed Action 


Wet Jan 0 0 (0%) 


Wet Feb 0 0 (0%) 


Wet Mar 0 0 (0%) 


Wet Apr 0 0 (0%) 


Wet May 0 0 (0%) 


Wet Jun 4 4 (-1%) 


Wet Jul 0 0 (0%) 


Wet Aug 0 0 (0%) 


Wet Sep 0 0 (0%) 


Wet Oct 0 0 (0%) 


Wet Nov 0 0 (0%) 


Wet Dec 0 0 (0%) 


Above normal Jan N/A (0%) 


Above normal Feb N/A (0%) 


Above normal Mar N/A (0%) 


Above normal Apr N/A (0%) 


Above normal May N/A (0%) 


Above normal Jun N/A (0%) 


Above normal Jul N/A (0%) 


Above normal Aug N/A (0%) 


Above normal Sep N/A (0%) 


Above normal Oct N/A (0%) 


Above normal Nov N/A (0%) 


Above normal Dec N/A (0%) 


Below normal Jan 0 0 (0%) 


Below normal Feb 0 0 (0%) 


Below normal Mar 0 0 (0%) 


Below normal Apr 0 0 (0%) 


Below normal May 0 0 (0%) 


Below normal Jun 0 0 (0%) 


Below normal Jul 0 0 (0%) 
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Water Year Type Month EC Proposed Action 


Below normal Aug 0 0 (0%) 


Below normal Sep 0 0 (0%) 


Below normal Oct 0 0 (0%) 


Below normal Nov 0 0 (0%) 


Below normal Dec 0 0 (0%) 


Dry Jan 0 0 (0%) 


Dry Feb 0 0 (0%) 


Dry Mar 0 0 (0%) 


Dry Apr 0 0 (0%) 


Dry May 0 0 (0%) 


Dry Jun 0 0 (0%) 


Dry Jul 0 0 (0%) 


Dry Aug 0 0 (0%) 


Dry Sep 0 0 (0%) 


Dry Oct 0 0 (0%) 


Dry Nov 0 0 (0%) 


Dry Dec 0 0 (0%) 


Critically dry Jan 0 0 (0%) 


Critically dry Feb 0 0 (0%) 


Critically dry Mar 0 0 (0%) 


Critically dry Apr 0 0 (0%) 


Critically dry May 0 0 (0%) 


Critically dry Jun 0 0 (0%) 


Critically dry Jul 0 0 (0%) 


Critically dry Aug 0 0 (0%) 


Critically dry Sep 0 0 (0%) 


Critically dry Oct 0 0 (0%) 


Critically dry Nov 0 0 (0%) 


Critically dry Dec 0 0 (0%) 


Notes: Percentage values in parentheses indicate differences of the proposed action compared to the existing 
conditions. Absolute and percentage values are rounded; as a result, differences between absolutes and differences 
between percentages may not always appear consistent. The analysis was based on historical salvage data during 
2009–2019, which did not include any above normal water years; results for above normal years focus only on 
relative difference in exports based on salvage-density patterns from wet years. Results are not future predictions. 


CVP = Central Valley Project; EC = existing conditions; N/A = not applicable. 


5E.1.10 Effects on Southern Resident Killer Whale and Southern 
Resident DPS Killer Whale Critical Habitat  


The effects of operations and maintenance of water conveyance facilities on southern resident killer 


whale are described in Appendix 5C, Section 5C.13, Effects on Southern Resident Killer Whale and 


Southern Resident DPS Killer Whale Critical Habitat. As described therein, Chinook salmon form the 


primary diet of southern resident killer whales, with a portion of this diet from Central Valley 


salmon. Refer to the Chinook salmon summaries in this appendix describe generally similar 


magnitude of differences between the proposed action and existing conditions as discussed in 
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Chapter 5. As such the proposed action at 2040 relative to the existing conditions would have 


generally similar effects on southern resident killer whales as at 2020 relative to existing conditions. 
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Chapter 1 
Introduction 


1.1 Purpose of this Document  
As required by the by Section 7 of the federal Endangered Species Act (ESA) and its implementing 


regulations (50 Code of Federal Regulations [CFR] § 402 et seq.), federal agencies must ensure their 


actions are not likely to jeopardize the continued existence of endangered or threatened species or 


to adversely modify or destroy their designated critical habitat through consultation with the 


National Marine Fisheries Service (NMFS) and/or the U.S. Fish and Wildlife Service (USFWS). Per the 


requirements of Section 7(b)(3) of ESA, at the conclusion of consultation, NMFS and/or USFWS 


provide an opinion stating how the agency’s actions would affect listed species and their critical 


habitats.  


This Biological Assessment (BA), prepared consistent with the ESA, evaluates the potential effects of 


the proposed Delta Conveyance Project (proposed action) on listed and proposed species and 


designated and proposed critical habitat. Through informal consultation (50 CFR §§ 402.02, 402.13) 


with USFWS and NMFS, this document was developed by the U.S. Army Corps of Engineers (USACE) 


and the nonfederal agency applicant, the California Department of Water Resources (DWR), in 


collaboration with the California Department of Fish and Wildlife (CDFW). Through informal 


consultation, decisions were made regarding the species addressed, the methods used to assess 


effects on those species, and measures considered to ensure that effects are minimized. As a result of 


the informal consultation, the proposed action avoids and minimizes potential effects on listed 


species and supports the analyses needed to enable NMFS and USFWS to develop their biological 


opinions. The names and contact information for the responsible parties are presented in Table 1.1-


1. 


This BA presents USACE’s assessment of construction, and construction-related maintenance effects 


of all the proposed action facilities within USACE’s jurisdiction to threatened, endangered, and 


proposed species and the critical habitat that has been designated or proposed for them. This BA 


also includes, as an appendix, a programmatic discussion of the future proposed actions related to 


operations to inform the agencies’ jeopardy analysis (Appendix 7A, Framework for Programmatic 


Assessment for the Delta Conveyance Project and Sites Reservoir Project). As described below in 


Section 1.7, Consultation Approach, effects from project operations on listed and proposed species 


will be evaluated in the U.S. Bureau of Reclamation (Reclamation) 2021 Consultation on the Long-


Term Operation of the Central Valley Project and State Water Project Biological Assessment (Bureau of 


Reclamation 2023). It is important to note, this BA is not requesting a permit for existing south Delta 


operations, including CVP, which would be covered under other permitting processes. 
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Table 1.1-1. Responsible Parties, Respective Role, and Contact Information  


Agency  Role  Contact Information 


U.S. Army Corps 
of Engineers 


Lead Federal Agency and 
Action Agency for 
Construction 


Leah Fisher, Regulatory Division, Special Projects 
Branch, U.S. Army Corps of Engineers, Sacramento 
District, 1325 J Street, Room 1350, Sacramento, CA 
95814.  
leah.m.fisher@usace.army.mil 


California 
Department of 
Water Resources  


Applicant  Gardner Jones, Delta Conveyance Office, CA 
Department of Water Resources, 1416 9th Street 
Sacramento, CA 95814  
(916) 612-6593. gardner.jones@water.ca.gov  


1.2 Applicant  
USACE is the lead federal action agency for the ESA Section 7 consultation for all of the proposed 


action activities within USACE’s jurisdiction. USACE is considering the issuance of permits to DWR 


for the proposed action pursuant to Rivers and Harbors Act Sections 10 and 14 (33 United States 


Code (USC) § 408), and Clean Water Act Section 404. DWR is proposing the construction and 


operation of new facilities, including new points of diversion. These proposed new facilities would 


work in conjunction with and modify the existing State Water Project (SWP). The modifications to 


and operation of the SWP would continue to be coordinated with the Central Valley Project (CVP) 


and are not within USACE jurisdiction.  


DWR, as owner and operator of the SWP, is the entity undertaking all activities related to the 


proposed action, including construction and operation of the proposed new intakes, the conveyance 


tunnel, and associated structures. Because the action alternatives would alter federal levees and 


cross under a federal navigation project, permission from USACE is required under Section 141 of 


the Rivers and Harbors Act (33 USC § 408) (Section 408). In addition, the proposed work in 


navigable waters and discharge of dredged or fill material into waters of the United States requires 


authorization from USACE under Section 10 of the Rivers and Harbors Act (33 USC § 403) and 


Section 404 of the Clean Water Act (33 USC § 1344). DWR is the requester under Section 408 and 


DWR is the applicant under Sections 10 and 404. 


1.3 Brief Description of the Proposed Action 
In the Sacramento–San Joaquin Delta Reform Act of 2009 (Delta Reform Act), the California State 


Legislature recognized a linkage between ecosystem decline in the Sacramento–San Joaquin Delta 


(Delta) and reduced reliability of water exported from the Delta to millions of Californians and acres 


of productive farmland. Accordingly, it adopted the coequal goals for the Delta “of providing a more 


reliable water supply for California and protecting, restoring, and enhancing the Delta ecosystem” 


(California Public Resources Code [Pub. Resources Code] § 29702(a)), acknowledging that providing 


a more reliable water supply involves “new … Delta conveyance facilities.”  


 
1 This requirement was established in Section 14 of the Rivers and Harbors Act of 1899, which has since been 
amended several times and is codified at 33 USC § 408 (Section 408).  



mailto:gardner.jones@water.ca.gov
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When the Delta Reform Act was enacted in 2009, planning was underway on the Bay Delta 


Conservation Plan (BDCP), an ambitious habitat conservation plan/natural community conservation 


plan that included new Delta conveyance among a host of conservation measures. In 2015, DWR 


announced it would consider and study a set of non-conservation plan conveyance-only alternatives 


to the BDCP, including the California WaterFix. DWR subsequently approved the California 


WaterFix. In 2019, however, newly elected Governor Gavin Newsom announced that he did not 


support California WaterFix, which had two main tunnels, but did support a single-tunnel project.  


On April 29, 2019, Governor Newsom signed Executive Order N-10-19, directing the California 


Natural Resources Agency, California Environmental Protection Agency, and California Department 


of Food and Agriculture to develop a comprehensive strategy to build a climate-resilient water 


system and ensure healthy waterways through the twenty-first century. After a public input period, 


Governor Newsom released the California Water Resilience Portfolio on July 28, 2020 (California 


Natural Resources Agency et al. 2020). The California Water Resilience Portfolio identifies a suite of 


complementary actions to ensure safe and resilient water supplies, flood protection, and healthy 


waterways for the state’s communities, economy, and environment. One of the projects identified in 


the portfolio is new diversion and conveyance facilities in the Delta to safeguard the SWP, referred 


to herein as the proposed action. DWR initiated the environmental planning process for a single-


tunnel option to modernize Delta conveyance.  


DWR’s fundamental purpose in proposing to develop new diversion and conveyance facilities in the 


Delta is to restore and protect the reliability of SWP water deliveries south of the Delta, consistent 


with the California Water Resilience Portfolio (California Natural Resources Agency et al. 2020) in a 


cost-effective manner. This purpose gives rise to several related objectives of the Delta Conveyance 


Project. 


• Climate resiliency. Addresses anticipated sea level rise and other reasonably foreseeable 


consequences of climate change and extreme weather events. 


• Seismic resiliency. Minimizes health and safety risk to public from earthquake-caused 


reductions in water delivery quality and quantity from the SWP. 


• Water supply reliability. Restores and protects ability of the SWP to deliver water in 


compliance with regulatory limits and SWP contractual agreements.  


• Operational resiliency. Provides operational flexibility to improve aquatic conditions and 


manage future regulatory constraints. 


The proposed action would involve the construction and operation of new SWP water conveyance 


facilities in the Delta that would be operated to meet the objectives stated above. The proposed 


action also includes maintenance of new diversion and conveyance facilities. The proposed action 


would include a new Bethany Reservoir Pumping Plant and Surge Basin to the south of Clifton Court 


Forebay, and the new Bethany Reservoir Aqueduct that would convey flows to a new Bethany 


Reservoir Discharge Structure on the shore of Bethany Reservoir. The aqueduct would consist of 


four pipelines including tunneled segments under the existing CVP C. W. “Bill” Jones Pumping Plant 


discharge pipelines and existing conservation easements adjacent to Bethany Reservoir. Collectively, 


these facilities are called the Bethany Complex.  


Two new intake facilities located in the north Delta along the Sacramento River would convey up to 


6,000 cubic feet per second of water from the north Delta via a tunnel that starts at the intakes, 


passes under various Delta islands and tracts (e.g. Lower Roberts Island), and terminates at the 
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Bethany Complex. The proposed Bethany Complex would be located south of Clifton Court Forebay 


and would include the Bethany Reservoir Pumping Plant, Surge Basin, Aqueduct, and a tunnel that 


conveys flows to a new Bethany Reservoir Discharge Structure on the shore of the reservoir. Intake 


components would include cylindrical tee fish screens, intake structures, sedimentation basins, 


sediment drying lagoons, flow control structures, tunnel inlet, and other inlet structures. The 


proposed action also includes proposed interconnection facilities for Contra Costa Water District 


(CCWD). The new interconnection facility will include a pump station, a water conveyance pipeline, 


and an interconnection valve that together would supply water to CCWD’s existing Middle River 


Pipeline.  


The BA analyzes the proposed action against the environmental baseline. This includes analysis 


related to intake facilities on the Sacramento River, tunnel reaches and tunnel shafts, and Bethany 


Complex facilities that would connect to the existing SWP infrastructure. For more details on the 


proposed action, refer to Chapter 3, Description of the Proposed Action.  


1.4 Relationship to Existing Biological Opinions 
This BA is being submitted with a request for initiation of formal consultation that is expected to 


result in a biological opinion that would apply to the proposed action, including all construction-


related activities of new facilities described in Chapter 3 as analyzed in this BA.  


Reclamation has reinitiated consultation on the 2019 Biological Opinions (BiOps) on the 


coordinated long-term operation of the CVP and SWP. The Delta Conveyance Project will be 


consistent with the existing regulations and/or any new future requirements, as a result of the 


reinitiation process described above.  


1.4.1 NMFS 2019 Biological Opinion on the Coordinated 
Operations of the CVP and SWP 


On October 21, 2019, NMFS completed a biological opinion and incidental take statement (National 


Marine Fisheries Service 2019) in accordance with Section 7(a)(2) and 7(b) of the statute (16 USC § 


1536), associated implementing regulations (50 CFR § 402), and agency policy and guidance (84 FR 


44976). The NMFS 2019 BiOp evaluated the impact of CVP and SWP operations on the following 


federally listed species: Sacramento River winter-run Chinook salmon (Oncorhynchus tshawytscha), 


Central Valley spring-run Chinook salmon (Oncorhynchus tshawytscha), California Central Valley 


steelhead (Oncorhynchus mykiss), Southern Distinct Population Segment (DPS) of North American 


green sturgeon (Acipenser medirostris), and Southern Resident DPS of killer whale (Orcinus orca).  


As part of the development of the NMFS 2019 BiOp, NMFS documented impacts from the proposed 


operations and worked with Reclamation to modify their proposed operations to minimize and 


offset those impacts. NMFS undertook two independent scientific peer reviews. Ultimately, NMFS 


concluded that Reclamation’s proposed operations will not jeopardize threatened or endangered 


species or adversely modify their designated critical habitat.  
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1.4.2 USFWS 2019 Biological Opinion on the Coordinated 
Operations of the CVP and SWP 


On October 21, 2019, USFWS completed a biological opinion and incidental take statement (U.S. Fish 


and Wildlife Service 2019) in accordance with Section 7(a)(2) and 7(b) of the statute (16 USC § 


1536) and associated implementing regulations (50 CFR § 402). USFWS evaluated the impact of CVP 


and SWP water operations on species listed as threatened or endangered including delta smelt and 


15 terrestrial species.  


As part of the development of the USFWS 2019 BiOp, USFWS documented impacts from the 


proposed operations and worked with Reclamation to modify their proposed operations to 


minimize and offset those impacts. USFWS undertook two independent scientific peer reviews. 


Ultimately, USFWS concluded that Reclamation’s proposed operations will not jeopardize 


threatened or endangered species or adversely modify their designated critical habitat.  


1.5 Essential Fish Habitat Assessment  
Section 305(b) of the Magnuson-Stevens Fishery Conservation and Management Act (MSA) as 


amended by the Sustainable Fisheries Act of 1996 (Public Law 104-267), requires federal agencies 


to consult with NMFS on activities that may adversely affect Essential Fish Habitat (EFH) for species 


that are managed under federal fishery management plans for waters of the United States, Section 3 


of the MSA defines EFH as “those waters and substrate necessary to fish for spawning, breeding, 


feeding, or growth to maturity” (16 USC § 1802). These waters include aquatic areas and their 


associated physical, chemical, and biological habitat features necessary to support the entire life 


cycle of the species in question, and may include areas historically used by these species. Adverse 


effect means any impact that reduces the quality or quantity of EFH, and may include direct or 


indirect physical, chemical, or biological alteration of the waters or substrate and loss of (or injury 


to) benthic organisms, prey species and their habitat, and other ecosystem components. The 


detailed EFH analysis associated with the proposed action is in Appendix 5A, Essential Fish Habitat 


Assessment.  


1.6 Species Considered 
Pursuant to the interagency consultation requirements of Section 7 of the ESA, this BA has been 


prepared to assess the effects of the proposed action construction activities on all listed species and 


designated critical habitat designated under the ESA within the action area. Determination of which 


listed species should be included in this BA was based on review of Geographical Information 


System (GIS) distributional maps and water operations modeling, field visits, literature reviews, best 


professional judgment by qualified biologists, and discussions with federal and state agencies. 


Species lists were generated on January 6, 2022, by the USFWS’ Bay-Delta Fish and Wildlife Office 


and on January 6, 2022, by the USFWS’ Sacramento Fish and Wildlife Office (Appendix 1A, USFWS 


Official Species List). On March 1, 2024, NMFS confirmed the list of species under NMFS jurisdiction 


in an email. The species addressed in this BA have been derived from the species lists provided by 


USFWS and NMFS. Species considered for inclusion in this BA include all species on the USFWS and 


NMFS species lists and additional species with potential to occur in the action area. Reasons for not 


including species for further evaluation in the BA include: species’ range does not overlap the action 
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area, neither suitable habitat nor known occurrences overlap with the action area, or occurrences 


have not been detected in the action area.  


1.6.1 Species Addressed in This Biological Assessment 


Table 1.6-1 identifies the listed species that may be affected by the proposed action, listing status 


(threatened or endangered), status of designated critical habitat in the action area, and which 


federal agency (USFWS or NMFS) retains jurisdiction and responsibility under Section 7 of the ESA. 


Throughout this document, the term listed species is used to refer to the threatened or endangered 


species shown in Table 1.6-1 or to the federally listed species’ critical habitat and is not intended to 


include any other species listed under the ESA.  


Additionally, in compliance with the MSA, this BA also includes analysis and background 


information related to the Central Valley fall-run and late fall–run Chinook salmon. This is in part 


because the Central Valley fall-run Chinook salmon are an important food source for Southern 


Resident killer whale.  


1.6.2 Species Considered but Not Addressed Further 


In addition to the species shown in Table 1.6-1, a number of listed species and their critical habitat 


were considered for inclusion in this BA because initial review indicated they could occur in the 


action area; however, based on analysis of the Delta Conveyance Project, USACE and DWR have 


determined that the proposed action would not affect (i.e., would have no effect on) these listed 


species or designated critical habitat (Table 1.6-2). The rationale for that determination is provided 


in Table 1.6-2. 
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Table 1.6-1. Listed Species Addressed in This Biological Assessment 


Common Name Scientific Name Status Status of Critical Habitat Jurisdiction Effects Determination 


Chinook salmon, Sacramento 
River winter-run ESU 


Oncorhynchus 
tshawytscha 


Endangered Designated critical habitat 
in action area 


NMFS Species: May affect, likely 
to adversely affect 


Critical Habitat: Likely to 
adversely affect 


Chinook salmon, Central Valley 
spring-run ESU 


Oncorhynchus 
tshawytscha 


Threatened Designated critical habitat 
in action area 


NMFS Species: May affect, likely 
to adversely affect 


Critical Habitat: Likely to 
adversely affect 


Chinook salmon, Central Valley 
fall-run ESU a 


Oncorhynchus 
tshawytscha 


Species of 
Concern 


Not designated NMFS Species: Not Applicable 


Critical Habitat: Not 
proposed 


Chinook salmon, Central Valley 
late fall–run ESU a 


Oncorhynchus 
tshawytscha 


Species of 
Concern  


Not designated NMFS Species: Not Applicable 


Critical Habitat: Not 
proposed 


Steelhead, California Central 
Valley DPS 


Oncorhynchus mykiss Threatened Designated critical habitat 
in action area 


NMFS Species: May affect, likely 
to adversely affect 


Critical Habitat: Likely to 
adversely affect 


Green sturgeon, Southern DPS Acipenser medirostris Threatened Designated critical habitat 
in action area 


NMFS Species: May affect, likely 
to adversely affect 


Critical Habitat: Likely to 
adversely affect 


Killer whale, Southern Resident 
DPS 


Orcinus orca Endangered Designated critical habitat 
not in action area 


NMFS Species: May affect, not 
likely to adversely affect 


Critical Habitat: Not likely 
to adversely affect 


Delta smelt Hypomesus transpacificus Threatened Designated critical habitat 
in action area 


USFWS Species: May affect, likely 
to adversely affect 


Critical Habitat: Likely to 
adversely affect 
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Common Name Scientific Name Status Status of Critical Habitat Jurisdiction Effects Determination 


Longfin smelt Spirinchus thaleichthys Proposed 
Endangered 
and Candidate 


Not designated  USFWS Species: May affect, likely 
to adversely affect 


Critical Habitat: Not 
designated 


San Joaquin kit fox Vulpes macrotis mutica Endangered Not designated USFWS Species: May affect, likely 
to adversely affect 
Critical Habitat: Not 
designated 


California least tern Sternula antillarum 
browni 


Endangered Not designated USFWS Species: May affect, not 
likely to adversely affect 


Critical Habitat: Not 
designated 


Least Bell’s vireo Vireo bellii pusillus Endangered Designated critical habitat 
not in action area 


USFWS Species: May affect, likely 
to adversely affect 


Critical Habitat: No effect 


Western yellow-billed cuckoo Coccyzus americanus 
occidentalis 


Threatened Designated critical habitat 
not in action area 


USFWS Species: May affect, likely 
to adversely affect 


Critical Habitat: No effect 


California red-legged frog Rana draytonii Threatened Designated critical habitat 
in action area 


USFWS Species: May affect, likely 
to adversely affect 


Critical Habitat: Likely to 
adversely to affect 


California tiger salamander Ambystoma californiense Threatened Designated critical habitat 
not in action area 


USFWS Species: May affect, likely 
to adversely affect 


Critical Habitat: No effect 


Giant garter snake Thamnophis gigas Threatened Not designated USFWS Species: May affect, likely 
to adversely affect 


Critical Habitat: Not 
designated 


Delta green ground beetle Elaphrus viridis Threatened Designated critical habitat 
in action area 


USFWS Species: May affect, likely 
to adversely affect  


Critical Habitat: No effect 
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Common Name Scientific Name Status Status of Critical Habitat Jurisdiction Effects Determination 


Valley elderberry longhorn 
beetle 


Desmocerus californicus 
dimorphus 


Threatened Designated critical habitat 
not in action area 


USFWS Species: May affect, likely 
to adversely affect 


Critical Habitat: No effect 


Vernal pool fairy shrimp Branchinecta lynchi Threatened Designated critical habitat 
in action area 


USFWS Species: May affect, likely 
to adversely affect 


Critical Habitat: Likely to 
adversely affect 


Vernal pool tadpole shrimp Lepidurus packardi Endangered Designated critical habitat 
not in action area 


USFWS Species: May affect, likely 
to adversely affect 


Critical Habitat: No effect 


Colusa grass Neostapfia colusana Threatened Designated critical habitat 
not in action area 


USFWS Species: May affect, likely 
to adversely affect 


Critical Habitat: No effect 


Solano grass Tuctoria mucronata Endangered Designated critical habitat 
not in action area 


USFWS Species: May affect, likely 
to adversely affect 


Critical Habitat: No effect 


Northwestern pond turtle Actinemys marmorata Proposed 
Threatened b 


Not proposed USFWS Species: Not Applicable 


Critical Habitat: Not 
proposed 


Western spadefoot Spea hammondii Proposed 
Threatened b 


Not proposed USFWS Species: Not Applicable 


Critical Habitat: Not 
proposed 


DPS = distinct population segment; ESA = federal Endangered Species Act; ESU = evolutionarily significant unit; NMFS = National Marine Fisheries Service; USFWS = U.S. 
Fish and Wildlife Service.  
a Included for Essential Fish Habitat analysis associated with the Magnuson-Stevens Fishery Conservation and Management Act.  
b This species is proposed for listing under the federal ESA and as such is evaluated in this BA to support the USFWS conference opinion. The conference opinion does not 
make a determination regarding adverse effect, but only a finding as it relates to jeopardy (which is under the purview of USFWS) and therefore is not discussed here. 
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Table 1.6-2. Species Considered but Not Addressed Further Because of “No Effect” Determinations 


Common Name Scientific Name ESA Status Potential for Effect 
Potential to Affect Critical 
Habitat Jurisdiction 


Steelhead, Central California 
Coast DPS 


Oncorhynchus mykiss Threatened The species’ range does not overlap 
the action area. 


Designated critical habitat 
not in action area 


NMFS 


Coho salmon, Southern 
Oregon/Northern California 
Coast ESU 


Orncorhynchus 
kisutch 


Threatened The species’ range does not overlap 
the action area. 


Designated critical habitat 
not in action area 


NMFS 


Lange’s metalmark butterfly Apodemia mormo 
langei 


Endangered The species’ range does not overlap 
the action area. 


Designated critical habitat 
not in action area 


USFWS 


Conservancy fairy shrimp Branchinecta 
conservatio 


Endangered Suitable habitat and known 
occurrences overlap with the west-
central part of the action area, at the 
terminus of Lindsay Slough in the 
Cache Slough Complex, near the 
Jepson Prairie Reserve. However, 
this location is more than 13 miles 
from the nearest project feature.  


Designated critical habitat 
not in action area 


USFWS 


Longhorn fairy shrimp Branchinecta 
longiantenna 


Endangered In this region, the species is only 
known to occur in sandstone 
outcrop pools (U.S. Fish and Wildlife 
Service 2006; 2012) and that 
habitat type is not known to occur 
within the action area. In addition, 
there are no known occurrences 
within the action area.  


Designated critical habitat 
not in action area 


USFWS 


San Bruno elfin butterfly Callophrys mossii 
bayensis 


Endangered The species’ range does not overlap 
the action area. 


Proposed critical habitat not 
in action area 


USFWS 


Alameda whipsnake Masticophis lateralis 
euryxanthus 


Threatened The species’ range does not overlap 
the action area. 


Designated critical habitat 
not in action area 


USFWS 


Western snowy plover Charadrius 
alexandrinus nivosus 


Threatened The species’ range does not overlap 
the action area. 


Critical habitat not 
designated 


USFWS 


Riparian woodrat Neotoma fuscipes 
riparia 


Endangered The species’ range does not overlap 
the action area. 


Critical habitat not 
designated 


USFWS 
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Common Name Scientific Name ESA Status Potential for Effect 
Potential to Affect Critical 
Habitat Jurisdiction 


Large-flowered fiddleneck Amsinckia 
grandiflora 


Endangered The species’ range does not overlap 
the action area. 


Designated critical habitat 
not in action area 


USFWS 


Succulent (fleshy) owl’s 
clover 


Castilleja campestris 
ssp. succulenta 


Threatened The species’ range does not overlap 
the action area. 


Designated critical habitat 
not in action area 


USFWS 


Palmate-bracted bird’s-beak Chloropyron 
palmatum 


Endangered The species’ range does not overlap 
the action area. 


Critical habitat not 
designated 


USFWS 


Contra Costa wallflower Erysimum capitatum 
var. angustatum 


Endangered The species’ range does not overlap 
the action area. 


Designated critical habitat 
not in action area 


USFWS 


Contra Costa goldfields Lasthenia conjugens Endangered The species’ range abuts the action 
area north of Bethany Reservoir; 
however, there are no recorded 
occurrences that would be affected 
by the project.  


Designated critical habitat 
overlaps with the action area 
but occurs more than 1,400 
feet from the project 
footprint  


USFWS 


Antioch Dunes evening-
primrose 


Oenothera deltoides 
subsp. howellii 


Endangered Species’ range does not overlap with 
the action area. 


Designated critical habitat 
not in action area 


USFWS 


Keck’s checkerbloom Sidalcea keckii Endangered Species’ range does not overlap with 
the action area. 


Designated critical habitat 
not in action area  


USFWS 


Riparian brush rabbit Syvilagus bachmani 
riparius 


Endangered Extirpated from most of its historic 
range and now restricted to Caswell 
Memorial State Park on the 
Stanislaus River, at the confluence 
with the San Joaquin River, and an 
adjacent portion of an overflow 
channel and Paradise Cut, Tom 
Paine Slough, and channels of the 
San Joaquin River. Species’ current 
range does not overlap with the 
action area. No potential for effect to 
species and habitat from proposed 
action. 


Critical habitat not 
designated 


USFWS 
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Common Name Scientific Name ESA Status Potential for Effect 
Potential to Affect Critical 
Habitat Jurisdiction 


California condor Gymnogyps 
californianus 


Endangered Condors can fly long distances in 
search of food and are known to fly 
250 miles a day in search of food 
(U.S. Fish and Wildlife Service 
2023a). Based on condor GPS data 
from 2021 to 2023, six birds from 
the Central California flock flew 
within 5 miles of the action area. Of 
these, one condor flew within the 
action area. GPS data indicates that 
there was no perching, landing, or 
roosting activity from this bird 
(Joseph Brandt pers. comm 2024). 
The action area does not support 
suitable nesting habitat for condors 
and there are no known breeding 
occurrences within the action area 
(U.S. Fish and Wildlife Service 
2023b, 2013; California Department 
of Fish and Wildlife 2024). The 
nearest condor nest is greater than 
50 miles away (Joseph Brandt pers. 
comm 2024). Because condors are 
not present on the ground in the 
action area and flyover presence is 
“infrequent” (Joseph Brandt pers. 
comm 2024), there is no potential 
for effect.  


Designated critical habitat 
not in action area  


USFWS 


Monarch butterfly Danaus plexippus Candidate  There is limited potential for effects 
on the species. There is no 
overwintering habitat in the action 
area and proposed action would not 
result in a population-level effect 
because these activities would not 
result in a measurable decrease in 
the availability of host plants used 
for breeding, foraging, or roosting, 


Critical habitat not 
designated 


USFWS 
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Common Name Scientific Name ESA Status Potential for Effect 
Potential to Affect Critical 
Habitat Jurisdiction 


or impede movement in the action 
area. The conservation measures 
would avoid and minimize effects 
on foraging and breeding habitat 
and individuals, and the CMP would 
offset any habitat loss. a 


DPS = distinct population segment; ESU = evolutionarily significant unit; NMFS = National Marine Fisheries Service; USFWS = U.S. Fish and Wildlife Service.  
a DWR will evaluate the effects to monarch butterfly when the species is proposed for listing either as a revision to this document or an amendment to the BA. 
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1.7 Consultation Approach 
In 2015, the USFWS and NMFS promulgated an addition to the regulations on Interagency 


Cooperation (50 CFR 402) that is relevant to this consultation. The regulation added a “mixed 


programmatic action” for the purpose of issuing an Incidental Take Statement for take 


authorization. The regulation also approves “a framework for the development of future action(s) 


that are authorized, funded, or carried out at a later time, and any take of a listed species would not 


occur unless and until those future action(s) are authorized, funded, or carried out and subject to 


further Section 7 consultation” (50 CFR § 402.2). 


This distinction allows for an Incidental Take Statement to be issued for those parts of the proposed 


action that are specific enough that USFWS and NMFS can meet the regulatory burden of reasonable 


certainty. Where that degree of certainty is not met, USFWS and NMFS may analyze the future action 


to determine whether jeopardy of a listed species or destruction or adverse modification of 


designated critical habitat is likely to result from the entirety of the proposed action and make an 


overall conclusion for the listed species and designated critical habitat. Once sufficient detail is 


available for future actions, subsequent targeted Section 7 consultation on these actions will be 


initiated. 


The proposed action includes site-specific construction and construction related maintenance. 


Future actions, related to operations, will be subject to subsequent Section 7 consultation. Chapter 3, 


Section 3.2, Conveyance Facility Construction, describes the various construction components of the 


proposed action for this consultation. Chapter 3, Section 3.3, Intake Operations and Maintenance, and 


Section 3.4, Real-Time Operational Decision-Making Process, include aspects of the proposed action 


that will be considered programmatic. Sections 3.3 and 3.4 are included to provide important details 


related to the proposed action. 


USACE is requesting ESA section 7 consultation under this BA for construction of all proposed 


facilities and facility-related maintenance associated with initial construction and/or maintenance 


of any USACE authorized structure or fill, including any potential impacts associated with the 


conservation measures (details in Chapter 3, Section 3.6, Conservation Measures). Operations related 


to the Delta Conveyance Project are discussed programmatically in the project description (Section 


3.15) of Reclamation’s 2021 Consultation on the Long-Term Operation of the Central Valley Project 


and State Water Project Biological Assessment (Appendix 7A; Bureau of Reclamation 2023). As part 


of this process, Reclamation is providing a programmatic assessment of Delta Conveyance Project 


operations in the context of the updated 2021 LTO BA Proposed Action (Appendix 7A) consultation, 


including coordinated operations of the SWP and CVP, the Delta Conveyance Project, and other 


projects consistent with its authorizations under law, including but not limited to the Central Valley 


Project Improvement Act of 1992 (PL 102-575, Title 34) and the Water Infrastructure 


Improvements for the Nation Act of 2016 (PL 114–322). Table 1.7-1 summarizes components of the 


mixed programmatic approach to be considered for Incidental Take coverage and for programmatic 


consultation.  


To support the assessment of the project as a whole, this BA includes a summary of Delta 


Conveyance Project proposed operations. Operations and maintenance of the proposed action are 


assessed at a programmatic level for this BA; detailed effects analyses, as well as the qualitative, 


cumulative, and programmatic analyses that they inform, are presented in Appendix 5C, Operations 
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and Maintenance Effects Analysis for Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and 


Killer Whale, and Appendix 6C Operations and Maintenance Effects Analysis for Delta Smelt, Longfin 


Smelt, and Terrestrial Species. Operational criteria, as described in Chapter 3 along with the rationale 


for its inclusion, reflect a reasonable representation of likely operations and decision making once 


the facilities are constructed, were developed based on best available information, and support the 


quantitative analysis consistent with the Delta Conveyance Project Final Environmental Impact 


Report (Final EIR) (California Department of Water Resources 2023). Additionally, this BA presents 


the information contained in the California Endangered Species Act (CESA) Incidental Take 


Application, which reflects further refinement of project operations. In addition to updated 


information to support future project-specific consultation for operations of Delta Conveyance 


Project, Guiding Principles have also been developed to avoid, minimize, and offset adverse effects of 


proposed operations to listed species and critical habitat (Section 3.15.8 of Appendix 7A; Bureau of 


Reclamation 2023). Collectively, this information is sufficient to support programmatic review of the 


proposed action.  


Table 1.7-1. Components of the Mixed Programmatic Approach 


Activity 
Standard 


Consultation 


Framework 
Programmatic 
Consultation 


Preconstruction (field investigations) X  


Construction (north Delta intakes, tunnels, tunnel shaft sites, RTM 
sites, Bethany Complex, access roads, electrical facilities, SCADA 
facilities, fencing and lighting, park-and-ride lots, land 
reclamation, Contra Costa Water District settlement related 
facilities, and other construction support facilities) 


X  


Construction monitoring and on-site, post-construction 
mitigation and restoration under the proposed action 


X  


Near-term baseline studies a X  


Post-construction (mitigation and restoration sites [e.g., Bouldin 
Island mitigation and restoration activities]) 


X  


Project operations  X 


Monitoring, mitigation, and restoration associated with 
operations of new facilities developed under the proposed action 


 X 


Long-term studies and monitoring associated with construction, 
mitigation, and operations activities 


 X 


Maintenance activities anticipated to occur during the 
construction phase of the proposed action 


X  


Maintenance activities anticipated to occur post-construction, 
during the operations phase of the proposed action  


 X 


Real-time operational decision making and adaptive management 
related to new facilities constructed under the proposed action 


 X 


Creation and enhancement at initial mitigation sites Bouldin 
Island and the Interstate 5 ponds 


X  


Tidal restoration and channel margin enhancement mitigation 
sites 


 X 


a Select baseline studies may be evaluated at project specific level based on ongoing coordination with the federal 
agencies  
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Chapter 2 
Consultation History 


2.1 Consultation History 
The California State Water Project (SWP) is a major inter-basin water storage and delivery system 


that diverts and rediverts water from the southern portion of the Sacramento–San Joaquin Delta 


(Delta). The SWP has a complex history of consultation under the Endangered Species Act (ESA) of 


1973, as amended (16 United States Code § 1531 et seq.). The history of ESA Section 7 consultation 


on long-term operations of the SWP began in the early 1990s. The most recent Biological Opinions 


(BiOps) on the long-term operation of the Central Valley Project (CVP) and the SWP were issued by 


the U.S. Fish and Wildlife Service (USFWS) and National Marine Fisheries Service (NMFS) on October 


21, 2019. Details related to the consultation history are hereby incorporated by reference from page 


15, Consultation History, of the 2019 USFWS BiOp and from Section 1.4, Consultation History, of the 


2019 NMFS BiOp (U.S. Fish and Wildlife Service 2019; National Marine Fisheries Service 2019).  


Details of the Delta Conveyance Project (proposed action) are presented in Chapter 3, Description of 


the Proposed Action. 


This Biological Assessment (BA) has been prepared by the U.S. Army Corps of Engineers (USACE) to 


initiate an interagency consultation consistent with ESA Section 7. USACE is the lead federal agency 


for this consultation. Details of the consultation approach are located in Chapter 1, Introduction, 


Section 1.7, Consultation Approach. 


Table 2.1-1. Chronology of Endangered Species Act Consultation for the Proposed Action 


Date Action 


2016 U.S. Bureau of Reclamation (Reclamation), with DWR as the applicant, 
requested reinitiation of ESA Section 7 consultation with USFWS and NMFS on 
the coordinated tong-term operation of the Central Valley Project (CVP) and 
State Water Project (SWP) based on new information related to multiple years 
of drought, recent data on low delta smelt populations and extremely low 
salmonid population levels for the endangered winter-run Chinook salmon, 
and new available relevant information. 


2019 Reclamation transmitted a Final Biological Assessment (BA) to U.S. Fish and 
Wildlife Service (USFWS) and National Marine Fisheries Service (NMFS) for 
reinitiation of consultation on the long-term operation of the CVP and SWP. 


October 21, 2019 NMFS issued a Biological Opinion (BiOp) with a finding of non-jeopardy for 
winter-run Chinook salmon, spring-run Chinook salmon, Central Valley 
steelhead, green sturgeon, and Southern Resident killer whale and no adverse 
modification to their designated critical habitat and provided reasonable and 
prudent measures to minimize incidental take. 


October 21, 2019 USFWS issued a BiOp with a finding of non-jeopardy for delta smelt and all 
terrestrial species evaluated and no adverse modification to their designated 
critical habitat and provided reasonable and prudent measures to minimize 
incidental take. 


January 15, 2020 California Department of Water Resources (DWR) issued a Notice of 
Preparation of an Environmental Impact Report for the Delta Conveyance 
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Date Action 


Project. Pursuant to the California Environmental Quality Act (CEQA), DWR 
initiated the preparation of an Environmental Impact Report (EIR) for the 
Delta Conveyance Project in the Sacramento–San Joaquin Delta in California. 
DWR is the lead agency under CEQA. 


February 19, 2020 Record of Decision related to the Reinitiation of Consultation on the 
Coordinated Long-Term Modified Operations of the CVP and SWP was signed. 
The corresponding draft Environmental Impact Statement (EIS) was released 
by Reclamation on July 12, 2019, and the Final EIS was released on December 
19, 2019. 


August 20, 2020 U.S. Army Corps of Engineers (USACE) issued a Notice of Intent to Prepare an 
EIS for construction of the Delta Conveyance Project. Proposed facility 
locations include Sacramento, San Joaquin, Contra Costa, and Alameda 
Counties in California (85 Federal Register 51420 [Aug. 20, 2020]). 


March 10, 2021 A Cooperating Agency Agreement between USACE, Sacramento District and 
NMFS for the Delta Conveyance Project EIS was signed and issued. The 
Cooperating Agency Agreement is related to the preparation of an EIS under 
the National Environmental Policy Act (NEPA) to evaluate the effects of the 
Delta Conveyance Project on the quality of the human environment. 


April 16, 2021 A Cooperating Agency Agreement between USACE, Sacramento District and 
the U.S. Environmental Protection Agency for the Delta Conveyance Project 
EIS was signed and issued. The Cooperating Agency Agreement is related to 
the preparation of an EIS under NEPA to evaluate the effects of the Delta 
Conveyance Project on the quality of the human environment. 


September 30, 2021 Reclamation requested to reinitiate consultation on the Long-Term Operation 
of the CVP and SWP under Section 7 of the ESA, due to anticipated 
modifications to the previous Proposed Action that may cause effects on 
federally listed species or designated critical habitat not analyzed in the 
current 2019 BiOps. On November 9, 2023, Reclamation delivered a biological 
assessment to USFWS and NMFS. BiOps are anticipated in 2024.  


June 2020 – April 
2024  


Continuing conversations with applicable federal agencies through informal 
consultation. 


December 16, 2022 – 
March 16, 2023 


Public review of the USACE’s Delta Conveyance Project draft Environmental 
Impact Statement.  


February 2024  USACE and DWR decided to pursue an ESA Section 7 compliance pathway for 
permitting of the proposed construction of water facilities and conservation 
measures associated with the Delta Conveyance Project. 


May 2024 USACE delivers a Delta Conveyance Project BA to NMFS and USFWS for 
consultation. 


2.2 References 
California Department of Water Resources. 2020. Notice of Preparation of Environmental Impact 


Report for the Delta Conveyance Project. January 15. Available: 


https://water.ca.gov/News/Public-Notices/2020/Jan-20/Delta-Conveyance-NOP. Accessed: 


April 20, 2022. 
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U.S. Fish and Wildlife Service. 2019. Biological Opinion for the Reinitiation of Consultation on the 


Coordinated Operations of the Central Valley Project and State Water Project. Service File No. 


08FBTD00-2019-F-0164. Sacramento, CA.  


National Marine Fisheries Service. 2019. Biological Opinion on the Long-Term Operation of the 


Central Valley Project and the State Water Project. Consultation tracking number WCRO-2016-


00069. West Coast Region, Sacramento, CA.  
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Chapter 3 
Description of the Proposed Action 


3.1 Introduction 
The California Department of Water Resources (DWR) has requested approval from the U.S. Army 
Corps of Engineers (USACE) for authorization under Section 141of the Rivers and Harbors Act (33 
United States Code [USC] § 408) (Section 408), Section 10 of the Rivers and Harbors Act (33 USC 
§ 403), and Section 404 of the Clean Water Act (33 USC § 1344) to construct new State Water Project 
(SWP) points of diversion and additional conveyance facilities in the Delta. The existing SWP Delta 
water conveyance facilities include, Harvey O. Banks Pumping Plant (Banks Pumping Plant), the 
John E. Skinner Delta Fish Protective Facility, the Clifton Court Forebay, the Barker Slough Pumping 
Plant, and Suisun Marsh and Bay facilities. The Delta Conveyance Project (proposed action) would 
construct and operate new conveyance facilities in the Delta that would add to the existing SWP 
infrastructure. Two new intake facilities (near the communities of Courtland and Hood) would act as 
new points of diversion in the north Delta along the Sacramento River, and a tunnel and appurtenant 
facilities would convey water to the Bethany Complex. The two new intake facilities would divert up 
to a total of 6,000 cubic feet per second (cfs) of water from the north Delta. The proposed Bethany 
Complex would be south of Clifton Court Forebay and would include a surge basin, pumping plant, 
and aqueduct that conveys flows to a new discharge structure on the shore of Bethany Reservoir. 
The proposed action corresponds with Alternative 5 from the Delta Conveyance Project Final 
Environmental Impact Report (Final EIR). Details on Alternative 5 are located in the Final EIR, 
Chapter 3, Description of the Proposed Project and Alternatives.  


The new intake facilities would provide an alternate location for diversion of water from the north 
Delta2. Intake components would include cylindrical tee fish screens, intake structures, 
sedimentation basins, sediment drying lagoons, flow control structures, tunnel inlet, and other 
structures. The new intake facilities would be operated in coordination with the existing south Delta 
pumping facilities, resulting in a system also known as “dual conveyance” because there would be 
two complementary methods to divert and convey water. The following proposed operational 
criteria of the new facilities, the SWP and Central Valley Project (CVP), are not within USACE 
jurisdiction.  


As discussed in Chapter 1, Introduction, this BA presents an assessment of the effects of the 
construction and maintenance related to construction of the proposed action on threatened and 
endangered species as well as their designated critical habitat. Table 1.7-1 in Chapter 1 summarizes 
components of the mixed programmatic approach to be considered for incidental take coverage and 
for associated consultation. A subsequent BA will be delivered that will amend the operations 
analysis to a project level. To provide a full context of the proposed action, operational components 


 
1 This requirement was established in Section 14 of the Rivers and Harbors Act of 1899, which has since been 
amended several times and is codified at 33 USC Section 408 (Section 408) (U.S. Army Corps of Engineers 2021).  
2 The proposed action does not propose a direct connection to the Central Valley Project (CVP) facilities, including 
the CVP’s C.W. Bill Jones Pumping Plant (Jones Pumping Plant). It should be noted that because of the close 
proximity to the existing SWP facilities, operations at the Jones Pumping Plant is also limited in certain times due to 
the presence of special-status fish species in the south Delta. 
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are included in this chapter’s description of the proposed action and are assessed as part of the 
effects analysis. Proposed operations of the proposed action are described in Appendix 7A, 
Framework Programmatic Assessment for the Delta Conveyance Project and Sites Reservoir Project. 
Proposed operations for the Delta Conveyance Project are included in this BA to support assessment 
of the project as a whole. Operations and maintenance of the proposed action are assessed at a 
programmatic level for this BA; detailed effects analyses, as well as the qualitative, cumulative, 
programmatic analysis that they inform, are presented in Appendix 5C, Operations and Maintenance 
Effects Analysis for Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale, and 
Appendix 6C, Operations and Maintenance Effects Analysis for Delta Smelt, Longfin Smelt, and 
Terrestrial Species. To provide the full scope of the proposed action, this chapter includes details 
related to construction, operations, and maintenance. 


3.1.1 Project Objectives 
DWR’s fundamental purpose in proposing to develop new diversion and conveyance facilities in the 
Sacramento–San Joaquin River Delta (Delta) is to restore and protect the reliability of State Water 
Project (SWP)) water deliveries south of the Delta, consistent with the California Water Resilience 
Portfolio (California Natural Resources Agency et al. 2020) in a cost-effective manner. This purpose 
gives rise to several related objectives of the Delta Conveyance Project: 


• To help address anticipated rising sea levels and other reasonably foreseeable consequences of 
climate change and extreme weather events. 


• To minimize the potential for public health and safety impacts from reduced quantity and 
quality of SWP water deliveries south of the Delta as a result of a major earthquake that could 
cause breaching of Delta levees and the inundation of brackish water into the areas where 
existing SWP and CVP pumping plants operate in the southern Delta.  


• To protect the ability of the SWP to deliver water when hydrologic conditions result in the 
availability of sufficient amounts of water, consistent with the requirements of state and federal 
law, including the California and federal Endangered Species Acts and Delta Reform Act, as well 
as the terms and conditions of water delivery contracts and other existing applicable 
agreements. 


• To provide operational flexibility to improve aquatic conditions in the Delta and better manage 
risks of further regulatory constraints on project operations. 


3.1.2 Project Intake Facilities 
The two new intake facilities would act as new points of diversion in the north Delta along the 
Sacramento River. The two new intake facilities would convey up to a total of 6,000 cfs of water 
from the north Delta. The water would then be conveyed via a single tunnel that would terminate at 
the Bethany Complex. Intake components will include cylindrical tee fish screens, intake structures, 
sedimentation basins, sediment drying lagoons, flow control structures, tunnel inlet, and other inlet 
structures. Additional details are provided in Section 3.2, Conveyance Facility Construction.  


3.1.3 Summary of Proposed Action  
The proposed action includes the construction of Intakes B and C to convey up to a total of 6,000 cfs 
of water from the north Delta. From Intakes B and C, the alignment would then follow route to Twin 
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Cities Complex double launch shaft, New Hope Tract maintenance shaft, Canal Ranch Tract 
maintenance shaft, Terminous Tract reception shaft, King Island maintenance shaft, tunnel under 
Rindge Tract, Lower Roberts Island double launch shaft, Upper Jones Tract maintenance shaft, 
tunnel under Lower Jones Tract, tunnel under Victoria Island, Union Island maintenance shaft, 
tunnel under Coney Island, and Clifton Court Tract to the Bethany Complex’s Surge Basin reception 
shaft. Figures 3.1-1 and 3.1-2 provide, respectively, a map and a schematic diagram depicting the 
alignment and conveyance facilities. Refer to Table 3.1-1 for a summary of the physical 
characteristics. 


The proposed action includes constructing a new Bethany Reservoir Pumping Plant and Surge Basin 
located to the south of Clifton Court Forebay, and a new Bethany Reservoir Aqueduct that conveys 
flows to a new Bethany Reservoir Discharge Structure on the shore of Bethany Reservoir. The 
aqueduct would consist of four pipelines including tunneled segments under the existing CVP C. W. 
“Bill” Jones Pumping Plant (Jones Pumping Plant) discharge pipelines and existing conservation 
easements adjacent to Bethany Reservoir. Collectively, these facilities are called the Bethany 
Complex, described in Section 3.2.6, Bethany Complex. 


The tunnel from the intakes to the Bethany Complex would have an inside diameter of 36 feet and 
outside diameter of 39 feet and extend approximately 45 miles from the intakes to the surge basin at 
the Bethany Reservoir Pumping Plant. The Twin Cities double shaft is used to bore one tunnel north 
to the intake shafts and one south to the Terminous Tract reception shaft. Lower Roberts Island 
would have a double launch shaft, which would allow one tunnel boring machine (TBM) to bore 
north to the Terminous Tract reception shaft and one to bore south toward the final reception shaft 
at the Bethany Reservoir Surge Basin. New shaft pads would be constructed of soil excavated from 
either the shaft site or nearby shaft sites. As examples, excess soil from excavation at the Twin Cities 
Complex would provide soil for the Twin Cities tunnel launch shaft pad and shaft pads at New Hope 
Tract, Canal Ranch Tract, Terminous Tract, and King Island. Similarly, soil from Lower Roberts 
Island would be used to construct Upper Jones Tract and Union Island shaft pads.  


Delivery of tunnel segments, TBM machinery, other soil materials, and equipment would be by road. 
Rail would also be used to deliver tunnel segments to the Lower Roberts Island tunnel launch shaft 
site. For example, all deliveries to the Twin Cities Complex would be by road. Access roads would be 
modified to accommodate large construction vehicles. 


The double launch shaft at Lower Roberts Island would require a shaft site to accommodate a 
double launch shaft with a figure eight configuration, RTM storage area, and corresponding access 
roads. Material excavated on-site would be used to construct the shaft pad. The RTM site would also 
house a rail-served materials depot. Rail access to Lower Roberts Island would be provided from 
existing Union Pacific Railroad or Burlington Northern and Santa Fe Railway tracks located on the 
Port of Stockton. Rail lines would be extended from one of the existing rail facilities in the Port of 
Stockton. Rail access would be extended over a new bridge over Burns Cutoff and continue to the 
tunnel segment storage area near RTM storage area. 


Construction would also include interconnection facilities for Contra Costa Water District (CCWD). 
The facilities would consist of an interconnection pump station with water intake from the Union 
Island maintenance shaft on the main tunnel, and a new 1.6-mile conveyance pipeline that would 
extend from the pump station and connect to the existing CCWD Victoria Island Pipeline just 
downstream of the CCWD’s existing Middle River Intake and Pumping Plant. The interconnection 
pipeline would be installed in a trench with open cut and cover construction along existing 
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roadways and within agricultural fields. The pipeline construction easement would be 100 feet wide 
for the entire length of the trench, including a 30-foot temporary construction easement around the 
70-foot permanent easement. Dewatering may occur along the open trench, with flows collected, 
treated, and reused on-site. The portion of the interconnection pipeline that crosses Victoria Canal 
would be microtunneled. Launch and retrieval pits, approximately 35 feet wide by 50 feet long, 
would be placed within the 100-foot open trench construction easement on Union Island and 
Victoria Island to launch and receive microtunneling equipment. A permanent 70-foot wide 
easement would be maintained along the length of the pipeline in Union Island and Victoria Island. 
Air valves, blow offs, and access manways would be placed along the pipeline within the permanent 
easement. Pumped flow from the new Interconnection Pump Station would convey raw water from  
the Union Island shaft to CCWD’s existing Transfer Pumping Station through the new conveyance 
pipeline and subsequently though CCWD’s existing Victoria Island and Old River Pipelines. During 
periods when CCWD’s existing Middle River and Old River Pumping Plants are in simultaneous 
operation with the Interconnection Pump Station, a maximum combined pumped flow of up to 250 
cfs could be conveyed through the Victoria Island Pipeline and a maximum combined flow of up to 
320 cfs could be conveyed through the Old River Pipeline. For more details on the CCWD facilities, 
refer to the Delta Conveyance Final Draft Engineering Project Report Update Bethany Reservoir 
Alternative, specifically Appendix A-1, Proposed Interconnection Facilities – Contra Costa Water 
District (CCWD) (Delta Conveyance Design and Construction Authority 2023. 


Table 3.1-1. Summary of Distinguishing Physical Characteristics  


Component Description a 
Alignment Bethany Reservoir 
Conveyance capacity 6,000 cubic feet per second 
Number of Intakes  2; Intakes B and C at 3,000 cfs each 
Intake Construction Acres Construction acres: Approximately 480  


Permanent acres: Approximately 250  
Tunnel from Intakes to Bethany Reservoir Pumping Plant 
Diameter  36 feet inside, 39 feet outside 
Length  45 miles 
Number of tunnel shafts 11 b 
Launch shafts diameter 115 feet inside  
Reception and maintenance shafts diameter 70 feet inside 
Surge Basin reception shaft diameter 120 feet inside 
Twin Cities Complex  Construction acres: 586 


Permanent acres: 222 
Lower Roberts Island Double Launch Shaft site Construction acres: 610 


Permanent acres: 300 
Upper Jones Tract Maintenance Shaft c Construction acres: 11 


Permanent acres: 11 
Union Island Maintenance Shaft c Construction acres: 14 


Permanent acres: 14 
Bethany Complex 
Bethany Reservoir Pumping Plant and Surge 
Basin site size (all facilities) 


Construction acres: 213  
Permanent acres: 184 
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Component Description a 
Bethany Reservoir Pumping Plant pad site 1,166 feet wide x 1,260 feet long (approximately 34 


acres) 
Surge basin 815 feet wide x 815 feet long x 35 feet deep, 


approximately 15 acres 
Bethany Reservoir Aqueduct Four 15-foot-diameter parallel below-ground pipelines 


14,900 linear feet each 
Construction acres: 128 acres 
Permanent acres: 68 


Aqueduct tunnels Four 20-foot-diameter parallel tunnels along two reaches 
of the Aqueduct 


Bethany Reservoir Discharge Structure Construction acres: 15 
Permanent acres: 13  


RTM Volumes and Storage 
Twin Cities Complex long-term RTM storage 
(approximate) 


214 acres x 15 feet high 


Lower Roberts Island long-term RTM storage 
(approximate) 


189 acres x 15 feet high 


Bethany Complex  No TBM RTM generated or stored 
Total wet excavated RTM volume (for single 
main tunnel from intakes to Bethany Reservoir 
Surge Basin shaft) 


14.4 million cubic yards  


cfs = cubic feet per second; RTM = reusable tunnel material; TBM = tunnel boring machine. The height of the RTM storage 
stockpiles would decrease as the RTM subsides into the ground over time. 
a Acreage estimates represent the permanent surface footprints of selected facilities. Overall project acreage includes 
some facilities not listed, such as permanent access roads. 
b Number of shafts for the main tunnel from intakes to Bethany Reservoir Surge Basin shaft, counting the double shaft at 
Twin Cities Complex and the double shaft at Lower Roberts Island each as one shaft.  
c These maintenance shafts are included in this table because they are distinctive to the proposed action.  
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Figure 3.1-1. Bethany Reservoir Alignment Map 
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Figure 3.1-2. Bethany Reservoir Project Schematic 


3.1.4 Existing SWP Facilities 
The SWP facilities in the Delta provide for delivery of water supply to areas within and immediately 
adjacent to the Delta, and to regions south of the Delta. The SWP Delta facilities include the Banks 
Pumping Plant, the John E. Skinner Delta Fish Protective Facility, the Clifton Court Forebay, the 
Barker Slough Pumping Plant, Suisun Marsh Facilities, South Delta Temporary Barrier Project, San 
Luis Reservoir, and Feather River Facilities.  


In the project area, the SWP is also operated to enhance flood management, recreational, and to 
provide water consistent with state and federal environmental laws. Within the project area, DWR 
holds contracts with public water agencies in the Feather River Area, North Bay Area, and South Bay 
Area. Water stored in the Oroville facilities provides water supply to the Feather River Service Area 
(i.e., Butte County, Yuba City, and Plumas County Flood Control and Water Conservation District) 
and is diverted through the Delta, along with available water in the Delta, for delivery to north-of-
Delta contractors in Solano and Napa Counties and south-of-Delta SWP long-term water contractors 
(SWP water contractors) in the Bay Area and south beyond project boundaries. 


3.1.5 Existing SWP Water Service Contracts 
DWR has signed long-term contracts with 29 water agencies statewide to deliver water supplies 
developed from the SWP system. These contracts are with both municipal and industrial water users 
and agricultural water users. The contracts specify the charges that will be paid by the water agency 
for both (1) water conservation and (2) conveyance of water. The foundation allocation of water to 
each contractor is based on their respective “Table A” entitlement, which is the maximum amount of 
water that the agency may request from the SWP on an annual basis. DWR allocates Table A water 
as an annual supply made available for scheduled delivery throughout the year. Table A contracts 
total 4,173 thousand acre-feet (TAF), with more than 3 million acre-feet (MAF) for San Joaquin 
Valley and Southern California water users. 


The State of California entered into long-term water supply contracts with water agencies in the 
1960s. Under the contract terms, DWR provides water service to these public agencies from the 
SWP in exchange for payments. Current contracts are set to expire starting in 2035. SWP contract 
extension has been initiated, including the development of CEQA documentation.  


Article 21 of the long-term SWP water supply contracts provides an interruptible water supply 
made available only when certain conditions exist: (1) The SWP share of San Luis Reservoir is 
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physically full or is projected to be physically full; (2) other SWP reservoirs south of the Delta are at 
their storage targets or the conveyance capacity to fill these reservoirs is maximized; (3) the Delta is 
in excess conditions; (4) current Table A demand is being fully met; and (5) Banks Pumping Plant 
has export capacity beyond that which is needed to meet current Table A and other SWP operational 
demands. 


DWR proposes to operate the SWP, with the Delta Conveyance Project, in accordance with contracts 
with senior water rights holders (sometimes referred to as “settlement contractors”) in the Feather 
River Service Area (approximately 983 TAF). 


3.1.6 SWP Settlement Agreements 
DWR has water rights settlement agreements to provide water supplies with entities north of 
Oroville, along the Feather River and Bear River and in the Delta. These agreements provide users 
with water supplies that they were entitled to prior to the construction of the SWP’s Oroville 
Complex. Collectively, these agreements with more than 60 riparian diverters along the Feather, 
Yuba, and Bear rivers provide water for diversion (U.S. Department of Interior 2019). Table 3.1-2 
summarizes the volume under the water rights settlement agreements. This summary text is 
included because of its relevance to the Coordinated Operations Agreement (COA) account and daily 
operations.  


Table 3.1-2. SWP Settlement Agreements 


Location Entity Amount (acre-feet) 
North of Oroville  Andrew Valberde  135 
North of Oroville  Jane Ramelli  800 
North of Oroville  Last Chance Creek Water District  12,000 
Feather River  Garden Highway Mutual Water  18,000 
Feather River  Joint Water Districts Board  620,000 
Feather River  South Feather Water & Power  17,555 
Feather River  Oswald Water District 3,000 
Feather River  Plumas Mutual Water  14,000 
Feather River  Thermalito Irrigation District  8,200 
Feather River  Tudor Mutual Water  5,000 
Feather River  Western Canal/Pacific Gas & Electric (PG&E)  295,000 
Bear River  South Sutter/Camp Far West  4,400 
Delta  Byron-Bethany Irrigation District 50,000 
Delta  East Contra Costa Irrigation District 50,000 
Delta  Solano Co./Fairfield, Vacaville, and Benicia  31,620 


3.1.7 SWP Allocation and Forecasting 
At the beginning of each new water year, there is significant uncertainty as to the hydrologic 
conditions that will exist in the future several months, and hence the water supplies that will be 
allocated by the SWP to its water contractors. In recognition of this, DWR uses a forecasting water 
supply allocation process that is updated monthly, incorporates known conditions in the Central 
Valley watershed to date, and forecasts future hydrologic conditions in a conservative manner to 
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provide an accurate estimate of SWP water supplies that can be delivered to SWP contractors as the 
water year progresses.  


There are many factors considered in the forecast-supply process. Some of these factors are the 
following: 


• Water storage in Lake Oroville (both updated and end-of-water-year (September 30)  


• Water storage in San Luis Reservoir (both updated and end-of-calendar-year)  


• Flood operations constraints at Lake Oroville  


• Snowpack surveys (updated monthly from February through May)  


• Forecasted runoff in the Central Valley (reflects both snowpack and precipitation)  


• Feather River settlement agreement obligations  


• Feather River fishery flows and temperature obligations  


• Anticipated depletions in the Sacramento and Delta basins  


• Anticipated Delta standards and conditions  


• Anticipated CVP operations for joint responsibilities  


• Contractor supply requests and delivery patterns  


Staff from both the Operations Control Office (OCO) and the State Water Project Analysis Office 
(SWPAO) coordinate their efforts to determine the current water supply allocations. OCO primarily 
focuses on runoff/operations models to determine allocations. SWPAO requests updated 
information from the contractors on supply requests and delivery patterns to determine allocations. 
Both OCO and SWPAO staff meet at least once a month with the Director of DWR to make final 
decisions on staff’s proposed allocations. 


The Initial Allocation for SWP Deliveries is made by December 1 of each year with a conservative 
assumption of future precipitation to avoid overallocating water before the hydrologic conditions 
are well defined for the year. As the water year unfolds, Central Valley hydrology and water supply 
delivery estimates are updated using measured and known information and conservative forecasts 
of future hydrology. DWR makes an initial SWP allocation on December 1; water allocations are 
updated monthly and finalized in May or June. Monthly briefings are held with the Director of DWR 
to determine formal approvals of delivery commitments announced by DWR. 


Another water supply consideration is the contractual ability of SWP contractors to “carry over” 
allocated (but undelivered) Table A supplies from the previous year to the next if space is available 
in San Luis Reservoir. The carryover storage is often used to supplement an individual contractor’s 
current year Table A allocations if conditions are dry. Carryover supplies left in San Luis Reservoir 
by SWP contractors can result in higher storage levels in San Luis Reservoir. As SWP pumping fills 
San Luis Reservoir, the contractors are notified to take, or lose, their carryover supplies. Carryover 
water not taken, after notice is given to remove it, then becomes water available for reallocation and 
delivery to all contractors in a given year. 


Article 21 (surplus to Table A) water, which is delivered early in the calendar year, may be 
reclassified as Table A water later in the year depending on final allocations, hydrology, and 
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contractor requests. Reclassification does not affect the amount of water carried over in San Luis 
Reservoir, nor does it alter pumping volumes or schedules. 


3.1.8 Daily Operations 
After the allocations and forecasting process, U.S. Bureau of Reclamation and DWR coordinate their 
operations daily. Some factors Reclamation and DWR consider when coordinating their joint 
operations include required in-Delta flows, Delta outflow, water quality, schedules for the joint-use 
facilities, pumping and wheeling arrangements, and any facility limitations. Both the SWP and CVP 
must meet the flood obligations of individual reservoirs. CVP operations must also consider flows at 
Wilkins Slough and associated pump intake elevations.  


During balanced water conditions, Reclamation and DWR maintain a daily water accounting of CVP 
and SWP obligations. This accounting allows for flexible operations and avoids the need to change 
reservoir releases made several days in advance (due to travel time from the Delta). Therefore, 
adjustments can be made “after the fact,” using actual observed data rather than by prediction for 
the variables of reservoir inflow, storage withdrawals, and in-basin uses. This iterative process of 
observation and adjustment results in a continuous trueing up of the running COA account. If either 
the SWP or CVP is “owed” water (i.e., the project that provided more or exported less than its COA-
defined share), each may request the other to adjust its operations to reduce or eliminate the 
accumulated account within a reasonable time.  


The COA provides the mechanism for determining SWP and CVP responsibility for meeting in-basin 
use, but real-time conditions dictate real-time actions. Conditions in the Delta can change rapidly. 
For example, weather conditions combined with tidal action can quickly affect Delta salinity 
conditions and therefore the Delta outflow required to maintain joint salinity standards under D-
1641.  


Increasing or decreasing SWP or CVP exports can achieve changes to Delta outflow. Imbalances in 
meeting each other’s initial shared obligations are captured by the COA accounting and balanced out 
later.  


When more reaction time is available, reservoir release changes are used to adjust to changing in-
basin conditions. If Reclamation decides the reasonable course of action is to increase upstream 
reservoir releases, the response may be to increase Folsom Reservoir releases first because the 
released water will reach the Delta before flows released from other CVP and SWP reservoirs. 
DWR’s Lake Oroville water releases require about 3 days to reach the Delta, while water released 
from Reclamation’s Shasta Reservoir requires 5 days to travel from Keswick Reservoir to the Delta. 
As water from another reservoir arrives in the Delta, Reclamation can adjust Folsom Reservoir 
releases downward. Alternatively, if sufficient time exists for water to reach the Delta, Reclamation 
may choose to make initial releases from Shasta Reservoir. Each occurrence is evaluated on an 
individual basis, and appropriate action is taken based on multiple factors. Again, the COA 
accounting captures imbalances in meeting each other’s initial shared obligation.  


The duration of balanced water conditions varies from year to year. Balanced conditions never 
occur in some very wet years, while very dry years may have long continuous periods of balanced 
conditions, and still other years may have had several periods of balanced conditions interspersed 
with excess water conditions. Account balances continue from one balanced water condition 
through the excess water condition and into the next balanced water condition. When either the 
SWP or CVP enters into flood control operations, the accounting is zeroed out for that project.  
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Reclamation and DWR staff meet daily to discuss and coordinate CVP and SWP system operations. 
Several items are discussed at this daily meeting, including: 


• Current reservoir conditions  


• Pumping status and current outages (for both the CVP and the SWP and how they are affecting 
combined operations)  


• Upcoming planned outages (CVP and SWP) and what that means for future operations  


• Current reservoir releases and what changes may be planned  


• Current regulatory requirements and compliance status  


• Delta conditions to determine if CVP and SWP pumping make use of all available water  


Reclamation and DWR also coordinate with Hydrosystem Controllers and Area Offices to ensure 
that, if necessary, personnel are available to make the desired changes. Once Reclamation and DWR 
each decide on a plan for that day and complete all coordination, the respective agencies issue 
change orders to implement the decisions, if necessary.  


3.1.9 Central Valley Project 
The CVP, operated by Reclamation, was originally authorized by the Rivers and Harbors Act of 1935. 
The CVP was reauthorized by the Rivers and Harbors Act of 1937 for the purposes of “improving 
navigation, regulating the flow of the San Joaquin River and the Sacramento River, controlling floods, 
providing for storage and for the delivery of the stored waters thereof, for construction under the 
provisions of the Federal Reclamation Laws of such distribution systems as the Secretary of the 
Interior deems necessary in connection with lands for which said stored waters are to be delivered, 
for the reclamation of arid and semiarid lands and lands of Indian reservations, and other beneficial 
uses, and for the generation and sale of electric energy as a means of financially aiding and assisting 
such undertakings and in order to permit the full utilization of the works constructed.” The CVP was 
reauthorized in 1992 through the Central Valley Project Improvement Act (CVPIA). The CVPIA 
modified that authorization under Rivers and Harbors Act of 1937, adding mitigation, protection, 
and restoration of fish and wildlife as a project purpose. Furthermore, the CVPIA specified that the 
dams and reservoirs of the CVP should now be used “first, for river regulation, improvement of 
navigation, and flood control; second, for irrigation and domestic uses and fish and wildlife 
mitigation, protection and restoration purposes; and, third, for power and fish and wildlife 
enhancement.” 


CVPIA (Public Law 102-575, Title 34) includes authorization for actions to benefit fish and wildlife 
intended to implement the purposes of that Title. Specifically, Section 3406(b)(1) is implemented 
through the Anadromous Fish Restoration Program (AFRP). The AFRP objectives, as they relate to 
operations, are further explained below. CVPIA Section 3406(b)(1) provides for modification of the 
CVP operations to meet the fishery restoration goals of the CVPIA, so long as the operations are not 
in conflict with the fulfillment of the Secretary of the Interior’s contractual obligations to provide 
CVP water for other authorized purposes. The U.S. Department of the Interior decision on 
implementation of Section 3406(b)(2) of the CVPIA, dated May 9, 2003, provides for the dedication 
and management of 800,000 acre-feet of CVP-water yield annually by implementing upstream and 
Delta actions. The Department of the Interior manages and accounts for (b)(2) water pursuant to its 
May 9, 2003, decision and the Ninth Circuit’s decision in Bay Institute of San Francisco v. United 
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States, 66 Fed. Appx. 734 (9th Cir. 2003), as amended, 87 Fed. Appx. 637 (2004). Additionally, U.S. 
Department of the Interior is authorized to acquire water to supplement (b)(2) water, pursuant to 
Section 3406(b)(3). 


A portion of the water conserved in upstream reservoirs on the Sacramento and San Joaquin Rivers 
and their tributaries is pumped at the Jones Pumping Plant in the Delta and delivered south of the 
Delta, to the CVP service area. 


3.1.10 Coordinated Operations Agreement 
Reclamation and DWR would continue to operate their respective facilities in accordance with the 
COA, as amended. The COA defines the project facilities and their water supplies, sets forth 
procedures for coordinating operations, and identifies formulas for sharing joint responsibilities for 
meeting Delta standards and other legal uses of water. The COA further identifies how unstored flow 
is shared, sets up a framework for exchange of water and services between the projects, and 
provides for periodic review of the agreement. 


In 2018, Reclamation and DWR amended four key elements of the COA to address changes since the 
COA was signed: (1) in-basin uses; (2) export restrictions; (3) CVP use of Banks Pumping Plant up to 
195,000 acre-feet per year; and (4) periodic review. The COA sharing percentages for meeting 
Sacramento Valley in-basin uses now vary from 80% responsibility of the United States and 20% 
responsibility of the state of California in wet year types to 60% responsibility of the United States 
and 40% responsibility of the state of California in critical year types. In a dry or critical year 
following two dry or critical years, the United States and state of California will meet to discuss 
additional changes to the percentage sharing of responsibility to meet in-basin uses. When exports 
are constrained and the Delta is in balanced conditions, Reclamation may pump up to 65% of the 
allowable total exports with DWR pumping the remaining capacity. In excess conditions, these 
percentages change to 60%/40%. During excess conditions, Reclamation and DWR are obligated to 
export and store as much water as possible within their physical and contractual limits. The COA 
defines balanced conditions as periods when it is agreed that releases from upstream reservoirs 
plus unregulated flow approximately equal the water supply needed to meet Sacramento Valley in-
basin uses, plus exports. The COA defines excess conditions as periods when it is agreed that 
releases from upstream reservoirs plus unregulated flow exceed Sacramento Valley in-basin uses, 
plus exports. 


3.1.11 Delta Operations Regulatory Setting  
Refer to Table 3.1-3 for a summary of federal, state, and regional/local laws, regulations, and 
programs relevant to the proposed action. Non-federal laws, regulations, and programs are included 
to give relevant context to proposed action activities. 


Table 3.1-3. Laws, Regulations, and Programs Potentially Relevant to the Proposed Action and 
How It May Affect Surface Water  


Law, Regulation, or Program  Description  
Federal  
Federal Endangered Species 
Act (ESA) 


Section 7 (a)(2) of the ESA requires all federal agencies to ensure that 
any action they authorize, fund, or carry out is not likely to jeopardize 
the continued existence of any federally listed species or result in the 
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Law, Regulation, or Program  Description  
destruction or adverse modification of designated critical habitat. Since 
the proposed action would likely adversely affect a listed species, 
including the take of a listed species, a biological assessment is being 
prepared and there will be a request for formal consultation with U.S. 
Fish and Wildlife Service (USFWS)and National Marine Fisheries 
Service (NMFS).  


USFWS and NMFS BiOps on the 
Coordinated Long-Term 
Operation of the Central Valley 
Project and State Water 
Project 


The USFWS (2019a) BiOp and NMFS (2019) BiOp under the ESA 
determined that coordinated operations of the Central Valley Project 
(CVP)/State Water Project (SWP) are not likely to jeopardize the 
continued existence of delta smelt, Sacramento River winter-run 
Chinook salmon, Central Valley spring-run Chinook salmon, California 
Central Valley steelhead, Southern Resident killer whale, or the 
Southern Distinct Population Segment of green sturgeon, or destroy or 
adversely modify critical habitat for these species. The BiOps authorize 
operations until 2030.  


Collaborative Science and 
Adaptive Management 
Program (CSAMP)  


CSAMP, and its associated Collaborative Adaptive Management Team, 
focuses on science and adaptive management issues related to the 
BiOps for SWP/CVP operations. CSAMP has identified the need to 
maintain flexibility to address emerging science and information needs 
regarding water management and species of concern in the Delta and 
upriver, including actions to improve the resiliency of Delta smelt and 
salmonids.   


Magnuson-Stevens Fishery 
Conservation and Management 
Act  


Requires that all federal agencies consult with NMFS on activities or 
proposed activities authorized, funded, or undertaken by that agency 
that may adversely affect essential fish habitat of commercially 
managed marine and anadromous fish species. The Pacific Fishery 
Management Council designated the Delta, San Francisco Bay, and 
Suisun Bay as essential fish habitat to protect and enhance habitat for 
coastal marine fish and macroinvertebrate species that support 
commercial fisheries. An essential fish habitat analysis has been 
prepared as part of the biological assessment (Appendix 5A, Essential 
Fish Habitat Assessment)  


Recovery Plan for Sacramento-
San Joaquin Delta Native Fish 
Species  


Ongoing revision of the plan (U.S. Fish and Wildlife Service 1995) will 
review the new information and develop a strategy for the 
conservation and restoration of Delta native fish through the 
identification of recovery actions that specifically address the threats 
to their existence. Species covered by this plan are delta smelt, longfin 
smelt, Sacramento splittail, and Sacramento perch.  


Recovery Planning for Salmon 
and Steelhead in California  


The Recovery Plan for the Evolutionarily Significant Units of 
Sacramento River Winter-Run Chinook Salmon and Central Valley 
Spring-Run Chinook Salmon and the Distinct Population Segment of 
Central Valley Steelhead was released in July 2014 (National Marine 
Fisheries Service 2014). The California Central Valley Recovery 
Domain extends from the upper Sacramento River Valley to the 
northern portion of the San Joaquin River Valley (National Marine 
Fisheries Service 2014).  


Recovery Plan for Green 
Sturgeon  


The purpose and goal of the Recovery Plan for the Southern Distinct 
Population Segment of North American Green Sturgeon (National 
Marine Fisheries Service 2018) is to guide recovery of Southern 
Distinct Population Segment of green sturgeon and consequently 
remove it from the Federal List of Endangered and Threatened 
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Law, Regulation, or Program  Description  
Wildlife, through provision of recovery needs and implementation 
measures to address previously identified limiting factors.  


Recovery Plan for San Joaquin 
Kit Fox 


The Recovery Plan for Upland Species of the San Joaquin Valley, 
California was released in September 1998 (U.S. Fish and Wildlife 
Service 1998a). Species covered by this plan include San Joaquin kit 
fox. 


Revised California Least Tern 
Recovery Plan 


The plan was released in September 1985 (U.S. Fish and Wildlife 
Service 1985). The plan addresses threats for all breeding populations 
in the United States. 


Draft Recovery Plan for Least 
Bell’s Vireo 


This plan was released in May 1998 (U.S. Fish and Wildlife Service 
1998b). 


Recovery Plan for the 
California Red-legged Frog 


This plan was released in May 2002 (U.S. Fish and Wildlife Service 
2002).  


Recovery Plan for the Central 
California Distinct Population 
Segment of the California Tiger 
Salamander 


This plan was released in June 2017 (U.S. Fish and Wildlife Service 
2017b). This plan addresses the threats to the Central California 
Distinct Population Segment of California tiger salamander. 


Recovery Plan for the Giant 
Garter Snake 


This plan was released in 2017 (U.S. Fish and Wildlife Service 2017c). 


Revised Recovery Plan for 
Valley Elderberry Longhorn 
Beetle 


This plan was released in October 2019 (U.S. Fish and Wildlife Service 
2019c). 


Recovery Plan for Vernal Pool 
Ecosystems of California and 
Southern Oregon 


The plan was released in December 2005 (U.S. Fish and Wildlife 
Service 2005). The plan addresses 33 vernal pool species including 
vernal pool fairy shrimp and vernal pool tadpole shrimp. 


Fish and Wildlife Coordination 
Act (16 USC § 651 et seq.)  


Grants the U.S. Secretary of the Interior the authority to aid federal, 
state, public, or private agencies in developing, protecting, rearing, or 
stocking all wildlife, wildlife resources, and their habitats (16 USC § 
661). Under the Fish and Wildlife Coordination Act, whenever waters 
of any stream or other water body are proposed to be impounded, 
diverted, or otherwise modified by any public or private agency under 
federal permit, that agency must consult with USFWS and, in California, 
CDFW (16 USC §§ 661–667e, March 10, 1934, as amended 1946, 1958, 
1978, and 1995). 


Clean Water Act Section 
303(d)  


Requires states to identify waterbodies that do not meet water quality 
standards and are not supporting their designated beneficial uses. 
These waters are placed on the Section 303(d) List of Impaired Waters. 
This list defines low-, medium-, and high-priority pollutants that 
require immediate attention by federal and state agencies. Included on 
this list are the Delta, portions of San Francisco Bay, American River, 
and portions of the Sacramento River. 


Clean Water Act Section 404  Authorizes the USACE and the Environmental Protection Agency to 
issue permits to regulate the discharge of “dredged or fill materials into 
waters of the United States” (33 USC 1344). As applicable, permits in 
compliance with Clean Water Act (CWA) Section 404 must be obtained 
related to the proposed action. 


Clean Water Act Section 401  Specifies that states must certify that any activity subject to a permit 
issued by a federal agency meets all state water quality standards. In 
California, the State Water Resources Control Board (State Water 
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Law, Regulation, or Program  Description  
Board) and the Regional Water Boards are responsible for certifying 
activities subject to any permit issued by the USACE pursuant to 
Section 404 or pursuant to Section 10 of the Rivers and Harbors Act of 
1899. 


Rivers and Harbors Act of 
1899  


Regulated under the CWA, the Rivers and Harbors Act of 1899 makes it 
unlawful to excavate, fill, or alter the course, condition, or capacity of 
any port, harbor, channel, or other areas within the reach of the act 
without a permit. Under Section 10 of the Rivers and Harbor Act, 
USACE regulates all structures and work in navigable waters. Section 
14 of the Rivers and Harbors Appropriation Act of 1899, as amended, 
and codified in 33 USC 408 (Section 408) provides that the Secretary of 
the Army may, upon the recommendation of the Chief of Engineers, 
grant permission to other entities for the permanent or temporary 
alteration or use of any USACE Civil Works project. The proposed 
action may affect navigable waters and USACE levees within the 
project area. 


State  
California Endangered Species 
Act (CESA) 


Originally enacted in 1970, CESA was repealed and replaced by an 
updated version in 1984 and amended in 1997. This act states that “all 
native species of fishes, amphibians, reptiles, birds, mammals, 
invertebrates, and plants, and their habitats, threatened with 
extinction and those experiencing a significant decline which, if not 
halted, would lead to a threatened or endangered designation, will be 
protected or preserved.” This act grants CDFW enforcement authority. 
As such, actions that may affect protected species must be evaluated by 
CDFW. An entity with just cause, may request exemptions from take or 
harm prohibitions through consultation with CDFW. 


CDFW Incidental Take Permit 
for Long-Term Operation of 
the SWP in the Sacramento-
San Joaquin Delta (2020) 


In 2020, CDFW issued an Incidental Take Permit (ITP), pursuant to 
Section 2081 of the California Fish and Game Code, for the ongoing and 
long-term operation of the SWP’s existing facilities in the Delta. The 
new ITP covers aquatic species listed under CESA that are subject to 
incidental take from long-term operation of the SWP (i.e., delta smelt, 
longfin smelt, Sacramento River winter-run Chinook salmon 
Evolutionarily Significant Unit, and Central Valley spring-run Chinook 
salmon). The 2020 ITP from CDFW expires on March 31, 2030; an 
ongoing consultation effort with the goal of obtaining an updated ITP is 
under way.  


California Fish and Game Code 
Section 1602—Lake and 
Streambed Alteration 
Program  


Section 1602 requires that before an entity substantially diverts or 
obstructs the natural flow of, or substantially changes or uses any 
material from the bed, channel, or bank of, any river, stream, or lake, or 
deposits or disposes of debris, waste, or other material containing 
crumbled, flaked, or ground pavement where it may pass into any 
river, stream, or lake, it must submit a written notification to CDFW 
and pay a prescribed fee. If CDFW determines the activity may 
substantially adversely affect an existing fish or wildlife resource, it 
may issue a draft agreement with reasonable measures necessary to 
protect the resource, and the entity must conduct its activity in 
accordance with the final agreement. DWR will be seeking a 1602 
agreement as part of the overall environmental compliance process. 


Delta Reform Act The Sacramento–San Joaquin Delta Reform Act of 2009 (Delta Reform 
Act) established the Delta Stewardship Council (DSC) to create a 
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Law, Regulation, or Program  Description  
comprehensive, long-term, legally enforceable plan to guide how 
multiple federal, state, and local agencies manage the Delta’s water and 
environmental resources. The 2009 legislation granted the DSC 
regulatory and appellate authority over certain actions that take place 
in whole or in part in the Delta and Suisun Marsh.  
Since 2010, the DSC has developed, amended, and begun implementing 
what is called the Delta Plan. The Delta Plan covers five general topic 
areas and goals: increased water supply reliability, restoration of the 
Delta ecosystem, improved water quality, reduced risks of flooding in 
the Delta, and protection and enhancement of the Delta. The Delta Plan 
sets forth regulatory policies and recommendations that seek to 
influence the actions, activities, and projects of cities and counties and 
state, federal, regional, and local agencies toward meeting the goals in 
the five topic areas. State and local agencies that propose to carry out, 
approve, or fund a qualifying action in whole or in part in the Delta, 
called a “covered action,” must certify that this covered action is 
consistent with the Delta Plan and must file a certificate of consistency 
with the DSC that includes detailed findings. 


The Salmon, Steelhead Trout, 
and Anadromous Fisheries 
Program Act  


Requires that it is the policy of the State of California to increase the 
State’s salmon and steelhead resources and directs CDFW to develop a 
plan and program that strives to double the salmon and steelhead 
resources (Fish & G. Code § 6902[a]). It is also the policy of the State 
that existing natural salmon and steelhead habitat shall not be 
diminished further without offsetting the impacts of lost habitat (Fish 
& G. Code § 6902[c]).  


State Water Board: Water 
Quality Control Plan (1995)  


The State Water Board adopted the 1995 Bay-Delta Water Quality 
Control Plan (1995 WQCP) on May 22, 1995, which was partially 
implemented by the State Water Board Water Right Decision 1641 (D-
1641). The State Water Board amended the WQCP in 2006 (known as 
the Bay-Delta WQCP, discussed below), with additional changes made 
to the framework for the Lower San Joaquin River and Southern Delta 
Update and Sacramento-Delta Update in 2018. The proposed action 
will operate in accordance with the WQCP and any updates therein.  


State Water Board Water Right 
Decision 1641  


As introduced above, D-1641 (issued December 29, 1999) and its 
subsequent revision (Revised D-1641, dated March 15, 2000), the State 
Water Board implements the objectives set forth in the 1995 WQCP, 
resulting in flow and water quality requirements for CVP/SWP 
operations to assure protection of beneficial uses in the Delta. The 
objectives and export restraints are designed to protect fisheries. The 
objectives vary throughout the year and according to the year’s 
hydrology (wet, above normal, below normal, dry, critically dry). The 
proposed action will operate in accordance with the WQCP and any 
updates therein. 


State Water Board: 2006 
Revised WQCP (Bay-Delta 
WQCP)  


The State Water Board undertook a proceeding under its water quality 
authority to amend the 1995 WQCP. The State Water Board adopted a 
revised WQCP on December 13, 2006. No changes to the beneficial uses 
from the 1995 WQCP were made in the 2006 Bay-Delta WQCP, nor 
were any new water quality objectives adopted in the 2006 version. 


Central Valley Flood Protection 
Board (CVFPB)  


Regulates the modification and construction of levees and floodways in 
the Central Valley defined as part of the Sacramento Valley and San 
Joaquin Valley flood control projects to ensure public safety.  
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Law, Regulation, or Program  Description  
Regional/Local  
California EcoRestore  A multi-agency initiative launched in 2015 to advance 30,000 acres of 


habitat restoration and enhancement in the Delta, Suisun Marsh, and 
Yolo Bypass region. California EcoRestore and its partners pursue 
complex multi-benefit habitat restoration projects to deliver results. 
DWR is a lead partner on majority of projects focused on implementing 
a comprehensive suite of habitat restoration actions to support the 
long-term health of the Delta and its native fish and wildlife species. 


Ecosystem Restoration 
Program  


A multi-agency effort (CALFED, composed of CDFW, NMFS, and 
USFWS) aimed at improving and increasing aquatic and terrestrial 
habitats and ecological function in the Delta and its tributaries. 
Established in 2000, the ERP implements restoration projects through 
grants administered by the ERP Grants Program. The majority of these 
projects focus on fish passage issues, species assessment, ecological 
processes, environmental water quality, or habitat restoration.  


Assembly Bill 1200 (2021)  On October 05, 2021, the bill added Sections 139.2 and 139.4 to the 
California Water Code, which require DWR to evaluate the potential 
effects on water supplies derived from the Delta resulting from 
subsidence, earthquakes, floods, changes in precipitation, temperature, 
and ocean levels, and a combination of those effects.  


Voluntary Agreements  The California Natural Resources Agency and the California 
Environmental Protection Agency are leading an effort to negotiate 
voluntary agreements to increase flows for the environment, create 
60,000 acres of new and restored habitat, and provide over $5 billion 
in new funding for environmental improvements and science.  
In March 2022, a Memorandum of Understanding was signed that 
outlines terms for an 8-year program that would provide new flows for 
the environment to help recover salmon and other native fish, create 
new and restored habitat for fish and wildlife, and provide significant 
funding for environmental improvements and water purchases. It also 
outlines a governance and habitat monitoring framework with clear 
metrics and goals to allow state, federal and local partners to analyze 
progress, manage adaptively and decide whether the program should 
be continued, modified or ended after eight years.  


Sacramento Valley Salmon 
Resiliency Strategy  


In June 2017, the California Natural Resources Agency developed the 
Sacramento Valley Salmon Resiliency Strategy to address near- and 
long-term needs for Sacramento River winter-run Chinook salmon, 
Central Valley spring-run Chinook salmon, and California Central 
Valley steelhead. The goals and objectives of the Sacramento Valley 
Salmon Resiliency Strategy focus on addressing life-stage specific 
stressors, improving habitat conditions, and increasing overall viability 
of salmonid species.  


Delta Smelt Resiliency 
Strategy  


In July 2016, the California Natural Resources Agency developed the 
Delta Smelt Resiliency Strategy to address immediate and near-term 
need of delta smelt. The Delta Smelt Resiliency Strategy focuses on 
actions that can be implemented in the next few years to benefit delta 
smelt. These actions are intended to increase delta smelt growth rates 
and fecundity levels, as well as improve habitat conditions.  


Bay-Delta WQCP= Water Quality Control Plan (1995) by the California State Water Board as revised in 
2006 
BiOps = Biological Opinion 
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Law, Regulation, or Program  Description  
CALFED = California Bay-Delta Authority 
CDFW = California Department of Fish and Wildlife 
CESA= California Environmental Species Act 
CSAMP = Collaborative Science and Adaptive Management Program  
CVP = Central Valley Project 
CWA = Clean Water Act of 1972 
D-1641= State Water Board Water Right Decision 1641 
Delta Reform Act = Sacramento–San Joaquin Delta Reform Act of 2009 
DSC = Delta Stewardship Council 
DWR = California Department of Water Resources 
ERP = Ecosystem Restoration Program 
ESA = Federal Environmental Protection Act of 1970 
ITP = California Department of Fish and Wildlife Incidental Take Permit pursuant to Section 2081 of the 
California Fish and Game Code 
NMFS =National Marine Fisheries Service 
SWP = State Water Project 
USACE = United States Army Corps of Engineers 
USC = United States Code 
USFWS = United States Fish and Wildlife Service 
WQCP = Water Quality Control Plan (1995) by the California State Water Board 


3.2 Conveyance Facility Construction 
This section describes the major construction activities and components of the conveyance facilities 
. Information on aspects of construction activities in relation to potential species impacts can be 
found in Chapter 5, Effects Analysis for Chinook Salmon, California Central Valley Steelhead, Green 
Sturgeon, and Killer Whale, and Chapter 6, Effects Analysis for Delta Smelt, Longfin Smelt, and 
Terrestrial Species. For example, implementation of work windows to alleviate potential aquatic 
species impacts. Further details of construction activities are provided in the Engineering Project 
Reports (Delta Conveyance Design and Construction Authority 2023).  


3.2.1 Field Investigations 
Field investigations refer to data collection efforts to inform more detailed design and construction 
methods. 


Field investigations will occur during the preconstruction and construction periods and are related 
to geotechnical, hydrogeologic, agronomic testing, and construction test projects (geotechnical 
investigations) that will occur following issuance of the BA and identification of an approved project 
footprint. These field investigations would, among other things, support Section 408 permitting, 
design, and construction phases (described below) and would be performed in accordance with 
standards of USACE, the American Society of Civil Engineers, California Division of Occupational 
Safety and Health, California Building Code, San Francisco Public Utilities Commission Seismic 
Design Criteria, American Nuclear Standards Institute, DWR’s Division of Safety of Dams, Caltrans 
Seismic Design Criteria, Southern California Earthquake Center, and other relevant entities. 
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The following field investigation activities are anticipated to take place prior to the start of 65% 
level of design, and where applicable, to support the submission of a formal Section 408 permission 
application to USACE to address intake construction. The 65% level of design for the tunneled 
undercrossing of the Stockton Deep Water Ship Channel is related to Section 10 of the Rivers & 
Harbors Act. Geotechnical investigations and the installation of monitoring equipment would begin 
following completion of all required permits. These activities and installations are expected to be 
completed within approximately 2 years depending on availability of access to the project sites. 
Groundwater and other monitoring activities would be performed prior, during, and after intake 
construction completion and the tunneled undercrossing of the Stockton Deep Water Ship Channel.  


3.2.1.1 Investigations to Support Section 408 Permitting 
As mentioned above, the following activities are anticipated to take place prior to the start of 65% 
level of design to support the submission of a formal Section 408 permission application to USACE to 
address intake construction. Geotechnical investigations and the installation of groundwater 
monitoring equipment would begin following completion of all required permits. These activities 
are expected to be completed within approximately 2 years, depending on availability of access to 
the project sites. Groundwater and other monitoring activities would be performed prior, during, 
and after intake construction completion. 


Soil Boring and Cone Penetration Tests 


Soil borings and cone penetration tests (CPTs) would be conducted within the construction 
boundaries at the intakes and within the Stockton Deep Water Ship Channel and adjacent non-
project levees at the location of the proposed tunnel undercrossing. Drilling techniques would 
generate an approximately 4- to 8-inch-diameter boring. For CPTs, a cone-tipped rod with a 
diameter of 1 to 2 inches would be pushed through the ground. All CPT holes would be filled with 
grout following completion and prior to abandonment, and all soil borings not planned to function 
as a groundwater monitoring well would be completely grouted following boring. Groundwater 
monitoring wells would be constructed with casings, in accordance with state and local laws.  


The information gained through soil borings and CPTs would be used to develop detailed design 
criteria for structure foundations, new and modified levee cross sections, ground improvement, 
dewatering methods and quantities, below-grade construction methods, need for impact pile 
driving, and methods to reduce ground settlement risk at all construction sites and at the 
undercrossing of the Stockton Deep Water Ship Channel. The information would also be used to 
determine the depths and widths of groundwater cutoff walls to be installed at the intakes. Soil 
samples obtained during soil borings would also be analyzed to determine the specific structural 
capabilities of the soil to construct embankments and levees. 


Groundwater Testing and Monitoring  


At each intake, one 12-inch-diameter steel-cased test well would be installed in a 24-inch-diameter 
borehole to conduct pumping tests. It is also assumed that vibrating wire piezometers would be 
installed in several levee borings, and 4-inch groundwater monitoring wells would be installed in 
several site borings at each intake to permit measurements of groundwater head, monitoring of 
groundwater elevations during the pumping tests, and the collection of water quality samples at the 
intake locations. At each intake, a surface water gauge would be installed to track the elevation of 
the adjacent river for use in analysis of the results.  
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Pumping tests would be conducted in the test wells. Water levels before, during, and following the 
various tests would be monitored using automated data loggers, which would also record 
barometric pressure and the level of the river. It is assumed that the groundwater monitoring 
program would be conducted partially using remotely monitored instrumentation and partially by 
on-site personnel. 


3.2.1.2 Investigations Prior to Construction Phase  
The following activities are anticipated to be conducted prior to the start of construction. 


Investigation at Facility Locations 


Explorations would occur at the intakes, tunnel shafts, tunnel alignments, power lines, access roads 
and bridges, railroads, levees, and at the terminal facilities. (Locations where investigations would 
occur include Bethany Reservoir Pumping Plant and Surge Basin, Bethany Reservoir Aqueduct, and 
Bethany Reservoir Discharge Structure.) 


Soil Boring and Cone Penetration Tests 


Land-based soil borings, overwater soil borings, and CPTs would be conducted within the 
construction boundaries of the intakes, tunnel shafts, tunnel alignments, power lines, access roads 
and bridges, railroads, and levees. Tests would be conducted at the Bethany Reservoir Pumping 
Plant and Surge Basin, Bethany Reservoir Aqueducts, and the Bethany Reservoir Discharge 
Structure.  


The information collected would be used to develop detailed design of the structure and bridge 
foundations, new or modified levee cross sections, ground improvement methodology; and to 
determine selection of tunnel boring machine methods, dewatering methods and quantities, below-
grade construction methods (such as at the shafts and the pumping plant), need for impact pile 
driving, and methods to reduce ground settlement risk at all construction sites and along the tunnel 
alignment. The information would also be used to determine the specific depths and widths of 
groundwater cutoff walls to be installed at select construction sites. 


Soil samples obtained during soil borings also would be analyzed to determine the structural 
capabilities of the soil and/or RTM to construct tunnel shaft pads, and levee improvements. Soil and 
water quality tests would be conducted to determine the potential for the presence of high 
concentrations of metals, organic materials, or hazardous materials that would require specific 
treatment and/or disposal methods. 


Bethany Fault Study  


Electrical resistivity tomography (ERT) would be used to characterize subsurface soil characteristics 
above the Bethany Reservoir Aqueduct tunnels. ERT involves “a linear array of removable small 
steel electrodes (approximately 0.5 inch in diameter by 8 inches long) driven into the ground 
approximately every 10 feet over several hundred feet to induce a low current in the ground, while a 
small readout unit provides the measurements” (California Department of Water Resources 
2020b:17).  
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Groundwater Testing and Monitoring 


A test well for pumping tests would be installed at each tunnel shaft and at each intake. At each 
intake, a surface water gauge would be installed to track the elevation of the adjacent river for use in 
analysis of the results. For the tunnel alignment, it is assumed that vibrating wire piezometers 
would be installed in boreholes drilled along the tunnel alignment at a frequency of on average 
every third borehole, or approximately every 3,000 feet. Two test wells would be installed at the 
Bethany Reservoir Pumping Plant and Surge Basin, and at each of the two planned tunneled sections 
of the Bethany Reservoir Aqueduct. 


Pumping tests would be conducted in the test wells. Water levels before, during, and following the 
various tests would be monitored using automated data loggers, which would also record 
barometric pressure and the level of the river. The groundwater monitoring program would be 
implemented to determine the seasonal variations in groundwater elevations, the constituents of 
the groundwater (including the nature and presence of dissolved gas), and the interrelation 
between groundwater and surface water levels for several years before construction. It is assumed 
that management of the groundwater monitoring program would be conducted partially using 
remotely monitored instrumentation and partially by on-site personnel. 


Test Trenches 


Test trenches approximately 30 feet long, 3 feet wide, and 10 feet deep would be implemented at all 
the facilities to confirm near-surface soils and to investigate potential buried magnetic anomalies. 
Trenches would be immediately backfilled following observations of the soil conditions encountered 
in the trench. 


Monument Installation 


Metal survey monuments would be installed at all construction sites and approximately every mile 
along the tunnel alignments to allow the remote monitoring of surface elevations prior to the start of 
construction, during construction, and during operations. Monuments would be approximately 10 
feet by 10 feet base and 3 feet high to be of adequate size to be visible from satellite-based 
Interferometric Synthetic Aperture Radar (inSar) used for remote monitoring. Concrete foundations 
would be installed for the monuments and the monuments would be left in place for the duration of 
construction. It is assumed that periodic monitoring of survey monuments would be conducted by 
security and on-site personnel. 


Geotechnical Pilot Studies for Settlement 


Site-specific pilot studies would be conducted to test the geotechnical response to placement of fill 
at tunnel shaft sites, especially at Delta islands. Pilot studies are proposed at New Hope Tract, Canal 
Ranch Tract, Terminous Tract, King Island, Lower Roberts Island, Upper Jones Tract, and Union 
Island. 


Test fills would be within the construction boundaries of the project and, where feasible, within or 
adjacent to the shaft pad sites. The test fills would be approximately 10 feet high and roughly 1,000 
square feet in base area. The material would be purchased from a commercial enterprise that 
provides soil. The studies would include the installation of inclinometers, piezometers, and 
borehole extensometers within soil borings, as well as settlement plates buried within the fill, to 
verify estimates of consolidation and lateral spreading of pad fills in peat and soft soils. 
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Additional soil borings and CPTs would be completed within and adjacent to the test fill areas prior 
to their placement. Inclinometers and extensometers would be installed in holes drilled within and 
adjacent to the test fills. It is assumed that management of the pilot studies would be conducted by 
on-site personnel. 


Validation of Ground Improvement Methods 


Ground improvement would likely consist of a combination of excavation of unsuitable soils and 
replacement with compacted suitable fill material, surcharging to induce consolidation before final 
construction, and in situ techniques such as deep mechanical mixing (DMM) method to mix 
amendments (such as cement) into the foundation to add strength and resistance to liquefaction, 
including the installation of a grid of DMM soil shear walls with cement under the footprints of large 
structures. Final site-specific methods would be determined through geotechnical investigations and 
test installations, especially on land with substantial deposits of peat and loose or soft soils. These 
investigations would include trial mix and DMM construction programs to confirm appropriate area 
and volume replacement ratios, desired cement content, and testing to confirm in situ strength and 
lateral extent. 


These activities are proposed at New Hope Tract, Canal Ranch Tract, Terminous Tract, King Island, 
Lower Roberts Island, Upper Jones Tract, and Union Island. 


Pile Installation Methods at the Intake Location 


The intake locations would include the construction of temporary in-river cofferdams. The 
cofferdams would employ the use of interlocking steel sheet piles. Pilot studies would be conducted 
to test pile installation and possible acoustic mitigation measures in the river at one intake site along 
the Sacramento River. The studies would include use of equipment to monitor vibrations in air and 
water and noise while test driving a variety of pile types using vibratory and driving methods to 
validate rates and penetration depths. Noise associated with vibratory pile driving is considerably 
lower than noise associated with impact hammer pile driving. Additionally, CPTs would be 
performed in the river from a barge to determine the in situ density of the soils prior to, during, and 
after test pile installation.  


Vibratory Testing of Dynamic Properties 


Vibratory testing of dynamic properties of peat would be conducted in the Delta for validation of 
peat soil response during earthquakes. This would include continuation of previous studies in the 
Delta, including those on Sherman Island (Reinert et al. 2014), or additional peat studies at up to 
two sites at Lower Roberts Island, Upper Jones Tract, or Union Island. 


Location of Buried Groundwater and Natural Gas Wells 


Desktop surveys of documented wells would be conducted and would include research of historical 
topographical mapping that may document the presence of wells that were not identified in the 
State of California oil and gas database, as maintained by California Department of Conservation 
(previously known as DOGGR and now known as CalGem [Geologic Energy Management Division]). 
A field test program would be used to evaluate the suitability of various geophysical techniques to 
detect buried and abandoned wells. 
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To identify and/or confirm the location of well casings, including wells that have not been identified 
in the published database, the use of wide-area airborne methods (drone, helicopter, and/or fixed-
wing aircraft) to conduct magnetic surveys followed by more site-specific walk- or tow-over ground-
based magnetic surveys is assumed. These surveys would be conducted at intake and tunnel shaft 
locations, along tunnel alignments, and at the Bethany Complex to identify buried groundwater and 
natural gas and oil wells. Surface geophysical surveys would also be used at these locations. The 
locations of identified wells would be evaluated to determine methods to abandon, relocate, or avoid 
the wells. 


West Tracy Fault Studies 


Up to six test trenches (up to approximately 1,000 feet long, 3 feet wide, and 20 feet deep) would be 
excavated along a line running from the southeast of Byron to the southeast of Clifton Court Forebay 
to further investigate the nature and location of the West Tracy Fault between the town of Byron 
and the area southeast of the forebay. The trenches would remain open for up to 6 weeks, 
depending on the findings, and would be backfilled completely upon the completion of observation 
of soil conditions within the trench. 


In addition to the test trenches, two arrays of surface geophysical surveys would be completed 
before, and along the alignment of, the excavation of the test trenches. Geophysical surveys would 
consist of noninvasive techniques that could be used to provide information on subsurface geologic 
conditions and anomalies, such as buried casings or abandoned wells. Seismic refraction/reflection 
techniques would be used at each of the two linear sites, referred to as geophysical arrays.  


CPTs and soil borings would also be conducted. Select soil samples from the test borings would be 
subjected to age-dating laboratory testing. 


Agronomic Testing 


If field investigations described above indicate it is warranted, additional agronomic testing would 
be conducted. Agronomic testing would include investigations and testing of compacted soil 
rehabilitation methods and rehabilitation treatments for establishing agricultural crop or native 
grass species. Agronomic testing would validate the reuse assumptions prior to reclamation of 
disturbed areas based on representative samples and likely tunneling conditioners. This pilot-scale 
testing would be used to refine program-level approaches and strategies for RTM stockpiling and 
reuse. 


Utility Potholing 


Utility potholing, utilizing either a vacuum excavator or a backhoe, would be conducted to confirm 
locations of existing utilities such as public and residential utilities, surface water diversions, and 
agricultural drainage features. Utility potholing would be conducted at locations near the intakes, 
underground supervisory control and data acquisition (SCADA) and power corridors, road and 
bridge modifications including intersections, tunnel shaft sites, and along the tunnel alignment. 
Utility potholing would also be conducted at Union Island, Bethany Reservoir Pumping Plant and 
Surge Basin, the Bethany Reservoir Aqueduct, the Bethany Reservoir Discharge Structure, the raw 
water feed from Skinner Fish Facility, and at new road and road widening locations. The 
investigations would be conducted within the construction footprint. 
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The investigations would include vacuum or backhoe excavations, followed by noninvasive surface 
field surveys. Some features would not require utility potholing and would be located using only 
noninvasive surface field surveys.  


3.2.1.3 Investigations during Construction Phase  
As required by USACE Section 408 permitting and the Central Valley Flood Protection Board 
(CVFPB), the following activities would be conducted after the start of construction. These activities 
are primarily related to the installation of monitoring equipment, such as inclinometers, 
confirmatory sampling for areas of ground improvement, and investigations related to evaluation of 
changes in anticipated conditions or alternative contractor means and methods. These activities 
would also address USACE Section 408 and CVFPB requirements for monitoring through 
construction. Geotechnical investigations or the installation of monitoring equipment would be 
conducted within the first 2 years following the start of construction.  


Soil Boring and Cone Penetration Tests 


Soil boring and CPT investigations during construction would occur in the same locations as 
described in Section 3.2.1.2, Investigations Prior to Construction Phase, under Investigation at Facility 
Locations. These geotechnical investigations would generally be conducted within the first 2 years of 
the construction period, including during the period when ground improvement activities would be 
conducted, although they could extend throughout the duration of construction and commissioning 
to account for delayed starts and to resolve disputes. These investigations could be conducted at any 
location within the construction boundaries and would also be used to confirm the suitability of 
construction means and methods planned by the contractor. 


3.2.1.4 Construction Monitoring 


Monitoring for Ground Movement during Construction 


Inclinometers and extensometers would be installed in vertical borings along levees at the intakes, 
along the tunnel alignment and at tunnel shafts. They would also be installed at King Island, Lower 
Roberts Island, Upper Jones Tract, and Union Island; and along levees near bridge improvements 
along Hood-Franklin Road over Snodgrass Slough, the access road to Lower Roberts Island over 
Burns Cutoff and Turner Cut, and at Bethany Complex.  


No instrumentation is assumed at the new levees, while inclinometers are planned at 1000-ft 
centers along areas of levee improvements. Tilt meters, settlement plates, and survey monuments 
would be installed at all construction sites and approximately every mile along the tunnel alignment.  


Groundwater Monitoring 


Groundwater monitoring wells installed before construction could continue to be used during and 
following construction. Additional groundwater monitoring wells would be installed during 
construction if permanent easements or land ownership were not acquired before construction, or if 
initial monitoring results indicated the need for more detailed information related to groundwater 
elevation or water quality. It is anticipated that the groundwater monitoring locations would be 
located at the intakes, tunnel shafts, and access roads. Monitors would also be located at Bethany 
Complex. Monitoring wells would be located at approximately every 2 miles along the tunnel 
alignment between shafts. It is assumed that management of the groundwater monitoring program 
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would be conducted partially using remotely monitored instrumentation and partially by on-site 
personnel. 


Location of Buried Groundwater and Natural Gas Wells 


Land surveys, drilling, and trenching would be used at all intake and tunnel shaft locations, along 
tunnel alignments, and at the Bethany Complex to identify and abandon buried groundwater and 
natural gas and oil wells before and during construction. 


3.2.2 North Delta Intakes 
 New intakes on the Sacramento River in the north Delta would be constructed. The two intakes 
(alone or in combination) on the east bank of the Sacramento River would divert water and convey 
it through a single main tunnel. Intake B would be just north of Hood, and Intake C would be 
between Hood and Courtland. Intakes B and C would each divert up to 3,000 cfs . Operated in a 
coordinated manner with the existing facilities, the north Delta facilities would provide flexibility to 
alter the location, amount, timing, and duration of diversions. A summary of intake characteristics is 
provided in Table 3.2-1.  


At each intake, water would flow through cylindrical tee fish screens mounted on the intake 
structure to a sedimentation basin before reaching the intake outlet (tunnel inlet) shaft at each site 
(Figure 3.2-1). The intake outlet shaft would serve as the TBM reception or maintenance shaft 
during construction and as the intake outlet shaft and maintenance access during operation. These 
shafts would have an inside diameter of 83 feet.  


 
Figure 3.2-1. Typical Intake Configuration 


From the intake outlet shaft, water would flow into a single-bore main tunnel that connects the 
intakes to the Twin Cities Complex, from which the tunnel route would extend south on a Bethany 
Reservoir alignment (Figure 3.2-1 and Figure 3.2-2). The Twin Cities Complex is described in Section 
3.2.4, Tunnel Shafts. 
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Intakes would include state-of-the-art cylindrical tee fish screens, intake structures, sedimentation 
basins, sediment drying lagoons, flow control structures, intake outlet channel and intake outlet 
shaft, embankments, and other appurtenant structures. Intakes would also include associated 
facilities to support construction and operations of the intakes. During construction, the intake 
footprints would contain areas for standby engine generators, staging and management of 
construction equipment and materials, and ground improvement and slurry cutoff wall material 
preparation areas. Standby engine generators would be permanently installed at the intakes. 
Construction access to the intake sites would be by means of new access/haul roads (Section 3.2.7, 
Access Roads). Permanent intake footprints when construction is complete would be smaller once 
certain construction-related features are removed. 


 
Figure 3.2-2. Schematic of Delta Conveyance Project Intake Facilities 


Table 3.2-1. Summary of Intake Characteristics 


Feature Intake B Intake C  
Maximum capacity (cubic feet 
per second) 


3,000 3,000  


Total size of construction site 
(approximately) 


242 acres  239 acres  


Total size of postconstruction 
site (approximately) 


123 acres  109 acres  


Intake structure length 1,574 feet along river including 
training walls 
964 feet along river for concrete 
structure only 


1,528 feet along river including 
training walls 
964 feet along river for concrete 
structure only 


Cylindrical tee screen assembly 30 fish screen units  30 fish screen units 
Area of cylindrical tee screen 
(including fish screen and 
manifold assembly, and 
mounted on the face of the 
structure) 


Each unit: 8 feet in diameter 
and 30 feet long 


Each unit: 8 feet in diameter and 
30 feet long 


Sedimentation basin 
dimensions 
(basin would be divided into 
two cells by a turbidity curtain)  


Each cell = 1,300 feet long and 
650 feet wide at top of the 
embankment 


Each cell = 1,300 feet long and 645 
feet wide at top of the 
embankment 
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Feature Intake B Intake C  
Each cell = 990 feet long and 500 
feet wide at bottom of the 
embankment 
Water surface elevation would 
vary from about 3 to 27 feet 


Each cell: = 990 feet long and 495 
feet wide at bottom of the 
embankment 
Water surface elevation would 
vary from about 3 to 26 feet 


Sediment basin radial gate flow 
control structure at the junction 
with the outlet structure and 
intake outlet shaft 


Four large radial gates: 30 feet 
wide and 40 feet tall, each 
One small radial gate: 15 feet 
wide and 8 feet tall 
Top elevation of flow control 
structure = 30.3 feet 
Bottom elevation of flow control 
structure = - 8.8 feet 


Four large radial gates: 30 feet 
wide and 40 feet tall, each 
One small radial gate: 15 feet wide 
and 8 feet tall 
Top elevation of flow control 
structure = 29.3 feet  
Bottom elevation of flow control 
structure = - 9 feet 


Sediment drying lagoons 
dimensions 
(four sediment drying lagoons 
at each intake) 


Each approximately 146 feet 
wide and 350 feet long at the 
bottom of the embankment  
Each approximately 15 to 18 
feet deep, containing an average 
of 10 to 12 feet of water when 
in use 


Each approximately 146 feet 
wide and 350 feet long at the 
bottom of the embankment  
Each approximately 15 to 18 feet 
deep, containing an average of 
10 to 12 feet of water when in 
use 


Sediment drying lagoons outlet 
structure (to convey water from 
the lagoons to a pump to return 
any water to the sediment basin) 


Each lagoon outlet structure = 
approximately 15 feet wide by 15 
feet tall 
Top elevation at the top of lagoon 
embankment 
Bottom elevation 20 to 25 feet 
below top elevation 


Each lagoon outlet structure = 
approximately 15 feet wide by 15 
feet tall 
Top elevation at the top of lagoon 
embankment 
Bottom elevation 20 to 25 feet 
below top elevation 


Intake outlet channel from flow 
control structure to intake 
outlet shaft 


Bottom and inside of 
embankment: 750 feet long and 
146 feet wide 


Bottom and inside of 
embankment: 750 feet long and 
146 feet wide 


Length of temporary SR 160 
levee  


4,250 feet along the centerline 4,200 feet along the centerline 


Length of permanent levee 7,600 feet along the centerline 6,200 feet along the centerline 
Top elevation of permanent 
levee 


30.3 feet (20 to 23 feet above 
toe of temporary levee fill) 


29.3 feet (20 to 23 feet above toe 
of temporary levee fill)  


Ground improvement under the 
levees and facilities 
embankments 


Approximately 1.5 to 2.0 million 
cubic yards of deep mechanically 
mixed (DMM) wall sections and 
approximately 250,000 to 
350,000 tons of cement  


Approximately 1.5 to 2.0 million 
cubic yards of DMM wall sections 
and approximately 250,000 to 
350,000 tons of cement  


Cofferdam Length = 2,942 feet (including 
sheet piles and DMM wall) 
Elevation at the top of 
cofferdam = about 25 feet 


Length = 2,897 feet (including 
sheet piles and DMM wall) 
Elevation at the top of cofferdam 
= about 25 feet 


Cofferdam impact pile driving 
duration (total hours) 
(vibratory pile driving hours 
not included) 


15 14 
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Feature Intake B Intake C  
Onsite electrical substations 
facilities footprint 


Facilities contained within a 75-
foot-wide by 125-foot-long 
enclosure with a separate safety 
and security fence 
Smaller transformers less than 10 
feet wide by 10 feet long would 
be positioned at several locations 
around the site 


Facilities contained within a 75-
foot-wide by 125-foot-long 
enclosure with a separate safety 
and security fence 
Smaller transformers less than 10 
feet wide by 10 feet long would be 
positioned at several locations 
around the site 


Standby engine generator/fuel 
tank—during construction and 
operation phases 


1 megawatt standby engine 
generator with a 1528 
horsepower engine, installed 
inside a fenced area of about 30 
feet by 30 feet at each electrical 
building, including both the 
generator and the fuel tank 


1 megawatt standby engine 
generator with a 1528 horsepower 
engine, installed inside a fenced 
area of about 30 feet by 30 feet at 
each electrical building, including 
both the generator and the fuel 
tank 


Appurtenant Structures 
Dimensions—during 
Construction Phase 


Office trailers, showers/ 
washrooms, canteen and 
common area, and bus shelter  
Most of these buildings would be 
15-feet tall or less (one story) 
Other buildings for warehousing 
for materials and temporary 
work enclosures would be less 
than 20 feet tall 


Office trailers, showers/ 
washrooms, canteen and common 
area, and bus shelter  
Most of these buildings would be 
15-feet tall or less (one story) 
Other buildings for warehousing 
for materials and temporary work 
enclosures would be less than 20 
feet tall 


Appurtenant structures 
dimensions—during operations 
phase 


One of the construction buildings 
would be converted for indoor 
storage of portable equipment 
and vehicles used for 
maintenance of all intakes. 


One of the construction buildings 
would be converted for indoor 
storage of portable equipment and 
vehicles used for maintenance of 
all intakes. 


Land reclamation Approximately 119 acres  Approximately 130 acres  
Source: Delta Conveyance Design and Construction Authority 2022a, 2022b, 2023a, and 2023b. . 
cfs = cubic feet per second; DMM = deep mechanical mixing; SR = State Route. 


3.2.2.1 Cylindrical Tee Fish Screens 
Fish screens installed on intake structures minimize aquatic species from being carried into the 
intake facilities along with the diverted water. The intake screens are designed to draw in water at 
reduced velocities to reduce potential effects to the subset of fish exposed to the intake screens.  


The intake fish screens are part of an overall intake system that includes the screen units and an 
integrated screen cleaning system, piping, and flow control features. The "tee-shaped" screen units 
would consist of two fish screen cylinders installed on either side of a center manifold that would be 
connected to the facility's intake opening. Each intake fish screen would extend about 12 feet from 
the vertical face of the intake structure into the river. During diversion operations, water would flow 
from the Sacramento River through the fish screens and a 60-inch-diameter pipe and discharge into 
the sedimentation basins. Control gates would regulate the flow through each screen unit to the 
sedimentation basin (Figure 3.2-3).  
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Figure 3.2-3. Cylindrical Tee Screen Facility 


Installing the intake facility would require construction of a temporary cofferdam for in-river 
portions of intake construction to divert water and aquatic organisms around the work site and 
create a dry work area. Portions of the cofferdam would consist of interlocking steel sheet piles 
installed using a combination of vibratory and impact pile driving. Vibratory pile driving is a method 
by which the pile is vibrated into the soil beneath the site as opposed to being hammered in, as 
occurs in impact pile driving. Noise associated with vibratory pile driving is considerably lower than 
noise associated with impact hammer pile driving. To minimize disturbances from pile driving, 
vibratory pile driving would be used to the extent possible (where supported by additional 
geotechnical information). All pile driving would occur within the timeframe between 7:00 a.m. and 
7:00 p.m. and would not occur outside of this timeframe. It is estimated that the longest installation 
period (at Intake C) would be no more than 255 hours over a 5- or 6- week period, including time for 
handling and preliminary vibratory pile driving. Assuming 2 minutes of driving time for each sheet 
pile pair, impact drive time would range from a total of 14 hours at Intake C with 3,000-cfs capacity, 
occurring over roughly 5 or 6 weeks. Each intake sheet pile construction period would be staggered 
by about 1 year.  


3.2.2.2 Sedimentation Basins and Drying Lagoon 
Diverted water would contain sediment suspended in the river water, a portion of which would be 
collected in a sedimentation basin. Each intake would have one sedimentation basin divided into 
two cells by a turbidity curtain (Figure 3.2-1). Water would flow from the intake through the 
sedimentation basin and through a flow control structure with radial gates into the outlet channel 
and shaft structure that would be connected to the tunnel system. 
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The screen and intake design would allow sufficient flow velocities in diversion pipes to sweep 
sediment into the sedimentation basin and prevent it from settling in the piping system. Once the 
diverted water enters the sedimentation basins, larger sand and silt sediment particles would settle 
while smaller silt and clay particles would be carried into the tunnel. A flow control structure with 
four large radial gates and one smaller gate would control the water level in the sedimentation basin 
and discharge flow into the intake outlet channel and outlet shaft. Tunnel and aqueduct velocity 
would be sufficient to transport these smaller particles to the Bethany Reservoir.  


Each intake would have four concrete-lined sediment drying lagoons, each approximately 15 feet 
deep, containing an average of 10 to 12 feet of water within its embankments when in use. Once a 
year, during the summer months, the sedimentation basin would be dredged, one half at a time, and 
sediment slurry discharged to drying lagoons, dewatered, and allowed to dry naturally. The 
sediment is anticipated to be composed of large silt and sand particles with minimal organic 
material. During dredging operations, sediment is expected to accumulate to a depth of about 1 foot 
distributed over the floor of the drying lagoons. Water drained from the sediment drying lagoon 
outlet structures and underdrains would be pumped back into the sedimentation basin. The 
sediment remaining would be dried for 2 to 6 days, which would reduce the sediment moisture 
content to a point at which the sediment can be removed and transported without creating dust. If 
sediment is dried to a level that would create dust, the dust would be controlled by application of 
water from on-site supplies. The dried sediment would be removed by truck for disposal at a 
permitted disposal site or used for beneficial uses off-site. The fill and drain/dry sequence would 
take about 7 to 8 days, which would approximately match the dredged material filling rate so 
continuous operation would be possible. Each drying lagoon would be filled up to three times each 
year; however, generally this would only happen once per year for median project conditions. The 
filling process would be part of the overall sediment removal and disposal process which would be 
conducted once per year. During the filling period, it would take about 2 days to move sediment 
from the sedimentation basin to each sediment drying lagoon, about 2 days to remove most of the 
water back to the sedimentation basin, and about 3 to 4 days to dry and remove sediment from the 
basin for a total duration of 7 to 8 days. Up to about 1,800 to 2,100 cubic yards of sediment would be 
removed from each lagoon each time this cycle occurs. The volume of sediment collected would 
depend upon the volume, suspended sediment concentration, and flow rate of water diverted at the 
intake. Intake maintenance activities are described in Section 3.3.5, Intake Maintenance Activities. 


3.2.2.3 Temporary and Permanent Flood Control Levees and  
State Route 160 


Constructing the intakes along the riverbank would require relocating the federal project levee 
(under USACE jurisdiction) and State Route (SR) 160 prior to building the intake structure and fish 
screens. The federal (“jurisdictional” or “project”) levee was constructed as part of the Sacramento 
River Flood Control Project Levee program established by the USACE to provide flood management 
for surrounding lands. Altering a jurisdictional levee requires approval by USACE and CVFPB prior 
to undertaking any modifications and requires that conformance with flood control criteria be 
maintained continuously during construction of any modifications. A temporary jurisdictional levee 
would be built at the intake sites east of the existing levee to reroute SR 160 and maintain 
continuous flood protection during construction of the new intake facilities.  


SR 160 is a State and County Scenic Highway that runs on top of the existing jurisdictional levee. The 
California Department of Transportation (Caltrans) is responsible for the state highway. DWR would 
collaborate with Caltrans to ensure the temporary relocation and subsequent permanent 
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realignment of SR 160 at the intakes conform to all Caltrans highway design, construction, and 
safety standards. Caltrans would assist DWR with the design of the temporary and permanent 
relocation of SR 160. Caltrans would also provide construction oversight for activities related to SR 
160 relocation.  


The temporary levee would also facilitate construction sequencing of the permanent jurisdictional 
levee around the perimeter of the intake shaft and sedimentation basin. The level of flood control 
afforded by the existing levee would be maintained during and after construction.  


Between the temporary jurisdictional levee and the Sacramento River, a cofferdam would be 
constructed along the water side of the Sacramento riverbank adjacent to the existing SR 160 to 
provide a dry workspace for intake structure construction. Following construction of the intake 
structure and the permanent levee system on the land side of the temporary levee, the area to the 
east of the intake structure would be backfilled and SR 160 would be relocated on top of the backfill 
along the Sacramento River. The intake structure and the temporary and permanent levees, 
including the sedimentation basin, radial gate structure, and intake outlet channel embankments 
would be designed to protect the site and surrounding area from the 200-year flood event with 
climate change and sea level rise in the Sacramento River as defined in the Preliminary Flood Water 
Surface Elevations memorandum (California Department of Water Resources 2020a). This level of 
protection exceeds the requirements of both the USACE and CVFPB. The final configuration of the 
levee embankment around the intake outlet channel and shaft would protect the channel and shaft 
opening from the 200-year peak flood elevations plus extreme sea level rise assumed for the year 
2100 and 3 feet of freeboard during operations (Table 3.2-2). 


Table 3.2-2 Water Surface and Flood Protection Levee Elevations 


Intake River Mile 
200-Year Max WSE + Climate 
Change+ Sea Level Rise (feet) Top of Levee (feet) 


B 39.4 27.3 30.3 
C 36.8 26.3 29.3 


Source: Delta Conveyance Design and Construction Authority 2022c. 
Max = maximum; WSE = water surface elevation. 


3.2.2.4 On-Site Roads at the Intakes 
Permanent paved roads and gravel-surfaced roads and work areas would be constructed at intakes 
for use during construction and later operations. At Intake B, approximately 8,900 feet of 20-foot-
wide paved permanent roads would be installed on the intake site toward the end of construction. 
Several 24-foot-wide paved internal roads would be constructed around the base of the intake outlet 
shaft area, along the top of the embankments, and on ramps up the side of the embankments. About 
6,500 feet of 20-foot-wide gravel roads with chip seal would be constructed around the sediment 
drying lagoons, along the length of the sedimentation basin parallel to SR 160, and to provide access 
along the sediment loading areas. All construction access and the primary maintenance access to the 
intake site would be from the intake access road. 


Intake C would also have approximately 6,500 feet of 20-foot-wide gravel roads with chip seal 
around the same facilities as at Intake B. About 8,300 feet of paved permanent roads would be 
installed at Intake C near the end of construction, along with 24-foot paved internal access roads 
around the base of the intake outlet shaft area, along the top of the embankments, and on ramps up 
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the side of the embankments. All construction access and the primary maintenance access to the 
intake site would be from the intake access road.  


Off-site access roads are described in Section 3.2.7. 


3.2.3 Tunnels 
The tunnel from the intakes to the Bethany Complex would have an inside diameter of 36 feet and 
outside diameter of 39 feet and extend 45 miles from the intakes to the surge basin at the Bethany 
Reservoir Pumping Plant. The bottom elevations of the tunnel from the intakes to the tunnel 
reception shaft at the Bethany Complex Surge Basin would range from -139 feet to -164 feet (North 
American Vertical Datum of 1988 [NAVD88]), with a top elevation near sea level. 


3.2.4 Tunnel Shafts 
TBMs would be used to bore the tunnels. Tunnel shafts to launch, remove, and/or maintain the 
TBMs would be constructed at intakes, along the alignment, and at the Bethany Complex (see 
Section 3.1.3, Summary of Proposed Action, for all shaft locations). The TBM would be lowered into a 
launch shaft and bore horizontally toward a reception shaft (Figure 3.2-4). Because the TBM 
cutterhead would need inspection and maintenance, maintenance shafts would be located 
approximately every 4 to 6 miles between launch and reception shafts to provide access for TBM 
maintenance, repair, access or evacuation, and logistic support in a free-air (not pressurized) 
environment. The northernmost intake shaft would serve as the reception shaft during construction. 
During operations, shafts at intakes would serve as intake outlet shafts to convey water into the 
tunnel system as well as for maintenance access to the tunnel. Reception shafts would be used to 
remove the TBM from the tunnel at the end of each drive. All tunnel shafts would be maintained 
during operations to provide access, as needed.  


 
Figure 3.2-4. Key Components of a Tunnel Drive  


Most shafts would require construction of a shaft pad. Tunnel shaft pads would be constructed 
above the ground surface to an elevation approximately equal to the adjacent levee system on the 
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island or tract (see Table 3.1-1 for physical dimensions). The height of the shaft pad would be 
sufficient to protect the tunnel and construction personnel from localized flooding but lower than 
the top of the shaft postconstruction to reduce the need for imported fill, which reduces related 
potential environmental effects. The final postconstruction shaft at the intakes would be raised 
above the shaft pad to an elevation above the maximum water surface in the tunnel for hydraulic 
surge events or the Sacramento River 200-year flood event with sea level rise and climate change 
hydrology for Year 2100, whichever is higher, including freeboard criteria. Note that the Sacramento 
River flood event water level is higher than the local 200-year flood event with sea level rise and 
climate change hydrology for year 2100 (including wind fetch wave run-up) at all of the tunnel shaft 
sites, so the river flood level controls over the local flood level for setting the tops of structures. A 
concrete cover with air venting provisions would be placed over the top of the shaft. Cranes would 
be used to move the concrete cover and move any large equipment. A scaffold will be erected to 
allow personnel into and out of the tunnel during operations. 


3.2.4.1 Tunnel Launch Shafts 
Tunnel launch shafts would generally have a finished inside diameter ranging from 110 to 120 feet 
and 8-foot thick walls. Tunnel launch shaft sites would include a shaft pad for the tunnel launch shaft 
with adjacent areas for equipment to excavate and support the shaft, cranes, and appurtenant items 
to move equipment into and out of the tunnel shaft, equipment holding areas, and areas to receive 
and manage the excavated RTM. Tunnel launch shaft sites would also include areas for tunnel liner 
segment storage, aggregate storage, slurry/grout mixing plants, electrical substation and electrical 
building, workshops and offices, water treatment tanks, access roads, and RTM handling, drying, and 
storage areas. Construction activities at the launch shafts would continue for 7 to 9 years.  


Double Launch Shaft at Twin Cities Complex 


 Construction would include the double launch shaft at the Twin Cities Complex. The double launch 
shaft would be constructed in a figure eight configuration with an inside diameter of 115 feet to 
allow TBMs to excavate in both north and south directions (Figure 3.2-5). This double launch shaft 
would be part of a larger complex that houses other construction components to facilitate tunnel 
excavation at this site.  


The Twin Cities Complex would be off Twin Cities Road approximately 0.5 mile northeast of the 
interchange with Interstate (I-) 5. Its northern boundary would fall between Dierssen and Lambert 
Roads, its eastern boundary along Franklin Boulevard, its western boundary offset from the I-5 
embankment, and a majority of the southern boundary at Twin Cities Road. During construction, the 
Twin Cities Complex would occupy 586 acres. The permanent site size would be 222 acres. The 
construction site would be surrounded by a ring levee, with height varying from about 3.5 feet to 
11.5 feet, designed to protect the facilities from the 100-year flood event with the Delta-specific 
Public Law 84-99 equivalent standards (i.e., 1.5 feet of freeboard above the 100-year Federal 
Emergency Management Agency flood elevation with 2:1 [horizontal to vertical; H:V] exterior slopes 
and 3H:1V interior slopes). 
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Figure 3.2-5. Twin Cities Double Launch Shaft Plan  


The Twin Cities Complex during construction would contain the double launch shaft, tunnel segment 
storage, a grout plant, shops and offices for construction crews, parking, material laydown and 
erection areas, access roads, RTM conveyor and handling facilities (Section 3.2.5, Reusable Tunnel 
Material), a water treatment plant, emergency response facilities, and a helipad. Tunnel segments, 
TBM machinery, and other equipment would be delivered to the Twin Cities Complex by road. 


Excavated soil and RTM from the Twin Cities Complex would be used for constructing the on-site 
ring levee and tunnel shaft pad at the Twin Cities Complex and for constructing shaft pads on New 
Hope Tract, Canal Ranch Tract, Terminous Tract, and King Island. See Section 3.2.10, Soil Balance.  


No ground improvement would be expected for construction at the Twin Cities Complex because 
underlying soils appear to have low compressibility and are not anticipated to be subject to 
liquefaction. Any long-term RTM storage stockpile would be planted with erosion-control seed mix 
to stabilize the stockpile and avoid dust generation. Refer to Appendix 3A, General Avoidance and 
Minimization Measures, for information related to use of native seed mixes.  


Double Launch Shaft at Lower Roberts Island  


Construction would include a double launch shaft at Lower Roberts Island. The double launch shaft 
would be constructed in a figure eight configuration with an inside diameter of 115 feet to allow 
TBMs to excavate in both north and south directions (like the double launch shaft at Twin Cities 
Complex; see Figure 3.2-5). Unlike the double launch shaft at Twin Cities Complex, Lower Roberts 
double launch shaft would not be part of a larger complex. See Section 3.1.3, Summary of Proposed 
Action, and Section 3.2.5, Reusable Tunnel Material, for details on materials housed and 
configuration of development. 


The double launch shaft at Lower Roberts Island would be located off SR 4 approximately 1.8 miles 
northeast of the interchange with I-5. It would make use of the existing levee roads and need new 
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road developments; see Section 3.2.7 from more details. During construction, the double launch 
shaft at Lower Roberts Island would occupy 610 acres. The permanent site size would be 300 acres. 
The construction site would be surrounded by a ring levee, with height varying from about 3.5 feet 
to 11.5 feet, designed to protect the facilities from the 100-year flood event with the Delta-specific 
Public Law 84-99 equivalent standards (i.e., 1.5 feet of freeboard above the 100-year Federal 
Emergency Management Agency flood elevation with 2:1 [horizontal to vertical; H:V] exterior slopes 
and 3H:1V interior slopes). 


No ground improvement would be expected for construction at the double launch shaft at Lower 
Roberts Island because underlying soils appear to have low compressibility and are not anticipated 
to be subject to liquefaction. Any long-term RTM storage stockpile would be planted with erosion-
control seed mix to stabilize the stockpile and avoid dust generation. Refer to Appendix 3A for 
information related to use of native seed mixes.  


3.2.4.2 Reception and Maintenance Shafts 
Reception and maintenance shafts would have finished inside diameters of 70 feet. Tunnel reception 
and maintenance shaft sites would include areas for the tunnel shaft with adjacent areas for 
equipment to excavate the shaft, and cranes and appurtenant items to move equipment into and out 
of the tunnel shaft. Reception shaft sites would be larger than maintenance shaft sites because of the 
area needed to disassemble the TBM equipment prior to removal from the construction site. 
Construction activities at the maintenance and reception shaft sites would continue for 
approximately 2 years. Refer to Figure 3.2-6 for a typical site representation. 


Because they would not be used to supply tunnel segments or remove RTM, reception and 
maintenance shaft sites would not require areas for storing tunnel liner segments or RTM handling. 
Shafts will have ready-mix concrete hauled in. These shafts would be powered by new power lines 
extending from existing, local distribution networks and would not need an electrical substation 
(Figure 3.2-13). 
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Figure 3.2-6. Typical Maintenance and Reception Shaft Site Postconstruction 


3.2.4.3 Tunnel Shaft Maintenance 
Tunnel shafts would be used for tunnel access postconstruction so that periodic inspections, repair, 
and maintenance activities could be performed. Design features of the gravity tunnel system should 
preclude the need for planned maintenance; necessary maintenance activities would be the result of 
inspection findings. However, it is anticipated that at some point during the service life of the 
system, some maintenance would be required. The maintenance work could range from cleaning out 
the tunnel invert with a loader or possibly patching or repairing the tunnel lining. Areas to perform 
inspection and maintenance activities would be provided adjacent to and on top of the shaft pads at 
each shaft location. Inspection and maintenance activities would comply with the confined space 
regulations in accordance with Occupational Safety and Health Administration requirements.  


There would be daily inspection and security checks at shaft sites. Grounds maintenance would 
occur twice a year. All vegetation maintenance would be mechanical (e.g., with mower or other hand 
tools). At this time, the use of herbicides specifically, or pesticides in general, is speculative; because 
the location, timing, frequency, and methods of application are not known, thus, the use of chemicals 
to remove vegetation is not proposed. Repaving would occur every 15 years.  


3.2.5 Reusable Tunnel Material 
RTM would be generated at launch shafts as the TBMs bore the tunnel. RTM is the soil removed by 
the TBM boring the tunnel, mixed with conditioners, and lifted to the ground surface through the 
launch shaft. “Wet excavated RTM” sections refers to the bulk material, including conditioners, 
resulting from tunnel excavation. After RTM is removed from the tunnel, it would then be tested for 
hazardous materials, managed on-site to dry naturally, then stockpiled and transported for reuse or 
permanently stored.  


RTM removed from the tunnel through the launch shafts would be transported by conveyor to 
handling and storage facilities near launch shaft sites. RTM excavation, testing, drying, and 
movement from the tunnel launch shaft sites during tunneling operations would occur year-round, 
20 hours per day Monday through Friday and 10 hours on Saturdays, allowing time for equipment 
maintenance. RTM movement from temporary storage to dry stockpile areas would occur 5 days per 
week from sunrise to sunset. Permanent RTM stockpiles would be elevated above the surrounding 
grades, covered with excavated topsoil, and planted with native seed mixes primarily for erosion 
control, and potentially to create a natural habitat area when the stockpile is not being accessed for 
a soil material source. Recommended treatments for permanent RTM stockpiles would include 
spreading topsoil, cross disking, and planting native grasses. The planted vegetation would be 
managed by mechanical means (e.g., with mower or other hand tools) twice a year. The use of 
herbicides for vegetation management is speculative; because the location, timing, frequency, and 
methods of application are not known, thus, the use of chemicals to remove vegetation is not 
proposed. An access road would also be constructed from the existing paved road nearest to the 
stockpile. 


3.2.5.1 Disposal of Reusable Tunnel Material 
Excavated RTM would be placed in temporary stockpile areas and tested (generally once or twice a 
day) in accordance with the requirements of the Central Valley Regional Water Quality Control 
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Board and the Department of Toxic Substances Control for the presence of hazardous materials at 
concentrations above their regulatory threshold criteria. The contractor(s) would conduct chemical 
characterization of RTM and associated decant liquid prior to reuse or discharge, respectively, to 
determine whether it will meet requirements of the National Pollutant Discharge Elimination 
System and the Central Valley Regional Water Quality Control Board. All decant liquid would be 
collected and treated for direct on-site reuse or on-site storage to reduce water supply needs. If the 
amount of treated water flows from RTM decant, dewatering flows, and site runoff exceeds the on-
site water demands and on-site storage, the treated flows would be discharged to adjacent water 
bodies in accordance with the stormwater pollution prevention plan, described in AMM-4a: Develop 
and Implement Erosion and Sediment Control Plans (Appendix 3A). While additives used to facilitate 
tunneling would be nontoxic and biodegradable, it is possible that some quantity of RTM would be 
deemed unsuitable for reuse and would be disposed of at a site approved for disposal of such 
material. This is expected to apply to approximately 1% to 5% of the total volume of excavated 
material. 


It is anticipated that several stockpiles would be developed. Each temporary area would be 
generally sized to accommodate up to 1 week of RTM production to allow for testing of RTM for 
presence of contaminated or hazardous materials and suitability for reuse before stockpiling on-site 
or transporting off-site. Each stockpile area would be lined with impermeable lining material. 
Additional features of the long-term material storage areas would include berms and erosion 
protection measures to contain storm runoff as necessary and provisions to allow for truck traffic 
during construction. 


RTM would require drying for long-term stockpiling and storage. Natural drying (evaporation) is the 
proposed method. The dried RTM would be piled and moved by bulldozers and motor scrapers, and 
then deposited in the dry stockpile areas near the tunnel launch shaft sites. RTM permanently stored 
at launch sites would be graded and planted with erosion-control seed mix to avoid the need for 
future handling and dust generation. For natural drying, wet RTM would be spread over a broad 
area in relatively thin lifts (e.g., 18 inches) and allowed to dry and drain naturally over a period of up 
to 1 year. If portions of the RTM were identified as hazardous, that material would be transported in 
trucks licensed to handle hazardous materials to a disposal location licensed to receive those 
constituents. If the RTM meets the criteria for reuse, the material would be moved by conveyor to a 
long-term on-site storage site. 


 A portion of the dried RTM generated at the Twin Cities Complex and Lower Roberts Island would 
be used to refill the areas excavated at the launch site where soil is removed to construct tunnel 
shaft pads and levee modifications. The remaining dried RTM would ultimately be moved to a single 
on-site long-term storage area at each launch shaft work area and planted with erosion-control seed 
mix to stabilize the stockpile and avoid dust generation. 


3.2.6 Bethany Complex 
The Bethany Complex would be constructed southeast of Clifton Court Forebay. The Bethany 
Reservoir Pumping Plant and Surge Basin would be located along Mountain House Road 
approximately 0.5 mile south of the intersection with Byron Highway. The Bethany Reservoir 
Aqueduct would extend approximately 2.8 miles from the pumping plant to a new discharge 
structure on the banks of the Bethany Reservoir (Figure 3.2-8) These facilities are described in the 
following sections and in Table 3.2-3. The Bethany Complex would be located on ground above the 
flood elevations for the 200-year flood event with sea level rise and climate change hydrology for 
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year 2100, as defined by DWR. Vegetation management within Bethany Complex would occur twice 
a year. All vegetation maintenance would be mechanical (e.g., with mower or other hand tools). At 
this time, the use of herbicides specifically, or pesticides in general is speculative; because the 
location, timing, frequency, and methods of application are not known, thus, the use of chemicals to 
remove vegetation is not proposed. Non-public paved roads will be repaved annually. 


Table 3.2-3. Bethany Complex Feature Ground Footprint Summary 


Feature Item Quantities  
Bethany Reservoir 
Pumping Plant and 
Surge Basin 


Total size of construction site 
(approximately)  


213 acres 


Total size of postconstruction 
site (approximately)  


184 acres 


Land reclamation 
(approximately) 


29 acres  


Pumping plant pad site 1,166-foot-wide x 1,260 feet long 
Surge basin site Surge basin size: 815 feet wide x 815 feet long  


Overflow shaft diameter: 120 feet  
Overflow weir wall diameter: 180 feet  
Six 5 feet by 5 feet vertical sluice gates within 
the perimeter of the overflow weir will allow 
stored water from a surge event to drain into 
the overflow shaft 


Diaphragm walls Pumping plant: Approximately 6 foot wide by 
252 foot deep by 1,438 feet long; 5-foot wide 
by 100-foot deep by 1,750 feet long; and 5 foot 
wide by 252 foot deep by 630 feet long 
diaphragm walls 
Wet well inlet conduit: Approximately 6 feet 
wide by 252 feet deep by 800 feet long; and 5-
foot-wide by 100-foot-deep by 160-foot-long 
diaphragm wall columns below foundation 
Surge Basin: Approximately 3 feet wide by 137 
feet deep by 3,260 feet long with two levels of 
tiebacks 


Foundational piles Pumping plant: Approximately 53 drilled piers 
would be installed 50 feet deep below the 
pump discharge isolation gate valve gallery 
Surge Basin: Approximately 2,530 drilled piers 
would be installed 60 feet deep below the 
surge basin base slab 


Pumping plant structure Area of structure: 412 feet wide by 503 feet 
long  
Top of slab of wet well, wet well inlet conduit 
and pumping plant dry pit pump bays: 47 feet  
Top of canopy structures on the north end of 
each pumping plant dry pit above pad: 74.5 
feet 
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Feature Item Quantities  
Pumps Pumping plant: 14 pumps at 500 cfs, each, 


includes two standby pumps  
Surge Basin: four rail-mounted pumps at 100 
cfs, each, for dewatering surge basin 
two vertical submersible pumps at 60 cfs each, 
for dewatering main tunnel 


Surge tanks for aqueduct to 
Bethany Reservoir Discharge 
Structure 


Area of tank: 75-foot diameter by 20 feet high 
Total number of tanks: four 


Bethany Reservoir Surge Basin 
tunnel reception shaft 


Shaft depth during construction: 209 feet 
(depth from existing ground surface prior to 
excavation or fill) 
Shaft depth during operations: 199 feet 


 Concrete batch plants  Two batch plants in an area approximately 
11.5 acres in size  


Bethany Reservoir 
Aqueduct 


Total size of construction site 
(approximately)  


128 acres 


Total size of postconstruction 
site (approximately)  


68 acres 


Land reclamation 
(approximately) 


60 acres 


Aqueduct trench (excludes 
tunneled portions of aqueduct) 


Aqueduct trench from the Bethany Reservoir 
Pumping Plant to the tunnel under Jones 
Penstock: 7,900 feet long 
Aqueduct trench from the tunnel under Jones 
Penstock to the tunnel under the conservation 
casement: 3,700 feet long 
Each aqueduct trench is approximately 115 
feet wide at the bottom, to accommodate four 
pipes 180 inches in diameter and 30 feet on 
center 
A 24-foot-wide permanent gravel-surfaced 
patrol road would be placed on the completed 
fill in the center of the aqueduct  


Tunneled portions of aqueduct Tunnel under Jones Penstock: Four 200-foot-
long and 20-foot-diameter parallel tunnels 
(one per pipeline); tunnels separated by 40 
feet between the center of each tunnel  
Tunnel under conservation easement: Four 
3,064 foot long and 20 foot diameter parallel 
tunnels (one per pipeline) separated by 40 feet 
between the center of each tunnel at the 
entrance portal end to about 70 feet at the 
shaft end 


CLSM processing area 2 batch plants, each 100 feet wide by 100 feet 
long by 50 to 75 feet in height 


Total size of construction site 
(approximately)  


15 acres 







CA Department of Water Resources 
 


Description of the Proposed Action 
 


 
Delta Conveyance Project, Biological Assessment  3-40 May 2024 


ICF 103653 
 


Feature Item Quantities  


Bethany Reservoir 
Discharge 
Structure 


Total size of postconstruction 
site (approximately)  


13 acres 


Land reclamation 
(approximately) 


None anticipated 


Tunnel shaft connection to the 
Bethany Reservoir Discharge 
Structure 


Each of the four tunnels would extend upward 
vertically through shafts to discharge water 
into the Bethany Reservoir Discharge 
Structure. There would not be any tunnel 
shafts between the tunnel portal and the 
discharge structure (within the Conservation 
Easement) 


Discharge structure channels Four channels extend from the vertical shaft to 
the bank of the Bethany Reservoir. The 
channels range in width from 55 feet at the 
vertical shaft to approximately 27.5 feet at the 
bank of the Bethany Reservoir 


3.2.6.1 Bethany Reservoir Pumping Plant 
The Bethany Reservoir Pumping Plant would be needed to lift the water from the tunnel to Bethany 
Reservoir. The main tunnel from the intakes would terminate at a reception shaft within the surge 
basin on the north side of the Bethany Reservoir Pumping Plant. Water would enter the Bethany 
Reservoir Pumping Plant and be conveyed directly to Bethany Reservoir in a cement-mortar-lined, 
welded steel aqueduct system.  


The Bethany Reservoir Pumping Plant would be a multilevel underground structure with its roof at 
grade. Flow capacity would range from a minimum of 300 cfs to a maximum of 6,000 cfs. The 
pumping plant would have twelve 500-cfs pumps to achieve the flow of 6,000 cfs and two standby 
pumps. In addition to the below-ground pumping plant and wet well, the site would include 
aboveground water storage tanks for hydraulic transient-surge protection of the discharge 
pipelines, electrical building with variable speed drives and switchgear, heating and air conditioning 
mechanical equipment yard, transformer yard, electrical substation adjacent to the electrical 
building, standby engine generator building with an isolated and fully contained fuel tank, 
equipment storage building with drive-through access, offices, welding shop, machine shop, storage 
area for spare aqueduct pipe sections and accessories, and a walled enclosure/storage facility for 
bulkhead panel gates that would be used to isolate portions of the Bethany Reservoir Pumping Plant 
during maintenance procedures. The pumping plant would include two separate dry-pit pump bays 
adjacent to the wet well. 


Electrical, generator, and maintenance buildings, an electrical substation, surge tanks, and 
protective canopies on the site would be aboveground structures (Figure 3.2-7). The finished site 
pad elevation of 46.5 feet above mean sea level, at about existing grade, would be substantially 
above the elevation required to protect the facilities from surge events and the 200-year flood event 
including sea level rise in 2100, which is calculated to be a water surface elevation of 27.3 feet 
within the surge basin. 
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3.2.6.2 Bethany Reservoir Surge Basin 
The surge basin would normally be empty when the Bethany Reservoir Pumping Plant is in 
operation. The top of the surge basin would be at existing grade and the bottom would be about 35 
feet below the ground surface. The tunnel shaft within the surge basin would accommodate portable 
submersible pumps for dewatering the tunnel, if necessary. The top of the tunnel shaft would be at 
the floor of the surge basin and would be surrounded by an overflow weir wall inside the basin. A 
shaft pad would not be required at the surge basin reception shaft since natural ground elevations at 
this site are considerably above the potential flood stage, and groundwater intrusion is unlikely 
based on available information. 


Under rare circumstances, potential transient-surge conditions could occur in the main tunnel 
between the intakes and Bethany Reservoir Pumping Plant or in the Bethany Reservoir Aqueduct. 
Along the main tunnel, the transient surge could occur if there was a simultaneous shutdown of the 
main raw water pumps in the pumping plant. The surge flows would discharge into the surge basin 
through the tunnel reception shaft. The circular weir wall around the top of the tunnel reception 
shaft (Figure 3.2-7) would allow the overflows to enter the surge basin but prevent water that 
enters the surge basin from reentering the main tunnel unless DWR operators open gates to allow 
the water to flow back in. The surge basin would also have pumps to remove the water more rapidly 
than gravity flow into the pumping plant to facilitate restarting the pumping plant after a surge 
event.  


Transient-surge conditions in the Bethany Reservoir Aqueduct pipeline could also occur if there was 
a simultaneous shutdown of the Bethany Reservoir Pumping Plant pumps. Under this transient-
surge scenario, water would flow from surge tanks located at the Bethany Reservoir Pumping Plant 
into the aqueduct pipelines and excess surge flows would be conveyed into Bethany Reservoir.  


 
Figure 3.2-7. Bethany Reservoir Pumping Plant and Surge Basin 
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3.2.6.3 Bethany Reservoir Aqueduct 
The aqueduct system would consist of four 15-foot-diameter parallel pipelines that would convey 
water from the Bethany Reservoir Pumping Plant to the Bethany Reservoir Discharge Structure, a 
distance of approximately 2.8 miles each. Each pipeline would have a maximum capacity of 1,500 
cfs. The aqueduct system permanent footprint would be about 200 feet wide. Two separate 
aqueduct reaches would require parallel tunnels to carry each pipeline under existing features. The 
first reach would be under the Jones Pumping Plant discharge pipelines (about halfway from the 
Bethany Reservoir Pumping Plant to the discharge structure); at this location pipelines would run 
about 50 feet below ground surface for about 200 feet. Tunnels would also be needed under the 
existing conservation easements adjacent to Bethany Reservoir (at the last downstream reach of the 
aqueduct; Figure 3.2-8) for about 3,064 feet, ranging from 45 to 180 feet below ground surface. 


 
Figure 3.2-8. Bethany Reservoir Aqueduct Route with Tunnel Reaches 


The aqueduct pipelines would be laid mostly in open trenches,3 constructed by open cut and backfill 
methods. The tops of the pipes would extend above the existing ground surface and be covered by a 
minimum of 6 feet of soil that would form a single mound of earth above the four pipelines (Figure 
3.2-9). Excavated material from the Bethany Reservoir Aqueduct trenches and tunnels would be 
used for backfill of the trenches and also used to make controlled low-strength backfill material 
(CLSM) for pipe bedding and zone material.  


 
3 Open trenches would occur for the aqueduct pipelines except where the conservation easement prevents it; see 
aqueduct tunnel overlapping conservation easement lavender shading on Figure 3.2-8. 
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Figure 3.2-9. Typical Completed Section for Open Cut Reaches of Pipeline Alignment 


The aqueduct pipelines would terminate near the bottom of four 55-foot-inside-diameter below-
ground vertical shafts at the Bethany Reservoir Discharge Structure. The pipelines would make a 90-
degree bend upward inside the shafts, ending at the floor of the discharge structure and flowing 
through a concrete channel into Bethany Reservoir (Figure 3.2-10). Bethany Reservoir serves 
several purposes: a forebay for the South Bay Pumping Plant (the start of the South Bay Aqueduct of 
the State Water Project), an afterbay for Banks Pumping Plant, a conveyance facility for the 
California Aqueduct, and a recreational facility. The reservoir does not serve as a storage reservoir. 


Staging Areas, Controlled Low-Strength Backfill Material Batch Plants, and Ancillary 
Facilities 


In addition to pipelines and tunnels, the aqueduct construction site would include contractor staging 
areas, CLSM batch plants, and ancillary facilities. The CLSM would be used to improve the strength of 
soil placed under the aqueduct pipes installed in the trenches, and possibly to fill the space between 
the inside wall of the tunnel and the outside of the pipeline wall for the tunnels that carry the 
pipelines below the Jones discharge pipelines and the conservation easements adjacent to Bethany 
Reservoir. 


A CLSM processing area at the tunnel portion of the aqueduct would include two side-by-side CLSM 
batch plants for trench work, each 100 feet wide by 100 feet long and 50 to 75 feet tall. CLSM 
production would also require 2.75 acres for soil storage of up to 30,000 cubic yards of soil up to 7 
feet deep; two 30-foot-diameter, 10-foot-tall water storage tanks mounted on 8-foot-tall platforms 
and holding a total of 100,000 gallons of water; and cement storage silos 50 to 75 feet tall on a site 
50 feet wide by 100 feet long.  


Aqueduct Tunnels 


The aqueduct tunnels to carry the pipelines under the Jones discharge pipelines and the 
conservation easements would be constructed using a different method than used for the main 
tunnel between the intakes and the Bethany Reservoir Pumping Plant. Because of the shorter length 
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of these tunnels compared to the main tunnel, a TBM would not be used during construction. For the 
Jones pipeline crossing a digger shield outfitted with an excavator arm could be used for the 
anticipated ground conditions. To avoid extensive disturbance of sensitive habitat areas within the 
conservation easement crossing, several excavation methods have been identified including a 
roadheader. Soil material would be moved out of the tunnels at the entry portals. The excavation 
would be supported with rock reinforcement and/or steel ribs or lattice girders and shotcrete 
depending on-the-ground conditions. Construction of the aqueduct tunnels under the conservation 
easement would avoid surface disturbance within the conservation easement. 


The excavated material from the aqueduct tunnels would be removed by different methods and 
would be in different geologic formations compared to the main tunnel bore; therefore, the 
excavated material characteristics would be different from the RTM from the main tunnel. The 
Bethany Reservoir Aqueduct tunneling machines also would not need additives; therefore, the 
excavated soil would not need to undergo the extensive drying that would be required for RTM from 
the TBMs on the main tunnel. Materials excavated from the aqueduct tunnels that are too wet or 
otherwise unsuitable for CLSM of backfill would be transported to the permanent excavation 
stockpile adjacent to the Bethany Reservoir Pumping Plant and dried as part of final disposal. 


Tunneling under the Jones discharge pipelines would require excavation of a large cut to establish 
entry and exit portals. The entry portal would be located on the east side of the Jones discharge 
pipeline crossings. Excavation of these tunnels would end at the exit portal about 200 feet away on 
the west side of the Jones pipelines. Major facilities at the site would include mobile cranes, 
construction shops and offices, parking, material laydown and erection area, equipment staging, 
tunnel ventilation system housing, temporary electrical substation, and storage for topsoil stripping. 
Construction activities would include clearing and grubbing, water quality protection, ground 
improvement, and other activities as needed. 


Tunneling under the conservation easement also would require tunnel entry portals on the east side 
and tunnel exit portals on the west side of the 3,064-foot crossing. The entry portals would be 
located on the east side of the conservation easement and west of the existing high-voltage power 
lines, outside of the conservation easement boundary. Excavation of these tunnels would end at the 
vertical shafts on the east side of the Bethany Reservoir Discharge Structure.  


3.2.6.4 Bethany Reservoir Discharge Structure 
The Bethany Reservoir Discharge Structure on the bank of the Bethany Reservoir comprises the 
aqueduct conservation easement tunnel vertical exit shafts, contractor staging areas, and ancillary 
facilities. The discharge structure site is on a narrow strip of land between the conservation 
easement and Bethany Reservoir; a 10-foot-wide buffer would separate the disturbance area from 
the conservation easement. Significant grading would be required to build the structure on the site, 
above reservoir surface water level, which varies considerably in elevation. Constructing a 
temporary cofferdam within the water near the shore in the reservoir would allow excavation, 
concrete, and backfill work to be completed on the reservoir bank within an area of dry ground 
excavated as much as 25 feet below the reservoir water surface. 


The discharge structure would occupy 13 acres postconstruction. It would be divided into four 
separate channels, with a total width of approximately 327 feet encompassing the four 55-foot-wide 
aqueduct shafts with required approximately 81.5-foot center-to-center spacing (Figure 3.2-10). 
Each channel of the discharge structure would range from about 81 feet wide at the top of the 
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aqueduct shafts to approximately half of that width at the bank of the Bethany Reservoir. The 
concrete floor of the discharge structure at elevation 227.0 feet above mean sea level would end 
near the reservoir bank, and a layer of riprap would be placed between the structure and the 
temporary cofferdam to help stabilize and protect the bank and bed of the reservoir from the energy 
of the water being discharged, which is expected to be minor, given the relatively low discharge 
velocity. The top of the discharge would be approximately at the same elevation as the existing 
California Aqueduct Bikeway that will traverse through and over the structure. 


 
Figure 3.2-10. Bethany Reservoir Discharge Structure 


The Bethany Reservoir Discharge Structure would cross the existing California Aqueduct Bikeway, 
which is also used as a maintenance road. A 32-foot-wide bridge would span the four channels to 
maintain access for bikes and maintenance vehicles. Each of the four Bethany Reservoir Discharge 
Structure channels would be divided into two 21-foot-wide bays with radial gates and stop logs to 
prevent backflow in an emergency and double isolate the aqueduct system from Bethany Reservoir. 
A 16-foot-wide service deck would be installed on the opposite (reservoir) side of the gate and stop 
log area to facilitate operations and maintenance of the gates and installation and removal of stop 
logs. The bridge would include applicable openings for stop log installation and removal through 
traffic-rated hatches. Similarly, stop logs would be installed in open stop log grooves adjacent to the 
service deck. The radial gates would automatically close under pressure loss conditions in the 
aqueduct pipelines to prevent water from Bethany Reservoir from flowing into the aqueduct 
pipelines during the unlikely event of a pipeline break or valve malfunction. Due to the critical 
control nature of this facility, a standby engine generator would be provided for backup power in 
case of a power outage. A storage yard for isolation bulkhead gates is also included at the site. 


3.2.7 Access Roads 
Construction would require substantial transportation facility improvements. This would be to 
serve the construction and material delivery processes and access to compensatory mitigation sites. 
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Construction would require temporary relocation and realignment of SR 160 at the intakes (Figure 
3.2-11), and new or improved access roads to intakes, tunnel shafts, and the Bethany Complex. 
Pavement conditions on existing county and local roads are predominantly classified as marginal to 
unacceptable. State routes are generally in good condition although pavement condition data were 
not available for all State routes at the time of the needs assessment.  


DWR will conduct preconstruction pavement and roadway analyses of access roadway segments on 
local and county roads to determine whether they need improving. Road improvement activities 
would include pavement remediation (e.g., fill potholes, asphalt cracking, and slurry seals), widening 
to a minimum of 12 feet, roadway design to serve construction traffic with new roads, and 
constructing new bridges or widening existing bridges. Where road and bridge improvements are 
undertaken, wider shoulders would be considered to meet bicycle lane standards; design standards 
for each state or local entity that operates roads and bridges would be followed for all 
improvements on the existing respective roadways. Some project-area bridges rated as structurally 
deficient or functionally obsolete are scheduled to be replaced or rehabilitated by their respective 
jurisdictions. DWR would issue communications regarding roadway conditions and construction 
biweekly and post on the project information website in the multiple languages spoken in the Delta. 
This would inform residents, business owners, and farmers of daily road construction and high-
volume construction traffic events (e.g., during hours of materials deliveries).  


Modifications to existing roadways during project construction would be completed in accordance 
with Caltrans or county criteria, depending upon the owner of the roadway. Future roadway 
projects under consideration by local or state agencies were reviewed to potentially coordinate road 
improvements. The preconstruction pavement and roadway analysis will be included as part of the 
Geometric Approval Drawings submittal for review, comment, and refinement, in consultation with 
the applicable transportation entities, including Caltrans for state highways and intersection 
facilities and local agencies for local roadway and intersection facilities. Improvements to State 
Routes would be designed and constructed in collaboration with Caltrans. Project roadway 
improvements to existing State Routes, local roadways, and bridges would remain after 
construction. 


Roads used for material hauling, construction equipment access, and employee access would consist 
of existing State routes and two-lane roadways in the Delta, new gravel (with chip seal) or paved 
roadways constructed from existing roads to construction sites, and new roads within facility 
construction sites. Truck routes were evaluated for existing and project truck volumes and will be 
improved where project truck traffic warrants improvement, based on the duration of work and 
expected commodities to be carried. Minimum requirements for truck routes are 12-foot-wide lanes 
and 4-foot-wide shoulders. Interstate, state, and local roads would also provide direct access to 
project work sites. Construction access roads would remain postconstruction for maintenance 
access to the facilities.  


SR 160 near the north Delta intakes would be temporarily rerouted east of its existing alignment 
during the intake construction process and then relocated through the intake facility in the vicinity 
of the current SR 160 alignment. Lambert Road would be widened from Franklin Boulevard to the 
eastern side of the bridge over Snodgrass Slough.  


A new 3.8-mile paved intake access/haul road would be constructed along the west side of the 
abandoned railroad embankment, to a new dedicated haul road east of the intakes. Approximately 
180 feet of the existing bridge over Snodgrass Slough at Hood-Franklin Road would be widened. The 
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haul road would eliminate the need for construction traffic to travel through the main portion of the 
Town of Hood and on SR 160; it would not be a public road. All access for construction, plus most 
operations-phase access, would use the haul road to enter the intake sites.  


A new 0.3-mile access road to the shaft site on New Hope Tract maintenance shaft would be 
constructed from Blossom Road. To access the Terminous Tract maintenance shaft site, a new 
uncontrolled interchange with longer acceleration and deceleration lanes along SR 12 would be built 
and 2.3 miles of SR 12 from I-5 to the tunnel shaft site would be improved. Access to the Lower 
Roberts Island double launch shaft would involve building a new 1.2-mile access road from West 
Fyffe Street to a new bridge; a new road and railroad bridges over Burns Cutoff from Port of 
Stockton; new 3.2-mile access road and rail lines along West House Road from the new bridge; and a 
new 1.6-mile access road on Lower Roberts Island. One mile of Dierssen Road between Franklin 
Boulevard and I-5 would be widened, and 0.48 mile of Franklin Boulevard would be widened 
between locations 0.22 mile north of Dierssen Road and 0.25 mile south of Dierssen Road. Twin 
Cities Road would be widened for 1 mile from a location 0.83 miles west of Franklin Boulevard to a 
location 0.17 mile east of Franklin Boulevard. Access to the Lower Roberts Island double launch 
shaft site would involve 1.2 miles of new paved road on Rough and Ready Road on Port of Stockton, 
a new bridge over Burns Cutoff from Port of Stockton, 2 miles of new paved road to West House 
Road with widening 1.2 miles of West House Road, and 1.3 miles of new paved road from West 
House Road to North Holt Road with a new bridge over Black Slough. 


Construction would start with clearing, grubbing, and moving utilities. Existing drainage facilities 
either within the construction site or adjacent to construction sites would be rerouted to not affect 
overland drainage flows or groundwater seepage flows prior to construction. After completion of 
construction at a project site, the condition of the pavement of access roads would be analyzed and 
remediation would be completed as necessary to return the facility to the condition that DWR 
constructed. 


 







CA Department of Water Resources 
 


Description of the Proposed Action 
 


 
Delta Conveyance Project, Biological Assessment  3-48 May 2024 


ICF 103653 
 


  


Figure 3.2-11. Road Modifications  
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3.2.8 Rail-Served Materials Depots 
Rail access to serve major construction sites would reduce truck use of local roads and highways. 
The UPRR and BNSF Railway serve the action area. Rail-served materials depots with rail sidings 
would be constructed and used to transport certain large volume construction materials. The rail 
siding would be designed to allow the train to leave or pick up rail cars, hold the rail cars, and off-
load or load the rail cars. The depot would include areas where trains would move off the main line 
to deposit the rail cars and areas to transfer the materials to trucks. 


 A rail-served materials depot at Lower Roberts Island would be constructed. Rail access to Lower 
Roberts Island would be provided from an extension of an existing short haul line at the Port of 
Stockton. Rail access would be extended over a new bridge over Burns Cutoff and continue to the 
launch shaft site and RTM storage area.  


3.2.9 Construction Schedule 
Construction would take approximately 13 years. Construction would not take place in all locations 
at the same time. Rather, it would proceed in stages, starting with access roads and site work at the 
intakes and launch shafts, plus power and SCADA installed to facilities sites, then concurrent tunnel 
and facility construction, and finally proceeding to commissioning, site reclamation, and road 
overlays in the final years, as shown on Figure 3.2-12.  
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Figure 3.5-12. Construction Schedule
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3.2.10 Soil Balance 
Project construction would require large amounts of fill material at many facility sites and would 
also generate extensive amounts of excavated soils and RTM. Roads and compensatory mitigation 
would require imported materials from commercial sources. Construction would occur over a 
period of years at most sites, but not simultaneously at all sites. For example, tunnel launch shaft 
sites would require soil fill material several months before tunneling operations would produce 
large volumes of RTM. To optimize the movement of fill material and reduce the need for import, 
disposal, and stockpiling, an earthwork model was prepared to understand the total amount of soil 
fill required and produced at the various construction sites relative to the project schedule. The 
earthwork model analyzed soil fill material including structural and nonstructural fill, topsoil, peat, 
and imported specialty materials including gravel or aggregate base. Model results showed the 
volume of fill material produced on-site from excavation (including both RTM and surface soils), the 
volume needed on-site as structural fill, and where import material would be sourced from if a 
deficit occurs or where excess material would be stockpiled or disposed of if a surplus occurs.  


It is expected that soils excavated on-site at intakes would balance on-site soil needs and no 
significant import or export of structural fill would be necessary. However, some imported fine-
grained levee embankment core material may be required if on-site soils do not meet regulatory 
requirements for construction. RTM generated at launch shafts at the Twin Cities Complex and 
Lower Roberts Island would be used for backfilling borrow areas on-site. Soil excavated at the Twin 
Cities Complex would be used for shaft pads on New Hope Tract, Canal Ranch Tract, Terminous 
Tract, and King Island. Soils excavated at the Lower Roberts Island double launch shaft site would be 
used for the shaft pads on Lower Roberts Island, Union Island, and Upper Jones Tract, and RTM 
generated on-site would be used to backfill borrow areas on Lower Roberts Island.  


3.2.11 Electrical Facilities  
Power supplies would be needed at construction sites for the intakes, tunnel shafts, Bethany 
Complex facilities, concrete batch plants, and park-and-ride lots. Power supplies would also be 
needed during operations of the intakes, Bethany Reservoir Pumping Plant and Surge Basin, and 
Bethany Reservoir Discharge Structure, plus lights, security, and minor operations and maintenance 
(O&M) loads at all permanent locations. 


Power demand during construction would include support for large equipment, such as cranes and 
ground improvement machines, TBM and associated equipment including ventilation, conveyors 
and pumps, small tools, and construction-support facilities. Support facilities would include, but not 
be limited to, construction trailers, temporary lighting, and electric vehicle charging stations. Some 
of this equipment could be powered by on-site generators or internal combustion engines; however, 
electrical grid service to the sites, if available, would be more efficient, use less diesel fuels, and 
produce fewer emissions. In addition, Appendix 3A includes AMM-7: Off-Road Heavy-Duty Engines, 
which states that DWR will consider use of electric or hybrid-electric off-road equipment (including 
generators) over diesel counterparts to the extent that they become commercially available and 
earn a track record for reliability in real-world construction conditions and become cost-effective. 


Power for construction and operation of the conveyance facilities would be delivered on existing 
power lines to the extent possible, but the location or required load of some facilities would require 
either new aboveground power towers with lines or underground conduit to serve those specific 
areas. Some existing lines would require adding new towers to extend service to conveyance 
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facilities. Some existing lines would require adding new towers to extend service to conveyance 
facilities. Some power will also be abandoned or relocated, and some overhead lines, such as those 
crossing the intake haul road, will be moved underground to address overhead height constraints. 
For any aboveground power towers or lines that are new, non-specular materials would be used.  


DWR is coordinating electric power transmission modifications with electricity providers 
Sacramento Municipal Utility District (SMUD), Western Area Power Administration (WAPA), and 
Pacific Gas and Electric Company (PG&E). These companies own and maintain high-voltage 
transmission lines in the action area (Figure 3.2-13).  
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Figure 3.2-13. Power Lines  
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3.2.12 SCADA Facilities 
SCADA systems and associated data communication systems are common features of water 
infrastructure that enable remote monitoring and control of the performance and operation of the 
system, including video security cameras. The new Delta Conveyance Project facilities would need to 
be integrated into SWP’s existing SCADA system to allow for coordinated operations (Delta 
Conveyance Design and Construction Authority 2022d, 2023). The communications network would 
connect three major data centers, two intakes, and four remote data sites for the Bethany Complex. 
The major data centers would be at the existing DWR Project Control Center, DWR Operations and 
Maintenance Area Control Center at the Delta Field Division, and Bethany Reservoir Pumping Plant. 
SCADA would provide real-time performance data at intakes, tunnel launch shafts and some 
maintenance and reception shafts, and the Bethany Complex facilities. The communications aspects 
of the SCADA system would be used during construction to facilitate internet applications at the 
launch shaft sites, the intakes, and the Bethany Reservoir Pumping Plant. 


The SCADA system would consist of SCADA equipment and communications links based upon fiber-
optic cables that would be installed within and connecting to new structures. Whenever possible, 
the construction of fiber-optic based communications systems would use existing 
telecommunications infrastructure, dedicated conduits within project road modifications, and 
termination panels installed inside or on the buildings or structures. Wherever possible, 
underground routes would be located along existing roads and project access routes (Figure 3.2-14). 
SCADA fiber-optic cables serving the Bethany Reservoir Discharge Structure would be installed 
within the tunneled portion of the Bethany Reservoir Aqueduct; all construction and maintenance 
would take place from within the tunnels accessed from outside of the Bethany West Easement 
(Delta Conveyance Design and Construction Authority 2021). 
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Figure 3.2-14. SCADA Fiber Routes  
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3.2.13 Fencing and Lighting 
Construction site security for major work sites would include security guards stationed at the main 
entry and exit gates for 24-hour site access management and surveillance. Security personnel would 
be on-site with regular inspection rounds. Cameras would also be used at key locations. Once 
construction is complete, permanent security fencing would be in place, and cameras would be 
installed with either local recording devices or transmission capabilities. These cameras would be 
located at sites where permanent power and SCADA facilities are located. Security personnel would 
monitor the sites periodically. 


During construction, park-and-ride lots would use downcast lighting. Permanent lighting at facility 
sites would be downcast, cut-off type fixtures with non-glare finishes and controlled by photocells 
and motion sensors, depending on the location. Construction and maintenance lighting would be 
similar except for a few necessary nighttime work activities that would require higher-illumination 
safety lighting of the work sites. Lights would provide good color with natural light qualities and 
minimum intensity with adequate strength for security, safety, and personnel access. The lights 
would comply with the Illuminating Engineering Society industry standards for light source and 
luminaire measurements and testing methods. 


During construction, night lighting at park-and-ride lots would be controlled by motion detectors. 
During operations, the lights at the intakes, tunnel shafts, and Bethany Complex would be motion 
activated to minimize light and glare to adjacent properties.  


3.2.14 Park-and-Ride Lots 
Park-and-ride lots would be established near major commute routes, where workers could park and 
ride shuttle buses or vans to construction sites. The employee shuttles would be electric-powered, 
and the park-and-ride lots would be equipped with electric vehicle charging stations. Trucks 
arriving late at night could also use these lots to park overnight to minimize nighttime deliveries to 
construction sites. Lots would be lighted with nighttime security lighting with motion detectors. 
Park-and-ride lots would be removed after construction unless local communities are interested in 
maintaining these lots in the future through the Community Benefits Program. Lots would be 
established at the following sites. 


• Hood-Franklin Park-and-Ride Lot. Parking for employees at intakes. This lot would be located 
along the south side of Hood-Franklin Road immediately east of I-5. The total construction area 
would be 4.1 acres. The land is currently mostly agricultural land; a Caltrans construction yard 
occupies a small portion.  


• Charter Way Park-and-Ride Lot. Parking for employees at tunnel shafts on Lower Roberts, 
New Hope Tract, Canal Ranch Tract, Terminous Tract, and King Island. This lot would be located 
along the south side of Charter Way at the southwest corner of the I-5 overpass, on the south 
side of SR 4, just west of I-5. The total construction area would be 2.4 acres. The land is currently 
a private truck parking lot and would only require upgrade or replacement of pavement and 
lighting systems. 


Limited on-site parking would be provided at the intakes and Lower Roberts Island double launch 
shaft to supplement the park-and-ride lots. On-site parking for all workers would be provided at all 
other construction sites, including the Twin Cities Complex, all maintenance and reception shafts, 
and the Bethany Complex. After construction, these facilities would be removed.  
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3.2.15 Land Reclamation 
As a part of construction, some areas would be temporarily disturbed but not needed for long-term 
operations (e.g., construction staging areas). DWR would transfer this land to interested parties to 
be consistent with local land uses, including agricultural production or open space/natural habitat. 
To be able to use land for these purposes after construction, construction activities are necessary to 
reclaim this land.  


All areas included in the construction boundary and not included in the postconstruction 
(permanent) project operations boundary are illustrated in Figure 3.2-15; areas to be included in 
land reclamation are located at the Intakes B and C, Twin Cities Complex, Lower Roberts Island 
double launch shaft, and Bethany Complex (see starred locations in the figure). Lands to be 
reclaimed would be those areas used during construction for material and equipment laydown and 
staging, material stockpiles, slurry/grout mixing plants, parking areas, and facilities/trailers. DWR 
would acquire the land for construction and would conduct agronomic testing to help determine 
whether the temporarily disturbed site could be reclaimed and final reclamation methods. The main 
goal of the land reclamation efforts would be to restore the soil health and condition, to the extent 
practical, in these temporary construction areas. 


Construction activities, equipment, and material stockpiles could compact near-surface native soils 
or leave soils less suitable for agriculture or habitat. Initial reclamation tasks would include removal 
of all construction equipment and materials, demolition and removal of concrete slabs from 
temporary material storage areas, removal of temporary stockpiles/embankments, removal of 
temporary haul routes, and grading and leveling of the site to generally meet adjacent lands.  


Initial soil treatments would depend on the actual disturbance, but for soils with more than minimal 
impact, the work would be expected to include ripping the soil and incorporating amendments (e.g., 
gypsum) to reduce compaction. This would be followed by spreading topsoil, cross disking, and fine 
grading/leveling to prepare the soil surface for future use. If the land transition would not occur in a 
relatively short period of time after construction, the areas would be drill seeded to provide erosion 
and dust control using a grass seed mix appropriate for the desired end use. Areas to be reclaimed to 
grassland would be seeded with a native grass and flowering forb mix, whereas areas to be 
reclaimed to agricultural use could be seeded with an erosion-control native seed mix. 


Areas excavated to create borrow soil materials would be refilled to existing grade with soil or RTM 
from existing stockpiles at the end of construction. Treatments for reclamation using RTM base soil 
would be similar to those recommended for reclamation with native soils; however, additional 
treatments could be required to address soil conditions (for example, high or low pH). Lime and soil 
sulfur could be appropriate amendments for addressing soil pH; however, the actual amendments 
used would be based on soil tests performed at each of the sites postconstruction. Decisions on 
amendments to address nutrient deficiencies would be made in consultation with the end user. 
Topsoil would be spread to a depth of 1 foot over the RTM base soil. For agricultural uses, the top 
1 foot of soil is typically most important and is where fertilizer application would be focused to 
address the specific needs of the crop. 


Permanent RTM stockpiles would be expected at the tunnel launch sites. These stockpiles would be 
elevated above the surrounding grades and would be planted with native grasses primarily for 
erosion control, for habitat enhancement, and to blend with the surrounding area when the 
stockpile is not being accessed for a soil material source. Recommended treatments for permanent 
RTM stockpiles would include spreading topsoil, cross disking, and planting native grasses.  
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Figure 3.2-15. Land Reclamation Areas Overview 
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3.2.16 Other Construction Support Facilities 


3.2.16.1 Concrete Batch Plants 
Concrete batch plants would be located at Lambert Road at the intersection with Franklin 
Boulevard, and at the Bethany Reservoir Pumping Plant and Surge Basin construction site. The 
Lambert Road batch plant would be used for concrete delivery to the intakes, the Twin Cities 
Complex and the other tunnel shafts on New Hope Tract, Canal Ranch Tract, and King Island. 
Concrete for tunnel shaft sites on Terminous Tract, Lower Roberts Island, Upper Jones Tract, and 
Union Island would be provided from existing batch plants in Lodi and Stockton which are located in 
close proximity of these sites. The Bethany Complex concrete batch plants at the Bethany Reservoir 
Pumping Plant and Surge Basin site would be north of Kelso Road and the new Bethany access road 
east of Mountain House Road. These batch plants were sited to allow a central delivery location for 
cement and aggregate and site for distribution of the concrete around the Bethany Complex area.  


The concrete batch plant sites would vary in size depending on location. They would include three 
bulk cement storage silos; a portable cement silo (trailer 10 feet tall by 60 feet long); a 500-square-
foot batch trailer; four propane tanks; a 6,800-square-foot concrete block casting area; a 2,000- to 
4,000-gallon diesel fuel tank; a 120,000-gallon water system consisting of six 20,000 gallons storage 
tanks and related collection facilities for stormwater and wash water; an admixing area that would 
include a pump house, admixture storage tanks, and secondary containment barriers; an aggregate 
storage area; a wash area for concrete mixing trucks and related returned concrete collection 
facilities; and parking for concrete trucks and employee vehicles. The concrete batch plant would 
include batcher, silo, and truck mixer dust collectors to minimize particulates in the surrounding air. 
Materials collected in the air filter bags would be hauled to licensed off-site disposal locations or 
added to the raw materials used to produce concrete. Concrete batch plant structures and 
equipment would be removed following construction. 


3.2.16.2 Fuel Stations and Fuel Storage 
Two fuel stations with multiple tanks for diesel and gasoline would be constructed at the Bethany 
Complex. Fuel would also be stored at all tunnel shaft sites and at the intakes. The fuel tanks would 
be aboveground and would be surrounded by protective bollards to protect against collisions. 
Double-walled tanks with built-in secondary containment or external secondary containment 
beneath/around the tanks would protect surroundings from fuel leaks. A protective containment 
would be used beneath each of the fuel tanks and a protective area would be constructed beneath 
the refueling area to help contain leaks that may occur during fueling. Spill containment kits would 
be placed at each of the fueling locations. All fuel stations and storage would be removed following 
construction. 


3.2.16.3 Emergency Response Facilities 
In general, it is expected that primary emergency response services would be provided by the 
construction contractors. As needed on a site-specific bases, the contractors will be required to 
prepare a Project Emergency Response Plan with detailed information regarding emergency 
services, access to construction sites, and emergency response times to Delta communities. The 
Project Emergency Response Plan requires on-site emergency response facilities and services at 
primary work sites during construction. Evaluations and discussions with local agencies would be 
conducted to determine the most appropriate method to coordinate between project contractor-
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provided emergency response services at the construction sites and integration with local agencies. 
Additionally, DWR would enter into mutual aid agreements with emergency services agencies in the 
project area. Emergency response facilities at construction sites could be removed during 
construction demobilization depending on DWR’s decision for need during operations. 


3.2.16.4 Standby Engine Generators 
Engine generators would be used during construction at the intakes, Twin Cities Complex, Lower 
Roberts Island shaft site, each of the Bethany Reservoir Aqueduct tunnel portals, and Bethany 
Reservoir Discharge Structure. Standby engine generators would be used in the event of power 
outages.  


During operations, intakes would each have two permanent standby engine generators. The standby 
engine generators would be installed inside a fenced area on the top of site embankments, with the 
fuel tank. The fuel would be provided by a diesel tank with suitable containment, or a propane tank 
set above ground. The permanent standby engine generators would provide energy to operate the 
valves and gates, including the ability to stop diversions at the intake structure. The Bethany 
Reservoir Pumping Plant and the Bethany Reservoir Discharge Structure sites would each have a 
permanent standby engine generator with an isolated and fully contained fuel tank. 


3.2.16.5 Local Water Supply, Drainage, and Utilities  
Construction and operation would require services of power, water, telecommunications, and 
SCADA utilities. Refer to Section 3.2.11, Electrical Facilities, and Section 3.2.12, SCADA Facilities, for 
additional information.  


All features would be designed to not increase peak runoff flows into adjacent storm drains, 
drainage ditches, or rivers and sloughs. At the intakes and tunnel shafts, water from dewatering 
activities and stormwater runoff on the construction site would be collected, treated, and stored on-
site to reduce the need for off-site water sources. On-site reuse and storage would be maximized to 
reduce peak runoff rate from the site and the need to purchase water. If additional stored water is 
not needed, the treated stormwater runoff flows would be discharged to adjacent waterbodies in a 
manner that would not increase peak flow rates. Use of the treatment and storage facilities would 
avoid increased peak stormwater runoff flow rates from project construction sites. 


Typical water demands at construction sites include dust control, soil stabilization, mixture with 
construction materials (e.g., slurry material or bentonite to form cutoff walls), tire wash basins, and 
restroom facilities. Water supplies in the vicinity of the construction sites are provided by on-site 
groundwater, import from local sources, exchanges, existing riparian diversions, new temporary 
appropriations, or existing SWP appropriations. None of the construction sites are served by local or 
regional water agencies. Existing groundwater supplies occur at all of the construction sites. Existing 
surface water right diversions occur on parcels at the intake sites, and Lower Roberts Island tunnel 
shaft site.  


Most construction sites contain local irrigation and drainage facilities installed by existing or 
previous private landowners or reclamation districts. These systems may serve parcels that would 
be acquired for the project and adjacent parcels. Most of these existing facilities are buried and 
therefore not visible on aerial photographs. When the project can acquire access to specific parcels, 
irrigation and drainage facilities would be mapped for each site. If the facilities used by adjacent 
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properties to move water from the existing diversion are located on a parcel to be used for a project 
feature, pipelines or canals would be installed to maintain service to the adjacent properties. 


Wastewater service for structures near the project construction sites consist of individual septic 
systems with septic tanks and leach fields. Regional wastewater facilities are provided to the 
communities of Courtland and Walnut Grove by the Sacramento Area Sewer District. Interceptor 
pipelines extend between these communities and a regional pumping plant at the Rio Cosumnes 
Correctional Center (near the Franklin Field along Bruceville Road). The Rio Cosumnes Correctional 
Center pumping plant lifts the wastewater into another interceptor that extends to the Sacramento 
Regional County Sanitation District wastewater treatment plant near the community of Elk Grove. 


Wastewater facilities for all of the project construction sites would be provided with portable 
restrooms. Septic systems would also be constructed at the intakes, Twin Cities Complex, Lower 
Roberts Island, and at Bethany Reservoir Pumping Plant and Surge Basin site. Because of high 
groundwater and/or low soil permeability at these sites, the leach fields would be sized larger than 
for locations with more favorable soil conditions, in accordance with the applicable county 
regulations. 


3.3 Intake Operations and Maintenance  
The north Delta intakes operations criteria and mitigation4 are intended to avoid, minimize, and 
fully mitigate the potential impacts of operating the north Delta intakes. The real-time decision 
making specific to the north Delta diversion operations would be mainly associated with reviewing 
real-time abiotic and fish monitoring data and ensuring weekly, daily, and sub-daily operations are 
consistent with the permitted criteria and within the effects analyzed in the permits.  


The north Delta intakes would operate in conjunction with the existing SWP and potentially CVP 
intakes in the south Delta. Operations of the existing SWP facilities, and in coordination with CVP 
operations pursuant to the Coordinated Operations Agreement, will be governed by the applicable 
regulatory requirements specified under the State Water Resources Control Board (State Water 
Board) Water Quality Control Plan for the San Francisco Bay/Sacramento–San Joaquin Delta Estuary 
(Bay-Delta WQCP) and assigned to the SWP in the applicable water right decision, applicable 
biological opinions under ESA, applicable incidental take permit under CESA, and USACE Clifton 
Court diversion limits. The operations of the north Delta intakes would remain consistent with these 
existing regulatory requirements. The purpose of the project is to seek a new point of diversion, and 
is not seeking to expand water right quantity. In addition, diversions at the proposed north Delta 
intakes would be governed by new operational criteria specific to these intakes, such as the fish 
screen approach velocity requirements, bypass flow requirements, and pulse protection. These new 
criteria provide additional protections to the fish species over and above the protections from the 
state-of-the-art positive barrier fish screens included at the intakes. An overview of operational 
criteria is provided in Table 3.3-1, with additional detail for the north Delta intakes in Table 3.3-2. 


 
4 CMP-25: Tidal Habitat Restoration to Mitigate North Delta Hydrodynamic Effects on Chinook Salmon Juveniles 
would reduce negative hydrodynamic effects such as flow reversals in the Sacramento River at Georgiana Slough, 
thereby reducing the potential for negative effects on juvenile salmonids through-Delta survival as a result of 
factors such as flow-related changes in migration speed and probability of entering the low-survival interior Delta 
migration pathway. 
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3.3.1 New Operational Criteria for the North Delta Intakes 
As described in Chapter 1, Section 1.7, Consultation Approach, a discussion of operations is included 
to support assessment of the project as a whole. Operations and maintenance of the proposed action 
are assessed at a programmatic level for this BA; detailed effects analysis, as well as the qualitative, 
cumulative, programmatic analysis that they inform, are presented in Appendices 5C, 6C, and 7A.  


Several new operational criteria would govern the diversions at the north Delta intakes to minimize 
the near-field and the far-field effects of the intake operations.5 The following criteria aim to 
minimize effects of the intake operations on fish passage, survival in the intake reach, and through-
Delta survival of migrating fish.  


• Approach and sweeping velocity requirements at the intake fish screens 


• North Delta diversion bypass flow requirements  


• Pulse protection  


• Low-level pumping 


These criteria are described in detail in the following sections. 


3.3.1.1 Approach and Sweeping Velocity Requirements 
Approach velocity is the velocity of water moving perpendicular to the screen surface, while 
sweeping velocity is the velocity of water moving parallel to and past the screens. The instantaneous 
diversions at the intakes would be subject to fishery agency velocity criteria: currently a maximum 
approach velocity of 0.2 feet per second (per U.S. Fish and Wildlife Service [USFWS] criteria for delta 
smelt). In addition, the Delta Conveyance Project would also include a minimum sweeping velocity 
of 0.4 feet per second (informed by real-time flow and river stage/cross-sectional area data 
downstream of the screened intake facility) to further minimize near-field effects of the intake 
operations, consistent with fish agency criteria. Recognizing that the intake facilities operate in a 
tidally influenced environment, these criteria are designed to reduce potential effects on the subset 
of fish exposed to the intake screens. The low approach velocity is intended to minimize effects 
associated with screen contact (e.g., impingement), while the sweeping velocity facilitates passage of 
fish and debris past the intakes. Refinements to these criteria would be considered through ongoing 
fish agency coordination as well as through real-time operations and adaptive management.  


3.3.1.2 Bypass Flow Requirements 
Bypass flow is the 3-day tidally averaged flow remaining in the Sacramento River immediately 
downstream of the north Delta intakes computed as flow measured at Freeport minus the diversion 
rate. The objectives of the north Delta diversion bypass flow criteria include regulation of diversions 
to minimize survival changes for emigrating salmonids in the intake reach, as well as through-Delta, 
and minimize the potential for upstream movement of fish with flow at two points of control: (1) 
Sacramento River upstream of Sutter Slough, and (2) Sacramento River downstream of Georgiana 


 
5 Near-field effects are those occurring in close proximity to intake screens, for example, entrainment or 
impingement; far-field effects are those occurring farther from intakes, for example, reduced survival because of 
less flow in the Sacramento River downstream of the intakes. 
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Slough. These points of control are used to minimize the potential for upstream advection toward 
the intakes and to minimize upstream advection into Georgiana Slough. 


To ensure that these objectives are met, the bypass flow requirements are designed to reduce 
diversions at the intakes at certain times of the year (more restrictive from December through June) 
when the majority of listed fish are present. The bypass flow requirements are calculated based 
upon Sacramento River inflows at Freeport and vary progressively with increasing inflows.  


From December through June, three levels (Levels 1, 2, and 3) of bypass flow requirements are 
proposed, with Level 1 being the most restrictive and Level 3 being the least restrictive of the 
diversions at the intakes. If high Sacramento River inflows occur for long durations, the bypass flow 
requirement can transition from Level 1 to Levels 2 and 3. To illustrate the effect of the bypass rules 
on the volume of Sacramento River flow that may be diverted, Table 3.3-2, Sub-Table A, shows the 
allowable north Delta diversions by month for each level, based on Sacramento River inflows at 
Freeport. The Level 1 bypass requirement would apply until the occurrence of 15 total days of 
bypass flows above 20,000 cfs. Following that, the Level 2 bypass flow requirement would apply. 
Level 2 would govern the allowable diversions until the occurrence of 30 total days of bypass flows 
above 20,000 cfs. At this point, the Level 3 bypass flow requirement would apply.  


From July through September, the bypass flow requirement of at least 5,000 cfs in river after 
diverting at the north Delta intakes would apply. From October through November the minimum 
bypass flow requirement of at least 7,000 cfs in river after diverting at the north Delta intakes would 
apply.  


3.3.1.3 Pulse Protection  
Pulse protection is initiated when a large number, and relatively high concentration, of winter-run-
sized juvenile salmonids begin migrating into the Delta from upstream locations. Pulse protection 
helps further minimize potential decreases in survival for emigrating salmonids in the intake reach, 
as well as through-Delta, and minimize the potential for upstream advection of fish, further 
enhancing the protections offered by the bypass flow requirements.  


A pulse flow is a natural occurrence typically caused by the first runoff event(s) of the season. 
Monitoring data suggests that these winter run-off events (e.g., as indicated by sharp increases in 
Wilkins Slough flows, located upstream of the confluence of the Feather and Sacramento Rivers) are 
often associated with large numbers of juvenile, winter-run-sized salmonids, moving from natal 
upstream locations into lower Sacramento River reaches and the Delta (del Rosario et al. 2013). 
When the pulse protection operation is triggered, bypass flow (and co-occurring fish) would be 
further protected by operating the north Delta intakes to the low-level pumping rules (Section 
3.3.1.4, Low-Level Pumping). 


If the pulse period begins before December 1, bypass criteria for that month would be implemented 
following the pulse period; and the second pulse period would have the same protective operation 
as the first pulse period, resulting in up to two pulse protection periods per water year. 


The initiation and ending of pulse protection is defined by the following criteria: (1) increase in flow 
of the Sacramento River at Wilkins Slough by more than 45% within a 5-day period, and 
(2) Sacramento River flows greater than 12,000 cfs measured at Wilkins Slough. Low-level pumping 
would continue until (1) Wilkins Slough returns to pre-pulse flows (flow on first day of the 5-day 
increase), (2) Sacramento River at Wilkins Slough flows decrease for 5 consecutive days, or (3) 
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Sacramento River at Wilkins Slough flows that are greater than 20,000 cfs for 10 consecutive days. 
Up to two pulse protections are proposed. 


3.3.1.4 Low-Level Pumping 
Low-level pumping of up to 6% of total Sacramento River flow at Freeport such that diversions 
would not reduce bypass flow below 5,000 cfs. No more than 900 cfs (total) can be diverted by all 
the intakes combined. Low-level pumping can occur in October through November during a pulse 
protection event. It can also occur in December through June during a pulse protection event or if 
the bypass flow rules defined in Table 3.3-2 result in less diversion than the low-level pumping. In 
addition, north Delta diversion levels at both intakes would be subject to a maximum approach 
velocity of 0.2 feet per second and a minimum sweeping velocity of 0.4 feet per second at the fish 
screens. Velocity compliance would be informed by real-time hydrological data measured at the 
intakes.  


3.3.2 Existing Delta Operations Criteria 
Operations of the existing facilities will be governed by the applicable existing and relevant future 
regulatory requirements. The operations of the north Delta diversion intakes would remain 
consistent with these existing regulatory requirements.  


 


3.3.2.1 Old and Middle River Flows 
The Old and Middle River (OMR) flow criteria chiefly serve to constrain the magnitude of reverse 
flows in the Old and Middle Rivers to limit fish entrainment into the south Delta. The OMR criteria 
defined in the regulatory baseline (currently 2019 BiOps and 2020 ITP) are applicable. Key OMR 
criteria under the current BiOps and ITP are listed in Table 3.3-1. 


3.3.2.2 Delta Cross Channel Gate Operations Criteria 
The operational criteria for the Delta Cross Channel are as specified in the regulatory baseline, 
which is currently State Water Board D-1641, with additional days closed from October 1 through 
January 31 based on the 2019 NMFS BiOp (closed based on fish migration from October 1 through 
December 14 unless adverse water quality conditions). 


• October–November. Delta Cross Channel gates closed if fish are present. 


• December–May. Delta Cross Channel gates closed. 


• June–September. Delta Cross Channel gates open. 
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3.3.2.3 Rio Vista Minimum Instream Flow Criteria 
Rio Vista minimum instream flow criteria are as specified in the regulatory baseline (currently State 
Water Board D-1641): 


• September through December. Operate in accordance with State Water Board D-1641. 


3.3.2.4 Delta Outflow Criteria 
Delta outflow criteria are as defined in the regulatory baseline, which include the State Water Board 
D-1641, 2019 BiOps, and 2020 ITP (Table 3.3-1).  


• Spring outflow. As defined in the regulatory baseline (currently 2020 ITP). 


• Summer and Fall Habitat Actions. Same as 2019 BiOps and 2020 ITP requirements.  


o Outflow. State Water Board D-1641 and for summer/fall delta smelt habitat operate to meet 
X2 of 80 kilometers for September and October of above normal and wet years with 
transitional flows in last half of August; considered as In-Basin Use and shared according to 
COA Article 6(c). 


o Suisun Marsh Salinity Control Gates (SMSCG) Action. In wet (if needed), above normal, 
below normal, and dry years following wet and above normal years (conditioned on 
successful carryover of water from 100 TAF), operate SMSCG for 60 days; in dry years 
following below normal years operate SMSCG for 30 days. 


o Additional 100 TAF of Delta Outflow. Same as 2020 ITP requirements. A flexible block of 
water provided by SWP in wet and above normal years. Can be used in wet or above normal 
years to enhance Delta outflow or carried over to the following year, but subject to spill.  


Delta outflow requirements established under D-1641 will be followed unless the outflow 
requirements are greater under the criteria listed above. 


3.3.2.5 Export to Inflow Ratio 
Export to inflow (E:I) ratio requirements specified in State Water Board D-1641 are applicable. In 
computing the E:I ratio, the Sacramento River inflow is measured at Freeport upstream of the north 
Delta intakes and diversions at north Delta intakes are included in the total exports calculation. 


3.3.2.6 Other Criteria 
Related to the Clifton Court Forebay, there are existing regulations, including the maximum 
allowable daily diversion rate into Clifton Court Forebay during the months of July, August, and 
September of calendar years 2021–2029, would be maintained consistent with the existing activity 
at 13,870 acre-feet to 14,860 acre-feet and the maximum 3-day average diversion rate would be 
maintained at 13,250 acre-feet to 14,240 acre-feet (990 acre-feet per day—equivalent to 500 cfs per 
day). This operational activity over the 3-month period would not exceed 90,000 acre-feet each 
year. It would not be greater than the total amount of export reductions to protect fishery resources 
in the current calendar year, any unreimbursed export reductions from the previous water year, and 
anticipated export reductions in the subsequent year to protect fishery resources. 
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3.3.3 Integration of North Delta Intakes with South Delta 
Facilities 


The north Delta intakes would operate in conjunction with the existing south Delta intakes. The 
intakes would augment the ability to capture excess flows and improve the flexibility of the SWP 
operations such as for meeting the State Water Board D-1641 Delta salinity requirements. The Delta 
Conveyance Project would not change operational criteria associated with upstream reservoirs. 
Upstream of Delta facilities will continue to be operated to meet regulatory, environmental, and 
contractual obligations consistent with existing operations. The Delta Conveyance Project is not 
proposing to increase the total quantity of water permitted for diversion under existing DWR water 
rights. The following text describes the dual conveyance operations. 


During the winter and spring, when there are excess flows in the system: 


• The SWP would first use south Delta facilities to export water up to what is permitted under the 
existing water rights and all applicable state and federal law and regulations.  


• The north Delta intakes would be used to capture excess flows when the south Delta exports are 
limited and not able to capture those flows. 


• Shifting from south Delta intakes to north Delta intakes has trade-offs and is not expected unless 
there is an operational advantage to do so at the discretion of DWR and in coordination with fish 
and wildlife agencies (e.g., to provide additional real-time south Delta fish protections; to reduce 
salinity at Jersey Point). Note that DWR has added information to clarify operations under the 
Delta Conveyance Project in Chapter 1, Section 1.3, Brief Description of the Proposed Action, 
including south Delta considerations. 


• There would likely be conditions where diversions through the north Delta intakes are not 
maximized even when the bypass flow requirements would allow greater diversions. Examples 
could be when other operational criteria are controlling or when south of Delta storage is full. 


During the late spring, summer, and fall, when the SWP are typically operating to meet State Water 
Board D-1641 salinity requirements in the Delta: 


• Both the existing south Delta intakes and the north Delta intakes would be operated together to 
meet the State Water Board D-1641 salinity requirements. 


• Some level of combined SWP and CVP south Delta exports would be needed to manage salinity 
in the Old River and Middle River corridor. If the combined SWP and CVP south Delta exports 
are less than 3,000 cfs, SWP water would not be moved through the north Delta intakes. 


• The south Delta exports and the north Delta diversions would be balanced and adjusted to meet 
the State Water Board D-1641 salinity requirements at the western Delta stations on the 
Sacramento and San Joaquin Rivers (e.g., increasing salinity at Jersey Point would cause a shift in 
diversions from south Delta to north Delta, whereas increasing salinity at Emmaton would cause 
a shift from north Delta to south Delta). This operation is expected to result in a more efficient 
system operation where less water would be required to meet the same water quality standards 
and result in additional water that could either remain in storage or be exported. 


• Upstream SWP storage operations would continue to be managed to the existing and future 
regulatory and contractual obligations of the SWP in determining the amount of stored water 
available for exports. DWR would not increase storage withdrawal for exports even though the 
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intakes may provide additional diversion capacity. The only exception would be to divert any 
stored water that was a result of a more efficient system operation of the intakes. The upstream 
storage would be managed such that the benefit of the stored water is the same for all SWP 
contractors whether they choose to participate in the Delta Conveyance Project or not. 


3.3.4 Use of North Delta Intakes for Wheeling 
Under State Water Board D-1641 (December 1999, revised March 2000), Reclamation and DWR are 
authorized to use and exchange existing south diversion capacity between the SWP and CVP to 
enhance the beneficial uses of both projects. The sharing of the SWP and CVP export facilities is 
referred to as Joint Point of Diversion (JPOD). In general, JPOD capabilities are used to accomplish 
the following four objectives. 


• When wintertime excess pumping capacity is available during Delta excess conditions, and total 
SWP and CVP San Luis Reservoir storage is not projected to fill before the spring pulse flow 
period, the project with the deficit in San Luis Reservoir storage may elect to use JPOD 
capabilities. 


• When summertime pumping capacity is available at the Banks Pumping Plant and CVP reservoir 
conditions can support additional releases, the CVP may elect to use JPOD capabilities to 
enhance annual CVP releases for south-of-Delta water supplies. 


• When summertime pumping capacity is available at the Banks or Jones Pumping Plants to 
facilitate water transfers, the JPOD may be used to further facilitate the water transfer. 


• During certain coordinated SWP and CVP operation scenarios for fish entrainment management, 
the JPOD may be used to shift SWP and CVP exports to the facility with the least fish entrainment 
impact and minimize exports at the facility with the greatest fish entrainment impact. 


The term wheeling means the transmission of water owned by one entity through the facilities 
owned by another entity, in this case CVP water wheeled through the SWP north Delta intakes. 
Wheeling through JPOD Stage 1 and Stage 26 would not be allowed through the north Delta intakes. 
In general, if conveyance capacity is available, wheeling7 for CVP may be allowed subject to 
appropriate environmental review, permitting, and compensation. 


Water transfers are voluntary actions proposed by willing buyers and sellers. DWR is one of several 
public agencies involved in approval and management of proposed water transfers that use SWP 
facilities. Because DWR’s jurisdiction is limited to water transfers involving the Delta export 
facilities of the SWP, it has limited involvement in the statewide water transfer market.  


Operations do not specifically propose to accommodate water transfers; however, constructing new 
Delta conveyance facilities could provide the ability for water transfers to occur through the facility 
by providing increased capacity. Related, DWR and other public agencies must allow bona fide 


 
6 The State Water Resources Control Board (State Water Board) Water Right Decision 1641 (D-1641) establishes 
three stages under which Joint Points of Diversion (JPOD) can be used by either DWR or the Reclamation for 
diversions of Delta water supplies at the SWP Banks Pumping Plant and CVP Tracy Pumping Plant (now called 
Jones Pumping Plant), respectively. Stage 1 allows JPOD use for selected purposes including the recovery of export 
reductions taken to benefit fish. Stage 2 allows JPOD use for any authorized purpose up to the current regulatory 
capacity of these facilities. Stage 3 allows JPOD use up to the physical capacity of these facilities authorized under 
their water right permits. 
7 The provisions of California Water Code Section 1810 outline the conditions under which wheeling can occur. 
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transferors use of up to 70% of the unused capacity of a public conveyance facility in exchange for 
fair compensation.8 The project can potentially (1) add additional export capacity if current facilities 
are limited and/or (2) provide additional efficiency in moving water transfers across the Delta by 
potentially lowering the required carriage water to export the transfer supplies. Because of this 
potential, and the likely demand to use the project’s conveyance capacity for future water transfers, 
CalSim 3 results were analyzed to identify available export capacity for water transfers with current 
facilities and increased available export capacity with the project if existing facilities are limited. In 
addition, these post-processed CalSim 3 results are compared with other transfer information such 
as (1) regulatory limitations, (2) supply limitations, and (3) historical water transfers. Of note, 
operations do not include water transfers. 


3.3.5 Intake Maintenance Activities 
Maintenance activities at the intakes would be conducted at varying frequencies. Daily maintenance 
activities would include inspections, security checks, and operations oversight. Less frequent 
maintenance activities include operability testing, cleaning, sediment removal, dewatering, and 
repaving. Maintenance activities that would occur regardless of operations are considered project-
level activities and are therefore associated with this BA. Certain cleaning activities would not occur 
absent of operations. Vegetation management and dredging would occur regardless of operations.  


The cylindrical tee fish screens and panels would be regularly inspected and maintained by manual 
cleaning to remove algae and other biofouling not cleaned by the automatic cleaning system. The 
screens would be raised out of the water and power washed with a high-pressure power washer 
approximately every 6 months. Sediment jetting the apron area below the screens at the base of the 
screen structure in the water to help keep sediment from accumulating would occur hourly or daily, 
depending on needs. A diver would inspect the screens and panels while in place and operating once 
or twice per year, often in conjunction with manual screen cleaning activities. 


The debris fender at the upstream end of the log boom and the log boom would require maintenance 
to prevent corrosion and related deterioration. Debris would be removed manually from the top 
deck of the structure, by workers on boats, or by divers. 


Sedimentation basins would be dredged once per year using a portable floating hydraulic suction 
dredge. Dredging would occur during summer months (assumed to be May through September) to 
maximize natural drying in the sediment drying lagoons. The dredge would discharge a sediment 
slurry into the sediment drying lagoons. The drying lagoons would include an outlet structure with 
an adjustable weir to decant water off the top of the sediment slurry and underdrains to transport 
water from beneath the dredged sediment. Decant and underdrain water would be pumped back 
into the sedimentation basin. It is expected that it would take about 2 days to fill each sediment 
drying lagoon, and 6 to 8 days to fill all four lagoons. The sediment is anticipated to be large silt and 
sand particles with minimal organic material. Once dry, the sediment would be trucked off-site for 
disposal at a permitted disposal site or for beneficial uses. The fill and drain/dry sequence would 
take about 7 to 8 days, which would approximately match the dredged material filling rate so 
continuous, or nearly continuous, operation would be possible. 


Minor vegetation management would be conducted at least monthly along the side slopes of the 
basins to keep them free of unwanted growth. Vegetation would be removed manually (e.g., mowing, 


 
8 Water Code Section 1810 et seq. 
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cutting) or, possibly, with the use of herbicides. As described in Appendix 3A, AMM-14: Construction 
Best Management Practices for Biological Resources, all herbicides will be used in accordance with 
the manufacturer-recommended uses and applications and in such a manner as to prevent primary 
or secondary poisoning of special-status fish, wildlife, and plant species and depletion of prey 
populations upon which they depend. However, because the use of herbicides specifically, or 
pesticides in general, is speculative, and because the location, timing, frequency, and methods of 
application are not known, thus, the use of chemicals to remove vegetation is not proposed. Take 
authorization may be sought at a later date when additional detail is available, and potentially be 
obtained through the Delta Habitat Conservation Plan (an effort currently being pursued by DWR to 
receive federal incidental take coverage for cover day-to-day operations and maintenance activities 
performed across the state). Minor debris collection would be conducted continually.  


Since the basin embankments would be the jurisdictional flood control levee, the levee side slopes 
and outside of the toe area would be inspected and maintained in full conformance with the CVFPB 
and USACE requirements. These requirements would include routine inspection and repair of all 
bulges, leaks, erosion, or other damage as soon as possible after detection.  


3.3.6 Pump Maintenance Activities  
Maintenance diversions may be necessary throughout the year to perform routine maintenance and 
testing of the main water supply pumps on approximately a monthly basis. The maintenance flow 
diversion rate is assumed to be one-half of a pump’s rated capacity for 1 day per month per unit (up 
to a maximum of 480 cfs, depending on the alternative, conditions, and need). At all times, diversions 
will not reduce bypass flow below 5,000 cfs. Maintenance diversions would also be subject to 
meeting the approach and sweeping velocity criteria. Maintenance diversions will likely occur only 
when the north Delta intakes have not been operated for extended periods of time. 


3.3.7 Delta Conveyance Project Preliminary Operations 
Criteria 


A detailed table describing the operational criteria9 is provided in Table 3.3-1, and additional detail 
for the north Delta intakes is provided in Table 3.3-2. Figure 3.3-1 provides a visual depiction of 
maximum allowable diversions in winter/spring and expected diversions in summer/fall. Figure 
3.3-2 provides a depiction of the north Delta diversion operations concepts to minimize potential 
effects to aquatic species. 


 
9 In addition to the operational criteria developed for the north Delta intakes, routine maintenance and testing of 
the main water supply pumps is described in Section 3.3.6, Pump Maintenance Activities.  
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Table 3.3-1. Delta Conveyance Project Preliminary Operations Criteria 


Parameter Delta Conveyance Project Criteria 
New Criteria 
North Delta 
diversion 
operations 


 Bypass Flow a Criteria (specifies bypass flow required to remain downstream of the north Delta intakes): 
 October through November: Minimum flow of 7,000 cfs required in river after diverting at the north Delta intakes. 
 December through June: Once the pulse protection (see below) ends, north Delta diversions will not exceed Level 1 pumping 


unless specific criteria have been met to increase to Level 2 or Level 3. If those criteria are met, operations can proceed as 
defined in Table 3.3-2. Allowable diversion will be greater of the following options: low-level pumping or the diversion allowed by 
the bypass flow rules in Table 3.3-2.  


 July through September: Minimum flow of 5,000 cfs required in river after diverting at the north Delta intakes. 
 Pulse Protection (October through June): 
 Low-level pumping is allowed when river conditions are adequate during the pulse protection period. 
 Definition: Low-level pumping of up to 6% of total Sacramento River flow at Freeport such that diversions will not reduce 


bypass flow below 5,000 cfs. No more than a total of 900 cfs can be diverted by all the intakes combined. Low-level 
pumping can occur in October–November during a pulse protection event and in December–June as defined in Table 3.3-2. 
In addition, north Delta diversion levels at all the intakes will be subject to a maximum approach velocity of 0.2 feet per 
second and a minimum sweeping velocity of 0.4 feet per second at the fish screens. Velocity compliance would be 
informed by real-time hydrological data measured at the intake locations.  


 Pulse triggering, duration, and conclusion is determined based on the criteria defined in Table 3.3-2. 
 If the initial pulse begins before December 1, the bypass flow criteria for the month (October and November) when the pulse 


occurred would take effect, following a pulse protection period. On December 1, the Level 1 rules defined in Table 3.3-2 
apply unless a second pulse occurs. If a second pulse protection event occurs, Level 1 rules for December through June 
would take effect, following the second pulse protection period. 


 Real-Time Operations: The operations criteria and tidal restoration mitigation are intended to minimize and fully mitigate the 
potential impacts of the NDD operations. The real-time decision-making specific to the NDD operations would be mainly 
associated with reviewing real-time abiotic and fish monitoring data and ensuring weekly, daily and sub-daily operations are 
consistent with the permitted criteria and within the effects analyzed in the permits. See Section 3.4, Real-Time Operational 
Decision-Making Process, for additional details.  


 Adaptive Management: The Operations Adaptive Management and Monitoring Plan (OAMMP) will be used to evaluate and 
consider changes in operational criteria based on information gained before and after the new facilities become operational. 
This program will be used to consider and address scientific uncertainty regarding the Delta ecosystem and to inform project 
operations. 


Existing Delta Criteria b 
South Delta 
operations  


 Same as D-1641, 2019 BiOps and 2020 SWP ITP requirements including adult, larval, and juvenile longfin smelt protections.  
 Adult, larval, and juvenile delta smelt protections (e.g., First Flush and Turbidity Bridge). 







CA Department of Water Resources 
 


Description of the Proposed Action 
 


 
Delta Conveyance Project, Biological Assessment  3-73 May 2024 


ICF 103653 
 


Parameter Delta Conveyance Project Criteria 
 Winter-run/Spring-run/Steelhead Protection (discrete daily thresholds, onset of OMR, early and mid-season daily thresholds, 


single-year loss thresholds). 
 OMR Flex (storm flex). 
 Beginning and end of OMR protections. 


Head of Old River 
Barrier operations 


Same as 2019 BiOps and 2020 SWP ITP requirements; temporary barrier is not installed. 


Delta Cross Channel 
gates 


State Water Board D-1641 with additional days closed from October 1 to January 31 based on 2019 NMFS BiOp (closed based on 
fish migration from October 1 to December 14 unless adverse water quality conditions). 


Spring outflow10 Same as 2020 SWP ITP requirements. 
Additional 100 TAF 
of Delta Outflow 


Same as 2020 SWP ITP requirements. 


Summer and fall 
habitat actions 


Same as 2019 BiOp and 2020 SWP ITP requirements. 


Delta outflow Delta outflow requirements established under D-1641 will be followed to the extent not superseded by criteria listed above. 
Rio Vista minimum 
flow standard b 


September through December: flows per D-1641 


Export to inflow 
ratio 


Operational criteria are the same as defined under D-1641; north Delta intakes to be included in the export term for the E:I ratio 
calculation, such that combined export rate is defined as the Clifton Court Forebay inflow rate (minus actual Byron-Bethany 
Irrigation District diversions from Clifton Court Forebay), north Delta diversion rate, and the export rate of the Tracy pumping 
plant (now called Jones Pumping Plant). 


BiOp = Biological Opinion; cfs = cubic feet per second; E:I = export/inflow; ITP = Incidental Take Permit; OAMMP = Operations Adaptive Management and Monitoring Plan; 
OMR = Old and Middle River; NDD = north Delta diversion; State Water Board = State Water Resources Control Board; TAF = thousand acre-feet.  
a Sacramento River flow upstream of the intakes to be measured flow at Freeport. Bypass flow is the 3-day tidally averaged Sacramento River flow computed as flow 
measured at Freeport minus the diversion rate. Sub-daily north Delta intakes’ diversion operations will maintain fish screen approach and sweeping velocity criteria. 
b Rio Vista minimum monthly average flow in cfs (7-day average flow not less than 1,000 below monthly minimum), consistent with the State Water Board D-1641. 


 
10 Spring outflow requirement is an existing regulatory requirement for the SWP. In complying with this existing requirement, total SWP exports including the 
north Delta diversions and the existing south Delta exports will be curtailed as needed. 
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Table 3.3-2. North Delta Diversion Bypass Flow and Pulse Protection Requirements  


North Delta Diversion Bypass Flow and Pulse Protection Requirements 
This table further details a few of the criteria for the north Delta diversion operations included in Table 3.3-1.  
Pulse Protection 
Low-level pumping (Table 3.3-1) will be allowed when river conditions are adequate during the pulse protection period. Initiation of the pulse 
protection is defined by the following criteria: (1) Sacramento River daily average flow at Wilkins Slough increase by more than 45% within a 5-day 
period and (2) flow on the 5th day greater than 12,000 cfs. 
The pulse protection continues until either (1) Sacramento River flow at Wilkins Slough returns to pre-pulse flow level (flow on first day of 5-day 
increase), or (2) Sacramento River flow at Wilkins Slough decreases for 5 consecutive days, or (3) Sacramento River flow at Wilkins Slough is greater 
than 20,000 cfs for 10 consecutive days. After pulse period has ended, operations will return to the bypass flow table (Sub-Table A). 
If the initial pulse period begins before Dec 1, then any second pulse that may occur during December through June will receive the same protection, 
i.e., low-level pumping as described in Table 3.3-1, resulting in up to two pulses which would receive this protection per water year. 
Bypass Flow Criteria 
After initial pulse(s), allowable diversion will be subject to Level 1 bypass flow criteria (Sub-Table A) until 15 total days of bypass flows above 20,000 
cfs occur. Then allowable diversion will be subject to the Level 2 bypass flow criteria until 30 total days of bypass flows above 20,000 cfs occur. Then 
allowable diversion will be subject to the Level 3 bypass flow criteria. 


cfs = cubic feet per second.  
 


Sub-Table A. North Delta Diversion Bypass Flow Criteria a 
Level 1 Bypass Flow Criteria Level 2 Bypass Flow Criteria Level 3 Bypass Flow Criteria 


If Sacramento 
River flow is 
over... 


But not 
over... The bypass is... 


If Sacramento 
River flow is 
over... 


But not 
over... The bypass is... 


If Sacramento 
River flow is 
over... 


But not 
over... The bypass is... 


December through April (Allowable diversion will be the greater of the low-level pumping or the diversion allowed by the following bypass 
flow rules) 
0 cfs 5,000 cfs 100% of the 


amount over 0 cfs 
0 cfs 5,000 cfs 100% of the 


amount over 0 cfs 
0 cfs 5,000 cfs 100% of the 


amount over 0 cfs 
5,000 cfs 15,000 cfs Flows remaining 


after low-level 
pumping 


5,000 cfs 11,000 cfs Flows remaining 
after low-level 
pumping 


5,000 cfs 9,000 cfs Flows remaining 
after low-level 
pumping 


15,000 cfs 17,000 cfs 15,000 cfs plus 
80% of the amount 
over 15,000 cfs 


11,000 cfs 15,000 cfs 11,000 cfs plus 60% 
of the amount over 
11,000 cfs 


9,000 cfs 15,000 cfs 9,000 cfs plus 
50% of the 
amount over 
9,000 cfs 
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Sub-Table A. North Delta Diversion Bypass Flow Criteria a 
Level 1 Bypass Flow Criteria Level 2 Bypass Flow Criteria Level 3 Bypass Flow Criteria 


If Sacramento 
River flow is 
over... 


But not 
over... The bypass is... 


If Sacramento 
River flow is 
over... 


But not 
over... The bypass is... 


If Sacramento 
River flow is 
over... 


But not 
over... The bypass is... 


17,000 cfs 20,000 cfs 16,600 cfs plus 
60% of the amount 
over 17,000 cfs 


15,000 cfs 20,000 cfs 13,400 cfs plus 50% 
of the amount over 
15,000 cfs 


15,000 cfs 20,000 cfs 12,000 cfs plus 
20% of the 
amount over 
15,000 cfs 


20,000 cfs no limit 18,400 cfs plus 
30% of the amount 
over 20,000 cfs 


20,000 cfs no limit 15,900 cfs plus 20% 
of the amount over 
20,000 cfs 


20,000 cfs no limit 13,000 cfs plus 
0% of the amount 
over 20,000 cfs 


May (Allowable diversion will be the greater of the low-level pumping or the diversion allowed by the following bypass flow rules) 
0 cfs 5,000 cfs 100% of the 


amount over 0 cfs 
0 cfs 5,000 cfs 100% of the 


amount over 0 cfs 
0 cfs 5,000 cfs 100% of the 


amount over 0 cfs 
5,000 cfs 15,000 cfs Flows remaining 


after low-level 
pumping 


5,000 cfs 11,000 cfs Flows remaining 
after low-level 
pumping 


5,000 cfs 9,000 cfs Flows remaining 
after low-level 
pumping 


15,000 cfs 17,000 cfs 15,000 cfs plus 
70% of the amount 
over 15,000 cfs 


11,000 cfs 15,000 cfs 11,000 cfs plus 50% 
of the amount over 
11,000 cfs 


9,000 cfs 15,000 cfs 9,000 cfs plus 
40% of the 
amount over 
9,000 cfs 


17,000 cfs 20,000 cfs 16,400 cfs plus 
50% of the amount 
over 17,000 cfs 


15,000 cfs 20,000 cfs 13,000 cfs plus 35% 
of the amount over 
15,000 cfs 


15,000 cfs 20,000 cfs 11,400 cfs plus 
20% of the 
amount over 
15,000 cfs 


20,000 cfs no limit 17,900 cfs plus 
20% of the amount 
over 20,000 cfs 


20,000 cfs no limit 14,750 cfs plus 20% 
of the amount over 
20,000 cfs 


20,000 cfs no limit 12,400 cfs plus 
0% of the amount 
over 20,000 cfs 


June (Allowable diversion will be the greater of the low-level pumping or the diversion allowed by the following bypass flow rules) 
0 cfs 5,000 cfs 100% of the 


amount over 0 cfs 
0 cfs 5,000 cfs 100% of the 


amount over 0 cfs 
0 cfs 5,000 cfs 100% of the 


amount over 0 cfs 
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Sub-Table A. North Delta Diversion Bypass Flow Criteria a 
Level 1 Bypass Flow Criteria Level 2 Bypass Flow Criteria Level 3 Bypass Flow Criteria 


If Sacramento 
River flow is 
over... 


But not 
over... The bypass is... 


If Sacramento 
River flow is 
over... 


But not 
over... The bypass is... 


If Sacramento 
River flow is 
over... 


But not 
over... The bypass is... 


5,000 cfs 15,000 cfs Flows remaining 
after low-level 
pumping 


5,000 cfs 11,000 cfs Flows remaining 
after low-level 
pumping 


5,000 cfs 9,000 cfs Flows remaining 
after low-level 
pumping 


15,000 cfs 17,000 cfs 15,000 cfs plus 
60% of the amount 
over 15,000 cfs 


11,000 cfs 15,000 cfs 11,000 cfs plus 40% 
of the amount over 
11,000 cfs 


9,000 cfs 15,000 cfs 9,000 cfs plus 
30% of the 
amount over 
9,000 cfs 


17,000 cfs 20,000 cfs 16,200 cfs plus 
40% of the amount 
over 17,000 cfs 


15,000 cfs 20,000 cfs 12,600 cfs plus 20% 
of the amount over 
15,000 cfs 


15,000 cfs 20,000 cfs 10,800 cfs plus 
20% of the 
amount over 
15,000 cfs 


20,000 cfs no limit 17,400 cfs plus 
20% of the amount 
over 20,000 cfs 


20,000 cfs no limit 13,600 cfs plus 20% 
of the amount over 
20,000 cfs 


20,000 cfs no limit 11,800 cfs plus 
0% of the amount 
over 20,000 cfs 


Bypass flow criteria for July through November 


If Sacramento River flow is over... But not over... The bypass is... 
July through September 


0 cfs 5,000 cfs 100% of the amount over 0 cfs 
5,000 cfs No limit A minimum of 5,000 cfs 
October and November 


0 cfs 7,000 cfs 100% of the amount over 0 cfs 
7,000 cfs No limit A minimum of 7,000 cfs 


cfs = cubic feet per second. 
a Level 1, Level 2 and Level 3 Bypass Flow Criteria do not apply July through November. Minimum Bypass Flow Criteria are applicable July through November as 
described in the table. 
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Figure 3.3-1. Seasonal Diversions 
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Figure 3.3-2. North Delta Diversion Operations Concepts 


3.4 Real-Time Operational Decision-Making Process 
The operations criteria and the mitigation is intended to minimize and mitigate the potential 
impacts of operating the north Delta intakes. The real-time decision making specific to the north 
Delta intake operations would be mainly associated with reviewing real-time abiotic and fish 
monitoring data and ensuring weekly, daily, and sub-daily operations are consistent with the 
permitted criteria and within the effects analyzed in the permits. Real-time operations, and 
operations in general, are included in this BA to allow the federal agencies to evaluate the whole of 
the action. Consultation for project-specific coverage of operations will occur in the future. 


 


3.4.1 Ongoing Processes to Support Real-Time Decision 
Making 


The 2019 BiOps and 2020 SWP ITP define the real-time operations decision-making process under 
the current operations. In general, SWP and CVP operators provide a weekly outlook on forecasted 
hydrologic conditions, projected operations based on those conditions, and an assessment of 
potential changes in flow and water quality based on those projected operations to the Salmon 
Monitoring Team (SaMT) and Smelt Monitoring Team (SMT). SaMT and SMT consider this 







CA Department of Water Resources 
 


Description of the Proposed Action 
 


 
Delta Conveyance Project, Biological Assessment  3-79 May 2024 


ICF 103653 
 


information along with the fish monitoring data to determine the risk to the listed fish species. For 
example, SaMT and SMT make recommendations when specific triggers specified in the 2019 BiOps 
or Conditions of Approval in the 2020 SWP ITP are active, typically from October through June. The 
two monitoring teams, including participants from CDFW, perform the ITP risk assessments. Based 
on these analyses, monitoring teams may recommend specific actions to the Water Operation 
Management Team (WOMT) that may change projected operations. The WOMT decides the final 
action. In addition, the WOMT may elevate the decision to the directors of DWR, Reclamation, and 
the permitting agencies if they are unable to agree on the action, consistent with the decision-
making process identified in the 2019 BiOps and the 2020 SWP ITP. 


DWR would work with the fishery agencies to integrate the Delta Conveyance Project into these 
existing real-time processes to facilitate additional real-time south Delta fish protections, depending 
on the conditions. The existing and/or future real-time decision processes would evaluate 
monitoring data and determine whether use of the new north Delta intakes could improve aquatic 
conditions in the south Delta, while maintaining species protections in the north Delta. Under these 
circumstances, the final decision would be at the discretion of DWR. In addition, the real-time 
decision-making framework would provide a process to consider operational decisions and ensure 
there are opportunities to respond to unique circumstances (e.g., where risks to species may be 
higher or lower than expected), although this is anticipated to be infrequent.  


3.4.2 North Delta Diversions 
During the time from permit issuance through initial north Delta diversion operations, DWR would 
conduct studies such as evaluating the relationship between the hydrologic conditions and the 
behavior of migrating juvenile salmonids in the Sacramento River reach between Wilkins 
Slough/Knights Landing and the north Delta intakes as part of the Operations Adaptive Management 
and Monitoring Plan (OAMMP) (Section 3.5, Operations Adaptive Management and Monitoring Plan). 
The studies would be focused on gathering additional real-time fish monitoring data to inform 
potential triggers for real-time operational responses of the north Delta intakes as a mechanism to 
further minimize exposure effects on the listed species. The real-time operation and the criteria 
would be refined if needed through the OAMMP process. The operational criteria elements that 
would be studied further based on real-time fish monitoring include hydrologic/behavioral cues 
upstream of and in the Delta for triggering, duration, and conclusion of pulse protection, Level 1, 
Level 2, and/or Level 3 bypass flow criteria and transitions, as well as diel (night/day) behavior in 
the intake reaches. The decision-making framework and potential real-time operational responses 
and considerations are discussed in the next section. As these studies will be occurring prior to 
operation, they are considered to be project-level studies and are therefore associated with this BA. 


3.4.3 Real-Time Decision-Making Framework 
Under existing operations, during periods of fishery concern for Delta water project operations 
(October to June) operators and fishery biologists meet frequently (typically weekly). Forecasted 
conditions and projected operations for the week ahead are presented to the SaMT and SMT 
technical teams and are considered in real time while taking into account fish monitoring data and 
other relevant information. With this weekly outlook, a risk-assessment is developed, and any 
potential concerns or real-time operational considerations are developed and presented to WOMT. 
This general process would continue and operations of the north Delta intakes would be integrated, 
as follows: 
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• Weekly—Continue the ongoing weekly outlook planning process. 


• Daily—Operators (schedulers) will assess the hydrologic and Delta conditions and schedule a 
daily volume from the north Delta diversion within the regulatory requirements. These 
requirements would include north Delta diversion bypass requirements, Delta requirements, 
and any other required limitations such as presence of excess conditions. This scheduled volume 
would be coordinated with other SWP and CVP operations. 


• Sub-Daily—Operators would operate the facility within the constraints at each intake, including 
minimum sweeping requirements and allowable approach velocities. To the extent possible, the 
SWP would prioritize north Delta diversion sub-daily diversions during daylight hours. As noted 
above, the diel behavior in the intake reaches would be studied further. 


3.4.3.1 Real-Time Actions 
• Near Field: Fish screen performance criteria, including facility performance in meeting 


approach velocity compliance and sweeping velocity performance necessary to minimize 
entrainment and impingement impacts. 


o Provide and monitor real-time flows through each of the intake’s screen units to 
demonstrate approach velocity compliance. During design of the intakes, computational 
modeling would be undertaken, and field measurements/baffle adjustments would be made 
during commissioning/operations, both to demonstrate compliance with velocity criteria. 
Individual intake screen unit flows can also be gathered and summed up to determine the 
intake’s full diversion flow. 


o Provide and monitor velocity/flow gage downstream of each intake facility, along with the 
intake flows, to demonstrate sweeping velocity performance. 


• Velocity/flow gauges (i.e., Acoustic Doppler Current Profilers) downstream of each 
facility, along with an additional acoustic fish monitoring station (similar to side-scan 
sonar technology as described below in Far Field), to investigate fish distribution within 
the river’s flow/velocity field. In conjunction with the intake facility flow measurements, 
these velocity/flow gauges can be used during facility operations to demonstrate screen 
sweeping-velocity performance. For example, following planned full-facility velocity 
performance evaluations, the average downstream river velocity would be correlated to 
each intake facility’s sweeping-velocity performance and adjusted as appropriate. 


o Entrainment monitoring as necessary. As part of compliance monitoring, sub-sampling at 
each intake would be conducted to assess level of protection consistent with project 
design/assumptions.  


o Approach/sweeping criteria relaxation would be considered (with approval from regulatory 
agencies) when risk to covered species is low/absent (e.g., 0.3 feet per second approach 
velocity based on temperature/calendar off-ramps when smelt are unlikely to be in the 
intake reach). This would allow, among other opportunities, for periodic maintenance 
operational flexibility, such as during sedimentation basin dredging or individual screen 
unit outages, that may require a portion of the screen facility to be down. In no case would 
total designed diversion capacity be exceeded (e.g., 3,000 cfs as designed at intake facility).  


o Use of side-scan sonar technology (e.g., biosonic) to estimate presence and movement of 
large numbers of migrating juvenile chinook salmon-sized fish. 
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• Far Field: Bypass flow criteria and tidal restoration (i.e., sufficient acreage to minimize 
diversion-related increases in flow reversals at the Sacramento–Georgiana Slough junction)11 
proposed to minimize flow-survival effects of north Delta diversion operations are as follows. 


o For the previous week: 


• Provide daily and 3-day average Wilkins Slough, Freeport, and bypass flows including 
the daily north Delta diversion rates. Identify the north Delta diversion criteria in effect 
(pulse protection or level of the bypass flows). Provide cumulative count of days at the 
current bypass flow level or pulse protection.  


• Modeled Through-Delta Survival values. 


• Fish monitoring data (e.g., KLRST catch index) in addition to winter-run Chinook salmon 
and spring-run Chinook salmon juvenile production estimate and migration status (e.g., 
estimated fraction of population upstream, in Delta, past Chipps). 


o For the upcoming week: 


• Provide forecasted range of daily average Wilkins Slough and Freeport flows. Provide 
range of bypass flows and the estimated range of north Delta diversion rates. Identify 
the north Delta diversion criteria that will likely be in effect (pulse protection or level of 
the bypass flows).  


• Modeled Through-Delta Survival estimates for the likely bypass flows. 


o Data from the side-scan sonar technology (e.g., biosonic) to estimate presence and 
movement of large numbers of migrating juvenile Chinook salmon-sized fish. 


• Fish Considerations Included in the OAMMP: Depending on the real-time assessment of 
presence and exposure/vulnerability of migrating listed fish, identify potential operational 
adjustments (if necessary, as determined through the adaptive management plan process) to 
minimize estimated impacts determined to be of significant concern (e.g., moderate to large 
decrease in estimated survival based on flow-survival relationship). Overall, studies included in 
the OAMMP will focus on: (1) providing a process to ensure effects are within the range 
analyzed in the project permits; (2) informing and identifying specific biological triggers; and 
(3) informing potential refinements of operational criteria. Below are examples of OAMMP 
outcomes and processes to collect data. 


o For example, collecting alternative/additional real-time fish data to inform north Delta 
diversion decision making, such as use of acoustically tagged juvenile Chinook salmon as 
cohort survival/migration surrogates through the intake reaches and through the Delta. 


o Potential north Delta diversion operational responses as determined through adaptive 
management plan include: transitioning between bypass criteria levels (e.g., Level 1 to Level 
2 or pulse protection); or adjusting planned diversions to a level consistent with low 
concern based on flow-survival estimates and fish presence (i.e., more or less restrictive 
operations based on hydrological, biological, and diurnal conditions).  


 
11 Efficacy of tidal restoration to offset potential hydrodynamic changes due to operations of the north Delta 
intakes would be evaluated and considered during potential refinements to real-time operations and associated 
operational criteria, where applicable. Evaluation would occur and continue through project development and 
during the adaptive management plan, including during initial operations. 
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o Alternative mechanisms, such as operation of non-physical barrier technology at the 
Georgiana Slough junction with the Sacramento River, may also be considered in lieu of or in 
addition to north Delta diversion operational responses if deemed appropriate. 


3.5  Operations Adaptive Management and 
Monitoring Plan 


As appropriate, mitigation measures, such as implementation of the habitat creation and restoration 
actions in the Compensatory Management Plan (CMP; Appendix 3B, Compensatory Management Plan 
for Special-Status Species and Aquatic Resources), will integrate the concept of adaptive management 
in mitigation plan design, stand-alone site and/or resource-specific adaptive management plans will 
be adopted. In addition, the OAMMP will be used to monitor and consider the design and operation 
of the new north Delta diversions and determine whether they result in unanticipated effects that 
may warrant refinements in design, management, and/or operation (see Appendix 3C, North Delta 
Diversion Operations Adaptive Management and Monitoring Plan). Potential changes in operations 
could consider modified operational criteria (e.g., changes to the pulse-protection period length 
based on information gathered through the Delta Conveyance Project monitoring program) and 
additional operational criteria (e.g., layered onto those currently proposed in Section 3.3.1, New 
Operational Criteria for the North Delta Intakes.12 Activities described within the OAMMP, with the 
exception of those that would occur prior to operations, are to be considered programmatic and will 
be analyzed at a project-specific level in subsequent consultation(s).  


Adaptive management will focus on effects where uncertainties regarding the nature of the effects 
generally require a characterization of baseline conditions that can be compared to with-project 
effects. Monitoring is fundamental to adaptive management as a source of data with which to test 
alternative management strategies and measure progress toward accomplishing management 
objectives. 


As described in Appendix 3B, Section 3B.6.4, Adaptive Management, an adaptive management and 
monitoring plan would be prepared for each mitigation site to help ensure habitat creation goals are 
met. The plans would outline key uncertainties for tidal wetlands, channel margin, riparian, and 
floodplain restoration projects intended to benefit listed terrestrial and fish species and offset 
potential effects of the project. Effectiveness monitoring and research studies would be necessary to 
examine the ecological function of planned restoration. These site-specific adaptive management 
plans for habitat creation and restoration would track progress toward management objectives, to 
improve understanding of restoration effectiveness, and to trigger remedial actions as needed to 
adjust management to achieve mitigation goals. 


The OAMMP will integrate with, as appropriate, existing monitoring programs and SWP adaptive 
management efforts in the Delta to better understand uncertainties associated with north Delta 
diversion effects on listed fish species. Monitoring studies will be included in the OAMMP and are 
intended to address uncertainties about the potential effects on aquatic resources and inform the 
project’s operation and adaptive management decision making. The following is a list of monitoring 


 
12 If any changes to the criteria included in Section 3.3.1 are identified that would allow increased diversions from 
the north Delta facilities that could potentially result in greater environmental effects, those changes would require 
additional CEQA and ESA/CESA review. 
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elements that are expected to be included in the OAMMP; however, final details of the OAMMP will 
be subject to fish and wildlife agency approval as part of compliance with the CESA process:  


• Migration and survival studies through the intake reach and Delta 


o Including near-field assessment of intake exposure and far-field routing and survival. 


o Potential methods include acoustic telemetry studies of routing and survival in the Delta, 
including supplementation of existing acoustic arrays. The selection of acoustic telemetry 
technology (e.g., VEMCO, Juvenile Salmon Acoustic Telemetry System [JSATS]) for tags 
(transmitters), hydrophones, and receivers would likely be consistent with other concurrent 
studies and the regional acoustic telemetry array unless one technology is more optimal for 
a given experimental design.  


• Predation studies 


o Including assessment of predator distribution and predation rates to evaluate predation 
risk. 


o Potential methods include using floating predation event recorders and tethering study 
designs, as well as acoustic tag data to capture potential predation events. In addition to 
studies to evaluate increased predation rates, Dual-Frequency Identification Sonar 
(DIDSON) or similar (e.g., Adaptive Resolution Imaging Sonar [ARIS]) camera surveys could 
be used to assess predator management strategies at in-water structures and habitat 
features of interest. 


• Monitoring of abundance and distribution of listed species in the intake reach 


o Including assessment of baseline densities and seasonal and geographic distribution of all 
life stages of target aquatic species inhabiting the reaches of the lower Sacramento River 
and Delta. 


o Potential methods and approach include leveraging existing monitoring programs (e.g., 
Enhanced Delta Smelt Monitoring Program and USFWS Delta Juvenile Fish Monitoring 
Program) in the Delta, as well as supplemental sampling performed with specific gear types 
and technologies (e.g., eDNA transects and/or echo sounder transects to verify and calibrate 
catch detection data for newer, less-invasive sampling techniques. 


3.6 Conservation Measures 
Conservation measures are generally defined as “discretionary measures to minimize or avoid 
adverse effects of a proposed action on listed species or critical habitat” (50 CFR § 402.02). The 
conservation measure actions intended to avoid, minimize, and offset effects of the proposed action 
on listed species, and to provide for their conservation and management. These conservation 
measures are discussed in Sections 3.6.1, General Avoidance and Minimization Measures, 3.6.2, 
Species-Specific Avoidance and Minimization Measures, and 3.6.3, Compensatory Mitigation. The 
conservation measures are related to construction, therefore should be considered associated with 
project specific analysis. 


The proposed action includes several activities that are not likely to adversely affect listed species 
and therefore will not require compensation. These activities include acquisition and protection of 
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mitigation lands for listed species of wildlife, the enhancement and management of protected and 
restored lands, and monitoring for listed species of fish and wildlife.  


The protection of land requires no on-the-ground action or disturbance and thus has no potential to 
adversely affect species. Properly sited land protection will benefit listed species of wildlife by 
expanding and connecting existing protected lands. Grassland and vernal pool habitats will be 
protected to benefit San Joaquin kit fox, California tiger salamander, California red-legged frog, 
vernal pool fairy shrimp, and vernal pool tadpole shrimp. For details regarding the siting of lands 
that will be protected to benefit these species, see Section 3.6.2 and Appendix 3B. The Compensatory 
Mitigation Plan (CMP) contains actions that my mitigate species impacts and contains actions that 
may result in impacts to listed species, terrestrial and aquatic.  


Enhancement, management and monitoring on protected and restored lands have potential to have 
some minor effects. For example, individuals could be harmed or harassed by management vehicles 
or personnel. These effects would be minimized through education and training, as described in 
Section 3.6.1. Monitoring would be performed by qualified biologists. If handling of the species is 
necessary, this work would be done by qualified personnel with appropriate scientific collection 
permits.  


3.6.1 General Avoidance and Minimization Measures 
The general avoidance and minimization measures are those conservation measures that apply to 
more than one species. These measures include precautionary actions that either prohibit an impact 
from occurring or reduce the severity of the effect if the impact cannot be avoided. Table 3.6-1 lists 
the general avoidance and minimization measures that would be implemented before and during 
construction in response to an adverse effect identified in Chapters 5 and 6. The full text for each 
measure is included in Appendix 3A.  


Table 3.6-1. General Avoidance and Minimization Measures Alphanumeric Code and Title 


AMM Title 
AMM-1 Conduct Environmental Resources Worker Awareness Training 
AMM-2 Develop and Implement Hazardous Materials Management Plans 
AMM-3 Develop and Implement Spill Prevention, Control, and Countermeasure Plans 
AMM-4a Develop and Implement Erosion and Sediment Control Plans 
AMM-4b Develop and Implement Stormwater Pollution Prevention Plans 
AMM-5 Develop and Implement a Fire Prevention and Control Plan 
AMM-6 Conduct Cultural Resources Awareness Training 
AMM-7 Off-Road Heavy-Duty Engines 
AMM-8 On-Road Haul Trucks 
AMM-9 On-Site Locomotives 
AMM-10 Marine Vessels  
AMM-11 Fugitive Dust Control 
AMM-12 On-Site Concrete Batching Plants 
AMM-13 DWR Best Management Practices to Reduce GHG Emissions 
AMM-14 Construction Best Management Practices for Biological Resources 
AMM-15 Sediment Monitoring, Modeling, and Reintroduction Adaptive Management 
AMM-16 Provide Notification of Construction and Maintenance Activities in Waterways 
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AMM Title 
AMM-17 Avoid and Minimize Impacts on Terrestrial Biological Resources from Maintenance 


Activities 
AMM-18 Avoid and Minimize Operational Traffic Impacts on Wildlife 
AMM-19 Minimize Fugitive Light from Portable Sources Used for Construction 
AMM-20 Install Visual Barriers along Access Routes, Where Necessary, to Prevent Light Spill 


from Truck Headlights toward Residences 
AMM-21 Develop and Implement a Noise Control Plan 
AMM-22 Electrical Power Line Support Placement 
AMM-23 Develop and Implement a Mercury Management and Monitoring Plan 
AMM-24 Minimize Access Road Impacts on Listed Amphibian Connectivity 
AMM-25 Develop and Implement a Fish Rescue and Salvage Plan 
AMM-26 Develop and Implement an Underwater Sound Control and Abatement Plan 
AMM-27 Develop and Implement a Barge Operations Plan 


DWR = California Department of Water Resources; GHG = greenhouse gas.  


3.6.2 Species-Specific Avoidance and Minimization Measures 
The following sections detail aspects of the proposed action intended to avoid and minimize adverse 
effects on listed species of wildlife and describe offsetting measures intended to compensate for 
adverse effects. In addition to species-specific avoidance and minimization measures) discussed 
below, general avoidance and minimization measures (Section 3.6.1) that would be implemented 
uniformly during construction and operations of proposed water facilities and performance of 
conservation measures are fully detailed in Appendix 3A. 


3.6.2.1 San Joaquin Kit Fox Avoidance and Minimization Measure 
The following measures for San Joaquin kit fox will only be required for surface construction 
activities occurring within suitable habitat as defined in Chapter 4, Action Area and Environmental 
Baseline, Section 4.4.9, San Joaquin Kit Fox and by additional assessments conducted during the 
planning for work in a given area. Surveys and monitoring will be conducted from locations where 
access is allowed. 


As properties become accessible for initiating project activities within areas of modeled San Joaquin 
kit fox habitat, DWR will require suitability assessments of the modeled habitat by a biologist 
qualified to identify suitable habitat for this species. 


1. For areas verified as being suitable for San Joaquin kit fox, preconstruction surveys will be 
initiated within 14 to 30 days prior to ground disturbance, vegetation removal, or establishment 
of staging areas related to project activities. A USFWS- and CDFW-approved biologist with 
experience surveying for and observing the species will survey the project footprint and the 
area within 200 feet beyond the footprint to identify known or potential San Joaquin kit fox 
dens. Adjacent parcels under different land ownership will not be surveyed unless access is 
granted within the 200-foot radius of the project footprint. The biologists will conduct these 
searches by systematically walking 30- to 100-foot-wide transects throughout the survey area; 
transect width will be adjusted based on vegetation height and topography. The biologist will 
conduct walking transects such that 100% visual coverage of the worksite footprint is achieved. 
Dens will be classified in one of the following four den status categories outlined in the 
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Standardized Recommendations for Protection of the Endangered San Joaquin Kit Fox Prior to or 
During Ground Disturbance (U.S. Fish and Wildlife Service 2011). 


a. Potential den. Any subterranean hole within the species’ range that has entrances of 
appropriate dimensions for which available evidence is sufficient to conclude that it is being 
used or has been used by a San Joaquin kit fox. Potential dens comprise any suitable 
subterranean hole or any den or burrow of another species (e.g., coyote, badger, red fox, or 
ground squirrel) that otherwise has appropriate characteristics for kit fox use. If a potential 
den is found, the biologist will establish a 50-foot buffer using flagging. 


b. Known den. Any existing natural den or artificial structure that is used or has been used at 
any time in the past by a San Joaquin kit fox. Evidence of use may include historical records; 
past or current radiotelemetry or spotlighting data; kit fox signs such as tracks, scat, or prey 
remains; or other reasonable proof that a den is being or has been used by a kit fox. If a 
known den is found, the biologist will establish a 100-foot buffer using flagging. 


c. Natal or pupping den. Any den used by San Joaquin kit foxes to whelp or rear their pups. 
Natal or pupping dens may be larger with more numerous entrances than dens occupied 
exclusively by adults. These dens typically have more kit fox tracks, scat, and prey remains 
near the den and may have a broader apron of matted dirt or vegetation at one or more 
entrances. A natal den, defined as a den in which kit fox pups are actually whelped but not 
necessarily reared, is a more restrictive version of the pupping den. In practice, however, it 
is difficult to distinguish between the two types of dens; therefore, for purposes of this 
definition, either term applies. If a natal or pupping den is discovered, a buffer of at least 200 
feet will be established using fencing but a final buffer will be established in coordination 
with USFWS and CDFW. 


d. Atypical den. Any artificial structure that has been or is being occupied by a San Joaquin kit 
fox. Atypical dens may include pipes, culverts, and diggings beneath concrete slabs and 
buildings. If an atypical den is discovered, the biologist will establish a 50-foot buffer using 
flagging. 


2. Disturbance to all San Joaquin kit fox den status categories (described directly above) will be 
avoided to the extent possible. Where dens are found during surveys and avoidance is not 
possible, the following procedures will be implemented. 


a. If an atypical, natal or pupping, known or potential San Joaquin kit fox den is discovered 
within a project footprint, the den will be monitored for 3 days by a USFWS- and CDFW-
approved biologist using a tracking medium or an infrared beam camera to determine 
whether the den is currently being used. 


b. If an active natal or pupping den is found within a project footprint, USFWS and CDFW will 
be notified immediately.  


c. If San Joaquin kit fox activity is observed at the potential, known, or atypical den during the 
preconstruction surveys, USFWS and CDFW will be notified immediately, and the den will be 
monitored will for 5 consecutive days from the time of the first observation.  


d. Construction requirements from Standardized Recommendations for Protection of the San 
Joaquin Kit Fox Prior to or during Ground Disturbance (U.S. Fish and Wildlife Service 2011) or 
the latest guidelines will be implemented. 
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e. If potential, known, atypical, or natal or pupping dens are identified within temporary work 
areas or within a 200-foot buffer of a temporary work area, exclusion zones around each 
den entrance or cluster of entrances will be demarcated. The configuration of exclusion 
zones will be circular, with a radius measured outward from the den entrance(s). No 
activities will occur within the exclusion zones. Exclusion zone radii for atypical dens and 
potential dens will be at least 50 feet and will be demarcated with four to five flagged stakes. 
Exclusion zone radii for known dens will be at least 100 feet and will be demarcated with 
staking and flagging that encircle each den or cluster of dens but do not prevent access to 
the den by the foxes. Exclusion zone radii for natal or pupping dens will be at least 200 feet 
and will be demarcated using fencing, but a final buffer will be established in coordination 
with USFWS and CDFW. 


f. Written results of the surveys will be submitted to USFWS and CDFW within 5 calendar days 
of the completion of surveys and prior to the beginning of ground disturbance and/or 
construction activities in San Joaquin kit fox modeled habitat. 


3. During construction, the following measures will be implemented for all activities in suitable 
San Joaquin kit fox habitat (as determined by a USFWS- and CDFW-approved biologist): 


a. The USFWS- and CDFW-approved biologist for San Joaquin kit fox will be the contact source 
for any employee or contractor who might incidentally observe or discover kit fox. If a kit 
fox is observed or discovered within the work area, all work will cease within 200 feet and 
the USFWS- and CDFW-approved biologist will contact USFWS immediately. The USFWS 
contact is the Assistant Field Supervisor of Endangered Species. 


b. New sightings of kit fox will be reported to the California Natural Diversity Database 
(CNDDB). A copy of the reporting form and a topographic map clearly marked with the 
location of where the kit fox was observed will also be provided to USFWS. 


3.6.2.2 California Least Tern Avoidance and Minimization Measure 
The following measures for California least tern will only be required for surface construction 
activities occurring within suitable habitat as defined in Chapter 4, Section 4.4.10, California Least 
Tern, and by additional assessments conducted during the planning for work in a given area to avoid 
and minimize impacts on California least tern nesting colonies and to avoid take of California least 
tern, as defined by the ESA.13 Surveys and monitoring will be conducted from locations where access 
is allowed. 


As properties become accessible for initiating project activities within areas of modeled California 
least tern habitat, DWR will require suitability assessments of the modeled habitat by a biologist 
qualified to identify suitable habitat for this species. 


1. If suitable nesting habitat for California least tern (flat, unvegetated areas near aquatic foraging 
habitat) is identified during planning-level surveys the year prior to construction, DWR will 
require that at least three preconstruction surveys for this species will be conducted in all 
suitable habitat within 500 feet of the construction footprint, where construction-related noise 


 
13 Take is defined in the ESA as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to 
attempt to engage in any such conduct. Harm in the definition of “take” in the Act means an act which actually kills 
or injures wildlife. Such [an] act may include significant habitat modification or degradation where it actually kills 
or injures wildlife by significantly impairing essential behavioral patterns, including breeding, feeding, or sheltering 
(50 CFR § 17.3) 
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levels could exceed 60 dBA (A-weighted decibel)Leq (1 hour), during the California least tern 
breeding season (April 15 to August 15). Construction-related noise level will be determined 
based on a noise contour map, created by a noise expert, showing the 60 dBA noise contour 
specific to the type and location of construction to occur in the area. Surveys will be conducted 
by a USFWS- and CDFW-approved biologist with experience observing the species and its nests. 
DWR will implement the following requirements to avoid loss of California least tern nesting 
colonies if construction will take place within 500 feet of a California least tern nest where 
construction-related noise levels could exceed 60 dBA Leq (1 hour) during the breeding season 
(April 15 to August 15 or extended as determined through surveys).  


a. A USFWS- and CDFW-approved wildlife biologist will monitor construction activities within 
500 feet of active nests to ensure that construction activities do not affect nest success. 
Reduced buffers may be allowed, through coordination with USFWS and CDFW, if a full-time 
USFWS- and CDFW-approved biologist is present to monitor the nest and has authority to 
halt construction if bird behavior indicates continued activities could lead to nest failure. 
Active nests will be monitored to track progress of nesting activities until the biologist 
determines that the young have fledged and are capable of independent survival or the nest 
site is no longer active. 


b. Activities performed during the California least tern breeding season, in occupied least tern 
nesting habitat, with USFWS and CDFW approval and under the supervision of a USFWS- 
and CDFW-approved biologist will be limited to inspection, research or monitoring. 


c. If a California least tern is found, construction activities will be limited such that sound will 
not exceed 60 dBA within 500 feet of the habitat being used until the USFWS- and CDFW-
approved biologist has confirmed that the bird has left the area. 


d. Portable and stationary equipment will be located, stored, and maintained as far as possible, 
with a minimum distance of 500 feet, from suitable California least tern habitat. 


e. All lights will be screened and directed down toward work activities and away from suitable 
habitat. A biological construction monitor will ensure that lights are properly directed at all 
times during construction.  


3.6.2.3 Least Bell’s Vireo Avoidance and Minimization Measure 
The following measures for least Bell’s vireo will only be required for surface construction activities 
occurring between May 15 through September 1 within suitable habitat as defined in Chapter 4, 
Section 4.4.11, Least Bell’s Vireo, and by additional assessments conducted during the planning for 
work in a given area to avoid and minimize impacts on least Bell’s vireo. Surveys and monitoring 
will be conducted from locations where access is allowed. 


As properties become accessible for initiating project activities within areas of modeled least Bell’s 
vireo habitat, DWR will require suitability assessments of the modeled habitat by a biologist 
qualified to identify suitable habitat for this species. 


1. Prior to the construction, a noise expert will create a noise contour map showing the 60 dBA 
noise contour specific to the type and location of construction to occur in the area. 


2. Two weeks prior to construction, a USFWS- and CDFW-approved biologist will conduct daily 
surveys, consistent with a USFWS- or CDFW- approved survey protocol (U.S. Fish and Wildlife 
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Service 2001:1-3, or more current guidance) within 500 feet of suitable habitat where 
construction-related noise levels could exceed 60 dBA Leq (1 hour). 


3. If a least Bell’s vireo is found, construction activities will be limited such that sound will not 
exceed 60 dBA within 500 feet of the habitat being used until the USFWS- and CDFW-approved 
biologist has confirmed that the bird has left the area. 


4. If surveys find least Bell’s vireos in an area where vegetation will be removed, vegetation 
removal will be conducted when the USFWS- and CDFW-approved biologist has confirmed that 
least Bell’s vireos are not present within 500 feet of vegetation removal activities. 


5. Portable and stationary equipment will be located, stored, and maintained as far as possible, 
with a minimum distance of 500 feet, from suitable least Bell’s vireo habitat. 


6. All lights will be screened and directed down toward work activities and away from suitable 
habitat. A biological construction monitor will ensure that lights are properly directed at all 
times during construction. See Chapter 4 Section 4.4.11, Least Bell’s Vireo for more details. 


3.6.2.4 Western Yellow-Billed Cuckoo Avoidance and Minimization 
Measure 


The following measures for western yellow-billed cuckoo will only be required for surface 
construction activities occurring between May 15 through September 1 within suitable habitat as 
defined in Chapter 4, Section 4.4.12, Western Yellow-Billed Cuckoo, and by additional assessments 
conducted during the planning for work in a given area to avoid and minimize impacts on western 
yellow-billed cuckoo. Surveys and monitoring will be conducted from locations where access is 
allowed. 


As properties become accessible for initiating project activities within areas of modeled western 
yellow-billed cuckoo habitat, DWR will require suitability assessments of the modeled habitat by a 
biologist qualified to identify suitable habitat for this species. 


1. Prior to the construction, a noise expert will create a noise contour map showing the 60 dBA 
noise contour specific to the type and location of construction to occur in the area. 


2. Two weeks prior to construction, a USFWS- and CDFW-approved biologist will conduct daily 
surveys, consistent with a USFWS- or CDFW-approved survey protocol (e.g., Halterman et al. 
2015:9-42, or more current guidance), within 500 feet of suitable habitat where construction-
related noise levels could exceed 60 dBA Leq (1 hour).  


3. If a yellow-billed cuckoo is found, construction activities will be limited such that sound will not 
exceed 60 dBA within 500 feet of the habitat being used until the USFWS- and CDFW-approved 
biologist has confirmed that the bird has left the area.  


4. If surveys find cuckoos in an area where vegetation will be removed, vegetation removal will be 
conducted when the USFWS- and CDFW-approved biologist has confirmed that cuckoos are not 
present within 500 feet of vegetation removal activities. 


5. Portable and stationary equipment will be located, stored, and maintained as far as possible, 
with a minimum distance of 500 feet, from suitable western yellow-billed cuckoo habitat.  


6. All lights will be screened and directed down toward work activities and away from migratory 
habitat. A biological monitor will ensure that lights are properly directed at all times during 
construction. See Section 4.4.12 for more details. 
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3.6.2.5 California Reg-Legged Frog Avoidance and Minimization 
Measure 


The following measures for California red-legged frog will only be required for surface construction 
activities occurring within suitable habitat as defined in Chapter 4, Section 4.4.13, California Red-
Legged Frog, and by additional assessments conducted during the planning for work in a given area 
to avoid and minimize impacts on California red-legged frog. Surveys and monitoring will be 
conducted from locations where access is allowed, including habitat delineation surveys, 
preconstruction surveys to determine presence, and clearance surveys conducted immediately prior 
to construction. 


To the extent practicable, DWR will minimize impacts on critical habitat for California red-legged 
frog containing the primary constituent elements listed below. 


1. Aquatic Breeding Habitat. Standing bodies of fresh water (with salinities less than 4.5 parts per 
thousand [ppt]), including: natural and manmade (e.g., stock) ponds, slow moving streams or 
pools within streams, and other ephemeral or permanent water bodies that typically become 
inundated during winter rains and hold water for a minimum of 20 weeks in all but the driest of 
years. 


2. Non-Breeding Aquatic Habitat. Fresh water pond and stream habitats, as described above, that 
may or may not hold water long enough for the species to complete its aquatic life cycle but that 
do provide for shelter, foraging, predator avoidance, and aquatic dispersal for juvenile and adult 
California red-legged frogs. Other wetland habitats that would be considered to meet these 
criteria include, but are not limited to: plunge pools within intermittent creeks, seeps, quiet 
water refugia during high-water flows, and springs of sufficient flow to withstand short-term 
dry periods.  


3. Upland Habitat. Upland areas adjacent to or surrounding breeding and non-breeding aquatic 
and riparian up to a distance of one mile in most cases (i.e., depending on surrounding 
landscape and dispersal barriers) including various vegetational series such as grassland, 
woodland, forest, wetland, or riparian areas that provide shelter, forage, and predator 
avoidance. Upland features are also essential in that they are needed to maintain the hydrologic, 
geographic, topographic, ecological, and edaphic features that support and surround the aquatic, 
wetland, or riparian habitat. These upland features contribute to the filling and drying of the 
wetland or riparian habitat and are responsible for maintaining suitable periods of pool 
inundation for larval frogs and their food sources, and provide breeding, non-breeding, feeding, 
and sheltering habitat for juvenile and adult frogs (e.g., shelter, shade, moisture, cooler 
temperatures, a prey base, foraging opportunities, and areas for predator avoidance). Upland 
habitat can include structural features such as boulders, rocks and organic debris (e.g., downed 
trees, logs), as well as small mammal burrows and moist leaf litter. 


4. Dispersal Habitat. Accessible upland or riparian habitat within and between occupied or 
previously occupied sites that are located within one mile of each other, and that support 
movement between such sites. Dispersal habitat includes various natural habitats and altered 
habitats such as agricultural fields, which do not contain barriers to dispersal. Dispersal habitat 
does not include moderate to high density urban or industrial developments with large 
expanses of asphalt or concrete, nor does it include large lakes or reservoirs over 50 acres in 
size, or other areas that do not contain those features identified in primary constituent elements 
1, 2, or 3 as essential to the conservation of the species. 
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During project implementation and prior to project construction, DWR will implement the following 
measures. 


5. When each site is available for surveys, biologist approved by USFWS, will then delineate 
California red-legged frog habitat at each project site, based on an agreed upon definition of 
suitable habitat, including both aquatic and upland habitat. 


6. Once habitat has been delineated, the qualified biologist will conduct preconstruction surveys 
performed using a method approved by USFWS to determine presence of the species on the 
project site to enable further determination of compensatory mitigation requirements. In the 
event of a dry year, the aquatic habitat will be evaluated based on general suitability (e.g., 
evidence of suitable ponding depths, proximity to occurrences) and the habitat will be assumed 
to represent occupied habitat. 


7. To the greatest extent possible, identified and delineated habitat will be completely avoided. 


For areas verified as being suitable for California red-legged frog and that cannot be avoided, the 
following measures will be implemented. 


8. To the extent practicable, initial ground-disturbing activities will not be conducted between 
September 1 and April 30, to avoid the wet season which encompasses breeding as well as 
potential upland migration before and after. Once the area has been surveyed, initial ground 
disturbance has occurred, and exclusionary fencing is in place, the seasonal restriction would 
not apply. 


9. Ground-disturbing activities will be designed to minimize or eliminate effects on rodent 
burrows that may provide suitable cover habitat for California red-legged frog. Surface-
disturbing activities will avoid areas with a high concentration of burrows to the greatest extent 
practicable. In addition, when a concentration of burrows is present in a work site, the area will 
be staked or flagged to ensure that work crews are aware of their location and to facilitate 
avoidance of the area. 


10. All initial ground disturbance or vegetation removal (clearing) will be limited to periods of no or 
low rainfall (less than 0.08 inch per 24-hour period and less than 40% chance of rain). To the 
extent practicable, clearing activities within California red-legged frog habitat will cease 24 
hours prior to a 40% or greater forecast of rain from the closest National Weather Service 
weather station. Clearing may continue 24 hours after the rain ceases, if no more than 0.5 inch of 
precipitation is in the 72-hour forecast. If clearing must continue when rain is forecast (i.e., 
greater than 40% chance of rain), a USFWS-approved biologist will survey the work site before 
clearing begins each day rain is forecast. If rain exceeds 0.5 inch during a 24-hour period, 
clearing will cease until the NWS forecasts no further rain. Modifications to this timing may be 
approved by USFWS based on site conditions and expected risks to California red-legged frog. 
For a given site that has exclusion fencing in place and all surface soil disturbance completed 
(i.e., no burrows present), these restrictions would no longer apply. 


11. To the maximum extent practicable, nighttime construction will be minimized or avoided when 
working in suitable California red-legged frog habitat. To the greatest extent practicable, 
earthmoving and construction activities will cease no less than 30 minutes before sunset and 
will not begin again prior to no less than 30 minutes after sunrise. Except when necessary for 
driver or pedestrian safety, artificial lighting at a work site will be prohibited during the hours of 
darkness when working in suitable California red-legged frog habitat. 
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12. If work must be conducted at night within 300 feet of California red-legged frog habitat, all 
lighting will be directed away and shielded from California red-legged frog habitat outside the 
construction area to minimize light spillover to the greatest extent possible. If light spillover into 
adjacent California red-legged frog habitat occurs, a USFWS-approved biologist will be present 
during night work to survey for California red-legged frogs in areas illuminated by construction 
lighting. If California red-legged frog is found to be illuminated, the USFWS-approved biologist 
has the authority to terminate the project activities until the light is directed away from the 
frog’s location, or the California red-legged frog moves out of the illuminated area.  


13. At least 30 days prior to any ground disturbance activities, DWR will prepare and submit a 
relocation plan for USFWS’s written approval. The relocation plan will contain the name(s) of 
the USFWS-approved biologist(s) to relocate California red-legged frogs, the method of 
relocation (if different from described), a map, and a description of the proposed release site(s) 
outside of exclusion fencing and within 300 feet of the work area or at a distance otherwise 
agreed to by USFWS, and written permission from the landowner (if other than the State) to use 
their land as a relocation site. 


14. When there is California red-legged frog habitat within 300 feet of construction activities, 
exclusion fencing will be installed along the perimeter of construction sites to protect California 
red-legged frog habitat and minimize the potential for frogs to enter the construction work area. 
The perimeter of construction sites will be fenced with fencing material suitable for excluding 
amphibians by no more than 14 days prior to the start of construction. The placement of 
exclusion fencing will be determined, in part, by the locations of suitable habitat for the species. 
A conceptual fencing plan will be submitted to USFWS prior to the start of construction and the 
approved California red-legged frog exclusion fencing will be shown on the final construction 
plans. DWR, as project proponent, will include the amphibian exclusion fence specifications 
including installation and maintenance criteria in the bid solicitation package special provisions. 
The amphibian exclusion fencing will remain in place for the duration of construction and will 
be regularly inspected and fully maintained. The biological monitor and construction manager 
will be responsible for checking the exclusion fencing around the work areas each day of 
construction for wildlife trapped inside and to ensure that they are intact and upright. This will 
be especially critical during times of inclement weather that can damage the fencing. Repairs to 
the amphibian exclusion fence will be made within 24 hours of discovery of a breach. Where 
construction access is necessary, gates will be installed in the exclusion fence and fencing will 
direct animals away from the work area to the extent practicable (e.g., fencing will flare out and 
turn back toward suitable habitat). 


15. Preconstruction surveys will be conducted by a USFWS-approved biologist immediately prior to 
the initiation of any ground-disturbing activities or vegetation clearing, including immediately 
prior to exclusion fence installation, in areas identified as having suitable California red-legged 
frog habitat. These surveys will consist of walking the work site limits. The USFWS-approved 
biologist will investigate all potential areas that could be used by the California red-legged frog 
for feeding, breeding, sheltering, movement, or other essential behaviors. If there is a lapse in 
construction in a work area for 7 days or more, these preconstruction surveys will be repeated 
before activities resume. 


16. The USFWS-approved biologist will conduct clearance surveys at the beginning of each day and 
regularly throughout the workday when construction activities are occurring that may result in 
take of California red-legged frog. These surveys will consist of walking surveys within the work 
sites and investigating suitable aquatic and upland habitat including potential refugia habitat 
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such as small woody debris, refuse, and burrow entrances, that are not directly disturbed by 
project activities. 


17. If a California red-legged frog is encountered at any point within a work area activities within a 
minimum of 25 feet of the individual will cease immediately and the construction manager and 
USFWS-approved biologist will be notified, and the biologist will observe and follow within 10 
feet of the individual to ensure it has safely left the area. The frog will be allowed to leave the 
area of its own volition, and work may resume when it is no longer in harm’s way. Depending on 
site-specific conditions, such as the use of heavy equipment, a larger protective buffer may be 
established, as determined by the USFWS-approved biologist. If the frog does not move out of 
the area on its own, and it is determined by the USFWS-approved biologist that relocating the 
frog is necessary, these steps will be followed: 


a. Prior to handling and relocation, the biologist will take precautions to prevent introduction 
of amphibian diseases by following guidance in The Declining Amphibian Task Force 
Fieldwork Code of Practice (U.S. Fish and Wildlife Service 2019b), or the most up-to-date 
guidance available at that time. California red-legged frogs will also be handled and assessed 
according to the Restraint and Handling of Live Amphibians (U.S. Geological Survey National 
Wildlife Health Center 2001), or the most up-to-date guidance available at that time. 


b. California red-legged frogs will be captured by hand, dipnet, or other USFWS-approved 
methodology, transported, and relocated to nearby suitable habitat outside but within 300 
feet of the work area, or at a distance otherwise specified in the relocation plan described in 
measure 13, and released as soon as practicable the same day of capture per the relocation 
plan. Holding/transporting containers and dipnets will be thoroughly cleaned, disinfected, 
and rinsed with fresh water prior to use within construction areas. USFWS will be notified 
within 24 hours of all capture, handling, and relocation efforts. USFWS-approved biologists 
will wear clean, new disposable surgical style (latex, nitrile, etc.) gloves and/or ensure that 
their hands are free of soaps, oils, creams, lotions, repellents, or solvents of any sort while 
capturing and relocating individuals. To avoid transferring disease or pathogens in handling 
of the amphibians, USFWS-approved biologists will follow the Declining Amphibian 
Populations Task Force’s “Code of Practice” or the most up-to-date, agency-accepted 
guidance.  


c. If an injured California red-legged frog is encountered and the USFWS-approved biologist 
determines the injury is minor or healing and the frog is likely to survive, the frog will be 
released immediately, consistent with the preapproved relocation plan as described above. 
The frog will be monitored until it is determined that it is not imperiled by predators or 
other dangers. 


d. If the USFWS-approved biologist determines that the frog has major or serious injuries 
because of activities at the work site, the USFWS-approved biologist, or designee, will 
immediately take it to a USFWS-approved facility. If taken into captivity, the individual will 
not be released into the wild unless it has been kept in quarantine and the release is 
authorized by USFWS. DWR will bear any costs associated with the care or treatment of such 
injured frogs. The circumstances of the injury, the procedure followed, and the final 
disposition of the injured animal will be documented in a written incident report. 
Notification to USFWS of an injured or dead California red-legged frog in the project area 
will be reported within 24 hours and will include details such as whether or not its 
condition resulted from activities related to the proposed action. In addition, the USFWS-
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approved biologist will follow up with USFWS within 2 calendar days of the finding. Written 
notification to USFWS will include the following information: the species, number of animals 
taken or injured, sex (if known), date, time, location of the incident or of the finding of a 
dead or injured animal, how the individual was taken, photographs of the specific animal, 
the names of the persons who observed the take or found the animal, and any other 
pertinent information. Dead specimens will be preserved, as appropriate, and held in a 
secure location until instructions are received from USFWS regarding the disposition of the 
specimen. 


18. Work within suitable aquatic habitats will not begin until the habitat is dry or has been 
adequately surveyed and dewatered. Aquatic habitats that must be dewatered will be surveyed 
for California red-legged frogs prior to dewatering. Dewatering pumps will be screened with 
wire mesh not larger than 5 millimeters to prevent larvae from entering the pump. The 
biological monitor will be present during dewatering. Any California red-legged frogs found will 
be relocated per the relocation plan. 


3.6.2.6 California Tiger Salamander Avoidance and Minimization 
Measure 


The following measures for California tiger salamander will only be required for surface 
construction activities occurring within suitable habitat as defined in Chapter 4, Section 4.4.14, 
California Tiger Salamander and by additional assessments conducted during the planning for work 
in a given area. Surveys and monitoring will be conducted from locations where access is allowed, 
including habitat delineation surveys, preconstruction surveys to determine presence, and clearance 
surveys conducted immediately prior to construction. 


During project implementation and prior to project construction, DWR will implement the following 
measures. 


1. When each site is available for surveys a USFWS- and CDFW- approved biologist will then 
delineate California tiger salamander habitat at each project site, based on the definition of 
suitable habitat, including both aquatic and upland habitat. The criteria used for assessing 
suitable habitat have been adopted from the primary constituent elements identified in the 2005 
critical habitat designation for the Central Valley distinct population segment of California tiger 
salamander (70 FR 49390). Habitat deemed suitable will include at least one of the following: 


a. Aquatic—Standing bodies of fresh water (including natural and human-made [e.g., stock]) 
ponds, vernal pools, and other ephemeral or permanent waterbodies that typically support 
inundation during winter rains and hold water for a minimum of 12 weeks in a year of 
average rainfall. 


b. Upland—Upland habitats within 1.3 miles of suitable aquatic habitat that contain small 
mammal burrows or other underground habitat that California tiger salamander depend 
upon for food, shelter, and protection from the elements and predation. Accessible upland 
dispersal habitat between occupied locations that allow for movement between such sites. 


2. Once habitat has been delineated, the USFWS- and CDFW-approved biologist will use 
preconstruction surveys performed using a method approved by USFWS and CDFW to 
determine presence of the species on the project site to enable further determination of 
compensatory mitigation requirements. In the event of a dry year, the aquatic habitat will be 
evaluated based on general suitability (e.g., evidence of suitable ponding depths, proximity to 
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occurrences) and the habitat will be assumed to represent occupied habitat. In areas where 
ground disturbance will occur, grasses within suitable upland habitat will be mowed within 24 
hours of clearance surveys to allow the biologist to see and survey for California tiger 
salamander and burrows. Light mowing equipment will be used and will only occur during the 
day in dry conditions when California tiger salamander is unlikely to be aboveground. 


3. To the greatest extent possible, identified and delineated habitat will be completely avoided. 


For areas verified as being suitable for California tiger salamander and that cannot be avoided, the 
following measures will be implemented. 


4. To the extent practicable, initial ground-disturbing activities will not be conducted between 
November 1 and March 31, or extended to April 30 during wet years, in areas identified during 
the planning stages as providing suitable California tiger salamander habitat, to avoid the period 
when they are most likely to be moving through upland areas. Once clearance surveys have been 
conducted, exclusionary fence is in place, the area has been surveyed, and initial ground 
disturbance has occurred, work within the disturbed area can occur outside the construction 
window (defined as April 1 through October 31 or, during wet years, May 1 through October 
31). 


5. If aquatic habitat is identified by the qualified biologist(s) within the project area southwest of 
Byron Highway, DWR will restrict construction activities to beyond 300 feet of breeding habitat, 
during the breeding season (November 1 through March 31, or extended to April 30 during wet 
years). Where aquatic habitat cannot be avoided by 300 feet during the breeding season, DWR 
will notify and coordinate with CDFW to implement site-specific avoidance and minimization 
measures. Where construction takes place in aquatic habitat during the nonbreeding season 
(April 1 through October 31, or delayed to May 1 during wet years), activities will not be 
initiated until after the habitat is no longer ponding water or until a USFWS- and CDFW-
approved biologist has conducted clearance surveys of the aquatic habitat for presence of 
California tiger salamander and results have been submitted to the agencies. No work or 
dewatering will be allowed in occupied habitat. If a work site is to be temporarily dewatered by 
pumping, intakes will be completely screened with wire mesh not larger than 5 millimeters to 
prevent larger aquatic species from entering the pump system.  


6. Ground-disturbing activities will be designed to minimize or eliminate effects on rodent 
burrows that may provide suitable cover habitat for California tiger salamander. Surface-
disturbing activities will avoid areas with a high concentration of burrows to the greatest extent 
practicable. In addition, when a concentration of burrows is present in a work site, the area plus 
a 50-foot buffer will be staked or flagged to ensure that work crews are aware of their location 
and to facilitate avoidance of the area. 


7. All initial ground disturbance or vegetation removal (clearing) will be limited to periods of no or 
low rainfall (less than 0.08 inch per 24-hour period and less than 40% chance of rain). DWR will 
avoid ground disturbance and vegetation removal during rainfall events and between sunset 
and sunrise. Clearing activities within California tiger salamander habitat will cease 24 hours 
prior to a 40% or greater forecast of rain from the closest National Weather Service weather 
station. Clearing may continue 24 hours after the rain ceases, if no more than 0.5 inch of 
precipitation is in the 72-hour forecast. If clearing must continue when rain is forecast (greater 
than 40% chance of rain), a USFWS- and CDFW-approved biologist will survey the work site 
before clearing begins each day rain is forecast. If rain exceeds 0.5 inch during a 24-hour period, 
clearing will cease until the NWS forecasts no further rain. If this measure cannot be 
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implemented as written or modifications to this timing is pursued, DWR will notify and 
coordinate with the agencies based on site conditions and expected risks to California tiger 
salamander. For a given site that has exclusion fencing in place and all surface soil disturbance 
completed (i.e., no burrows present), these restrictions would no longer apply. If there is a lapse 
in construction in a work area for 7 days or more due to weather conditions, preconstruction 
surveys will be repeated as described in California tiger salamander measure 11. 


8. To the extent practicable, earthmoving and construction activities will cease no less than 30 
minutes before sunset and will not begin again until no less than 30 minutes after sunrise within 
300 feet of California tiger salamander habitat. Except when necessary for driver or pedestrian 
safety, to the greatest extent practicable, artificial lighting at a work site will be prohibited 
during the hours of darkness. 


9. At least 30 days prior to any ground-disturbing activities, DWR will prepare and submit a 
relocation plan for USFWS’s and CDFW’s written approval. The relocation plan will contain the 
name(s) of the USFWS- and CDFW-approved biologist(s) to relocate California tiger 
salamanders, the method of relocation (if different from described), a map, and a description of 
the proposed release site(s) within 300 feet of the work area or at a distance otherwise agreed 
to by USFWS and CDFW, and written permission from the landowner (if other than the State) to 
use their land as a relocation site. The relocation plan will also include methods for searching for 
California tiger salamander (i.e., clearance surveys) in the work areas to avoid and minimize the 
potential for injury and mortality. Generally, work areas will be attempted to be cleared of 
California tiger salamanders by placing pit fall traps along the inside of the exclusion fence (i.e., 
within work areas) or by hand-excavating mammal burrows. Methods will be selected based on 
site-specific conditions in a given work area and will be approved by USFWS and CDFW. Any 
California tiger salamanders found will be relocated according to the agency approved 
relocation plan and will following the handling protocols outlined below. 


10. When there is California tiger salamander habitat within 300 feet of construction activities, 
exclusion fencing will be installed along the perimeter of construction sites to protect California 
tiger salamander habitat and minimize the potential for salamanders to enter the construction 
work area. The perimeter of construction sites within 300 feet of California tiger salamander 
habitat will be fenced with fencing material suitable for excluding amphibians by no more than 
14 days prior to the start of construction activities (e.g., staging, vegetation removal, grading) in 
a given area. The placement of exclusion fencing will be determined, in part, by the locations of 
suitable habitat for the species (defined above). A conceptual fencing plan will be submitted to 
USFWS and CDFW prior to the start of construction and the approved exclusion fencing will be 
shown on the final construction plans. DWR will include the amphibian exclusion fence 
specifications including installation and maintenance criteria in the bid solicitation package 
special provisions. The amphibian exclusion fencing will remain in place for the duration of 
construction and will be regularly inspected and fully maintained. The biological monitor and 
construction manager will be responsible for checking the exclusion fencing around the work 
areas each day of construction for wildlife trapped inside and to ensure that they are intact and 
upright. This will be especially critical during times of inclement weather that could damage the 
fencing. Repairs to the amphibian exclusion fence will be made within 24 hours of discovery of a 
breach. Where construction access is necessary, gates will be installed in the exclusion fence and 
fencing will be installed to direct animals away from the work area to the extent practicable 
(e.g., fencing will flare out and turn back toward suitable habitat). 
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11. Preconstruction surveys will be conducted by a USFWS- and CDFW-approved biologist 
immediately prior to the initiation of any ground-disturbing activities or vegetation clearing, 
including immediately prior to exclusion fence installation, in areas identified as having suitable 
California tiger salamander habitat. These surveys will consist of walking surveys within the 
work sites and investigating suitable aquatic and upland habitat including potential refugia 
habitat such as small woody debris, refuse, burrow entrances, etc., that are not directly 
disturbed by project activities. If there is a lapse in construction in a work area for 7 days or 
more, these preconstruction surveys will be repeated before activities resume. 


12. The USFWS- and CDFW-approved biologist will conduct clearance surveys within the 
construction work area at the beginning of each day and regularly throughout the workday 
when construction activities are occurring that may result in take of California tiger salamander. 
Surveys will be conducted in the same manner as the preconstruction surveys. 


13. If a California tiger salamander is observed at any point within a work area, the USFWS- and 
CDFW-approved biologist will implement the following species observation and handling 
protocol. Only USFWS- and CDFW-approved biologists will participate in activities associated 
with the capture, handling, and monitoring of California tiger salamanders. If a California tiger 
salamander is encountered in a construction area, activities within a minimum of 25 feet of the 
individual will cease immediately and the construction manager and USFWS- and CDFW- 
approved biologist will be notified, and the biologist will observe and follow within 10 feet of 
the individual to ensure it has safely left the area. Depending on site-specific conditions, such as 
the use of heavy equipment, a larger protective buffer may be established, depending on site-
specific conditions such as the use of heavy equipment, as determined by the USFWS- and 
CDFW- approved biologist. The California tiger salamander will be allowed to leave the area of 
its own volition, and work may resume when it is no longer in harm’s way. All personnel on-site 
will be notified of the finding and no work will occur within a minimum of 10 feet of the 
California tiger salamander, or a larger buffer depending on site-specific conditions, without a 
USFWS- and CDFW-approved biologist present. If the salamander does not move out of the area 
on its own, and it is determined by the approved biologist that relocating the California tiger 
salamander is necessary, these steps will be followed. 


a. Prior to handling and relocation, the USFWS- and CDFW-approved biologist will take 
precautions to prevent introduction of amphibian diseases in accordance with the Interim 
Guidance on Site Assessment and Field Surveys for Determining Presence or a Negative Finding 
of the California Tiger Salamander (U.S. Fish and Wildlife Service 2003), or the most up-to-
date guidance available at the time. Disinfecting equipment and clothing is especially 
important when biologists are coming to the action area to handle amphibians after working 
in other aquatic habitats. California tiger salamanders will also be handled and assessed 
according to the Restraint and Handling of Live Amphibians (U.S. Geological Survey National 
Wildlife Health Center 2001), or the most up-to-date guidance available at the time. 


b. California tiger salamanders will be captured by hand, dipnet, or other USFWS- and CDFW-
approved methodology, transported, and relocated to nearby suitable habitat outside of the 
work area and released as soon as practicable the same day of capture. Following the 
conditions of the relocation plan described in measure 9, individuals will be relocated 
outside of the exclusion fencing and at a distance no greater than 300 feet outside of the 
work area to areas with an active rodent burrow or burrow system (unless otherwise 
approved by USFWS). Holding/transporting containers and dipnets will be thoroughly 
cleaned, disinfected, and rinsed with fresh water prior to use within the action area. USFWS 
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and CDFW will be notified within 24 hours of all capture, handling, and relocation efforts. 
USFWS- and CDFW-approved biologists will wear clean, new disposable surgical style 
(nitrile, etc.) gloves and/or ensure that their hands are free of soaps, oils, creams, lotions, 
repellents, or solvents of any sort while capturing and relocating individuals. To avoid 
transferring disease or pathogens in handling of the amphibians, USFWS- and CDFW-
approved biologists will follow the Declining Amphibian Populations Task Force’s “Code of 
Practice” or the most recent guidance. 


c. If an injured California tiger salamander is encountered and the USFWS- and CDFW-
approved biologist determines the injury is minor or healing and the salamander is likely to 
survive, the salamander will be released immediately, consistent with the preapproved 
relocation plan as described in measure 9. The California tiger salamander will be 
monitored until it is determined that it is not imperiled by predators or other dangers. 


d. If the USFWS- and CDFW-approved biologist determines that the California tiger salamander 
has major or serious injuries because of activities at the work site, the USFWS- and CDFW-
approved biologist, or designee, will immediately take it to a USFWS- and CDFW-approved 
facility. If taken into captivity, the individual will not be released into the wild unless it has 
been kept in quarantine and the release is authorized by USFWS. DWR will bear any costs 
associated with the care or treatment of such injured California tiger salamanders. The 
circumstances of the injury, the procedure followed, and the final disposition of the injured 
animal will be documented in a written incident report. Notification to USFWS and CDFW of 
an injured or dead California tiger salamander in the project area will be reported within 24 
hours and will include details such as whether or not its condition resulted from activities 
related to the proposed action. In addition, the USFWS- and CDFW-approved biologist will 
follow up with USFWS and CDFW within 2 calendar days of the finding. Written notification 
to USFWS and CDFW will include the following information: the species, number of animals 
taken or injured, sex (if known), date, time, location of the incident or of the finding of a 
dead or injured animal, how the individual was taken, photographs of the specific animal, 
the names of the persons who observed the take or found the animal, and any other 
pertinent information. Dead specimens will be preserved, as appropriate, and held in a 
secure location until instructions are received from USFWS regarding the disposition of the 
specimen. 


14. The USFWS- and CDFW-approved biologist will have the authority to stop activities at the work 
site if they determine that any of the avoidance and minimization measures are not being 
fulfilled. 


15. If the exclusion fence is compromised during the rainy season, when California tiger 
salamanders are likely to be active, the fence will be repaired and a survey will be conducted 
immediately preceding construction activity that occurs in modeled or suitable California tiger 
salamander habitat, as determined by a USFWS- and CDFW-approved biologist, or in advance of 
any activity that may result in take of the species. The biologist will search along exclusion 
fences, and beneath vehicles each morning before they are moved. The survey will include a 
careful inspection of all potential hiding spots, such as along exclusion fencing; large, downed 
woody debris; and the perimeter of ponds, wetlands, and riparian areas. Any California tiger 
salamanders found will be captured and relocated according to the USFWS/CDFW-approved 
relocation plan. 
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16. If work must be conducted at night within 300 feet of California tiger salamander habitat, all 
lighting will be directed away and shielded from California tiger salamander habitat outside the 
construction area to minimize light spillover to the greatest extent possible. If light spillover into 
adjacent California tiger salamander habitat occurs, a USFWS- and CDFW-approved biologist 
will be present during night work to survey for burrows and emerging California tiger 
salamanders in areas illuminated by construction lighting. If California tiger salamander is found 
aboveground the USFWS- and CDFW-approved biologist has the authority to terminate the 
project activities until the light is directed away from the burrows, the California tiger 
salamander moves out of the illuminated area, or the California tiger salamander is relocated 
out of the illuminated area by the USFWS- and CDFW-approved biologist. 


17. If requested before, during, or upon completion of ground disturbance and construction 
activities where suitable California tiger salamander habitat is present, DWR will require that 
USFWS and CDFW can access and inspect the work site for compliance with the description of 
the project and avoidance and minimization measures, and to evaluate effects on the California 
tiger salamander and its habitat. A USFWS- and CDFW-approved biologist will be on-site during 
all activities that may result in take of California tiger salamander. 


3.6.2.7 Giant Garter Snake Avoidance and Minimization Measure 
The following measures for giant garter snake will only be required for surface construction and 
restoration activities occurring within suitable habitat as defined in Chapter 4, Section 4.4.15, Giant 
Garter Snake, and by additional assessments conducted during the planning for work in a given area. 
Surveys and monitoring will be conducted from locations where access is allowed, including habitat 
delineation surveys, preconstruction surveys to determine presence, and clearance surveys 
conducted immediately prior to construction. 


During project implementation and prior to project construction, DWR, in agreement with CDFW 
and USFWS, will perform the following measures. 


1. When each site is available for surveys, a USFWS- and CDFW-approved biologist will then 
delineate giant garter snake habitat at each project site, including both aquatic and upland 
habitat. Suitability of aquatic and upland habitat characteristics will be determined by the 
biologist consistent with the description of suitable habitat defined in Chapter 4, Section 4.4.15. 


2. Once habitat has been delineated, the biologist will use giant garter snake preconstruction 
surveys performed using a method approved by USFWS and CDFW to determine presence of the 
species on the project site to enable further determination of compensatory mitigation 
requirements.  


3. For sites where such surveys are performed, the surveys will conform to established protocols 
for giant garter snake surveys and all occurrence data gathered will be reported to the CNDDB 
and USFWS to add to the understanding of populations and occurrences for the species in the 
Delta. 


To the greatest extent possible, identified and delineated habitat will be completely avoided. If the 
construction or restoration activity does not fully avoid effects on suitable habitat, the following 
measures will be implemented. 


4. Initiate construction and conduct initial ground disturbance within suitable habitat in the 
summer months, between May 1 and October 1, and avoid giant garter snake habitat during 
periods of brumation (between October 1 and May 1). Suitability of aquatic and upland habitat 
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characteristics will be determined by the biologist consistent with the description of suitable 
habitat defined in Chapter 4, Section 4.4.15. Once initial ground disturbance removing suitable 
habitat within a construction site has been conducted prior to September 15 and exclusionary 
fencing is in place, work within the cleared area can occur between October 1 and May 1. 


5. To the extent practicable, as determined by project engineers and contractors, in coordination 
with the USFWS- and CDFW-approved biologist, conduct all activities within paved roads, farm 
roads, road shoulders, and similarly disturbed and compacted areas; confine ground 
disturbance and habitat removal to the minimal area necessary to facilitate construction 
activities. 


6. At least 30 days prior to any ground-disturbing activities, DWR will prepare and submit a 
relocation plan for USFWS’s and CDFW’s written approval. The relocation plan will contain the 
name(s) of the biologist(s) to relocate giant garter snakes, the method of relocation (if different 
from described), a map, and a description of the proposed release site(s) within 300 feet of the 
work area or at a distance otherwise agreed to by USFWS and CDFW, and written permission 
from the landowner (if other than the State) to use their land as a relocation site. 


7. When there is giant garter snake habitat within 200 feet of construction activities, exclusion 
fencing will be installed along the perimeter of construction sites to protect giant garter snake 
habitat and minimize the potential for snakes to enter the construction work area. The 
perimeter of construction sites (except for work sites within areas of open water, like the 
Sacramento River) within or adjacent to giant garter snake habitat will be fenced with exclusion 
fencing by no more than 14 days prior to the start of construction activities (e.g., staging, 
vegetation removal, grading) in a given area. The placement of exclusion fencing will be 
determined, in part, by the locations of suitable habitat for the species. A conceptual fencing plan 
will be submitted to USFWS and CDFW prior to the start of construction and the approved 
exclusion fencing will be shown on the final construction plans. DWR, as project proponent, will 
include the exclusion fence specifications including installation and maintenance criteria in the 
bid solicitation package special provisions. The exclusion fencing will remain in place for the 
duration of construction and will be regularly inspected and fully maintained. The biological 
monitor and construction manager will be responsible for checking the exclusion fencing 
around the work areas each day of construction to ensure that they are intact and upright. This 
will be especially critical during times of inclement weather that can damage the fencing. 
Repairs to the exclusion fence will be made within 24 hours of discovery of a breach. Where 
construction access is necessary, gates will be installed in the exclusion fence and fencing will 
direct animals away from the work area to the extent practicable (e.g., fencing will flare out and 
turn back toward suitable habitat). 


8. Immediately prior to the initiation of any vegetation clearing, ground-disturbing activities, and 
exclusion fence installation, the USFWS- and CDFW-approved biologist will survey suitable 
aquatic and upland habitat in the entire work site for the presence of giant garter snakes. 
Beginning no more than 7 days prior to initiating ground-disturbing activities during the active 
season (May 1 to October 1), the biologist shall conduct 2 days of walking preconstruction 
surveys within each construction site and a 3-foot boundary, surrounding the exclusion fencing, 
where access is allowed. If access is not allowed outside of the exclusion fencing, the biologist 
will conduct a visual survey of the 3-foot boundary from the edge of the exclusion fencing. The 
final preconstruction survey shall occur within 24 hours preceding exclusion barrier 
installation. If there is a lapse in construction in a work area for 7 days or more, these 
preconstruction surveys will be repeated before activities resume. 
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9. If exclusionary fencing is found to be compromised, a survey of the exclusion fencing and the 
area inside the fencing will be conducted immediately preceding construction activity that 
occurs in delineated giant garter snake habitat or in advance of any activity that may result in 
take of the species. The biologist will search along exclusionary fences, in pipes, and beneath 
vehicles before the vehicles are moved.  


10. If a giant garter snake is found in the work area, activities within a minimum of 25 feet of the 
individual will cease immediately and the construction manager and USFWS- and CDFW-
approved biologist will be notified, and the biologist will observe and follow within 10 feet of 
the individual to ensure it has safely left the area. Depending on site-specific conditions, such as 
the use of heavy equipment, a larger protective buffer may be established, as determined by the 
USFWS- and CDFW-approved biologist. The snake will be allowed to move of its own volition 
out of harm’s way. If the snake does not move and it is deemed necessary to relocate the animal 
to prevent harm, the snake may be captured and relocated to suitable habitat a minimum of 200 
feet outside of the work area in accordance with the relocation plan, prior to resumption of 
construction activity. 


11. Within 24 hours prior to construction activities, and dredging, requiring heavy equipment, a 
USFWS- and CDFW-approved biologist will conduct a clearance survey of all the activity area not 
protected by exclusionary fencing where giant garter snake could be present. This survey of the 
work area will be repeated if a lapse in construction or dredging activity of 2 weeks or greater 
occurs during the aestivation period (October 1 to May 1) or if the lapse in construction activity 
is more than 12 hours during active season (May 1 to October 1). If a giant garter snake is 
encountered during surveys or construction, cease activities until appropriate corrective 
measures have been completed, it has been determined that the giant garter snake will not be 
harmed, or the giant garter snake has left the work area. 


12. The USFWS- and CDFW-approved biological monitor will help guide access and construction 
work around wetlands, active rice fields, and other sensitive habitats capable of supporting 
giant garter snake to minimize habitat disturbance and risk of injuring or killing giant garter 
snakes. 


13. Store equipment in designated staging area areas at least 200 feet away from giant garter snake 
aquatic habitat to the extent practicable. 


14. Visually check for giant garter snake under any vehicles or equipment that have been idle for 
more than 1 hour, or parked overnight, prior to moving the vehicles. Check any crevices or 
cavities in the work area where individuals may be present, including stockpiles that have been 
left for more than 24 hours where cracks/crevices may have formed. 


For activities that will occur within suitable giant garter snake habitat during the giant garter snake 
inactive season (October 2 to April 30) and will last more than 2 weeks, DWR will implement the 
following additional avoidance and minimization measures. 


15. All aquatic giant garter snake habitat will be dewatered between May 1 and October 1 (giant 
garter snake active season) to the extent that the area is no longer suitable giant garter snake 
habitat, as defined in Chapter 4, Section 4.4.15. Dewatering will be limited to the immediate 
construction area and will remain dry for at least 15 consecutive days prior to excavating or 
filling the dewatered habitat. The USFWS- and CDFW-approved biologist will be on-site during 
dewatering activities to salvage and relocate any snakes that cannot escape on its own. 
Dewatering is necessary because aquatic habitat provides prey and cover for giant garter snake; 
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dewatering serves to remove the attractant and increase the likelihood that giant garter snake 
will move to other available habitat. Any deviation from this measure will be done in 
coordination with and with approval of USFWS and CDFW. 


16. Following dewatering of aquatic habitat, all potential impact areas that provide suitable aquatic 
or upland giant garter snake habitat will be surveyed for giant garter snake by the biologist. If 
giant garter snakes are observed, they will be passively allowed to leave the potential impact 
area. If the snake does not move of its own accord and it is determined necessary, the snake will 
be relocated in accordance with the approved relocation plan. 


17. Once habitat is deemed free of giant garter snakes, exclusion fencing will be installed around the 
construction site so no snakes may reenter prior to or during construction. 


3.6.2.8 Valley Elderberry Longhorn Beetle Avoidance and Minimization 
Measure 


The following measures will be required for surface construction and restoration activities 
occurring in suitable valley elderberry longhorn beetle habitat as defined in Chapter 4, Section 
4.4.17, Valley Elderberry Longhorn Beetle, and by additional assessments conducted during the 
planning for work in a given area. Surveys and monitoring will be conducted from locations where 
access is allowed. 


As properties become accessible for initiating project activities, DWR will require surveys for 
elderberry shrubs to be conducted in construction areas by a USFWS-approved biologist.  


Elderberry shrubs will be avoided to the maximum extent practicable. Complete avoidance (i.e., no 
adverse effects) will be assumed when a buffer of at least 165 feet is established and maintained 
around elderberry shrubs containing stems measuring 1 inch or greater in diameter at ground level 
(U.S. Fish and Wildlife Service 2017a). 


Elderberry shrubs determined or assumed to be occupied, according to the criteria in the 2017 
Framework or the most recent available guidance at that time, that are identified within project 
footprints that cannot be avoided (i.e., those in the project footprint) will be transplanted to 
conservation areas identified in the CMP. Transplanting will follow the guidance outlined in 
USFWS’s 2017 Framework for Assessing Impacts on Valley Elderberry Longhorn Beetle (Desmocerus 
californicus dimorphus) (2017 Framework) or the most recent available guidance at that time. 


For shrubs not directly affected by construction but that occur within 165 feet of ground-disturbing 
activities, the following measures, which come from the USFWS 2017 Framework, will be 
implemented to avoid or substantially reduce the impact consistent with the recommendations by a 
USFWS-approved biologist. 


1. Fencing. All areas to be avoided during construction activities will be fenced and flagged as close 
to construction limits as feasible. 


2. Avoidance area. Activities that may damage or kill an elderberry shrub (e.g., trenching, paving, 
etc.) may need an avoidance area of at least 20 feet from the drip-line, depending on the type of 
activity. 


3. Timing. As much as feasible, all activities that occur within 165 feet of an elderberry shrub, will 
be conducted outside of the flight season of the species (March to July). 
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4. Trimming. Trimming may remove or destroy valley elderberry longhorn beetle eggs and/or 
larvae and may reduce the health and vigor of the elderberry shrub. In order to avoid and 
minimize adverse effects on valley elderberry longhorn beetle, trimming will occur between 
November 1 and February 1 and will avoid the removal of any branches or stems that are ≥ 1 
inch in diameter. Measures to address regular or largescale maintenance (trimming) should be 
established in consultation with USFWS. 


5. Chemical usage. Herbicides will not be used within the drip-line of an elderberry shrub. 
Insecticides will not be used within 100 feet of an elderberry shrub. All chemicals will be applied 
using a backpack sprayer or similar direct-application method. 


3.6.2.9 Vernal Pool Avoidance and Minimization Measure 
The following measures will be required for surface construction and restoration activities 
occurring in suitable Delta green ground beetle, vernal pool fairy shrimp, vernal pool tadpole 
shrimp, Colusa grass, and Solano grass habitat as defined in Chapter 4, Section 4.4.16, Delta Green 
Ground Beetle, Section 4.4.18, Vernal Pool Fairy Shrimp, Section 4.4.19, Vernal Pool Tadpole Shrimp, 
Section 4.4.20, Colusa Grass, and Section 4.4.21, Solano Grass, and by additional assessments 
conducted during the planning for work in a given area. Surveys and monitoring will be conducted 
from locations where access is allowed. 


As properties become accessible for initiating project activities, planning-level surveys will be 
conducted to assess the suitability of modeled habitat and, where suitable, conduct protocol-level 
surveys for vernal pool fairy shrimp, vernal pool tadpole shrimp, Delta green ground beetle, Colusa 
grass, and Solano grass.  


To the extent practicable, work areas will be designed to avoid habitat for vernal pool invertebrates, 
plants, and critical habitat for vernal pool fairy shrimp. Where practicable, the project will be 
planned and designed to avoid ground-disturbing activities or alterations to hydrology within 250 
feet of vernal pool aquatic invertebrate habitat. Where activities need to occur within 250 feet of 
habitat, those work areas will be assessed for their potential to alter the hydrology of the pool 
habitat such that the hydroperiod of the pool will no longer support the species. Where the USFWS 
agrees that any changes to the hydroperiod will not permanently affect habitat functionality, 
compensatory mitigation would not be required. 


To the extent practicable, DWR will minimize impacts on critical habitat for vernal pool fairy shrimp. 
To achieve this, project construction will occur at least 250 feet from vernal pool fairy shrimp 
critical habitat containing the primary constituent elements defined below unless it is determined 
through USFWS review that the activities within the buffer will not substantially modify the primary 
constituent elements of vernal pool fairy shrimp critical habitat. 


Primary constituent elements for vernal pool fairy shrimp are defined as follows (70 FR 46924–
46998). 


1. Topographic features characterized by mounds and swales and depressions within a matrix of 
surrounding uplands that result in complexes of continuously, or intermittently, flowing surface 
water in the swales connecting the pools described below, providing for dispersal and 
promoting hydroperiods of adequate length in the pools. 


2. Depressional features including isolated vernal pools with underlying restrictive soil layers that 
become inundated during winter rains and that continuously hold water for a minimum of 18 
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days, in all but the driest years, thereby providing adequate water for incubation, maturation, 
and reproduction. As these features are inundated on a seasonal basis, they do not promote the 
development of obligate wetland vegetation habitats typical of permanently flooded emergent 
wetlands. 


3. Sources of food, expected to be detritus occurring in the pools, contributed by overland flow 
from the pools’ watershed, or the results of biological processes within the pools themselves, 
such as single-celled bacteria, algae, and dead organic matter, to provide for feeding. 


4. Structure within the pools described above, consisting of organic and inorganic materials, such 
as living and dead plants from plant species adapted to seasonally inundated environments, 
rocks, and other inorganic debris that may be washed, blown, or otherwise transported into the 
pools, that provide shelter. 


For suitable aquatic habitat for vernal pool fairy shrimp, vernal pool tadpole shrimp, Delta green 
ground beetle, Colusa grass, and Solano grass that will be affected by the project, protocol-level 
surveys for these species will be conducted to determine whether they are present or where time 
does not allow for surveys to be completed (e.g., dry years, timely access), the suitable habitat will 
be assumed to be occupied. Surveys will be conducted according to the most recent USFWS 
guidelines by USFWS-approved biologists with the appropriate recovery permit under Section 
10(a)(1)(A) of the ESA. 


Project elements will be designed to avoid direct and indirect effects on vernal pool aquatic 
invertebrate habitat to the extent practicable. Where avoidance is not possible, and construction 
occurs within 250 feet of vernal pool crustacean habitat, construction best management practices, as 
described in AMM-14: Construction Best Management Practices for Biological Resources, will be 
implemented to ensure that construction activities minimize effects on the habitat. Construction 
best management practices include protective fencing installed around vernal pool aquatic 
invertebrate habitat with signage identifying these areas as containing sensitive biological 
resources. A biological monitor will ensure that fencing and best management practices are 
maintained for the duration of construction and that construction personnel are provided the 
necessary worker awareness training. 


3.6.2.10 Northwestern Pond Turtle Avoidance and Minimization Measure 
The following measures for western pond turtle will be required only for surface construction 
occurring within 300 feet of suitable aquatic habitat as defined in Chapter 4, Section 4.4.22, 
Northwestern Pond Turtle, and by additional assessments conducted during project implementation 
and prior to project construction in a given area. Surveys and monitoring will be conducted from 
locations where access is allowed, including habitat delineation surveys, preconstruction surveys to 
determine presence, and clearance surveys conducted immediately prior to construction. 


During project implementation and prior to project construction, DWR will perform the following 
measures. 


1. When each site is available for surveys, a USFWS- and CDFW-approved biologist will then 
delineate northwestern pond turtle habitat at each project site, including both aquatic and 
upland habitat. Suitability of aquatic and upland habitat characteristics will be determined by 
the biologist consistent with the description of suitable habitat defined in Chapter 4, Section 
4.4.22. 







CA Department of Water Resources 
 


Description of the Proposed Action 
 


 
Delta Conveyance Project, Biological Assessment  3-105 May 2024 


ICF 103653 
 


2. Once habitat has been delineated, the biologist will use northwestern pond turtle 
preconstruction surveys performed consistent with a USFWS- or CDFW-approved survey 
protocol (U.S. Geological Survey 2006, or more current guidance) to determine presence of the 
species on the project site to enable further determination of compensatory mitigation 
requirements.  


To the greatest extent possible, identified and delineated habitat will be completely avoided and 
activities will be conducted within paved roads, farm roads, road shoulders, and similarly disturbed 
and compacted areas. If the construction or restoration activity cannot fully avoid effects on suitable 
habitat, the following measures will be implemented. 


3. Initiate construction and conduct initial ground disturbance in suitable upland habitat within 
300 feet of suitable aquatic habitat prior to the start of nesting season (August 1–February 28) 
and avoid northwestern pond turtle upland habitat during periods of nesting and nestling 
emergence (between March 1–July 31). Suitability of aquatic and upland habitat characteristics 
will be determined by the biologist consistent with the description of suitable habitat defined in 
Chapter 4, Section 4.4.22. Once initial ground disturbance removing suitable habitat within a 
construction site has been conducted and exclusionary fencing is in place and maintained, work 
within the cleared area can occur throughout the year. 


4. At least 30 days prior to any ground-disturbing activities that could result in take of 
northwestern pond turtle, DWR will prepare and submit a relocation plan for USFWS’s written 
approval. The relocation plan will contain the name(s) of the biologist(s) to relocate 
northwestern pond turtles or their nests, the method of relocation, a map, and a description of 
the proposed release site(s) that are a minimum of 300 feet outside of the work area or at a 
distance otherwise agreed to by USFWS, and written permission from the landowner (if other 
than the State) to use the land as a relocation site. Any capture and handling of turtles will be 
done by a USFWS-approved biologist wearing clean, new disposable surgical style (e.g., nitrile) 
gloves. 


5. Within 72 hours prior to the initiation of any vegetation clearing, ground-disturbing activities, 
and exclusion fence installation or modification, the USFWS- and CDFW-approved biologist will 
conduct a preconstruction survey within suitable aquatic and upland habitat in the entire work 
site for the presence of northwestern pond turtles or nests. These surveys will consist of 
walking the work site limits. The biologist will investigate all potential areas that could be used 
by northwestern pond turtle for feeding, basking, nesting, or other essential behaviors. If there 
is a lapse in construction of 7 days or more for work areas surrounded by exclusion fencing, 
these preconstruction surveys will be repeated before activities resume. 


6. When there is northwestern pond turtle habitat within 300 feet of construction activities, 
exclusion fencing will be installed along the perimeter of construction sites to protect 
northwestern pond turtle habitat and minimize the potential for turtles to enter the 
construction work area. The perimeter of construction sites (except for work sites within areas 
of open water, like the Sacramento River) within 300 feet of suitable northwestern pond turtle 
aquatic habitat will be fenced with exclusion fencing no more than 14 days prior to the start of 
construction activities (e.g., staging, vegetation removal, grading) in a given area. To the greatest 
extent feasible, exclusion fencing will be installed prior to the start of nesting season (March 1). 
The placement of exclusion fencing will be determined, in part, by the locations of suitable 
habitat for the species. A conceptual fencing plan will be submitted to USFWS and CDFW prior to 
the start of construction and the approved exclusion fencing will be shown on the final 
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construction plans. DWR, as project proponent, will include the exclusion fence specifications 
including installation and maintenance criteria in the bid solicitation package special provisions. 
The exclusion fencing will remain in place for the duration of construction and will be regularly 
inspected and fully maintained. Where openings need to be maintained, such as on the levee 
road, fencing will be installed to direct turtles away from the work area to the extent practicable 
(e.g., fencing will flare out and turn back toward the river and adjacent riparian). Where 
construction access is necessary, gates will be installed in the exclusion fence and fencing will 
direct animals away from the work area to the extent practicable (e.g., fencing will flare out and 
turn back toward suitable habitat). 


7. The biological monitor and construction manager will be responsible for checking the exclusion 
fencing around the work areas each day of construction to ensure that they are intact and 
upright. Repairs to the exclusion fence will be made within 24 hours of discovery of damage. If 
exclusionary fencing is found to be compromised, the suitable habitat inside the fencing will be 
surveyed in advance of any activity that may result in take of the species. Following repairs, the 
biologist will search all potential areas that could be used by northwestern pond turtle for 
feeding, basking, nesting, or other essential behaviors, including along exclusion fencing and 
beneath vehicles before the vehicles are moved.  


8. For work sites where exclusion fencing cannot be placed around the entire perimeter, the 
USFWS- and CDFW-approved biological monitor will help guide access and construction work 
around wetlands, ponds, and other sensitive habitats capable of supporting northwestern pond 
turtle to minimize habitat disturbance and risk of injuring or killing northwestern pond turtles. 


9. The USFWS- and CDFW-approved biologist will conduct clearance surveys prior to the start of 
construction each day and regularly throughout the workday when construction activities are 
occurring that may result in take of northwestern pond turtle. Surveys will be conducted in the 
same manner as the preconstruction surveys.  


10.  If a northwestern pond turtle is encountered in a construction or restoration area, all personnel 
on-site will be notified and activities within a minimum of 25 feet of the individual will cease 
immediately, the construction manager and USFWS- and CDFW-approved biologist will be 
notified, and the biologist will observe and follow within 10 feet of the individual to ensure it 
has safely left the area. Depending on site-specific conditions, such as the use of heavy 
equipment or other activities that may cause harm to the individual, as determined by the 
biologist, a larger protective buffer may be established. The turtle will be allowed to leave the 
area of its own volition out of harm’s way. If the turtle does not move out of the area on its own, 
and it is determined by the biologist, in coordination with the construction manager that 
relocating the turtle is necessary to prevent harm, the turtle may be captured and relocated to 
suitable habitat a minimum of 300 feet outside the work area in accordance with the relocation 
plan, prior to resumption of construction activity.  


11. Equipment must be stored in designated staging area areas at least 300 feet away from 
northwestern pond turtle aquatic habitat to the extent practicable. 


12. If a work site is to be temporarily dewatered by pumping during the northwestern pond turtle 
active season, intakes will be completely screened with wire mesh not larger than 5 millimeters 
to prevent juvenile northwestern pond turtles and other aquatic species from entering the pump 
system. Any turtles found in the dewatered area will be relocated according to the USFWS- and 
CDFW-approved relocation plan. 
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For proposed activities that will occur within suitable northwestern pond turtle aquatic habitat 
during the northwestern pond turtle inactive season (October 1 through February 28), DWR will 
implement the following additional avoidance and minimization measures. 


1. All aquatic northwestern pond turtle habitat will be dewatered prior to the start of the inactive 
season (October 1) to the extent that the area is no longer suitable northwestern pond turtle 
habitat, as defined in Chapter 4, Section 4.4.22. Dewatering is necessary because aquatic habitat 
provides overwintering habitat for northwestern pond turtle; dewatering serves to remove the 
attractant and increase the likelihood that northwestern pond turtle will move to other available 
habitat. Pump intakes will be completely screened with wire mesh not larger than 5 millimeters 
to prevent juvenile northwestern pond turtle and other aquatic species from entering the pump 
system. Dewatering will be limited to the immediate construction area. The USFWS- and CDFW-
approved biologist will be on-site during dewatering activities to salvage and relocate any 
turtles that cannot escape on their own according to the USFWS- and CDFW-approved 
relocation plan. Any deviation from this measure will be done in coordination with and with 
approval of USFWS and CDFW. 


2. Following dewatering of aquatic habitat, all potential impact areas that provide suitable aquatic 
or upland northwestern pond turtle habitat will be surveyed for northwestern pond turtle by 
the biologist. If northwestern pond turtles are observed, they will be allowed to move of their 
own accord or relocated in accordance with the approved relocation plan. 


3. Once habitat is deemed free of northwestern pond turtles, exclusion fencing will be installed 
around the construction site so no turtles may reenter prior to or during construction. 


 


3.6.2.11 Western Spadefoot Avoidance and Minimization Measure 
The following measures for western spadefoot will be required only for surface construction 
occurring within suitable habitat as defined in Chapter 4, Section 4.4.23, Western Spadefoot, and by 
additional assessments conducted during project implementation and prior to project construction. 
Surveys and monitoring will be conducted from locations where access is allowed, including habitat 
delineation surveys, preconstruction surveys to determine presence, and clearance surveys 
conducted immediately prior to construction. 


During project implementation and prior to project construction, DWR will perform the following 
measures. 


1. When each site is available for surveys a USFWS-approved biologist will then delineate western 
spadefoot habitat at each project site, based on the definition of suitable habitat, including both 
aquatic and upland habitat. Suitability of aquatic and upland habitat characteristics will be 
determined by the biologist consistent with the description of suitable habitat defined in 
Chapter 4, Section 4.4.23. 


2. Once habitat has been delineated, the biologist will use western spadefoot preconstruction 
surveys performed consistent with a USFWS-approved survey protocol to determine presence 
of the species on the project site to enable further determination of compensatory mitigation 
requirements. 


3. To the greatest extent possible, identified and delineated habitat will be completely avoided and 
activities will be conducted within paved roads, farm roads, road shoulders, and similarly 
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disturbed and compacted areas. If the construction or restoration activity cannot fully avoid 
effects on suitable habitat, the following measures will be implemented. Except for limited 
vegetation clearing necessary to minimize effects on nesting birds, initial suitable upland habitat 
clearance and disturbance will not be conducted between November 1 and March 31, with the 
period extending to April 30 during wet years. Once the initial ground disturbance has occurred, 
the area has been surveyed, and exclusionary fencing is in place, work in the disturbed area can 
occur outside the construction window (defined as April 1 through October 31 or, during wet 
years, May 1 through October 31). 


4. Where construction or restoration activities take place in aquatic habitat, activities will not be 
initiated until after the habitat is no longer ponding water or until a USFWS-approved biologist 
has surveyed the aquatic habitat for presence of western spadefoot larvae. No work or 
dewatering will be allowed in occupied habitat. If a work site is to be temporarily dewatered by 
pumping, intakes will be completely screened with wire mesh not larger than 5 millimeters to 
prevent larger aquatic species from entering the pump system. 


5. Ground-disturbing activities will be designed to minimize or eliminate effects on rodent 
burrows that may provide suitable upland habitat for western spadefoot. Surface-disturbing 
activities will avoid areas with a high concentration of burrows to the greatest extent 
practicable. In addition, when a concentration of burrows is present in a work site, the area plus 
a 50-foot buffer will be staked or flagged to ensure that work crews are aware of their location 
and to facilitate avoidance of the area. 


6. All initial ground disturbance or vegetation removal (clearing) will be limited to periods of no or 
low rainfall (less than 0.08 inch per 24-hour period and less than 40% chance of rain). To the 
extent practicable, clearing activities within western spadefoot habitat will cease 24 hours prior 
to a 40% or greater forecast of rain from the closest National Weather Service weather station. 
Clearing may continue 24 hours after the rain ceases, if no more than 0.5 inch of precipitation is 
in the 72-hour forecast. If clearing must continue when rain is forecast (greater than 40% 
chance of rain), a qualified biologist will survey the work site before clearing begins each day 
rain is forecast. If rain exceeds 0.5 inch during a 24-hour period, clearing will cease until the 
National Weather Service forecasts no further rain. For a given site that has exclusion fencing in 
place and all surface soil disturbance completed (i.e., no burrows present), these restrictions 
would no longer apply. 


7. To the extent practicable, earthmoving and construction activities will cease no less than 30 
minutes before sunset and will not begin again until no less than 30 minutes after sunrise within 
300 feet of western spadefoot habitat. Suitability of aquatic and upland habitat characteristics 
will be determined by the USFWS-approved biologist consistent with the description of suitable 
habitat defined in Chapter 4, Section 4.4.23.6, Suitable Habitat Definition, and by additional 
assessments conducted prior to ground disturbance. Except when necessary for driver or 
pedestrian safety, to the greatest extent practicable, artificial lighting at a work site will be 
prohibited during the hours of darkness. 


8. At least 30 days prior to any ground-disturbing activities that could result in take of western 
spadefoot, DWR will prepare and submit a relocation plan for USFWS’s written approval. The 
relocation plan will contain the name(s) of the biologist(s) to relocate western spadefoot, the 
method of relocation, a map, and a description of the proposed release site(s) a minimum of 300 
feet outside of the work area or at a distance otherwise agreed to by USFWS and written 
permission from the landowner (if other than the State) to use their land as a relocation site.  
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9. When there is western spadefoot habitat within 300 feet of construction activities, exclusion 
fencing will be installed along the perimeter of construction sites to protect western spadefoot 
habitat and minimize the potential for spadefoot to enter the construction work area. The 
perimeter of construction and restoration sites within western spadefoot habitat will be fenced 
with fencing material suitable for excluding amphibians by no more than 14 days prior to the 
start of construction activities (e.g., staging, vegetation removal, grading) in a given area. The 
placement of exclusion fencing will be determined, in part, by the locations of suitable habitat 
for the species (defined above). A conceptual fencing plan will be submitted to USFWS and 
CDFW prior to the start of construction and the approved exclusion fencing will be shown on the 
final construction plans. DWR will include the amphibian exclusion fence specifications 
including installation and maintenance criteria in the bid solicitation package special provisions. 
The amphibian exclusion fencing will remain in place for the duration of construction and will 
be regularly inspected and fully maintained.  


10. The biological monitor and construction manager will be responsible for checking the exclusion 
fencing around the work areas each day of construction for wildlife trapped inside and to ensure 
that they are intact and upright. This will be especially critical during times of inclement 
weather that can damage the fencing. Repairs to the amphibian exclusion fence will be made 
within 24 hours of discovery of a breach. Where construction access is necessary, gates will be 
installed in the exclusion fence and fencing will direct animals away from the work area to the 
extent practicable (e.g., fencing will flare out and turn back toward suitable habitat). If the 
exclusion fence is compromised during the rainy season, a survey will be conducted 
immediately preceding construction activity that occurs in suitable western spadefoot habitat, 
or in advance of any activity that may result in take of the species. The biologist will search along 
exclusion fences, and beneath vehicles each morning before the vehicles are moved. Surveys will 
be conducted in the same manner as the preconstruction surveys. 


11. Preconstruction surveys will be conducted by a USFWS-approved biologist immediately prior to 
the initiation of any ground-disturbing activities or vegetation clearing, including immediately 
prior to exclusion fence installation, in areas identified as having suitable western spadefoot 
habitat. These surveys will consist of walking surveys within the work sites and investigating 
suitable aquatic and upland habitat including potential refugia habitat such as small woody 
debris, refuse, burrow entrances, etc., that are not directly disturbed by project activities. If 
there is a lapse in construction in a work area for 7 days or more, these preconstruction surveys 
will be repeated before activities resume. 


12. The USFWS-approved biologist will conduct clearance surveys within the construction work 
area at the beginning of each day and regularly throughout the workday when construction 
activities are occurring that may result in take of western spadefoot. Surveys will be conducted 
in the same manner as the preconstruction surveys. 


13. If a western spadefoot is encountered in a construction or restoration area, activities within a 
minimum of 25 feet of the individual will cease immediately, the construction manager and 
biological monitor will be notified, and the biological monitor will observe and follow the 
individual within 10 feet to ensure it has safely left the area. A larger protective buffer may be 
established, depending on site-specific conditions such as the use of heavy equipment, or other 
activities that may cause harm to the individual, as determined by the biological monitor. The 
spadefoot will be allowed to leave the area of its own volition out of harm’s way. If the spadefoot 
does not move out of the area on its own, and it is determined by the biologist, in coordination 
with the construction manager that relocating the individual is necessary to prevent harm, the 
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individual may be captured and relocated to suitable habitat a minimum of 300 feet outside the 
work area in accordance with the relocation plan, prior to resumption of construction activity.  


a. Prior to handling and relocation, the biologist will take precautions to prevent introduction 
of amphibian diseases by following guidance in The Declining Amphibian Task Force 
Fieldwork Code of Practice (U.S. Fish and Wildlife Service 2019b:1) or the most up-to-date 
guidance available at the time. Western spadefoot will also be handled and assessed 
according to the Restraint and Handling of Live Amphibians (U.S. Geological Survey National 
Wildlife Health Center 2001) or the most up-to-date guidance available at the time. 


b. Western spadefoot will be captured by hand, dipnet, or other USFWS-approved 
methodology, transported, and relocated to nearby suitable habitat outside of the work area 
and released as soon as practicable the same day of capture. 


3.6.3 Compensatory Mitigation 
The CMP is included in Appendix 3B. The CMP describes project-specific and programmatic actions 
that would be implemented to offset the impacts associated with construction, operation, and 
maintenance of the proposed action. Creation and enhancement of the initial mitigation sites at 
Bouldin Island and the I-5 ponds are described in enough detail to be evaluated at the project level 
in Chapter 6. Tidal restoration and channel margin enhancement mitigation actions are described at 
a higher level of detail and therefore can only be evaluated programmatically in Chapter 6. Appendix 
3B has been developed to support the proposed action associated with this BA. The CMP includes 
compensatory mitigation measures for each species, which are described in Attachment 3B.1, 
Compensatory Mitigation Design Parameters.  


3.7 Reinitiation of Consultation  
As provided in 50 CFR Section 402.16:  


Reinitiation of formal consultation is required and shall be requested by the Federal agency or by the 
Service where discretionary Federal involvement or control over the action has been retained or is 
authorized by law and:  


(a) If the amount or extent of taking specified in the incidental take statement is exceeded;  


(b) If new information reveals effects of the action that may affect listed species or critical habitat in a 
manner or to an extent not previously considered;  


(c) If the identified action is subsequently modified in a manner that causes an effect to the listed 
species or critical habitat that was not considered in the biological opinion; or  


(d) If a new species is listed or critical habitat designated that may be affected by the identified 
action.  


USACE as the federal action agency, with DWR as the applicant, will reinitiate consultation with 
USFWS and/or NMFS if any of these circumstances occur.  
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Chapter 4 
Action Area and Environmental Baseline 


4.1 Introduction 
This chapter describes the action area of the proposed action as well as the environmental baseline 


in the action area, including an overview of environmental conditions and a description of the effects 


of these conditions on the species included in this Biological Assessment (BA). Detailed species 


accounts for each aquatic and terrestrial species considered in this BA are provided in this chapter.  


4.2 Action Area 
The action area is defined as all areas to be affected directly or indirectly by the federal action, and 


not merely the immediate area involved in the action (50 CFR §402.02). For the purposes of this 


consultation, the action area includes those areas associated with proposed construction activities. 


The proposed action includes construction of new State Water Project (SWP) facilities. The 


proposed action’s two new intake facilities would act as new points of diversion in the north Delta 


along the Sacramento River. The two new intake facilities would convey up to 6,000 cubic feet per 


second (cfs) of water from the north Delta. Intake components would include cylindrical tee fish 


screens, intake structures, sedimentation basins, sediment drying lagoons, flow control structures, 


tunnel inlet, and other inlet structures. The action area also includes the lands between Clifton Court 


Forebay and Bethany Reservoir, where the Bethany Complex and associated features will be 


constructed, and at Bouldin Island and the Interstate (I-) 5 ponds, where mitigation construction 


activities may occur in waters of the United States. Additional details on the proposed action are 


found in Chapter 3, Description of the Proposed Action, Section 3.1.3, Summary of Proposed Action. 


The action area consists of the footprint of the proposed facilities, which include intakes in the north 


Delta, tunnel shafts, access roads, park-and-ride lots, and facilities associated with the proposed 


Bethany Complex. A detailed discussion of project facilities, including figures, can be found in 


Chapter 3.  


For the Southern Resident killer whale, all nearshore coastal waters within their range in California, 


Oregon, and Washington are included in the study area because this distribution is consistent with 


the description provided by National Marine Fisheries Service (NMFS) (2009:158–160).  


4.3 Environmental Context 
This section includes a general description of environmental conditions in the action area to provide 


relevant background information for the environmental baseline. The environmental baseline for 


each species is presented below in Section 4.4, Status of the Species/Environmental Baseline 


Summary. 
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4.3.1 Historical Conditions 


The modern Delta formed sometime between 10,000 and 6,000 years ago, when the rising sea level 


inundated a broad valley that occupied the Delta region. Despite its name, the Sacramento– San 


Joaquin River Delta is not simply the merging of two river deltas but is instead an elongated and 


complex network of deltas and flood basins with flow sources that include Cache Creek, Putah Creek, 


Sacramento River, Mokelumne River, San Joaquin River, and Marsh Creek. Based on current 


unimpaired flow estimates, the Sacramento River is the largest source of flows and has contributed 


an average of 73% of historical inflows into the Delta. The eastside tributaries, including the 


Mokelumne River, contribute about 6%, and the San Joaquin River contributes 21% (California 


Department of Water Resources 2007). 


Currently, during high-flow events (when water from the Sacramento River spills into the bypasses), 


approximately 80% of Sacramento River flow enters the Yolo Bypass, a flood control bypass west of 


the city of Sacramento, via the Fremont Weir (Roos 2006). The flood stage flows can have many 


sources, including direct flows from tributaries such as the Feather and American Rivers, as well as 


flows transiting a system of passive and active weirs (James and Singer 2008; Singer et al. 2008; 


Singer and Aalto 2009). The Yolo Bypass also serves as a conduit for Cache Creek and Putah Creek, 


as their waters enter the Sacramento River via Cache Slough at the southern end of the Yolo Bypass. 


The San Joaquin River discharges into a broad network of sloughs and channels, and the Mokelumne 


River delta merges with the San Joaquin River delta on the eastern side of the Delta. On the 


southwest side of the Delta, the Marsh Creek delta merges with the San Joaquin River delta.  


While flooding has always been a regular occurrence along the Sacramento River (Thompson 1957, 


1960, 1961, 1965), the natural geomorphic processes and hydrologic regimes were completely 


disrupted by the enormous increase in sediment and debris generated by hydraulic mining 


operations in the central Sierra Nevada from 1853 to 1884 (Gilbert 1917; Mount 1995). Large 


volumes of mining sediment remain in the tributaries today (James 2004a; 2004b). The portion of 


the estimated 1.5 billion cubic feet of sediment that poured into the Sacramento Valley filled river 


channels and increased flooding severity and peak flows (Gilbert 1917; Kelley 1989; Mount 1995; 


James 2004a; Hitchcock et al. 2005; William Lettis & Associates 2005; James 2006; Central Valley 


Regional Water Quality Control Board 2008; James and Singer 2008; James et al. 2009). In the 


1900s, another pulse of mining sediment was discharged into the Sacramento River watershed 


(James 1999). While it is often assumed the mining sediment has already passed through the Delta 


or is stored behind dams, large amounts remain within the system (James 1999, 2004a, 2004b, 


2006; James and Singer 2008; James et al. 2009). Historically, the initial pulse of sediment made its 


way into the San Francisco Estuary where it filled shallow tidal bays. However, with current reduced 


sediment loads into the estuary, the remaining sediments in the estuary are being eroded and 


transported into the Pacific Ocean (Cappiella et al. 1999; Ganju and Schoellhamer 2010).  


It is estimated that prior to reclamation actions (filling, dredging, channel straightening, levee 


construction, diking, and draining), nearly 60% of the Delta was inundated by daily tides. The tidal 


portion of the Delta consisted of backwater areas, tidal sloughs, and a network of channels that 


supported highly productive freshwater tidal marsh and other wetland habitats (Whipple et al. 


2012). Similar complex drainage networks, ponds, and salt panes existed in tidal brackish marshes 


in Suisun Marsh and along the north shore of east Contra Costa County (Brown 2004; Whipple et al. 


2012; San Francisco Estuary Institute 2010). The soils in these marshes were generally peat beds 


that accumulated and were preserved under anoxic conditions. In contrast, soils in channels and 







California Department of Water Resources 


 


Action Area and Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-3 


May 2024 
ICF 103653 


 


along the higher-energy channel margins of islands tend to be composed primarily of mineral 


sediment (William Lettis & Associates 2005; Unruh and Hitchcock 2009).  


Reclamation occurred over vast areas in the Delta, Yolo Basin, Suisun Marsh, and the south shore of 


Suisun Bay between the 1850s and the early 1930s, completely transforming their physical 


structure (Thompson 1957, 1965; Suisun Ecological Workgroup 2001; Brown 2004; Whipple et al. 


2012; San Francisco Estuary Institute 2010). Levee ditches were built to drain land for agriculture, 


human habitation, mosquito control, and other human uses while channels were straightened, 


widened, and dredged to improve shipping access to the Central Valley and to improve downstream 


water conveyance for flood management. During this period, over 300,000 acres of tidal marshes in 


the Delta were diked, drained, and converted to agriculture (Atwater et al. 1979). Thus, the complex, 


shallow, and dendritic marshlands were replaced by simplified, deep, and barren channels. This 


hydrogeomorphic modification fragmented aquatic and terrestrial habitats and decreased the value 


and quantity of available estuarine habitat (Herbold and Vendlinski 2012; Whipple et al. 2012).  


Floodplain includes areas that are inundated by overbank flow during the winter and spring peak 


flows. Inundation can last for up to several months. In pre-settlement times, floodplain was arguably 


one of the most productive natural communities in the Delta, and its loss can be linked to the decline 


of many native Delta species. Reclamation, channel modification for flood control, and water 


removals for agriculture and export have resulted in a substantial reduction in floodplain areas. 


Floodplains provide important habitat for rearing, migrating, and adult fish; migratory waterfowl; 


and amphibians, reptiles, and mammals native to the Delta.  


Under natural conditions, inflows from both the Sacramento and San Joaquin Rivers to the Delta 


were much lower from July through November compared to the December to June period (Bay 


Institute 1998), and in drought periods likely led to salinity intrusions. This difference was more 


dramatic in the San Joaquin River. The San Joaquin River has an upper watershed consisting of 


impermeable granitic rock that does not support dry season groundwater discharge. In contrast, the 


upper watershed of the Sacramento River is composed of permeable volcanic rock. As a result, 


groundwater discharge from this volcanic system historically maintained a summer base flow at Red 


Bluff of approximately 4,000 cfs, without which the Sacramento River would have nearly dried up 


each fall (Bay Institute 1998). 


Water diversions in the San Joaquin Valley began earlier than those in the Sacramento Valley, and by 


1870, flows of the San Joaquin River were significantly reduced (Jackson and Patterson 1977). 


Sacramento River diversions, particularly late spring, and summer diversions for rice irrigation, 


increased dramatically from 1912 to 1929. The combination of significant drought periods and 


increased diversion during the annual low-flow period resulted in unprecedented salinity intrusion 


into the Delta around 1920 (Jackson and Patterson 1977; Bay Institute 1998). The economic impacts 


of these diversion-caused saltwater intrusions ultimately led to the creation of the Central Valley 


Project (CVP) and the construction of dams for the storage and release of fresh water to prevent 


salinity intrusion (Jackson and Patterson 1977). Between the 1930s and 1960s, construction of 


dams and diversions on all major rivers contributing to the Delta resulted in substantial changes to 


Delta hydrodynamics (Bay Institute 1998). Four dams (Shasta, Oroville, Monticello, and Folsom) in 


the Sacramento Valley have individual storage capacities greater than 1 million acre-feet (AF) (10.8 


million AF total); an additional four dams (New Melones, Don Pedro, New Exchequer, and Pine Flat) 


with storage capacities greater than 1 million AF (6.5 million AF total) drain into the San Joaquin 


Valley (California Department of Water Resources 1993). 
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The main effect of this upstream water development was the dampening of the seasonal high flows 


during the winter and spring and higher flows during the summer/fall into the Delta (Hutton et al. 


2017a, 2017b). Historic reclamation of the Delta and upstream water development also accentuated 


salinity intrusions into the Delta. Current water management regulations have reduced the annual 


fluctuations in saltwater intrusion and salinity objectives have been placed at different locations in 


the Delta (Delta Stewardship Council 2022). Reclamation, dam construction, flood management, and 


water projects have greatly transformed the geometry and hydrology of the Delta, as well as 


downstream locations including Suisun Bay and Suisun Marsh (California Department of Water 


Resources 2013). 


4.3.2 Physical Environment 


The Delta is a complex network of over 700 miles of tidally influenced channels and sloughs. Prior to 


the effects of hydraulic mining, flood control, and agricultural and urban development, the Delta was 


a large tidal marsh fed by California’s two largest rivers, the Sacramento and the San Joaquin (Delta 


Stewardship Council 2013:2,3). The passage of the federal Swamp Land Act of 1850 and similar 


California legislation in 1861 led to the conversion of seasonally and tidally flooded lands into 


croplands protected by levees and the formation of channels to move water out of the Delta (Delta 


Stewardship Council 2013:8). Further land use changes and urbanization have led to the loss of 95% 


to 97% of the historical tidal marsh wetlands in the Delta (Whipple et al. 2012:93, Delta Stewardship 


Council 2013:8). 


The abundance of native wildlife and plant species has been reduced over time as a result of the 


extensive historical modifications to and loss of the habitats in the study area. For example, large 


mammal species, such as tule elk (Cervus canadensis nannodes), have been reduced in numbers 


across the state and in the region and are limited to a reintroduced population of 300 elk on Grizzly 


Island, west of the study area (California Department of Fish and Wildlife 2018a:245). Small 


mammal species, such as riparian brush rabbit (Sylvilagus bachmani riparius), now occur only in 


scattered locations in the study area (California Department of Fish and Wildlife 2020b). Habitat for 


several rare, threatened, or endangered species, such as the California black rail (Laterallus 


jamaicensis coturniculus) and Mason’s lilaeopsis (Lilaeopsis masonii), are now limited to remnant 


marshes in the study area. Habitat modification has also led to conditions that favored invasive 


species and reduced native species diversity (San Francisco Estuary Institute 2014:22).  


Although fragmented, limited riparian habitat remains in the study area. Remnant patches of tall 


riparian trees, such as Fremont cottonwood (Populus fremontii), western sycamore (Platanus 


racemosa), and Goodding’s black willow (Salix gooddingii), persist, but the recruitment of these 


species is greatly impaired by lack of active floodplain habitat and hydrologic modifications (e.g., 


straightened and dredged channels, dams, water diversions, sedimentation from hydraulic mining, 


levees separating riparian vegetation from channel). The number of species of nesting birds and 


mammals that depend on riparian habitat and that may be found in the study area has declined 


during the last 150 years (Bay Institute 1998:3-1). The western yellow-billed cuckoo (Coccyzus 


americanus), the least Bell’s vireo (Vireo bellii), which are both listed by California Department of 


Fish and Wildlife (CDFW) as endangered and by U.S. Fish and Wildlife Service (USFWS) as 


threatened and endangered, respectively, and the yellow warbler (Setophaga petechia), a California 


species of special concern, formerly nested throughout the Central Valley (Grinnell and Miller 


1944:186–187; Grinnell and Miller 1944:398–400; 51 Federal Register [FR] 16474). Now these 


species are considered locally extirpated as breeders in the study area (U.S. Fish and Wildlife Service 
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2006a:7; Heath 2008:334; San Francisco Estuary Institute 2014:63), and occurrences within the 


study area are presumed to be migrating birds. Reports from early explorers describe the Delta and 


adjacent lands as an area with much greater wildlife species diversity than is currently found (Bay 


Institute 1998:2-70).  


Grasslands with vernal pools, also known as vernal pool complexes, support high levels of endemic 


biodiversity in the Central Valley (Solomeshch et al. 2007:394–424). This habitat type generally 


occurs in the northeast, northwest, and southwest areas of the study area. The vernal pool landscape 


in the northeast and northwest portion of the study area has been affected to some degree by 


leveling for agricultural land uses (e.g., Stone Lakes National Wildlife Refuge). The grasslands that 


support vernal pools, including alkali seasonal wetlands, in the southwest study area have been 


fragmented by agricultural and residential development and by water management projects. Only 


limited habitat remains for vernal pool species, such as fairy shrimp and native plants. It is 


estimated that throughout the Central Valley, the acreage of grasslands with vernal pools has 


declined from 7 million acres during the 1700s to about 895,000 acres in 2005 (Holland 2009:1). 


Approximately 135,000 acres were estimated to have been lost from 1976 to 2005 (Holland 


2009:3). 


Most of the land in the action area has been converted to agricultural land uses, which provide 


limited habitat value to most species. However, some species, including Swainson’s hawk (Buteo 


swainsoni) and greater sandhill crane (Grus canadensis tabida), use the alfalfa and field crop areas 


for foraging. Besides changing land use, agricultural practices can include (1) building levees, which 


modify hydrology, (2) applying pesticides and fertilizers, which alters surface and groundwater 


quality and may be toxic to certain species, reducing cover and prey availability (e.g., insects, 


rodents), and (3) other activities that can be detrimental to native plant and wildlife habitat. 


The leveed, channelized reaches of the Sacramento River near the proposed north Delta intakes 


primarily function as a listed fish migration corridor. The physical and biological features of 


migration and rearing habitat for listed fish species have been degraded from historical conditions. 


The temporary and permanent footprints of the intake facilities are characterized by steep, riprap-


armored levee slopes with low quantities of overhanging and instream woody cover. Vegetation 


densities are low and much of the levee slope is unshaded. Shallow water is limited to a narrow 


band along the steep levee slope and there is no off-channel or floodplain habitat. During and 


following construction, no significant changes would be expected in adult fish passage conditions 


(water depths and velocities) because of their use of deeper, offshore portions of the channel for 


holding and migration. Some reduction is expected in the quality of rearing and passage conditions 


for juveniles due to permanent losses of shallow water habitat, the structural and hydraulic changes 


associated with the presence of cofferdams and riprap, and removal of vegetation within the 


temporary and permanent footprints of the intake. 


The climate in the Delta region is spatially variable but is generally characterized as hot 


Mediterranean (Köppen climate classification) (Kottek et al. 2006). The general climate becomes 


milder from east to west due to marine influence as it is affected by winds off the Pacific Ocean. 


Summers are hot with average summer highs in the upper 80s to lower 90s degrees Fahrenheit (°F), 


with little to no precipitation and low humidity. Heat waves are common in summer months, during 


which temperatures can reach triple digits for consecutive days. Periodically, a “Delta breeze” of cool 


and humid air from the ocean moves onshore and cools the Central Valley in the vicinity of the Delta 


by up to 7°F (3.9 degrees Celsius [°C]) (Pierce and Gaushell 2005). Winters are mild (average daily 
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highs during November through March are in the mid-50s to mid-60s °F) and wet. Approximately 


80% of annual precipitation occurs from November to March. 


Compared to 1960–2005 observations, annual average maximum daily temperatures across 


California are projected to increase by between 4.4°F and 5.8°F (2.4°C and 3.2°C) by 2050 and 


between 5.6°F and 8.8°F (3.1°C and 4.9°C) by 2100, depending on the GHG concentration 


trajectory assumed (California Governor’s Office of Planning and Research et al. 2018:22–23). 


Warming will not be uniform across the state (California Department of Water Resources California 


Data Exchange Center 2020:14–15). Overall precipitation is projected to continue to be variable, and 


annual precipitation may broadly increase in the north and decrease in the southernmost regions of 


California (California Governor’s Office of Planning and Research et al. 2018:25).  


Sea level rise assumptions for the proposed action are based on the California Ocean Protection 


Council’s (OPC) guidance updated in 2018, the State of California Sea-Level Rise Guidance 


(Guidance). This Guidance includes science-based methodology for state and local governments to 


analyze and assess the risks associated with sea level rise, and to incorporate sea level rise into their 


planning, permitting, and investment decisions. The guidance incorporates probabilistic sea level 


rise projections, which associate a likelihood of occurrence (or probability) with sea level rise 


heights and rates and are directly tied to a range of emissions scenarios. Guidance also includes an 


extreme scenario called the H++ scenario (resulting from loss of the West Antarctic ice sheet). The 


probability of this scenario is currently unknown, but its consideration is important, particularly for 


high stakes, long-term decisions. Under the extreme H++ scenario rapid ice sheet loss on Antarctica 


could drive rates of sea level rise in California above 50 mm/year (2 inches/year) by the end of the 


century, leading to potential sea level rise exceeding 10 feet. This rate of sea level rise would be 


about 30-40 times faster than the sea level rise experienced over the last century. 


Recent modeling indicates that sea level at San Francisco (Golden Gate) tide gage may increase by as 


much as 1.8 feet (H++ scenario, which is an extreme modeling scenario resulting from loss of the 


West Antarctic ice sheet) by 2040 and 10.2 feet (H++ scenario) by 2100 (California Natural 


Resources Agency and California Ocean Protection Council 2018:18). It is expected that more land in 


the study area will be subject to inundation by 2100 in comparison to current conditions. Potential 


changes in inundation zones (i.e., tidal regime) may affect the salinity and suitable habitat for 


species in the Delta. 


With sea level rise, flooding is a major concern for the Delta. Flooding can lead to overtopping or 


other levee failures (i.e., erosion, seepage) and result in flooding of Delta islands and low-lying areas. 


Tidal wetlands which are not protected by levees will be exposed to higher tide levels and more 


frequent (or permanent) inundation and in some areas will not recover, while in other areas will 


evolve and adapt over time (Delta Stewardship Council 2021).  


4.3.2.1 Non-Water Supply Delta Infrastructure and Uses 


The Delta supports a substantial amount of infrastructure related to urban development, 


transportation, agriculture, recreation, energy, and other uses. Portions of six counties are included 


in the legal Delta: Yolo, Sacramento, Solano, Contra Costa, Alameda, and San Joaquin (California 


Department of Water Resources 2006). 


The major land use for the Delta is agriculture, which represents approximately two-thirds of all 


surface area. There is increasing residential, commercial, and industrial land use in the Delta, most 


of which occurs around the periphery of the Delta. Major urban developments within the cities of 
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Sacramento, West Sacramento, Stockton, Tracy, Antioch, Brentwood, and Pittsburg are in the Delta. 


Small towns located wholly within the Delta are Clarksburg, Hood, Walnut Grove, Collinsville, 


Courtland, Locke, Ryde, Bethel Island, and Discovery Bay. The city of Isleton and portions of the 


cities of Stockton, Rio Vista, Antioch, Oakley, Sacramento, West Sacramento, Elk Grove, Tracy, 


Lathrop, and Pittsburg are in the Secondary Zone. 


Several interstate highways (Interstates [I-] 5, 80, 205/580, and 680) and one state highway (State 


Route [SR] 99) are on the periphery of the Delta, and three state highways (SR 4, SR 12, and SR 160) 


and multiple county roads cut across the Delta. Three major railways cross through the Delta. The 


Delta contains a network of electrical transmission lines (over 500 miles [805 kilometers]) and gas 


pipelines (over 100 lines). Natural gas extraction and storage is another important Delta use. In 


addition to public and private marinas, two major ports (Stockton and Sacramento) and their 


associated maintained ship channels are in the Delta. These ports can handle large ships to move 


cargo to and from the Pacific Ocean. Much of the Delta, including more than 500 miles (805 


kilometers) of navigable waterways, is used for a variety of recreational purposes including water 


sports, fishing, hunting, and wildlife viewing. The effects of this infrastructure on species are 


described in Section 4.4, as applicable. 


4.4 Status of the Species/Environmental Baseline 
Summary 


This section refers to the condition of the species or its designated critical habitat within the action 


area including basic biology, life history, status, and impacts from past and present projects in the 


action area. 


4.4.1 Chinook Salmon, Sacramento River Winter-Run ESU 


4.4.1.1 Legal Status and Distribution 


On May 16, 1989, the California Fish and Game Commission listed the Sacramento River winter-run 


Chinook salmon (Oncorhynchus tshawytscha) evolutionarily significant unit (ESU) as endangered 


under the California Endangered Species Act (CESA) due to persistent long-term declines (Figure 


4.4.1-1). The NMFS, under an emergency interim rule, listed the Sacramento River winter-run 


Chinook salmon ESU as a threatened species under the federal Endangered Species Act (ESA) in 


August 1989 (54 FR 32085). In 1994, NMFS reclassified the ESU as endangered due to several 


factors: the continued decline and increased variability of run sizes including expected weak returns 


due to small year classes in 1991 and 1993, and continuing threats to the species (59 FR 440).  


The ESU consists of one population in the mainstem of the upper Sacramento River in California’s 


Central Valley below Keswick Dam, though efforts to reintroduce the run in Battle Creek have had 


success in recent years with at least 700 subadults and adults returning in 2020 as a result of 


juvenile releases undertaken in 2018 and 2019 (U.S. Fish and Wildlife Service 2020a). NMFS 


reaffirmed the listing of the Sacramento River winter-run Chinook salmon ESU as endangered on 


June 28, 2005 (70 FR 37160) and expanded the ESU to include winter-run Chinook salmon 


produced by the Livingston Stone National Fish Hatchery artificial propagation program in the ESU. 


From 1970 through 2020, the highest estimated run sizes occurred in the early 1970s (~40,000–


50,000 adults), declining to a low in the early 1990s (~200 adults), increasing to higher levels in 
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mid-2000s (up to ~17,000 adults), before varying between just under 1,000 and approximately 


10,000 adults since 2006 (Figure 4.4.1-1). Escapement in brood year 2022 was approximately 5,900 


fish, lower than in the previous few years (Marcinkevage 2023:4). 


 
Source: Columbia Basin Research, University of Washington 2020. 


Figure 4.4.1-1. Winter-Run Chinook Salmon Adult Annual Escapement in the Central Valley, 1970–
2020 


Adult Sacramento River winter-run Chinook salmon enter the San Francisco Bay in November to 


begin their spawning migration and continue upstream from December through early August to the 


extent of anadromy at the base of Keswick Dam (Figure 4.4.1-2). Adults prefer to hold in deep cold 


pools until they are sexually mature and ready to spawn in spring or summer. Upstream holding 


may last for a period of up to 8 months (Windell et al. 2017: 32). Winter-run Chinook salmon spawn 


in the upper mainstem Sacramento River from mid-April through August, peaking in June and July. 


Windell et al. (2017:6–8) reviewed habitat characteristics and factors affecting egg survival. 


Following spawning, fry and juvenile downstream movement begins in July/August, as shown by 


monitoring at Red Bluff (Table 4.4.1-1). 


All known winter-run Chinook salmon production currently occurs either in the mainstem 


Sacramento River or Livingston Stone National Fish Hatchery (California Department of Fish and 


Game 2004) although a nascent reintroduction effort in Battle Creek led to the return of at least 700 


subadults and adults in 2020 (U.S. Fish and Wildlife Service 2020a). Current spawning is confined to 


the mainstem of the Sacramento River above Red Bluff Diversion Dam (RBDD) (River Mile [RM] 


243) and below Keswick Dam (RM 302) (National Marine Fisheries Service 2014), with access to 


historical habitat in upper Sacramento River tributaries no longer available (Figure 4.4.1-2). Until 


recent years, salmon passage was not possible above the Coleman Hatchery barrier weir located on 


Battle Creek due to the Wildcat Diversion Dam and Canal, which were removed in 2010. Beginning 


in 2012 and completed in 2018, the construction of the automated fish screens and fish ladders at 


the Eagle Canyon Diversion Dam and North Battle Creek Feeder Diversion Dam sites were 


implemented to provide fish passage on North Fork Battle Creek (Bureau of Reclamation 2022). 


Windell et al. (2017:6–8) reviewed habitat characteristics and factors affecting egg survival, among 
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which were in-river fishery and trampling, toxicity, and contaminants; redd quality; stranding and 


dewatering; dissolved oxygen; pathogens; water temperature; sedimentation and gravel quantity; 


and predation risk. Following spawning, fry and juvenile downstream movement begins in 


July/August, as shown by monitoring at Red Bluff (Table 4.4.1-1). 
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Source: National Marine Fisheries Service 2014:12. 


Figure 4.4.1-2. Current and Historical Sacramento River Winter-Run Chinook Salmon Distribution 
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In addition to the Sacramento River, juveniles have also been found to rear in areas such as the 


lower American River, lower Feather River, Battle Creek, Mill Creek, Deer Creek, and the Delta 


(Phillis et al. 2018). Phillis et al. (2018) found with isotope data that 44% to 65% of surviving adults 


reared in nonnatal habitats as juveniles. The lower reaches of the Sacramento River, the Delta, and 


San Francisco Bay serve as migration corridors for both smolts and adults and are thought to serve 


as juvenile rearing habitat. Juvenile winter-run Chinook salmon begin to enter the Delta in October 


and smolt outmigration continues until April. Timing of smolt movement is thought to be correlated 


with winter rain events that result in pulse flows in the Sacramento River (del Rosario et al. 2013). 


Fry and smolts are known to use the Sacramento–San Joaquin Delta and Estuary as rearing habitat 


before entering the ocean (Sturrock et al. 2015). In addition to monitoring salvage of winter-run 


Chinook salmon at the Tracy Fish Collection Facility (TFCF) and the John E. Skinner Delta Fish 


Protective Facility (Skinner Fish Facility) in the south Delta, temporal occurrence of each life stage in 


the project area is monitored using screw trapping data in the rivers, trawls, and beach seines in the 


estuary and, more recently, acoustic tagging using a network of receivers located throughout the 


extent of their range, from Keswick Dam to the Golden Gate Bridge (e.g., Klimley et al. 2017). 


Relative distribution, abundance, and migration timing in the Delta can be inferred from salvage 


monitoring data, the USFWS Delta Juvenile Fish Monitoring Program, Sherwood and Mossdale 


Trawls, and the Chipps Island Trawl. Juvenile mortality in the Delta from predation by piscivorous 


nonnative fishes and conditions that increase risk of mortality of salmonids have been at the 


forefront of special studies (e.g., Demetras et al. 2016) and reviews (Grossman 2016; Lehman et al. 


2019). Special studies are also underway to describe factors such as rearing in Delta bays and 


marshes and identify variation in quality of rearing habitat. Johnson et al. (2017) give an overview of 


the various sampling programs providing monitoring of winter-run Chinook salmon. 


4.4.1.2 Life History and Habitat Requirements 


Construction of Keswick and Shasta Dams for agricultural, municipal, and industrial water supply 


eliminated access to approximately 200 river miles of historical holding and spawning grounds 


above Keswick Dam (Yoshiyama et al. 1996). The Shasta Dam Fish Passage Evaluation is being 


undertaken to assess the feasibility of reintroducing anadromous fish upstream of Shasta Dam 


(Plumb et al. 2019). Rearing habitat quantity and quality has been reduced in the upper mainstem 


Sacramento River as a result of channel modification and levee construction (Lindley et al. 2009). 


Without access to historical coldwater spawning tributaries above Shasta Dam, persistence of the 


winter-run Chinook salmon ESU is dependent on maintaining adequate coldwater pool in Shasta 


Reservoir to maintain suitable temperatures for winter-run Chinook salmon egg incubation, fry 


emergence, and juvenile rearing. Cold water releases are facilitated by the operation of a 


temperature control device that allows selective withdrawal of water from different levels of the 


reservoir depending on temperature. Warm water releases during critically dry years contributed to 


low egg-to-fry survival rates. As part of a coordinated drought response, measures taken to preserve 


Shasta Reservoir’s coldwater pool included relaxing Wilkins Slough navigational flow requirements, 


relaxing State Water Resources Control Board Water Right Decision 1641 (D-1641) Delta water 


quality requirements, and delaying Settlement Contractor depletions into the fall. Egg-to-fry survival 


rates was low in brood year 2022 (2.2%), likely the result of low thiamine levels despite more 


proactive water temperature management (Marcinkevage 2023:3, 6). Approximately 215,000 


juvenile winter-run Chinook salmon from brood year 2022 were estimated to have passed RBDD, 


compared to approximately 570,000 from brood year 2021 and approximately 2.1 million from 


brood year 2020 (Marcinkevage 2023:3). Temperature-dependent egg mortality was estimated to 
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have been 75% in 2021 (National Marine Fisheries Service Southwest Fisheries Science Center 


2021), compared to 17% in 2022 with the more proactive water temperature management 


(National Oceanic and Atmospheric Administration Fisheries 2023). 


Much of the historical floodplain habitat has been developed or converted, which has decreased 


shallow water habitat with high residence time needed for food production (Jeffres et al. 2008; Katz 


et al. 2017; Ahearn et al. 2006). Juveniles have access to floodplain habitat in the Yolo Bypass only 


during moderate to high water years, and the quantity of floodplain available for rearing during 


drought years is currently limited. The Yolo Bypass Salmonid Habitat Restoration and Fish Passage 


Implementation Plan, Long-Term Operation of the Central Valley Project and State Water Project 


Biological Opinion Reasonable and Prudent Alternative Actions I.6.1 and I.7 (Yolo Bypass Restoration 


Plan) includes notching the Fremont Weir, which will provide access to floodplain habitat for 


juvenile salmon over a longer period (California Department of Water Resources and Bureau of 


Reclamation 2012), and the California Department of Fish and Wildlife (2020) SWP ITP Condition of 


Approval 9.2.2 Implement the Yolo Bypass Salmonid Habitat Restoration and Fish Passage Project 


requires that the project be complete by 2026. Shoreline armoring and development have reduced 


access to floodplain rearing habitat for rearing juveniles in the Sacramento River and Delta 


(Boughton and Pike 2013). Floodplain availability has the potential to increase valuable prey 


resources and resilience in Chinook salmon (Goertler et al. 2018a, 2018b). Recent studies suggest 


Chinook salmon migration survival through the Yolo Bypass is comparable to that in the Sacramento 


River (Johnston et al. 2018; Pope et al. 2018); entry into the bypass over Fremont Weir may vary 


considerably even when river flow into the bypass is substantial, possibly as a function of fish cross-


channel position in the Sacramento River (Pope et al. 2018); and travel time in low-flow years is 


more variable in the bypass than in the river (Johnston et al. 2018). 


Juvenile migration corridors may be affected by reverse Old and Middle River flows that are 


exacerbated by south Delta export facility operations at the CVP and SWP pumping plants 


(discussed further in Section 4.4.2, Chinook Salmon, Central Valley Spring-Run ESU). Bidirectional 


flow in the Sacramento River at Georgiana Slough associated with lower Sacramento River inflow to 


the Delta causes juvenile Chinook salmon to enter into the interior Delta in greater numbers than 


with unidirectional flow at high Sacramento River inflow, which results in greater travel times and 


lower survival (Perry et al. 2013, 2018; see additional discussion in Section 4.4.2). This and other 


studies have typically used hatchery-origin juvenile late fall–run Chinook salmon large enough to 


bear acoustic tags, with the general movement patterns often assumed to be representative of other 


races including wild-origin winter-run juveniles, although this is uncertain and is being investigated 


further with Juvenile Salmon Acoustic Telemetry System (JSATS) tags that allow smaller fish to be 


tagged. The movement of juvenile Chinook salmon into Georgiana Slough reflects the combination of 


their river cross-sectional distribution and the splitting of water remaining in the Sacramento River 


and water entering Georgiana Slough as represented by the critical streakline (Hance et al. 2020). 


Modeling suggests south Delta exports have little influence on the proportion of Sacramento River 


flow entering Georgiana Slough (Cavallo et al. 2015).  


Stressors thought to be of very high importance to winter-run Chinook salmon by NMFS (2014:27) 


include blockage of historical staging and spawning habitat by Shasta and Keswick Dams; flow 


fluctuations during spawning and incubation, water pollution, and water temperature impacts in the 


upper Sacramento River during embryo incubation; loss of juvenile rearing habitat in the form of 


lost natural river morphology and function, and lost riparian and instream cover; predation during 


juvenile rearing and outmigration; ocean harvest; and south Delta entrainment. A very recent 


potential threat identified for all runs of Chinook salmon is Thiamine Deficiency Complex, possibly 
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the result of the oceanic diet of anchovies as the main prey species of adults, which transferred 


negative effects to juveniles (National Oceanic and Atmospheric Administration Fisheries 2020a). 


Recent temperature modeling shows higher sensitivity to increases in water temperature because it 


leads to exponential increases in oxygen demand with a rise in temperature during the final weeks 


of egg-embryo maturation before the alevin stage (Martin et al. 2017; Anderson 2018). Individual-


based modeling of winter-run Chinook salmon in the upper Sacramento River (Keswick Dam to 


RBDD) suggested superimposition (i.e., a female salmon making a redd on top of an existing redd) 


and predation of juveniles are the leading causes of mortality of eggs and juveniles (Dudley 2018). 


Turbidity reduces predation of migrating juveniles, and carrying capacity for larger juveniles is often 


reached (Dudley 2018). Water release scenarios that can cause turbid conditions could be used to 


assess increased turbidity and determine if that would increase juvenile survival (Dudley 2018). 


Further individual-based modeling suggested flow is not clearly linked to stranding risk on an 


annual basis but that there is evidence for increased stranding risk as flows decrease and there is a 


limited positive effect of flow on final outmigrant count; the proportion of eggs being superimposed 


increases with increasing flow (flow increases velocity, increasing spawner energy expenditure and 


thereby reducing the time spent guarding the redd, allowing other spawners to make redds on top 


of the existing redds); and temperature has the largest effect on final juvenile outmigrant count, 


with decreasing number of outmigrants with increasing temperature (Dudley 2019). Note that the 


studies by Dudley (2018, 2019) are based on modeling and field-based surveys of factors such as 


superimposition to validate the modeling results have apparently not been conducted. Martin et al. 


(2017) found that Chinook salmon embryo temperature tolerance increases with increasing water 


velocity (flow). Michel (2019) found a statistically significant positive correlation between 


Sacramento River flow and hatchery-origin winter-run Chinook salmon smolt to adult return ratio, 


which was higher than the correlation with indices of marine productivity. Increased hatchery 


production of winter-run Chinook salmon in response to drought conditions in 2014 through 2015 


led to a greater proportion of hatchery-origin in-river spawners, above 80% in 2017 and 2018 and 


remaining at around 40% in 2019 and 2020 (U.S. Fish and Wildlife Service 2021a:7). This in part 


contributed to the elevated risk of extinction from low risk at the time of the 2010 5-year species 


status evaluation to moderate risk at the time of the most recent (2015) evaluation (National Marine 


Fisheries Service 2016a:34). 


Climate experts predict physical changes to ocean, river, and stream environments along the West 


Coast that include warmer atmospheric temperatures, diminished snowpack resulting in altered 


streamflow volume and timing, lower late-summer flows, a continued rise in stream temperatures, 


and increased sea-surface temperatures and ocean acidity resulting in altered marine and 


freshwater food-chain dynamics (Williams et al. 2016). Climate change and associated changes in 


water temperature, hydrology, and ocean conditions are generally expected to have substantial 


effects on Chinook salmon populations in the future (National Marine Fisheries Service 2014; 


Lindley et al. 2009). Extreme heavy precipitation events and dry spells are projected to significantly 


increase throughout the state (California Governor’s Office of Planning and Research et al. 2018:22, 


26) and annual precipitation may broadly increase in the northern part of the state. This may aid in 


juvenile migration. Because the winter-run Chinook salmon rely on the coldwater pool in Shasta 


Reservoir to maintain spawning conditions in the mainstem Sacramento River, this run is 


particularly at risk from global warming. Drought years are predicted to occur with greater 


frequency in the Sacramento Valley with climate change (Purkey et al. 2008). The years of 2012 


through 2016 had drought conditions (Lund et al. 2018), with the mean annual percentage of land 


experiencing some level of drought conditions ranging from 87.2% in 2012 to nearly 100% in 2014 


and 2015; further widespread drought began in 2020 (~68% of land experiencing some level of 
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drought) and increased in extent so that in 2021 (99.9%) and 2022 (100%) all or nearly all of 


California was experiencing some level of drought.1 High rainfall early in 2023 reduced the extent of 


California experiencing drought, with less than 4% of the state experiencing some level of drought 


by December 5, 2023. Increased water temperature associated with lower flows favors nonnative 


competitors and predators that are adapted to warm water because predation rates increase in 


response to elevated metabolic rates of predators (Petersen and Kitchell 2001). Increasing the 


frequency of dry years also reduces turbidity because sediment loads are not mobilized and 


transported downstream, although recent studies suggest climate change may increase the 


frequency of high-flow events, and therefore increase sediment transport downstream (Stern et al. 


2020). Juvenile salmon are thought to use turbid water to avoid detection by predators (Gregory 


and Levings 1998). Increased prevalence of submerged aquatic vegetation in the Delta reduces 


water flow and therefore also reduces turbidity, which has the effect of creating cover for predators 


and making passing salmon easier for predators to detect (Hestir et al. 2016). Finally, climate 


change is projected to increase the variability of ocean conditions, such as the North Pacific Gyre 


Oscillation, the Pacific Decadal Oscillation, and El Niño Southern Oscillations (Di Lorenzo et al. 


2010). Anomalies, such as the warm water blob in the North Pacific, disrupt upwelling processes, 


which drive plankton production in the California Current (Leising et al. 2015). Juvenile salmon 


distribution is associated with oceanic plankton distribution, and mismatches in space and time that 


reduce access to marine prey aggregations are thought to influence early marine survival of Central 


Valley salmon populations (Hassrick et al. 2016). Recent studies highlight the importance of forage 


availability, upwelling, and thermal fronts on juvenile Chinook salmon feeding in the ocean (Sabal et 


al. 2020). 


Generalized life stage timing for winter-run Chinook salmon is summarized in Tables 4.4.1-1 and 


4.4.1-2, with a quantitative summary for juveniles in Tables 4.4.1-2a and 4.4.1-2b. Appendix 12A, 


Environmental Setting Background Information, Attachment 12A.1, Juvenile Salmonid Monitoring, 


Sampling, and Salvage Timing Summary from SacPAS, of the Delta Conveyance Project Final EIR (Final 


EIR) provides additional summary information from the SacPAS database (California Department of 


Water Resources 2023). 


Table 4.4.1-1. Generalized Temporal Occurrence of Sacramento River Winter-Run Chinook Salmon 
Adults in the Sacramento River 


Location 


Month 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Adults Freshwater 


Sacramento River 
basin 


M M M M M M M N N N M M 


Upper Sacramento 
River spawning 


N N N N L H H M N N N N 


Relative Abundance: H=High (blue), M=Medium (green), L=Low (yellow), N=None. 


Source: National Marine Fisheries Service 2019:67.  


 
1 All statistics on percentage of California land area experiencing some level of drought cited in this section were 
based on data downloaded from US Drought Monitor, available 
https://www.drought.gov/states/california#historical-conditions, accessed December 12, 2023. 
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Table 4.4.1-2. Generalized Temporal Occurrence of Sacramento River Winter-Run Chinook Salmon 
by Life Stage in the Delta 


Life Stage 


Month 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Adult M H H H M M N N N N M M 


Juvenile L M H M N N N N N L L M 


Salvaged M H H L L L N N N N N L 


Relative Abundance: H=High (blue), M=Medium (green), L=Low (yellow), N=None. 


Note: Table reflects monitoring based on length-at-date classification of juvenile winter-run Chinook salmon. See 
Tables 4.4.1-2a and 4.4.1-2b for quantitative summary. The data in this category reflects juveniles entrained into the 
salvage facilities. See also annual summaries in California Department of Water Resources 2023: Appendix 12A, 
Attachment 12A.1, Juvenile Salmonid Monitoring, Sampling, and Salvage Timing Summary from SacPAS. 


Source: National Marine Fisheries Service 2019:68. 
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Table 4.4.1-2a. Frequency of Occurrence (Percent) of Adipose Fin-Unclipped Winter-Run Chinook Salmon Juveniles (Based on Length-at-Date Criteria) in Sacramento River and Delta Sampling Programs 


 
Note: RST = Rotary Screw Trap. Frequency of occurrence is percentage of sampling units with at least one winter-run Chinook salmon juvenile (based on length-at-date criteria) collected. Intensity of shading increases with increasing frequency of occurrence. Numbers in 
parentheses indicate number of sampling units. 


 


Table 4.4.1-2b. Frequency of Occurrence (Percent) of Adipose Fin-Clipped Winter-Run Chinook Salmon Juveniles (Based on Length-at-Date Criteria) in Sacramento River and Delta Sampling Programs 


 
Note: RST = Rotary Screw Trap. Frequency of occurrence is percentage of sampling units with at least one winter-run Chinook salmon juvenile (based on length-at-date criteria) collected. Intensity of shading increases with increasing frequency of occurrence. Numbers in 
parentheses indicate number of sampling units. 
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4.4.2 Chinook Salmon, Central Valley Spring-Run ESU 


4.4.2.1 Legal Status and Distribution 


Spring-run Chinook salmon (Oncorhynchus tshawytscha), which were historically the most abundant 


run in the Central Valley (Yoshiyama et al. 1998). The Central Valley spring-run Chinook salmon has 


independent populations in Butte Creek, Mill Creek, and Deer Creek, with repopulation of a 


historically independent population in Battle Creek occurring; dependent populations occur in 


Antelope Creek, Big Chico Creek, Clear Creek, and Cottonwood/Beegum Creek (National Marine 


Fisheries Service 2016b; Goertler et al. 2020:2). There are also San Joaquin River spring-run 


Chinook salmon as a result of reintroduction efforts, and spring-running Chinook salmon in San 


Joaquin River tributaries. Spring-run Chinook salmon were extirpated from most rivers by mining or 


dam construction (Williams 2006). Due to the small number of these populations remaining and the 


significant hybridization with fall-run Chinook salmon that has occurred in the mainstem of the 


Sacramento (Moffett 1949) and Feather Rivers (Lindley et al. 2004), spring-run Chinook salmon 


were listed as threatened under the CESA in 1999. Native spring-run Chinook salmon have been 


extirpated from the San Joaquin River watershed, which represented a large portion of their 


historical range (see below for discussion regarding reintroduced spring-run Chinook salmon in the 


San Joaquin River). The (Central Valley) spring-run Chinook salmon ESU was listed as threatened 


under the ESA in 1999 because of the reduced range and small size of remaining spring-run Chinook 


salmon populations (64 FR 50393). On June 28, 2005, NMFS published the final hatchery listing 


policy (70 FR 37204) and reaffirmed the threatened status of the ESU (70 FR 37160). The ESU 


consists of naturally spawned spring-run Chinook salmon originating from the Sacramento River 


and its tributaries, and also from the Feather River Fish Hatchery (FRFH) Spring-Run Chinook 


Program (National Marine Fisheries Service 2016b). 


4.4.2.2 Life History and Habitat Requirements 


Life history and habitat requirements are largely the same as those described for winter-run 


Chinook salmon, with differences primarily in the duration and time of year that spring-run Chinook 


salmon adult and juveniles occupy freshwater habitat. Adult spring-run Chinook salmon enter fresh 


water as sexually immature fish between mid-February and July and remain in deep cold pools in 


proximity to spawning areas until late summer and early fall, when they are sexually mature and 


ready to spawn, depending on water temperatures (California Department of Fish and Game 1998; 


National Marine Fisheries Service 2009). 


Spawning occurs in gravel substrate in relatively fast‐moving, moderately shallow riffles or along 


banks with relatively high water, which promotes higher oxygen levels and reduced deposition of 


fines. Adult spawning conditions, incubation, and emergence from gravel is dependent on cold water 


temperatures (Myrick and Cech 2004). Fry emerge from gravels from November to March (Williams 


2006). Post-emergent fry inhabit calm, shallow waters with fine substrates; fry depend on fallen 


trees, undercut banks, and overhanging riparian vegetation for refuge (Healey 1991). 


Juvenile spring-run Chinook salmon can have highly variable outmigration timing based on various 


environmental factors (National Marine Fisheries Service 2009). Some juveniles begin outmigrating 


soon after emergence from gravel, whereas others oversummer and outmigrate as yearlings with 


the onset of intense fall storms (California Department of Fish and Game 1998). The outmigration 


period for spring-run Chinook salmon can extend from November to early May (National Marine 
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Fisheries Service 2009:94) or June (California Department of Fish and Game 1998:III-9), with 


residency in the Delta probably lessening as the season progresses into the late spring months 


(California Department of Fish and Game 1998:III-9). Peak movement of yearling spring-run 


Chinook salmon in the Sacramento River at Knights Landing occurs October through December 


(Goertler et al. 2020:3). 


Juveniles prefer stream margin habitats with enough depth and velocities to provide suitable cover 


and foraging opportunities during rearing and downstream movement. Off-channel areas and 


floodplains can provide important rearing habitat. A greater availability of prey and favorable 


rearing conditions in floodplains increases juvenile growth rates compared with conditions in the 


mainstem Sacramento River, which can lead to improved survival rates during both their migration 


through the Delta and later in the marine environment (Sommer et al. 2001). 


Spring-run Chinook salmon were historically the dominant run of salmon in the Central Valley; the 


Central Valley drainage is estimated to have supported annual runs of spring-run Chinook salmon as 


large as 600,000 fish between the late 1880s and 1940s (California Department of Fish and Game 


1998). Following construction of major dams, annual runs were estimated to be no more than 


26,000 fish in the 1950s and 1960s (Azat 2021; Yoshiyama et al. 1998). Dams on the Sacramento 


River blocked upstream passage of spring-run Chinook salmon to their historic spawning habitat 


and confined them to a much smaller area of the watershed (Figure 4.4.2-1). Nearly 50,000 adults 


were counted in the San Joaquin River (Fry 1961) before the construction of Friant Dam (completed 


in 1942). The San Joaquin River watershed populations were essentially extirpated by the 1940s, 


with only small remnants of the run persisting through the 1950s in the Merced River (Hallock and 


Van Woert 1959; Yoshiyama et al. 1998). 
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Source: National Marine Fisheries Service 2014:32. 


Figure 4.4.2-1. Current and Historical Central Valley Spring-Run Chinook Salmon Distribution 
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Spring-run Chinook salmon populations historically occupied the headwaters of all major river 


systems in the Central Valley up to any natural barrier, such as an impassable waterfall (Yoshiyama 


et al. 1998). The Sacramento River was used by adults as a migratory corridor to spawning areas in 


upstream tributaries and headwater streams (California Department of Fish and Game 1998). The 


most complete historical record of spring-run Chinook salmon migration timing and spawning is 


contained in reports to the U.S. Fish Commissioners of Baird Hatchery operations on the McCloud 


River (California Department of Fish and Game 1998). Spring-run Chinook salmon migration in the 


upper Sacramento River and tributaries extended from mid-March through the end of July with a 


peak in late May and early June. Baird Hatchery intercepted returning adults and spawned them 


from mid-August through late September. Peak spawning occurred during the first half of 


September. The average time between the end of spring-run Chinook salmon spawning and the 


onset of fall-run Chinook salmon spawning at Baird Hatchery from 1888 through 1901 was 32 days. 


The spring-run Chinook salmon ESU has displayed broad fluctuations in adult abundance. Estimates 


of spring-run Chinook salmon in the Sacramento River and its tributaries have ranged from 1,105 in 


2017 to 25,890 in 1982. This estimate does not include in-river or hatchery spawners in the lower 


Yuba and Feather Rivers because CDFW’s GrandTab does not distinguish between fall-run Chinook 


salmon and spring-run Chinook salmon in these rivers prior to 2005.2 


Since 1995, spring-run Chinook salmon annual run size estimates typically have been dominated by 


Butte Creek returns. Of the three tributaries producing naturally spawned spring-run Chinook 


salmon (Mill, Deer, and Butte Creeks), Butte Creek has produced an average of two-thirds of the 


total production over the past 10 years (Azat 2021). During recent years, spring-run Chinook 


salmon escapement estimates (excluding in-river spawners in the Yuba and Feather Rivers) have 


ranged from 23,810 in 2013 to 1,591 in 2017 throughout the tributaries to the Sacramento River 


surveyed.  


Recent spring-run Chinook salmon population estimates have fluctuated but generally remain low. 


In-river escapement was estimated to range between 1,059 and 16,189 fish during the years 2016 


through 2020, with 1,688 estimated in 2020 (Figure 4.4.2-2). During these years, escapement to 


hatcheries ranged from 532 (2017) to 3,867 (2019) (Figure 4.4.2-2). Escapement estimates for 2022 


were 5,132 for in-river spring-run Chinook salmon and 1,772 for hatchery spring-run Chinook 


salmon (Figure 2-9). In addition, fish monitoring is conducted throughout the year at the TFCF and 


the Skinner Fish Facility. Based on length-at-date criteria, during water year 2017, 26,551 wild 


(non-fin-clipped) juvenile spring-run and 963 hatchery (fin-clipped) spring-run Chinook salmon 


were observed at the TFCF and Skinner Fish Facility, and 9,487 wild juvenile spring-run and 1,010 


hatchery spring-run were observed during water year 2018. Note, however, that length-at-date 


criteria for spring-run Chinook salmon are particularly prone to error because of the high overlap in 


lengths with the more abundant fall-run Chinook salmon, suggesting that actual spring-run 


entrainment is considerably lower than length-at-date criteria (Harvey et al. 2014). Recent data at 


the south Delta salvage facilities illustrate the extent of the errors: only two of 620 juvenile Chinook 


salmon examined in 2019, three of 750 juvenile Chinook salmon examined in 2020, and one of 99 


juvenile Chinook salmon examined in 2021 that were classified as spring-run based on length-at-


date criteria were confirmed to be genetic spring-run (the remainder were nearly all genetic fall-


 
2 The Feather River Hatchery implemented a methodology change in 2005 for distinguishing spring-run from fall-
run. Fish arriving prior to the spring-run spawning period were tagged and returned to the river. The spring-run 
escapement was the number of these tagged fish that subsequently returned to the hatchery during the spring-run 
spawning period. 
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run). No spring-run Chinook salmon have been collected in Contra Costa Water District’s Fish 


Monitoring Program at the Rock Slough Intake since 2008. The most recent (2020) 5-year viability 


assessment by NMFS concluded that there was high extinction risk for spring-run Chinook salmon 


populations from Mill Creek, Deer Creek, Battle Creek, Clear Creek, and the Feather River Hatchery 


(Johnson et al. 2023:172). These populations were all assessed to have had moderate risk of 


extinction at the time of the previous viability assessment in 2015 and high risk of extinction at the 


time of the prior (2010) assessment, except the Feather River Hatchery population, which was 


assessed to have high risk of extinction in 2010, 2015, and 2020. The Butte Creek population was 


concluded to have low risk of extinction in the 2010, 2015, and 2020 assessments (Johnson et al. 


2023:172). 


Spring-run Chinook salmon are being reintroduced to the San Joaquin River as part of restoration 


efforts. These fish originate from Feather River broodstock (San Joaquin River Restoration Program 


2018:2-3). In 2013, NMFS designated the Central Valley spring-run Chinook salmon reintroduced to 


the San Joaquin River as an experimental nonessential population in accordance with Section 10(j) 


of the ESA (78 FR 79622). This allows for the release of threatened California Central Valley spring-


run Chinook salmon outside their current range. The population is considered an experimental, 


nonessential population (meaning that if the population does not survive, it will not threaten the 


whole ESU), because the population is geographically separate from the protected population of the 


same species (National Oceanic and Atmospheric Administration Fisheries 2020b). NMFS accounts 


for south Delta salvage of these reintroduced juveniles (adipose clipped and coded wire tagged) so 


that the reintroduction does not impose more than de minimis effects on water users (e.g., Strange 


2020), although any naturally produced juveniles are not part of this accounting. Monitoring occurs 


for juvenile spring-run Chinook salmon released into the San Joaquin River because all fish are 


marked with adipose clips and coded wire tags (National Marine Fisheries Service 2022:4), allowing 


detection in monitoring programs such as the south Delta export salvage facilities. Adults are 


monitored using techniques such as video monitoring, traps, carcass surveys, and redd surveys 


(National Marine Fisheries Service 2022:7). Phenotypically spring-running Chinook salmon have 


been observed in the Tuolumne and Stanislaus Rivers of the San Joaquin River Basin in the last 


decade and may represent strays from the Feather River Hatchery (fall- or spring-run) or spring-run 


Chinook salmon produced in the Sacramento River Basin (National Marine Fisheries Service 


2019:7). 
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Source: Columbia Basin Research, University of Washington 2023.  


Note: Vertical axis scale differs between upper and lower panel. 


Figure 4.4.2-2. Spring-Run Chinook Salmon Adult In-River (Upper) and Hatchery (Lower) Annual 
Escapement in the Central Valley, 1970–2022 
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Accessible habitat for spring-run Chinook salmon has been negatively affected by inadequate flows 


and increased water temperatures due to dam and water diversion operations on streams 


throughout the Sacramento River Basin (Section 4.4.1, Chinook Salmon, Sacramento River Winter-


Run ESU). Among the most important stressors are agricultural diversions, diversion dams, and/or 


weirs on Deer, Mill, Antelope, and Butte Creeks impeding or blocking access to upstream spawning 


habitat, as well as entrainment in Antelope Creek resulting from terminal diversions and loss of 


channel connectivity (National Marine Fisheries Service 2014:44–45). In Deer, Mill, and Antelope 


Creeks, losses of suitable spawning gravel, the development of deep channels and levees, pollutants 


and siltation from urban development, mining, and water diversions are also stressors on spring-


run Chinook salmon Central Valley ESU (National Marine Fisheries Service 2014). 


The degradation and simplification of aquatic habitat in the Central Valley have reduced the 


resiliency of spring-run Chinook salmon to respond to additional stressors such as an extended 


drought, ocean harvest, and poor ocean conditions. Levee construction and maintenance projects 


have simplified riverine habitat and have disconnected rivers from the floodplain (National Marine 


Fisheries Service 2016b). Spring-run Chinook salmon migration survival and routing has been 


statistically correlated with flow, particularly at junctions where fish can route into the interior 


Delta and become entrained by the export facilities in the south Delta, as shown for acoustically 


tagged late fall–run Chinook salmon juveniles (e.g., Perry et al. 2018). Within the Delta, warming and 


stable hydrology has favored the expansion of introduced predators, which function as a source of 


mortality to juvenile salmonids when they are entrained toward the export facilities (Larry Walker 


Associates 2010). 


Increased exports can influence the direction and velocity of flow in the south Delta, with high 


exports causing stronger reversal in flows nearer the export facilities (Grimaldo et al. 2009). When 


Sacramento River Basin-origin fish route into the interior Delta via Georgiana Slough or the Delta 


Cross Channel (DCC) and enter the south Delta, entrainment from reverse flows in Old and Middle 


River may result in longer travel time and indirect mortality (i.e., predation) and direct mortality 


through loss at the export facilities, as suggested by studies of movement pathways of radio-tagged 


juveniles (see summary by Vogel 2011:103–105).  


Flow in the south Delta tends to be more complex than in the north Delta because of the influence of 


radial gate operations at the head of Clifton Court Forebay and the influence of exports on Old and 


Middle River (OMR) dynamics, as described above. This is further complicated by the presence of 


temporary barriers3, lower inflow from the San Joaquin River, and greater tidal excursion. Highly 


channelized levee characteristics maintained for water conveyance diminish the potential for the 


Delta to function as rearing habitat for juvenile salmonids.  


As discussed for winter-run Chinook salmon, juveniles have access to floodplain habitat in the Yolo 


Bypass only during mid- to high water years, and the quantity of floodplain available for rearing 


during drought years is currently limited, but notching of Fremont Weir due to the Yolo Bypass 


Salmonid Habitat Restoration and Fish Passage Implementation Plan will provide access to 


floodplain habitat for juvenile salmon over a longer period (California Department of Water 


Resources and Bureau of Reclamation 2012:3). Juvenile spring-run Chinook salmon may also rear in 


the Sutter Bypass floodplain, with Butte Creek populations able to access the Sutter Bypass because 


of its connection to lower Butte Creek, whereas other populations and other races of Chinook 


 
3 The South Delta Temporary Barriers Project located at the CVP’s Jones Pumping Plant and SWP’s Banks Pumping 
Plant in the south Delta. 
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salmon are only able to access the floodplain during large Sacramento River flooding events 


(Cordoleani et al. 2020). 


Recent work by the Collaborative Adaptive Management Team’s (CAMT) Salmonid Scoping Team 


(SST) suggests that high correlations between inflows and exports make it difficult to evaluate their 


effects on salmon survival independently using statistical methods (SST 2017). There are very few 


observations of salmonid survival at high export rates, which makes it difficult to determine 


whether there is a relationship, but most acoustic tagging studies show support for a positive 


relationship between flow and survival (Perry et al. 2010, 2018; Michel et al. 2012; Buchanan and 


Skalski 2019; Buchanan et al. 2021). A key conclusion of the SST (2017:ES-5–ES-7) is that water 


export operations contribute to salmonid mortality in the Delta via direct mortality at the facilities, 


but direct mortality does not account for all of the mortality experienced in the Delta; the 


mechanism and magnitude of indirect effects of water project operations on Delta mortality outside 


the facilities is uncertain (SST 2017). 


Temporary barriers are installed by DWR in the south Delta for the purpose of stabilizing and 


increasing water surface elevations to facilitate agriculture irrigation. A temporary barrier at the 


Head of Old River has previously been installed to reduce movement of migrating salmonids into Old 


River, which would include the experimentally reintroduced spring-run Chinook salmon as part of 


the San Joaquin River Restoration Program. Recent investigations of other juvenile salmonids have 


provided some support that the barrier may positively affect survival (steelhead; Buchanan et al. 


2021), whereas another study did not find a statistically significant relationship between survival 


from the Head of Old River to Chipps Island and barrier presence (fall-run Chinook salmon; 


Buchanan and Skalski 2019). 


Results of Chinook salmon survival and migration studies in the Sacramento and San Joaquin Rivers 


and Delta suggest that relationships between river flow and migration rates are more complicated 


than in the Pacific Northwest, where flow is more unidirectional (Zabel et al. 1998; Smith et al. 


2002). Higher survival of acoustically tagged wild-origin spring-run Chinook salmon smolts from 


Mill Creek through the Sacramento River was observed in a wet year (2017) compared to historic 


drought conditions in 2015 (Notch et al. 2020). Cordoleani et al. (2018, 2019) found higher survival 


for wild-origin smolts from Butte Creek to the Golden Gate Bridge (spring-run and fall-run) in 2016 


than 2015 correlated with greater flow in 2016 than 2015, and they found higher survival in 2017 


than the prior two years correlated with greater flow in 2017 than those years. In the 2019 study, 


Chinook salmon smolts were tracked from the Sutter Bypass to the Golden Gate Bridge. Cordoleani 


et al. (2019:1) summarized their results to note that release date and Delta flow were significantly 


correlated with survival rates and that the results were largely driven by 2017 data, for which fish 


were released a month later than those in 2015 and 2016, and Delta flow and smolt survival were 


significantly higher than in the previous two years. They also noted that more tagging years 


including measurements of more potentially important environmental factors (such as turbidity) 


are required to robustly identify the influence of various factors on Butte Creek spring-run Chinook 


outmigrant smolt survival (Cordoleani et al. 2019:1). 


As previously described in the winter-run Chinook salmon assessment above, routing down 


Georgiana Slough has also been shown to increase when unidirectional flow gives way to tidal 


influences and flow becomes more bidirectional, particularly below 20,000 cfs at Freeport (Perry et 


al. 2018). There is a positive correlation between through-Delta survival of large acoustically tagged 


late fall–run Chinook salmon and Sacramento River flow entering the Delta (Perry et al. 2018). 
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Historically, wherever spring-run Chinook salmon and fall-run Chinook salmon populations 


overlapped, they were naturally temporally segregated and genetic integrity was maintained. 


However, because of difficulties associated with holding adults over the summer in the Feather 


River, fish were left in the river until spawning, which presumably led to mixing with fall-run 


Chinook salmon in the hatchery (Williams 2006:33). Loss of life history diversity limits a species’ 


ability to deal with environmental change, such as timing of ocean productivity, and leads to 


increased vulnerability through a weakened portfolio effect (Carlson and Satterthwaite 2011). 


Climate change may pose similar threats to spring-run Chinook salmon as were described for 


winter-run Chinook salmon, with increasingly high water temperatures and changes to ocean 


conditions being limiting factors. Like winter-run Chinook salmon, spring-run Chinook salmon are 


particularly vulnerable to these limiting factors because their life history is adapted to streams with 


snowmelt runoff, with relatively dependable, sustained high flows that allow fish to ascend to high 


enough elevations where water temperatures remain tolerably cool through the summer. Snowmelt 


runoff is relatively more important in the San Joaquin River and its major tributaries, where 


historically spring-run Chinook salmon were more abundant. Recoveries of coded wire tags and 


genetic samples suggest that spring-run Chinook salmon have a more northerly ocean distribution 


and mature later than winter-run Chinook salmon (Satterthwaite et al. 2018). Therefore, climate-


induced changes in ocean prey distributions that limit access to coastal prey may disproportionately 


affect spring-run Chinook salmon that rely on marine resources to a greater degree in order to 


mature. 


Generalized life stage timing for spring-run Chinook salmon is summarized in Tables 4.4.2-1 and 


4.4.2-2, with a quantitative summary for juveniles in Tables 4.4.2-2a and 4.4.2-2b. Appendix 12A, 


Attachment 12A.1 of the Final EIR provides additional summary information from the SacPAS 


database (California Department of Water Resources 2023). 


Table 4.4.2-1. Generalized Temporal Occurrence of Central Valley Spring-Run Chinook Adults in 
the Sacramento River 


Location 


Month 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Migration 


Sac. River Basin N N N N M M M M H H H H M M M M M M L N N N N N 


Sac. River Mainstem  N L L L M M M M M M M M M M L L N N N N N N N N 


Adult Holding  N N L L M M H H H H H H H H H M M L L N N N N N 


Adult Spawning  N N N N N N N N N N N N N N L M H H M L N N N N 


 


                         


                         


Relative Abundance: H=High (blue), M=Medium (green), L=Low (yellow), N=None. 


Sources: National Marine Fisheries Service 2019:83. 


Note: Yearling spring-run Chinook salmon rear in their natal streams through the first summer following their birth. 
Downstream emigration generally occurs the following fall and winter. Most young-of-the-year spring-run Chinook 
salmon emigrate during the first spring after their hatch. 







California Department of Water Resources 


 


Action Area and Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-28 


May 2024 
ICF 103653 


 


Table 4.4.2-2. Generalized Temporal Occurrence of Central Valley Spring-Run Chinook Salmon by 
Life Stage in the Delta 


Life Stage 


Month 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Adult M H H H M M N N N N N N 


Juvenile L L L H M N N N N N N L 


Salvaged L L M H M N N N N N N N 


Relative Abundance: H=High (blue), M=Medium (green), L=Low (yellow), N=None. 


Note: Table reflects monitoring based on length-at-date classification of juvenile spring-run Chinook Salmon. See 
Tables 4.4.2-4a and 4.4.2-4b for quantitative summary. The data in this category reflects juveniles entrained into the 
salvage facilities. See also annual summaries in California Department of Water Resources 2023: Appendix 12A, 
Attachment 12A.1, Juvenile Salmonid Monitoring, Sampling, and Salvage Timing Summary from SacPAS. 


Source: National Marine Fisheries Service 2019:84. 
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Table 4.4.2-2a. Frequency of Occurrence (Percent) of Adipose Fin-Unclipped Spring-Run Chinook Salmon Juveniles (Based on Length-at-Date Criteria) in Sacramento River and Delta Sampling Programs 


 
Note: RST = Rotary Screw Trap. Frequency of occurrence is percentage of sampling units with at least one spring-run Chinook salmon juvenile (based on length-at-date criteria) collected. Intensity of shading increases with increasing frequency of occurrence. Numbers 
in parentheses indicate number of sampling units. 


 


Table 4.4.2-2b. Frequency of Occurrence (Percent) of Adipose Fin-Clipped Spring-Run Chinook Salmon Juveniles (Based on Length-at-Date Criteria) in Sacramento River and Delta Sampling Programs 


 
Note: RST = Rotary Screw Trap. Frequency of occurrence is percentage of sampling units with at least one spring-run Chinook salmon juvenile (based on length-at-date criteria) collected. Intensity of shading increases with increasing frequency of occurrence. Numbers 
in parentheses indicate number of sampling units. 
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4.4.2.3 Critical Habitat 


Critical habitat for the Central Valley spring-run Chinook salmon was designated on September 2, 


2005, and includes the mainstem Sacramento River from Chipps Island (RM 0) to Keswick Dam, and 


tributary reaches, including the Feather and Yuba Rivers; Big Chico, Butte, Deer, Mill, Battle, 


Antelope, and Clear Creeks; and portions of the northern Delta (70 FR 52488). 


Critical habitat consists of essential physical and biological features (PBFs) considered essential for 


the conservation of a species. PBFs outlined in the designation of critical habitat (70 FR 52488) 


include the following features. 


⚫ Unimpeded access for adults from the Pacific Ocean to appropriate spawning areas in the upper 


Sacramento River. 


⚫ The availability of clean gravel for spawning substrate. 


⚫ Adequate river flows for successful spawning, incubation of eggs, fry development and 


emergence, and downstream transport of juveniles. 


⚫ Water temperatures between 42.5°F and 57.5°F for successful spawning, egg incubation, and fry 


development. 


⚫ Habitat and prey free of contaminants. 


⚫ Riparian habitat that provides for successful juvenile development and survival. 


⚫ Unimpeded passage of juveniles downstream from the spawning grounds to San Francisco Bay 


and the Pacific Ocean. 


4.4.3 Chinook Salmon, Central Valley Fall-Run and Late Fall–
Run ESU 


4.4.3.1 Legal Status and Distribution 


The fall-run and late fall–run Chinook salmon includes all spawning populations of fall-run and late 


fall–run Chinook salmon in the Sacramento and San Joaquin River basins and their tributaries east of 


Carquinez Strait (64 FR 50394). After reviewing the best available scientific and commercial 


information, on September 16, 1999, NMFS determined that listing Central Valley fall-run and late 


fall–run Chinook salmon was not warranted. On April 15, 2004, the Central Valley fall-run and late 


fall–run Chinook salmon ESU was identified by NMFS as a Species of Concern (69 FR 19975). The 


fall-run and late fall–run runs are included here because they are addressed in the Essential Fish 


Habitat) assessment (Appendix 5A, Essential Fish Habitat Assessment).  


Freshwater essential fish habitat for Pacific salmon in the Central Valley includes waters currently 


or historically accessible to salmon within the Central Valley ecosystem, as described in Myers et al. 


(1998). Essential fish habitat includes not only the watersheds of the Sacramento and San Joaquin 


River basins but also the Delta, Suisun Bay, and the lower Sacramento River. 


4.4.3.2 Life History and Habitat Requirements 


Adult fall-run Chinook salmon migrate through the Delta and into Central Valley rivers from June 


through December. Adult late fall–run Chinook salmon migrate through the Delta and into the 


Sacramento River from October through April. Adult Central Valley fall-run and late fall–run 
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Chinook salmon migrating into the Sacramento River and its tributaries primarily use the western 


and northern portions of the Delta, whereas adults entering the San Joaquin River system to spawn 


use the western, central, and southern Delta as a migration pathway.  


Most fall-run Chinook salmon fry rear in fresh water from December through June, with 


outmigration as smolts occurring primarily from January through June. In general, fall-run Chinook 


salmon fry abundance in the Delta increases following high winter flows. Smolts that arrive in the 


estuary after rearing upstream migrate quickly through the Delta and Suisun and San Pablo Bays. A 


small number of juvenile fall-run Chinook salmon spend over a year in fresh water and outmigrate 


as yearling smolts the following November through April. Late fall–run fry rear in fresh water from 


April through the following April and outmigrate as smolts from October through February (Snider 


and Titus 2000). Juvenile Chinook salmon were found to spend about 40 days migrating through the 


Delta to the mouth of San Francisco Bay (MacFarlane and Norton 2002).  


Generalized life stage timing for Central Valley fall-run and late fall–run Chinook salmon is 


summarized in Tables 4.4.3-1 and 4.4.3-2 (with a quantitative summary for juveniles in Tables 4.4.3-


1a, 4.4.3-1b, 4.4.3-2a, and 4.4.3-2b).  


Table 4.4.3-1. Generalized Temporal Occurrence of Adult and Juvenile Fall-Run Chinook Salmon at 
Locations in Central Valley 


Location 


Month 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Adult 


Delta a N N N N N N N N N N M M H H H H H H H H H H M M 


Sacramento River 
Basin b 


N N N N N N N N N N N N L L L L M M H H H H H H 


San Joaquin River b N N N N N N N N N N N N N N L L M M H H H H M M 


Juvenile 


Sacramento River at 
Red Bluff c 


H H H H H H H H M M M M M M L L L L L L L L M M 


Delta (beach seine) d H H H H H H H H M M M M L L L L L L N N L L M M 


Mossdale (trawl) d M M H H H H H H H H M M N N N N N N N N N N N N 


West Sacramento 
River (trawl) d 


M M H H H H H H H H L L L L L L L L N N L L L L 


Chipps Island 
(trawl) d 


M M M M M M H H H H H H L L L L L L L L L L L L 


Knights Landing 
(trap) e 


H H H H H H H H H H L L L L L L L L L L L L M M 


Relative Abundance: H=High (blue), M=Medium (green), L=Low (yellow), N=None. 


Sources: 
a State Water Project and Central Valley Project fish salvage data 1981–1988. 
b Yoshiyama et al. 1998; Moyle 2002; Vogel and Marine 1991. 
c Martin et al. 2001. 
d U.S. Fish and Wildlife Service 2001. 
e Snider and Titus 2000. 


Note: Table reflects monitoring based on length-at-date classification of juvenile winter-run Chinook Salmon. See Tables 
4.4.3-1a and 4.4.3-1b for quantitative summary. The data in this category reflects juveniles entrained into the salvage 
facilities. See also annual summaries in California Department of Water Resources 2023: Appendix 12A, Attachment 
12A.1, Juvenile Salmonid Monitoring, Sampling, and Salvage Timing Summary from SacPAS. 
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Table 4.4.3-1a. Frequency of Occurrence (Percent) of Adipose Fin-Unclipped Fall-Run Chinook Salmon Juveniles (Based on Length-at-Date Criteria) in Sacramento River and Delta Sampling Programs 


 
Note: RST = Rotary Screw Trap. Frequency of occurrence is percentage of sampling units with at least one spring-run Chinook salmon juvenile (based on length-at-date criteria) collected. Intensity of shading increases with increasing frequency of occurrence. Numbers 
in parentheses indicate number of sampling units. 


 


Table 4.4.3-1b. Frequency of Occurrence (Percent) of Adipose Fin-Clipped Fall-Run Chinook Salmon Juveniles (Based on Length-at-Date Criteria) in Sacramento River and Delta Sampling Programs 


 
Note: RST = Rotary Screw Trap. Frequency of occurrence is percentage of sampling units with at least one spring-run Chinook salmon juvenile (based on length-at-date criteria) collected. Intensity of shading increases with increasing frequency of occurrence. Numbers 
in parentheses indicate number of sampling units. 


  







California Department of Water Resources 


 


Action Area and Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-34 


May 2024 
ICF 103653 


 


  


This page was intentionally left blank. 







California Department of Water Resources 


 


Action Area and Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-35 


May 2024 
ICF 103653 


 


Table 4.4.3-2, with a quantitative summary for juveniles in Tables 4.4.3-2a and 4.4.3-2b, shows the 


timing of the upstream presence of adult and juvenile life stages late fall–run Chinook salmon in the 


Sacramento River. The months included in this figure represent the periods during which the 


majority (more than approximately 90%) of fish in a life stage are present. The life history 


characteristics of late fall–run Chinook salmon are not well understood. Late fall–run Chinook 


salmon spawn in the Sacramento River, and eggs and alevins are in the gravel primarily from 


December to June, with a peak during January through March. Most adults (83.4%) spawn upstream 


of RBDD, and roughly two-thirds (67.6%) spawn just below Keswick Dam in the reach to the 


Anderson-Cottonwood Irrigation District diversion dam (Table 4.4.3-2). 


Table 4.4.3-2 Generalized Temporal Occurrence of Adult and Juvenile Late Fall–Run Chinook Salmon at 
Locations in the Central Valley  


Location 


Month 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Adult 


Delta a H H H H H H M M M M N N N N N N N N M M M M M M 


Sacramento River 
Basin b 


H H H H H H M M N N N N N N N N N N M M M M M M 


Juvenile 


Sacramento River at 
Red Bluff c 


H H H H H H H H M M L L L L H H H H H H H H M M 


West Sacramento 
River (trawl) d 


M M M M N N L L N N L L L L L L L L M M H H H H 


Delta (beach seine) d H H M M N N H H H H M M L L N N N N N N L L H H 


Chipps Island 
(trawl) d 


M M M M N N N N L L L L L L L L L L L L M M H H 


Knights Landing 
(trap) e 


M M M M N N M M M M L L N N N N N N L L M M H H 


Relative Abundance: H=High (blue), M=Medium (green), L=Low (yellow), N=None. 


Sources: 
a Moyle 2002. 
b Yoshiyama et al. 1998; Moyle 2002; Vogel and Marine 1991. 
c Martin et al. 2001. 
d U.S. Fish and Wildlife Service 2001. 
e Snider and Titus 2000. 


Note: Table reflects monitoring based on length-at-date classification of juvenile winter-run Chinook Salmon. See Tables 
4.4.3-2a and 4.4.3-2b for quantitative summary. The data in this category reflects juveniles entrained into the salvage 
facilities. See also annual summaries in California Department of Water Resources 2023: Appendix 12A, Attachment 
12A.1, Juvenile Salmonid Monitoring, Sampling, and Salvage Timing Summary from SacPAS. 
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Table 4.4.3-2a. Frequency of Occurrence (Percent) of Adipose Fin-Unclipped Late Fall-Run Chinook Salmon Juveniles (Based on Length-at-Date Criteria) in Sacramento River and Delta Sampling Programs 


 
Note: RST = Rotary Screw Trap. Frequency of occurrence is percentage of sampling units with at least one spring-run Chinook salmon juvenile (based on length-at-date criteria) collected. Intensity of shading increases with increasing frequency of occurrence. Numbers 
in parentheses indicate number of sampling units. 


 


Table 4.4.3-2b. Frequency of Occurrence (Percent) of Adipose Fin-Clipped Late Fall-Run Chinook Salmon Juveniles (Based on Length-at-Date Criteria) in Sacramento River and Delta Sampling Programs 


 
Note: RST = Rotary Screw Trap. Frequency of occurrence is percentage of sampling units with at least one spring-run Chinook salmon juvenile (based on length-at-date criteria) collected. Intensity of shading increases with increasing frequency of occurrence. Numbers 
in parentheses indicate number of sampling units. 
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Juvenile fall-run and late fall–run Chinook salmon migrating through the Delta toward the Pacific 


Ocean use the Delta, Suisun Marsh, and the Yolo Bypass for rearing to varying degrees, depending on 


their life stage (fry versus juvenile), size, river flows, and time of year. Movement of juvenile Chinook 


salmon in the estuarine environment is driven by the interaction between tidally influenced 


saltwater intrusion through San Francisco Bay and freshwater outflow from the Sacramento and San 


Joaquin Rivers (Healey 1991).  


In the Delta, tidal and floodplain habitat areas provide important rearing habitat for foraging 


juvenile salmonids, including fall-run Chinook salmon. Studies have shown that juvenile salmon may 


spend 2 to 3 months rearing in these habitat areas, and habitat losses resulting from land 


reclamation and levee construction are considered to be major stressors (Williams 2010).  


The fall-run Chinook salmon has an ocean-maturing type of life history adapted for spawning in 


lowland reaches of big rivers, including the mainstem Sacramento River. The late fall–run Chinook 


salmon has a stream-maturing type of life history (Moyle 2002). Similar to spring-run, adult late 


fall–run Chinook salmon typically hold in the river for 1 to 3 months before spawning, while fall-run 


Chinook salmon generally spawn shortly after entering fresh water. Fall-run Chinook salmon 


migrate upstream past RBDD on the Sacramento River between July and December, typically 


spawning in upstream reaches from October through March. Late fall–run Chinook salmon migrate 


upstream past RBDD from August to March and spawn from January to April (National Marine 


Fisheries Service 2009; Tehama-Colusa Canal Authority 2008). The majority of young fall-run 


Chinook salmon migrate to the ocean during the first few months following emergence, although 


some may remain in fresh water and migrate as yearlings. Late fall–run Chinook salmon juveniles 


typically enter the ocean after 7 to 13 months of rearing in fresh water, at 150 to 170 mm in fork 


length, considerably larger and older than fall-run Chinook salmon (Moyle 2002). The primary 


spawning area used by fall-run and late fall–run Chinook salmon in the Sacramento River is the area 


from Keswick Dam downstream to RBDD. Spawning densities for all of the Chinook salmon runs are 


highest in this reach, but fall-run Chinook salmon generally spawn farther downstream in the reach 


than the other Chinook salmon runs (Gard 2003).  


Results of mark-recapture studies conducted using juvenile Chinook salmon released into both the 


Sacramento and San Joaquin Rivers have shown high mortality during passage downstream through 


the rivers and Delta (Brandes and McLain 2001:62; Newman and Rice 2002; Buchanan et al. 2013). 


Juvenile salmon migrating from the San Joaquin River generally experience greater mortality than 


fish outmigrating from the Sacramento River. In years when spring flows are reduced and water 


temperatures are increased, mortality is typically higher in both rivers. As noted previously in the 


account for winter-run Chinook salmon (Section 4.4.1.2, Life History and Habitat Requirements), 


flow-survival relationships have been demonstrated for juvenile Chinook salmon in the Delta (Perry 


et al. 2018). Closing the DCC gates and installation of the Head of Old River Barrier to reduce the 


movement of juvenile salmon into the south Delta from the Sacramento and San Joaquin Rivers, 


respectively, may contribute to improved survival of outmigrating juvenile Chinook salmon from 


these watersheds. 


Although not directly comparable to these previous coded wire tag studies in the San Joaquin River, 


Buchanan et al. (2013) found that survival of acoustically tagged hatchery-origin (Feather River) 


juvenile Chinook salmon was either not statistically different between routes (2009) or was higher 


through the south Delta via the Old River route than via the San Joaquin River (2010). Additionally, 


most fish in the Old River that survived to the end of the Delta had been salvaged from the federal 
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water export facility on the Old River and trucked around the remainder of the Delta (Buchanan et 


al. 2013; San Joaquin River Group Authority 2013). Buchanan et al. (2013) indicated that the 


differences in their results compared to past coded wire tag studies may reflect that an alternative 


nonphysical barrier was being used during their investigation to examine its ability to keep fish out 


of the Old River instead of the Head of Old River Barrier, which is a physical barrier that reduces not 


only the number of fish, but also the majority of flows, from entering the Old River. Nonphysical 


barriers may deprive smolts routed to the San Joaquin River of the increased flows needed for 


improved survival and may have created habitat for increased predation at the site (Buchanan et al. 


2013). However, as previously noted in the spring-run Chinook account above, Buchanan and 


Skalski (2019) did not find a statistically significant relationship between juvenile fall-run Chinook 


salmon survival from the Head of Old River to Chipps Island and Head of Old River Barrier presence; 


Buchanan et al. (2021) did, however, find evidence for a positive Head of Old River Barrier effect on 


juvenile steelhead survival. Further discussion of through-Delta survival issues is provided below. 


Annual fall-run and late fall–run Chinook salmon escapement to the Sacramento River and its 


tributaries has generally been lower in the last decade than historically, following peaks in the late 


1990s to early 2000s (California Department of Fish and Wildlife 2018b) (Tables 4.4.3-1 and 4.4.3-2, 


with a quantitative summary for juveniles in Tables 4.4.3-1a, 4.4.3-1b, 4.4.3-2a, and 4.4.3-2b). 


Hatchery fall-run escapement was relatively consistent at approximately 50,000–60,000 fish during 


2014–2018 (Tables 4.4.3-1 and 4.4.3-1b), with hatchery escapement of late fall–run in recent years 


estimated to be greater than in-river numbers (Tables 4.4.3-2 and 4.4.3-2b). Studies have suggested 


that hatchery-produced Chinook salmon may contribute large (approximately 90%) proportions of 


Chinook salmon to the mixed-stock fishery along the central California coast (Barnett-Johnson et al. 


2007). Sturrock et al. (2019) found that transport distance of hatchery-origin juvenile Chinook 


salmon to release sites had increased over time (particularly during droughts) and was strongly 


associated with straying rate (averaging 0–9% vs. 7–89% for salmon released on site vs. in the bay 


upstream of Golden Gate Bridge, respectively), increasing the effects of hatchery releases on natural 


spawners. The authors suggested that decreasing variation in release location and timing could 


reduce spatiotemporal buffering, narrowing ocean arrival timings and increasing risk of mismatch 


with peak prey production. The percentage of hatchery-origin fish released downstream of the Delta 


has been variable over time. For example, from the mid-1980s to 2012, the proportion of hatchery 


fall-run Chinook salmon juveniles released downstream of the Delta by state and federal hatcheries 


varied from around 20% to 60% (Huber and Carlson 2015). Similarly, from 2013 to 2017, the 


percentage of juvenile fall-run and spring-run Chinook salmon released by state Central Valley 


hatcheries downstream of the Delta varied between 24% (2016) and 60% (2013) (California 


Department of Fish and Wildlife 2018a). 


Beginning in 1995, restoration actions in Clear Creek have had a clear effect on fall-run Chinook 


salmon populations. The combined actions have contributed to a near fourfold increase in 


escapement of fall-run Chinook salmon to Clear Creek (population estimates average 1,749 from 


1967 to 1991 and 7,333 from 1992 to 2017) (Clear Creek Technical Team 2018). Based on carcass 


surveys and juvenile outmigration trapping, fall-run Chinook salmon typically spawn in Clear Creek 


from late September through early December, and peak outmigration of juveniles occurs in January 


and February (Earley et al. 2013).  


For late fall–run Chinook salmon generally (not just those in Clear Creek), peak spawning time is 


typically from October to November, but can continue through December and into January. Juveniles 


typically emerge from the gravel in December through March and rear in fresh water for 1 to 7 


months (Moyle et al. 2015:543–552). Fall- and late fall–run Chinook salmon generally outmigrate as 
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age-0 fish, although some (8.3% in 2011) late fall–run Chinook salmon juveniles outmigrate in their 


second year. Outmigration is generally from April to June for late fall–run and November to May for 


fall-run Chinook salmon. Peak outmigration for fall-run in Clear Creek was in late December and the 


late fall–run peak outmigration was from mid-April to mid-May (Schraml et al. 2018). 


Feather River fall-run Chinook salmon are partially hybridized with Feather River spring-run 


Chinook salmon, but they largely maintain separate fall and spring upstream adult migrations. Fall-


run adults return to the Feather River as sexually mature fish and spawn from September to 


December. The fall-run spawning period begins after the spring-run spawning period, but the 


spawning periods overlap considerably, leading to superimposition of spring-run redds by 


subsequently spawning fall-run adults. For this reason, a separation weir has been proposed to 


physically separate Central Valley spring-run and fall-run Chinook salmon in the river (National 


Marine Fisheries Service 2016c). Suitable water temperatures for Chinook salmon spawning in the 


Feather River are 42°F to 58°F (5.5°C to 14.4°C). Incubation may extend through March with 


suitable incubation temperatures between 48°F and 58°F (8.9°C and 14.4°C) (California Department 


of Water Resources 2007:4.4-29). Studies have confirmed that juvenile rearing and probably some 


adult spawning are associated with secondary channels within the Feather River low-flow channel. 


The lower velocities, smaller substrate size, and greater amount of cover (compared to the main 


river channel) likely make these side channels more suitable for juvenile Chinook salmon rearing. 


Currently, this type of habitat comprises less than 1% of the available habitat in the low-flow 


channel (California Department of Water Resources 2007:4.4-16). Juvenile Chinook salmon in the 


Feather River have been reported to outmigrate as young-of-the-year (Seesholtz et al. 2004), and 


most appear to migrate out of the Feather River within days of emergence (National Marine 


Fisheries Service 2016b). Juvenile outmigration from the Feather River is generally from mid-


November through June, with peak outmigration occurring from January through March (National 


Marine Fisheries Service 2016b). 


The American River historically supported fall-run and perhaps late fall–run Chinook salmon 


(Williams 2001). Both natural-origin and hatchery-produced Chinook salmon spawn in the lower 


American River. An analysis by Palmer-Zwahlen et al. (2018) found that constant fractional marking 


results from 2013 show that approximately 86% of the fall-run Chinook salmon spawners returning 


to Nimbus Hatchery were hatchery-origin. Further, 71% of fall-run Chinook salmon recorded at the 


Hatchery Weir and 65% of carcasses were identified as hatchery fish. Adult fall-run Chinook salmon 


enter the lower American River from about mid-September through January, with peak migration 


from approximately mid-October through December (Williams 2001). Spawning in the American 


River occurs from about mid-October through early February, with peak spawning from mid-


October through December. Chinook salmon spawning occurs within an 18-mile stretch from 


Paradise Beach to Nimbus Dam; however, most spawning occurs in the uppermost 3 miles (4.8 


kilometers) (California Department of Fish and Game 2012a:95). Chinook salmon egg and alevin 


incubation occurs in the lower American River from about mid-October through April. This period 


varies widely from year to year, although most incubation occurs from about mid-October through 


January. Chinook salmon juveniles rear in the American River from about January to May (Snider 


and Titus 1995, 2002). Most Chinook salmon outmigrate from the lower American River as fry 


between December and July; outmigration peaks February to March (Snider and Titus 2002; Pacific 


States Marine Fisheries Commission 2014). 


In the Stanislaus River, data collected by private fishery consultants, nonprofit organizations, and 


CDFW demonstrate that the majority of fall-run Chinook salmon adults migrate upstream from late 


September through December, with peak migration from late October through early November. 
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Most Chinook salmon spawning occurs between Riverbank (RM 33) and Goodwin Dam (RM 58.4) 


(Bureau of Reclamation 2012:6). Based on redd surveys conducted by FISHBIO, peak spawning 


typically occurs in November, with roughly 7% of spawning occurring prior to November 1, and 2% 


prior to October 15. The few redds created during late September and early October are typically in 


the reach just below Goodwin Dam. By late October, the amount of spawning in downstream 


locations increases as water temperatures decrease, and the median redd location is typically 


around Knights Ferry (State Water Resources Control Board 2015). In 2010, over 20% of the fall-run 


Chinook salmon observed passing the Stanislaus River weir had adipose fin clips, indicating the 


presence of a coded wire tag in their snout. Since there is no hatchery on the Stanislaus River, and no 


hatchery releases into this tributary have occurred since 2006, it is apparent that straying from 


other rivers is occurring (FISHBIO Environmental 2010). Subsequent surveys have also found a high 


proportion of hatchery-origin fish on the Stanislaus River spawning grounds (e.g., 2012: 83% 


[Palmer-Zwahlen and Kormos 2013:11]; 2014: 66% [Palmer-Zwahlen et al. 2018:8]). Rotary screw 


trap data indicate that about 99% of salmon juveniles migrate out of the Stanislaus River from 


January through May (Stanislaus River Fish Group 2004). Fry migration generally occurs from 


January through March, followed by smolt migration from April through May (Bureau of 


Reclamation 2012:8). Watry et al. (2012) found that in both 2010 and 2011, peak passage during the 


pre-smolt period generally corresponded with flow pulses. Zeug et al. (2014) examined 14 years of 


rotary screw trap data on the lower Stanislaus River and found a strong positive response in 


survival, the proportion of pre-smolt migrants, and the size of smolts when cumulative flow and 


flow variance were greater. From the data, they concluded that periods of high discharge in 


combination with high discharge variance are important for successful outmigration as well as 


migrant size and the maintenance of diverse migration strategies. 


Mesick (2001) surmised that when water exports are high relative to San Joaquin River flows, little, 


if any, San Joaquin River water reaches San Francisco Bay, where it may be needed to help attract 


the salmon back to the Stanislaus River. During mid-October from 1987 through 1989, when export 


rates exceeded 400% of Vernalis flows, Mesick (2001) found that straying rates ranged between 


11% and 17%. In contrast, straying rates were estimated to be less than 3% when Delta export rates 


were less than about 300% of San Joaquin River flow at Vernalis during mid-October. Marston et al. 


(2012) provided statistical relationships between straying rate and flow and exports, concluding 


that the results indicate that flow is the primary factor but that empirical data indicate that little if 


any pulse flow leaves the Delta when south Delta exports are elevated; they hypothesized that 


exports in combination with pulse flows may explain straying. Peterson et al. (2017) studied 


environmental factors and management actions influencing upstream migration patterns of adult 


fall-run Chinook in the Stanislaus River. They found that the Head of Old River Barrier had positive 


and consistent influences on daily counts in the years it was installed and that managed pulse flows 


resulted in immediate increases in daily passages, but the response was brief and represented a 


small portion of the total run. 


One of the limiting factors for juvenile fall-run Chinook salmon from the Stanislaus River and 


elsewhere in the San Joaquin River Basin appears to be the high rates of mortality for juveniles 


migrating through dredged channels in the Delta, particularly the Stockton Deep Water Ship Channel 


(Newcomb and Pierce 2010). Pickard et al. (1982) reported that the survival of juvenile fish in the 


ship channel is highest during flood flows or when a barrier is placed at the Head of Old River that 


more than doubles the flow in the ship channel. As noted in the account for spring-run Chinook 


salmon (Section 4.4.2.2, Life History and Habitat Requirements), the SST’s work suggests that high 


correlations between inflows and exports make it difficult to evaluate their effects on salmon 
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survival independently using statistical methods. The Stanislaus River Fish Group (SRFG) (2004) 


noted that escapement is also directly correlated with springtime flows, when each brood migrates 


downstream as smolts. However, the cause of the mortality in the ship channel has not been studied. 


Buchanan and Skalski (2019) found through-Delta survival of acoustically tagged fall-run Chinook 


salmon smolts was positively associated with Old River flow in the strongly tidal interior Delta but 


not with higher San Joaquin River flow either entering the Delta from upstream or in the Delta near 


the riverine/tidal interface. Survival in the upstream, more riverine region of the Delta was 


positively associated with San Joaquin River flow measured at the riverine/tidal interface and 


average net flow in the interior Delta, which the authors suggested provided evidence of different 


mechanisms driving survival in the upstream versus downstream reaches of the Delta (Buchanan 


and Skalski 2019). A large portion of juvenile fall-run Chinook salmon surviving through the Delta 


from the San Joaquin River Basin move through the CVP salvage facility (Buchanan et al. 2018). 


 


Figure 4.4.3-1. In-River Escapement Numbers of Fall-Run Chinook, Sacramento and 
San Joaquin River Systems 
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Figure 4.4.3-2. Hatchery Escapement Numbers of Fall-Run Chinook, Sacramento and 
San Joaquin River Systems 


In the Sacramento and San Joaquin Rivers from 1952 through 2018, adult escapement estimates for 


late fall–run Chinook salmon have ranged from several hundred adults to more than 40,000 adults 


(Figure 4.4.3-3). Between 1971 and 1997, adult escapement showed a general trend of declining 


abundance. From 1990 through 2006, escapement increased substantially, but was also highly 


variable from year to year. Escapement estimates were lower than the previous 4 years in 2008 and 


2009 but not on the magnitude that was observed for fall-run Chinook salmon. Sacramento River 


late fall–run Chinook salmon stock has hatchery and natural components from the upper 


Sacramento River basin (Figure 4.4.3-4). 
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Figure 4.4.3-3. In-River Escapement Numbers of Late Fall–Run Chinook, Sacramento and 
San Joaquin River Systems 1974–2020 


 


Figure 4.4.3-4. Hatchery Escapement Numbers of Late Fall–Run Chinook, Sacramento and 
San Joaquin River Systems 1974–2020 


Factors affecting fall-run and late fall–run Chinook salmon are generally similar to those discussed 


above for winter-run and spring-run Chinook salmon. Recent life cycle modeling for fall-run 


suggested that among the processes examined, the most influential factors were temperature 


experienced during egg incubation, freshwater flow during juvenile outmigration, and 
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environmentally mediated predation during early marine residence (Friedman et al. 2019).4 Michel 


(2019) found a statistically significant positive correlation between Sacramento River flow and 


hatchery-origin fall-run and late fall–run Chinook salmon smolt to adult return ratio, which was 


higher than the correlation with indices of marine productivity. 


Central Valley fall-run and late fall–run Chinook salmon pass through the Delta as adults migrating 


upstream and juveniles outmigrating downstream. Adult fall-run and late fall–run Chinook salmon 


migrating through the Delta must navigate the many channels and avoid direct sources of mortality 


and minimize exposure to sources of nonlethal stress. Additionally, outmigrating juveniles are 


subject to predation and entrainment in the project export facilities and smaller diversions.  


Dredging for gravel and gold, regulated flows, and the diking of floodplains for agriculture have 


substantially limited the availability of spawning and rearing habitat for fall-run Chinook salmon in 


the Stanislaus River (Bureau of Reclamation 2019). Reclamation has conducted spawning gravel 


augmentation to improve spawning and rearing habitats in the Stanislaus River reach between 


Goodwin Dam and Knights Ferry most years since 1999. The dredged areas also contain an 


abundance of large predatory fish, although SRFG concluded that there is uncertainty about whether 


predation is a substantial source of mortality for juvenile salmon. SRFG (2004) also concluded that 


water diversions for urban and agricultural use in all three San Joaquin River tributaries, which 


reduce flows and potentially result in unsuitably warm water temperatures during spring and fall, 


affecting fall-run Chinook salmon juvenile rearing and adult and juvenile migration in the lower San 


Joaquin River and Delta. 


4.4.3.3 Critical Habitat  


Critical habitat has not been designated for fall-run or late fall–run Chinook salmon.  


4.4.4 Steelhead, California Central Valley DPS 


4.4.4.1 Legal Status and Distribution  


The California Central Valley Steelhead DPS was originally listed as threatened under the ESA on 


March 19, 1998 (63 FR 13347), and the listing was reaffirmed on January 5, 2006 (71 FR 834) and 


updated April 14, 2014 (79 FR 20802). The DPS includes naturally spawned anadromous 


Oncorhynchus mykiss (steelhead) originating below natural and human-made impassable barriers 


from the Sacramento and San Joaquin Rivers and their tributaries; excludes such fish originating 


from San Francisco and San Pablo Bays and their tributaries. This DPS includes steelhead from two 


artificial propagation programs: the Coleman National Fish Hatchery Program, and the Feather River 


Fish Hatchery Program (79 FR 20802: 20810). Factors contributing to listing for west coast 


steelhead, including the Central Valley DPS, include decline primarily caused by destruction and 


modification of habitat, overutilization for recreational purposes, and natural and human-made 


factors (63 FR 13347: 13354). NMFS (2014:60) described some of the most important stressors to 


the Central Valley Steelhead DPS to be passage impediments and barriers, warm water 


temperatures for rearing, hatchery effects, limited quantity and quality of rearing habitat, predation, 


and entrainment. 


 
4 The most influential environmental processes were represented in the model by daily temperature at RBDD 
October 1–December 1; median February flow at Colusa; and an annual index of predation by common murre at 
Southeast Farallon Island. 
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Steelhead are broadly divided into two life history types, summer-run steelhead and winter-run 


steelhead, based on their state of sexual maturity at the time of river entry. Only winter-run 


steelhead are currently found in Central Valley rivers and streams. Historically, Central Valley 


steelhead were distributed from the upper Sacramento and Pit River systems (upper Sacramento, 


McCloud, Pit, and Fall Rivers) south to the Kings River (and possibly Kern River system in wet years) 


(McEwan 2001). Presently, Central Valley steelhead are found in the Sacramento River downstream 


of Keswick Dam, in major tributary rivers and creeks in the Sacramento River watershed, and in 


major tributaries of the San Joaquin River (Stanislaus, Tuolumne, Merced Rivers) and Delta 


(Mokelumne and Calaveras Rivers). The populations in the Feather and American Rivers are 


supported primarily by the Feather and Nimbus hatcheries. Other major steelhead populations in 


the Sacramento River watershed are found in Battle, Mill, Deer, Clear and Butte Creeks. 


4.4.4.2 Life History and Habitat Requirements  


Upstream migration of Central Valley steelhead begins with estuarine entry from the ocean as early 


as July and continues through February or March in most years (McEwan and Jackson 1996; 


National Marine Fisheries Service 2009). Populations of steelhead occur primarily within the 


watersheds of the Sacramento River Basin, although not exclusively. Steelhead can spawn more than 


once, with post-spawn adults (typically females) potentially moving back downstream through the 


Delta after completion of spawning in their natal streams.  


Upstream migrating adult steelhead enter the Sacramento River and San Joaquin River Basins 


through their respective mainstem river channels. Steelhead entering the Mokelumne River system 


(including Dry Creek and the Cosumnes River) and the Calaveras River system to spawn are likely to 


move up the mainstem San Joaquin River channel before branching off into the channels of their 


natal rivers, although some may detour through the south Delta waterways and enter the San 


Joaquin River through the Head of Old River.  


Steelhead entering the San Joaquin River Basin appear to have a later spawning run, with adults 


entering the system starting in late October through December, indicating that migration up through 


the Delta may begin a few weeks earlier. During fall, warm water temperatures in the south Delta 


waterways and water quality impairment because of low dissolved oxygen at Stockton have been 


suggested as potential barriers to upstream migration (National Marine Fisheries Service 2009). 


Reduced water temperatures, as well as rainfall runoff and flood control release flows, provide the 


stimulus to adult steelhead holding in the Delta to move upriver toward their spawning reaches in 


the San Joaquin River tributaries. Adult steelhead may continue entering the San Joaquin River Basin 


through winter.  


Juvenile steelhead can be found in all waterways of the Delta, but particularly in the main channels 


leading from their natal river systems (National Marine Fisheries Service 2009). Juvenile steelhead 


are recovered in trawls from October through July at Chipps Island and at Mossdale. Chipps Island 


catch data indicate there is a difference in the outmigration timing between wild and hatchery-


reared steelhead smolts from the Sacramento and eastside tributaries. Hatchery fish are typically 


recovered at Chipps Island from January through March, with a peak in February and March 


corresponding to the schedule of hatchery releases of steelhead smolts from the Central Valley 


hatcheries (Nobriga and Cadrett 2001; Bureau of Reclamation 2008). The timing of wild (unmarked) 


steelhead outmigration is more spread out and based on salvage records at the CVP and SWP fish 


collection facilities, outmigration occurs over approximately 6 months with the highest levels of 


recovery in February through June (Aasen 2011, 2012). Steelhead are salvaged annually at the 
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project export facilities (e.g., 4,631 fish were salvaged in 2010, and 1,648 in 2011) (Aasen 2011, 


2012).  


Outmigrating steelhead smolts enter the Delta primarily from the Sacramento or San Joaquin Rivers. 


Mokelumne River steelhead smolts can either follow the north or south branches of the Mokelumne 


River through the central Delta before entering the San Joaquin River, although some fish may enter 


farther upstream if they diverge from the south branch of the Mokelumne River into Little Potato 


Slough. Calaveras River steelhead smolts enter the San Joaquin River downstream of the Port of 


Stockton. Studies of acoustically tagged juvenile steelhead found San Joaquin River flow at Vernalis, 


presence of a rock barrier at Head of Old River, fish size, and year to be significant predictors of 


through-Delta survival, whereas south Delta exports were not supported as significant predictors of 


survival (Buchanan et al. 2021). Prior to the installation of the Head of Old River Fish Control Gate, 


steelhead smolts exiting the San Joaquin River Basin could follow one of two routes to the ocean, 


either staying in the mainstem San Joaquin River through the central Delta, or entering the Head of 


Old River and migrating through the south Delta and its associated network of channels and 


waterways. 


Central Valley steelhead use the San Francisco and San Pablo Bays as a migration corridor to and 


from the ocean. The juveniles move quickly through the bays on their way to the ocean, preying on a 


variety of macroinvertebrates and small fish. 


Steelhead are broadly divided into two life history types, summer-run steelhead and winter-run 


steelhead, based on their state of sexual maturity at the time of river entry. Only winter-run 


steelhead are currently found in Central Valley rivers and streams. Historically, Central Valley 


steelhead were distributed from the upper Sacramento and Pit River systems (upper Sacramento, 


McCloud, Pit, and Fall Rivers) south to the Kings River (and possibly Kern River system in wet years) 


(McEwan 2001). Presently, Central Valley steelhead are found in the Sacramento River downstream 


of Keswick Dam, in major tributary rivers and creeks in the Sacramento River watershed, and in 


major tributaries of the San Joaquin River (Stanislaus, Tuolumne, Merced Rivers) and Delta 


(Mokelumne and Calaveras Rivers). The populations in the Feather and American Rivers are 


supported primarily by the Feather and Nimbus hatcheries. Other major steelhead populations in 


the Sacramento River watershed are found in Battle, Mill, Deer, Clear and Butte Creeks. 


Adult steelhead migrate upstream past the Fremont Weir between August and March, but primarily 


from August through October, and they migrate upstream past RBDD during all months of the year, 


but primarily during September and October (National Marine Fisheries Service 2009). The primary 


spawning area used by steelhead in the Sacramento River is the area from Keswick Dam 


downstream to RBDD. Unlike Pacific salmon, steelhead may live to spawn more than once and 


generally rear in freshwater streams for 2 to 4 years before outmigrating to the ocean. Both 


spawning areas and migratory corridors are used by juvenile steelhead for rearing prior to 


outmigration. The Sacramento River functions primarily as a migration channel, although some 


rearing habitat remains in areas with setback levees (primarily upstream of Colusa) and flood 


bypasses (e.g., Yolo Bypass) (National Marine Fisheries Service 2009). 


Recent steelhead monitoring data are scarce for the upper portion of the Sacramento River system. 


Hallock (1989) reported that steelhead had declined drastically in the Sacramento River upstream 


of the Feather River confluence. In the 1950s, the average estimated spawning population size 


upstream of the Feather River confluence was 20,540 fish (McEwan and Jackson 1996). In 1991 


through 1992, the annual run size for the total Sacramento River system was likely fewer than 
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10,000 adult fish (McEwan and Jackson 1996). From 1967 to 1993, the estimated number of 


steelhead passing the Red Bluff Pumping Plant ranged from a low of 470 to a high of 19,615 


(California Hatchery Scientific Review Group 2012). Steelhead escapement surveys at Red Bluff 


ended in 1993.  


Both steelhead and resident (non-anadromous) rainbow trout (O. mykiss) occur in Clear Creek. 


Adult Central Valley steelhead populations in Clear Creek have been relatively stable between 2003 


and 2011, with redd counts ranging from 42 to 409, with an average of 176 (Giovanetti et al. 2013; 


Provins and Chamberlain 2019). Adult Central Valley steelhead spawn in Clear Creek from early 


December to mid-March. Steelhead rear in Clear Creek year-round, and outmigration can occur in 


any month, although peak outmigration in 2011 was from February to June (Schraml et al. 2018). 


California Central Valley steelhead adults migrate into the Feather River between July and March, 


and redd construction occurs from late December to March, peaking in late January (Federal Energy 


Regulatory Commission 2007:178; McEwan 2001). Spawning in the Feather River primarily occurs 


within the low-flow channel between the Fish Barrier Dam and the Thermalito Afterbay outlet, 


although a small amount of spawning occurs downstream of the Thermalito Afterbay outlet (Federal 


Energy Regulatory Commission 2007:169, 178). Nearly half of all observed redds are constructed in 


the uppermost mile of the low-flow channel (Federal Energy Regulatory Commission 2007:178). Fry 


begin to outmigrate in February, soon after emerging, with the majority outmigrating between 


March and mid-April. Most juveniles outmigrate by September, but a small portion of juveniles that 


do not outmigrate rear in the river for up to 1 year, most often in secondary channels of the low-flow 


channel (Federal Energy Regulatory Commission 2007:169). 


Although some spawning by steelhead in the American River occurs naturally (Hannon and Deason 


2008), the population is supported primarily by the Nimbus Fish Hatchery. The total estimated 


steelhead return to the river (spawning naturally and in the hatchery) has ranged from 946 to 3,426 


fish, averaging 2,184 fish per year from 2002 to 2010 (California Hatchery Scientific Review Group 


2012). Steelhead spawning surveys have shown approximately 300 steelhead spawning in the river 


each year (Hannon and Deason 2008). Lindley et al. (2007) classifies the listed (i.e., naturally 


spawning) population of American River steelhead at a high risk of extinction because it is 


reportedly mostly composed of winter-run steelhead originating from Nimbus Fish Hatchery; 


possibly up to 90% of spawners are of hatchery origin (Hannon and Deason 2008). NMFS considers 


the American River population to be important to the survival and recovery of the species (National 


Marine Fisheries Service 2014).  


Steelhead from the American River (collected from both the Nimbus Fish Hatchery and the 


American River) are genetically more similar to Eel River and Mad River steelhead than other 


Central Valley steelhead stocks because individuals from these rivers were used as broodstock for 


Nimbus Hatchery (Nielsen et al. 2005; California Hatchery Scientific Review Group 2012). American 


River steelhead exhibit a slightly later upstream migration period than other Central Valley 


steelhead (Lee and Chilton 2007).  


Adult steelhead migrate up the American River from October through April with a peak occurring 


from December through March (Surface Water Resources 2001). Adult steelhead have been caught 


in the Nimbus Fish Hatchery trap as early as the first week of October. Spawning typically occurs in 


the lower American River between late December and early April, with the peak occurring in late 


February to early March (Hannon and Deason 2008). Spawning occurs between Nimbus Dam and 


Paradise Beach, although approximately 90% of spawning occurs upstream of the Watt Avenue 
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Bridge (Hannon and Deason 2008). Embryo incubation occurs shortly after spawning in late 


December and generally extends through May, although incubation can occur into June in some 


years (Surface Water Resources 2001). Although steelhead embryo and alevin mortality from high 


flows in the American River has not been documented, flows high enough to mobilize spawning 


gravels and scour or entomb redds have been recorded during the spawning and embryo incubation 


periods (National Marine Fisheries Service 2009). Juvenile O. mykiss are present year-round 


throughout the lower American River, with rearing generally upstream of spawning areas. Juveniles 


can rear in the lower American River for a year or more before outmigrating as smolts from January 


through June (Snider and Titus 2000; Surface Water Resources 2001), although it is rare to find 


individuals older than young-of-the-year fry and parr (Snider and Titus 2002; Pacific States Marine 


Fisheries Commission 2014). Peak juvenile steelhead outmigration occurs from March through May 


(McEwan and Jackson 1996; Surface Water Resources 2001; Pacific States Marine Fisheries 


Commission 2014). Juvenile steelhead rear in the lower American River from Nimbus Dam to 


Paradise Beach. During summer months, juveniles occur in most major riffle areas, with the highest 


densities near the higher density spawning areas (Bureau of Reclamation 2008:3-21). The number 


of juveniles in the American River decreases throughout summer (Bureau of Reclamation 2008:3-


20). Juveniles experience water temperature-related stress during summer and early fall (Water 


Forum 2005; National Marine Fisheries Service 2014) despite laboratory studies indicating that 


American River steelhead may be more tolerant of high temperatures than steelhead from other 


rivers (Myrick and Cech 2004). 


Central Valley steelhead were thought to be extirpated from the San Joaquin River system (National 


Marine Fisheries Service 2009). However, monitoring has detected small self-sustaining (i.e., of 


natural origin, not of hatchery origin) populations of steelhead in the Stanislaus River and other 


streams previously thought to be devoid of steelhead (Stanislaus River Fish Group 2003; McEwan 


2001). There is a catch-and-release steelhead fishery in the lower Stanislaus River between January 


1 and October 15. Surveys of O. mykiss (resident rainbow trout and the anadromous steelhead) 


abundance and distribution conducted annually since 2009 have documented a relatively stable 


population. River-wide abundance estimates from 2009 to 2014 have averaged just over 20,220 (all 


life stages combined) and have never been estimated to be less than about 14,000 (2009). The 


highest densities and abundances of O. mykiss are consistently found in Goodwin Canyon. Key 


factors that may contribute to higher than average abundances in the Stanislaus River (relative to 


other San Joaquin River tributaries) include high gradient reaches that are typically associated with 


fast-water habitats, particularly in Goodwin Canyon (State Water Resources Control Board 2015).  


Historically, the distribution of steelhead extended into the headwaters of the Stanislaus River 


(Yoshiyama et al. 1996). Steelhead currently can migrate more than 58 miles (93.3 km) up the 


Stanislaus River to the base of Goodwin Dam. In the Stanislaus River, there is little data regarding 


the migration patterns of adult steelhead since adults generally migrate during periods when river 


flows and turbidity are high, making fish difficult to observe with standard adult monitoring 


techniques. Stanislaus River weir data indicate that steelhead migrate upstream, through the south 


Delta and lower San Joaquin River, between September and March (Bureau of Reclamation 2014). 


High Delta export rates relative to San Joaquin River flows at Vernalis, when adults are migrating 


through the Delta (presumably December through May), may result in adults straying to the 


Sacramento River Basin.  


It is believed that steelhead spawn primarily between December and March in the Stanislaus River. 


Although few steelhead spawning surveys have been conducted in the Stanislaus River, spawning O. 


mykiss were documented between Goodwin Dam and Horseshoe Bar in a 2014 spawning survey 
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(Bureau of Reclamation and California Department of Water Resources 2015:56). The spawning 


adults require holding and feeding habitat with cover adjacent to suitable spawning habitat. These 


habitat features are relatively rare in the lower Stanislaus River because of in-river gravel mining 


and the scouring of gravel from riffles in Goodwin Canyon.  


Juvenile steelhead rear in the Stanislaus River for at least 1 year, and usually 2 years, before 


migrating to the ocean. As a result, flow, water temperature, and dissolved oxygen concentration in 


the reach between Goodwin Dam and the Orange Blossom Bridge (their primary rearing habitat) are 


critical during summer (Bureau of Reclamation 2012:11).  


Small numbers of Central Valley steelhead smolts have been captured in rotary screw traps at 


Caswell State Park and near Oakdale (FISHBIO Environmental 2007:31; Watry et al. 2007, 2012), 


and data indicate that steelhead outmigrate primarily from February through May. Rotary screw 


traps are generally not considered efficient at catching fish as large as steelhead smolts, and the 


number captured is too small to estimate capture efficiency, so no steelhead smolt outmigration 


population estimate has been calculated. The capture of these fish in downstream migrant traps and 


the advanced smolting characteristics exhibited by many of the fish indicate that some 


steelhead/rainbow trout juveniles might outmigrate to the ocean in spring. However, it is not known 


whether the parents of these fish were anadromous or fluvial (i.e., migrate within fresh water). 


Resident populations of steelhead/rainbow trout in large streams are typically fluvial, and 


migratory juveniles look much like smolts. 


Steelhead were historically present in the San Joaquin River, though data on their population levels 


are lacking (McEwan 2001). The current steelhead population in the San Joaquin River is 


substantially reduced compared with historical levels, although resident rainbow trout occur 


throughout the major San Joaquin River tributaries. Additionally, small populations of steelhead 


persist in the lower San Joaquin River and tributaries (e.g., Stanislaus, Tuolumne, and possibly 


Merced Rivers) (Zimmerman et al. 2009; McEwan 2001). Steelhead/rainbow trout of anadromous 


parentage occur at low numbers in all three major San Joaquin River tributaries. These tributaries 


have a higher percentage of resident rainbow trout compared to the Sacramento River and its 


tributaries (Zimmerman et al. 2009). Presence of steelhead smolts from the San Joaquin River Basin 


is estimated annually by CDFW based on the Mossdale Trawl (San Joaquin River Group Authority 


2011). The sampling trawls capture steelhead smolts, although usually in small numbers. One 


steelhead smolt was captured and returned to the river during the 2009 sampling period (San 


Joaquin River Group Authority 2010), and three steelhead were captured and returned in both 2010 


and 2011 (Speegle et al. 2013). 


Generalized life stage timing for Central Valley steelhead is summarized in Tables 4.4.4-1 and 4.4.4-


2, with a quantitative summary for juveniles in Tables 4.4.4-2a and 4.4.4-2b.  
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Table 4.4.4-1. Generalized Temporal Occurrence of Central Valley Steelhead Adults 


Location 


Month 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Migration Life Stage: (a) Adult 


Sacramento R. at 
Fremont Weir 


L L L L L N N N N N N L L L L M H H H M L L L L 


Sacramento R. at 
Red Bluff Diversion 
Dam 


L L L L L L L L L L L L L L L L M M H M L L L L 


San Joaquin River H H M M L L N N N N N N L L L L M M M M M M H H 


Relative Abundance: H=High (blue), M=Medium (green), L=Low (yellow), N=None. 


Source: National Marine Fisheries Service 2019:100. 


Table 4.4.4-2. Generalized Temporal Occurrence of Central Valley Steelhead by Life Stage in the Delta 


Life Stage 


Month 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Adult M M M M H N L M H M M M 


Juvenile L M M H H L L N L N N L 


Salvaged M H H M L L N N N N L L 


Relative Abundance: H=High (blue), M=Medium (green), L=Low (yellow), N=None. 


Source: National Marine Fisheries Service 2019:101.  


Note: Table reflects monitoring based on length-at-date classification of juvenile winter-run Chinook Salmon. See Tables 
4.4.4-2a and 4.4.4-2b for quantitative summary. The data in this category reflects juveniles entrained into the salvage 
facilities. See also annual summaries in California Department of Water Resources 2023: Appendix 12A, Attachment 
12A.1, Juvenile Salmonid Monitoring, Sampling, and Salvage Timing Summary from SacPAS. 
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Table 4.4.4-2a. Frequency of Occurrence (Percent) of Adipose Fin-Unclipped Steelhead Juveniles (Based on Length-at-Date Criteria) in Sacramento River and Delta Sampling Programs 


 
Note: RST = Rotary Screw Trap. Frequency of occurrence is percentage of sampling units with at least one spring-run Chinook salmon juvenile (based on length-at-date criteria) collected. Intensity of shading increases with increasing frequency of occurrence. Numbers 
in parentheses indicate number of sampling units. 


 


Table 4.4.4-2b. Frequency of Occurrence (Percent) of Adipose Fin-Clipped Steelhead Salmon Juveniles (Based on Length-at-Date Criteria) in Sacramento River and Delta Sampling Programs 


 
Note: RST = Rotary Screw Trap. Frequency of occurrence is percentage of sampling units with at least one spring-run Chinook salmon juvenile (based on length-at-date criteria) collected. Intensity of shading increases with increasing frequency of occurrence. Numbers 
in parentheses indicate number of sampling units. 
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4.4.4.3 Critical Habitat 


Critical habitat for the Central Valley steelhead DPS was designated in 2005 and consists of all river 


reaches accessible to steelhead in the Sacramento and San Joaquin Rivers and their tributaries, the 


Delta, and the Yolo Bypass (70 FR 52488). In the Sacramento and San Joaquin Rivers and tributaries, 


critical habitat includes the river water column, river bottom, and adjacent riparian zone. 


Additionally, critical habitat includes the water column and essential foraging habitat and food 


resources west of Chipps Island and to San Francisco Bay and the Golden Gate Bridge. 


Critical habitat consists of PBFs considered essential for the conservation of a species. The following 


PBFs are outlined in the designation of critical habitat (70 FR 52488). 


• Unimpeded access from the Pacific Ocean to appropriate spawning areas in the Sacramento and 


San Joaquin Rivers and their tributaries. 


• The availability of clean gravel for spawning substrate. 


• Adequate river flows for successful spawning, incubation of eggs, fry development and 


emergence, and downstream transport of juveniles. 


• Water temperatures between 42.5°F and 57.5°F for successful spawning, egg incubation, and fry 


development. 


• Habitat and prey free of contaminants. 


• Riparian habitat that provides for successful juvenile development and survival. 


• Unimpeded passage of juveniles downstream from the spawning grounds to San Francisco Bay 


and the Pacific Ocean. 


4.4.5 Green Sturgeon, Southern DPS 


4.4.5.1 Legal Status and Distribution 


As summarized by NMFS (2018:14), the southern DPS of North American green sturgeon was listed 


as threatened in 2006 (71 FR 17757) because of the following factors: (1) the Sacramento River 


contains the only known spawning population; (2) there has been a substantial loss of spawning 


habitat in the upper Sacramento and Feather Rivers; (3) the Sacramento River and Delta System face 


mounting threats to habitat quality and quantity; and (4) fishery-independent data indicated a 


decrease in observed numbers of juvenile green sturgeon collected. The NMFS (2018:22–26) 


recovery plan for the species noted numerous threats for the species, among which those of very 


high rank were altered water flow as a result of channel control structures and impoundments in 


the San Francisco Bay Delta Estuary, altered prey base as a result of non-native species in coastal 


bays and estuaries and the nearshore marine environment, and global climate change in coastal 


bays and estuaries.  


Green sturgeon reach maturity around 14 to 16 years of age and can live to be 70 years old, 


returning to their natal rivers every 3 to 5 years for spawning (Van Eenennaam et al. 2005). Adult 


green sturgeon move through the Delta from February through April, arriving at holding and 


spawning locations the upper Sacramento River between April and June (Heublein 2006; Kelly et al. 


2007). Following their initial spawning run upriver, adults may hold for a few weeks to months in 


the upper river before moving back downstream in fall (Vogel 2008; Heublein et al. 2009), or they 
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may migrate immediately back downstream through the Delta. Miller et al. (2020) also observed 


two adults that remained in the spawning reach for nearly a year, exiting in January or February in 


the year following spawning. Radio-tagged adult green sturgeon have been tracked moving 


downstream past Knights Landing during summer and fall, typically in association with pulse flows 


in the river (Heublein et al. 2009), similar to behavior exhibited by adult green sturgeon on the 


Rogue River and Klamath River systems (Erickson et al. 2002; Benson et al. 2007). However, the 


longer holding observed by Miller et al. (2020) of nearly a year has not been observed in other 


systems and was suggested by the authors as possibly being a feature of the Sacramento River 


population, individual variation, or related to the dry years during their study that may have delayed 


the flow cues needed to out-migrate. Anglers have reported catching a few green sturgeon in recent 


years in the San Joaquin River (California Department of Fish and Game 2012b), and this has been 


confirmed by capture during research surveys (Anderson 2018; Root et al. 2020).  


Similar to other estuaries along the West Coast of North America, adult and subadult green sturgeon 


frequently congregate in the San Francisco Estuary during summer and fall (Lindley et al. 2008). 


Specifically, adults and subadults may reside for extended periods in the central Delta as well as in 


Suisun and San Pablo Bays, presumably for feeding, because bays and estuaries are preferred 


feeding habitat rich in benthic invertebrates (e.g., amphipods, bivalves, and insect larvae). In part 


because of their bottom-oriented feeding habits, sturgeon are at risk of harmful accumulations of 


toxic pollutants in their tissues, especially pesticides such as pyrethroids and heavy metals such as 


selenium and mercury (Israel and Klimley 2008; Stewart et al. 2004). Subadult and adult green 


sturgeon occupy a diversity of depths within bays and estuaries for feeding and migration. Tagged 


adults and subadults within the San Francisco Estuary and Delta occupy waters over shallow depths 


of less than 33 feet, either swimming near the surface or foraging along the bottom, although recent 


studies suggested adults tend to be benthically oriented in the San Francisco Estuary and Delta 


(Chapman et al. 2019). Juvenile green sturgeon are largely oriented at or near the bottom (Thomas 


et al. 2019). 


Juvenile green sturgeon and white sturgeon are periodically (although rarely) collected from the 


lower San Joaquin River at south Delta water diversion facilities and other sites (National Marine 


Fisheries Service 2009; Aasen 2011, 2012). Green sturgeon are salvaged from the south Delta 


diversion facilities and are generally juveniles greater than 10 months but less than 3 years old 


(Bureau of Reclamation 2008). NMFS (2005) suggested that the high percentage of San Joaquin 


River flows contributing to the TFCF could mean that some entrained green sturgeon originated in 


the San Joaquin River Basin.  


Green sturgeon larval distribution is estimated to extend at least 100 km (62 miles) downstream 


from spawning habitats on the Sacramento and Feather Rivers in high-flow years. This estimated 


downstream distribution corresponds with the Colusa area on the Sacramento River (RM 157) and 


the confluence of the Sacramento and Feather Rivers near Verona (RM 80) for larvae originating in 


the Sacramento River and Feather River, respectively (Heublein et al. 2017b:14). Juveniles are 


believed to use the Delta for rearing for the first 1 to 3 years of their lives before moving out to the 


ocean and are likely to be found in the main channels of the Delta and the larger interconnecting 


sloughs and waterways, especially within the central Delta and Suisun Bay and Suisun Marsh. Miller 


et al. (2020) found the greatest number of detections of acoustically tagged juvenile green sturgeon 


in the central Delta, with relatively few occurring in the Sacramento River main stem and north 


Delta sloughs (Sutter, Steamboat, Miner). Project operations at the DCC have the potential to reroute 


green sturgeon as they outmigrate through the lower Sacramento River to the Delta (Israel and 


Klimley 2008; Vogel 2011). When the DCC is open, there is no passage delay for adults, but juveniles 
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could be diverted from the Sacramento River into the interior Delta. This has been shown to reduce 


the survival of juvenile Chinook salmon (Brandes and McLain 2001; Newman and Brandes 2010; 


Perry et al. 2012), but it is unknown whether it has similar effects on green sturgeon. 


4.4.5.2 Life History and Habitat Requirements 


The Sacramento River provides habitat for green sturgeon spawning, adult holding, foraging, and 


juvenile rearing. Sturgeon spawn in deep pools (averaging about 28 feet deep) (National Marine 


Fisheries Service 2018). Suitable spawning temperatures and spawning substrate exist for green 


sturgeon in the Sacramento River upstream and downstream of RBDD (Bureau of Reclamation 


2008:8-7–8-8). Although the historical upstream extent of green sturgeon spawning in the 


Sacramento River is unknown, the observed distribution of sturgeon eggs, larvae, and juveniles 


indicates that spawning occurs from Hamilton City to as far upstream as the Inks Creek confluence 


and possibly up to the Cow Creek confluence (Brown 2007; Poytress et al. 2013). Adult green 


sturgeon that migrate upstream in April, May, and June are completely blocked by the Anderson-


Cottonwood Irrigation District diversion dam (National Marine Fisheries Service 2009), rendering 


approximately 3 miles (4.8 km) of spawning habitat upstream of the diversion dam inaccessible. 


Based on the distribution of sturgeon eggs, larvae, and juveniles in the Sacramento River, California 


Department of Fish and Game (2002), now known as CDFW, indicated that green sturgeon spawn in 


late spring and early summer, although they periodically spawn in late summer and fall (as late as 


October) (Heublein et al. 2009, 2017b; National Marine Fisheries Service 2018). Green sturgeon 


eggs are believed generally to hatch about a week after fertilization (Heublein et al. 2017a). The 


number of green sturgeon accessing the upper Sacramento River appears to have increased 


following the decommissioning of RBDD (Steel et al. 2019). 


Green sturgeon from the Sacramento River are genetically distinct from their northern counterparts, 


indicating a spawning fidelity to their natal rivers (Israel et al. 2004), even though individuals can 


range widely (Lindley et al. 2008). Larval green sturgeon have been regularly captured during their 


dispersal stage at about 2 weeks of age (24–34 mm [0.95–1.34 inches] fork length) in rotary screw 


traps at RBDD (California Department of Fish and Game 2002:7) and at about 3 weeks old when 


captured at the Glenn-Colusa Irrigation District (GCID) intake (Van Eenennaam et al. 2001). Young 


green sturgeon appear to rear for the first 1 to 2 months in the Sacramento River between Keswick 


Dam and Hamilton City (California Department of Fish and Game 2002:21).  


The current population status is unknown (Beamesderfer et al. 2007; Adams et al. 2007). A genetic 


analysis of green sturgeon larvae captured in the Sacramento River resulted in an estimate of the 


number of adult spawning pairs upstream of RBDD ranging from 10 to 28 individuals between 2002 


and 2006 (Israel and May 2010). Using results from acoustic telemetry and dual-frequency 


identification sonar (DIDSON) studies to locate green sturgeon in the Sacramento River to derive an 


adult spawner abundance estimate of 2,106 fish (95% confidence interval = 1,246–2,966), Mora et 


al. (2018) applied a conceptual demographic structure to the adult population estimate and 


generated a subadult Southern DPS green sturgeon population estimate of 11,055 (95% confidence 


interval = 6,540–15,571), together with an estimate of 4,387 juveniles (95% confidence interval = 


2,595–6,179). It should be noted that the estimate does not include spawning adults in the lower 


Feather or Yuba Rivers (National Marine Fisheries Service 2019), with spawning confirmed in the 


Feather River (Seesholtz et al. 2015) and Yuba River (National Marine Fisheries Service 2018). Mora 


et al. (2018) cautioned that their juvenile and subadult green sturgeon estimates are less reliable 


than their adult estimates because the former were based on the ratios from a modeling study; the 


percentage of juvenile sturgeon is particularly uncertain because so little is known about this life 
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stage. Additionally, the modeling study upon which the juvenile and subadult estimates are based 


requires four assumptions that Mora et al. (2018) admitted are rarely met: (1) constant recruitment, 


(2) population equilibrium, (3) stable size and age structure, and (4) a lack of density dependence. 


Mora et al. (2018) suggested, however, that their study provided a rough estimate of total 


abundance that is suitable for assessing the impacts of take, such as that observed in coastal trawl 


fisheries and at large water diversions. 


NMFS (2009) noted that, similar to winter-run Chinook salmon, the restriction of spawning habitat 


for green sturgeon to only one reach of the Sacramento River increases the vulnerability of this 


spawning population to catastrophic events, which is one of the primary reasons that the Southern 


DPS of green sturgeon was federally listed as a threatened species in 2006. However, there is 


evidence that green sturgeon spawn in the Feather River, although perhaps irregularly (Seesholtz et 


al. 2015). 


Southern DPS North American green sturgeon are thought to have historically spawned in the 


Sacramento, Feather, and San Joaquin Rivers (Adams et al. 2007). Mora et al. (2009) estimated that 


large dams had blocked access to Keswick Dam blocks access to approx. 39 ± 14 km of habitat in the 


Pit, McCloud and Little Sacramento Rivers, Nimbus Dam blocks access to approx. 22 ± 8 km of 


habitat in the American River, Oroville Dam blocks access to approx. 16 ± 4 km of habitat in the 


Feather River, Friant Dam blocks approx. 12 ± 4 km of habitat in the San Joaquin River and Daguerre 


Dam blocks approx. 4 ± 2 km of habitat in the Yuba River. After hatching, green sturgeon larvae 


possess limited swimming ability and generally seek refuge in low-velocity and complex habitats, 


such as large cobble substrate (Kynard et al. 2005). While little is known about green sturgeon 


rearing, it is likely that juveniles rear near spawning habitat for a few months or more before 


migrating to the Delta (Heublein et al. 2017a:15). 


Green sturgeon are also present in the San Joaquin River, but at considerably lower numbers than 


white sturgeon. Between 2007 and 2012, anglers reported catching six green sturgeon in the San 


Joaquin River (Jackson and Van Eenennaam 2013). In 2017, environmental DNA testing confirmed 


the identity of a green sturgeon observed in the Stanislaus River at Knights Ferry. Although the 


reported presence of green sturgeon in the San Joaquin River coincides with the spawning migration 


period of green sturgeon within the Sacramento River, no evidence of spawning has been detected 


(Jackson and Van Eenennaam 2013). 


General life stage timing for Southern DPS green sturgeon is summarized in Tables 4.4.5-1 and 


4.4.5-2. 


Table 4.4.5-1. Temporal Occurrence of Southern Distinct Population Segment Green Sturgeon  
by Life Stage 


Location 


Month 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Life-Stage: (a) Adult-sexually mature 


Sac River (river 
mile 332.5-451) 


L L L L M M H H H H H H H H H H H H H H H M M M 


Sac River (<river 
mile 332.5) 


L L L M M M M M L L L L L L L L L L L L L L L L 


Sac-SJ-SF Estuary L M M M M M M M M M M M M M M M M M M M M M L L 
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Location 


Month 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


(b) Larva 


Sac River (<River 
mile 332.5) 


N N N N N L M M H H H H H H M M M M L L N N N N 


(c) Juvenile (≤5 months old) 


Sac River (<river 
mile 332.5) 


N N N N N N N L M M M M H H H H H H H M M M M M 


(d) Juvenile (≤5 months old) 


Sac River (<river 
mile 391) 


M M M M L L L L L L L M M M M H H H H H H H H L 


(e) Subadults and Non-spawning adults 


Sac-SJ-SF Estuary M M M M M M M M M M H H H H H H H H H H H H M M 


Pacific Coast M M M M M M M M M M M M M M M M M M M M M M M M 


Coastal Bays & 
Estuaries 


M M M M M M M M M M H H H H H H H H H H H H M M 


Relative Abundance: H=High (blue), M=Medium (green), L=Low (yellow), N=None. 


Source: National Marine Fisheries Service 2019:113–114. 


Table 4.4.5-2. Temporal Occurrence of Southern Distinct Population Segment Green Sturgeon by Life 
Stage in the Delta 


Life Stage 


Month 


Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 


Adult M M M M M M M M M M M M 


Juvenile M M M M M M M M M M M M 


Salvaged L L L L L N M H L L L L 


Relative Abundance: H=High (blue), M=Medium (green), L=Low (yellow), N=None. 


Source: National Marine Fisheries Service 2019:115. 


4.4.5.3 Critical Habitat  


On October 9, 2009, NMFS designated critical habitat for the Southern DPS of North American green 


sturgeon. In the Central Valley, critical habitat for green sturgeon includes the Sacramento River 


downstream of Keswick Dam, the Feather River downstream of Fish Barrier Dam, the Yuba River 


downstream of Daguerre Point Dam, a portion of the lower American River, the Sutter and Yolo 


Bypasses, the Delta, and the San Francisco Estuary (74 FR 52300). Critical habitat also includes 


marine waters (out to the 60-fathom depth bathymetry line, relative to Mean Low Water) and 


several coastal bays and estuaries extending from Monterey Bay, California, northward to the Strait 


of Juan de Fuca, Washington (74 FR 52300).  


NMFS has outlined specific PBFs essential for the conservation of the Southern DPS in freshwater 


riverine systems, estuarine areas, and coastal marine areas (74 FR 52300). 


Freshwater riverine systems: 


⚫ Food resources—Abundant prey items for larval, juvenile, subadult, and adult life stages. 


⚫ Substrate type or size—Substrates suitable for egg deposition and development (e.g., bedrock 


sills and shelves, cobble and gravel, or hard clean sand, with interstices or irregular surfaces to 
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”collect” eggs and provide protection from predators, and free of excessive silt and debris that 


could smother eggs during incubation), larval development (e.g., substrates with interstices or 


voids providing refuge from predators and from high-flow conditions), and subadults and adults 


(e.g., substrates for holding and spawning). 


⚫ Water flow—A flow regime (i.e., the magnitude, frequency, duration, seasonality, and rate-of-


change of freshwater discharge over time) necessary for normal behavior, growth, and survival 


of all life stages. 


⚫ Water quality—Water quality, including temperature, salinity, oxygen content, and other 


chemical characteristics, necessary for normal behavior, growth, and viability of all life stages. 


⚫ Migratory corridor—A migratory pathway necessary for the safe and timely passage of Southern 


DPS fish within riverine habitats and between riverine and estuarine habitats (e.g., an 


unobstructed river or dammed river that still allows for safe and timely passage). 


⚫ Depth—Deep (≥5 meters) holding pools for both upstream and downstream holding of adult or 


subadult fish, with adequate water quality and flow to maintain the physiological needs of the 


holding adult or subadult fish. 


⚫ Sediment quality—Sediment quality (i.e., chemical characteristics) necessary for normal 


behavior, growth, and viability of all life stages. 


Estuarine habitats: 


⚫ Food resources—Abundant prey items within estuarine habitats and substrates for juvenile, 


subadult, and adult life stages. 


⚫ Water flow—Within bays and estuaries adjacent to the Sacramento River (i.e., the Delta and the 


Suisun, San Pablo, and San Francisco Bays), sufficient flow into the bay and estuary to allow 


adults to successfully orient to the incoming flow and migrate upstream to spawning grounds. 


⚫ Water quality—Water quality, including temperature, salinity, oxygen content, and other 


chemical characteristics, necessary for normal behavior, growth, and viability of all life stages. 


⚫ Migratory corridor—A migratory pathway necessary for the safe and timely passage of Southern 


DPS fish within estuarine habitats and between estuarine and riverine or marine habitats. 


⚫ Depth—A diversity of depths necessary for shelter, foraging, and migration of juvenile, subadult, 


and adult life stages. 


⚫ Sediment quality—Sediment quality (i.e., chemical characteristics) necessary for normal 


behavior, growth, and viability of all life stages.  


Nearshore coastal marine areas: 


⚫ Migratory corridor—A migratory pathway necessary for the safe and timely passage of Southern 


DPS fish within marine and between estuarine and marine habitats 


⚫ Water quality—Nearshore marine waters with adequate dissolved oxygen levels and acceptably 


low levels of contaminants (e.g., pesticides, organochlorines, elevated levels of heavy metals) 


that may disrupt the normal behavior, growth, and viability of subadult and adult green 


sturgeon.  


⚫ Food resources—Abundant prey items for subadults and adults, which may include benthic 


invertebrates and fishes. 
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4.4.6 Killer Whale, Southern Resident DPS 


4.4.6.1 Legal Status and Distribution 


This species account was adapted from the DWR (2020a) Final EIR for Long-Term Operation of the 


SWP. Southern resident killer whales are found primarily in the coastal waters offshore of British 


Columbia, and Washington and Oregon in summer and fall (National Marine Fisheries Service 2008). 


During winter, Southern Resident killer whales are sometimes found off the coast of central 


California and more frequently off the Washington coast (Hilborn et al. 2012). 


The 2005 listing (70 FR 69903) of Southern Resident DPS killer whale as endangered lists several 


factors that may be limiting the recovery of killer whales, including the quantity and quality of prey, 


accumulation of toxic contaminants, and sound and vessel disturbance. The Recovery Plan for 


Southern Resident Killer Whales (National Marine Fisheries Service 2008) posits that reduced prey 


availability forces whales to spend more time foraging, which may lead to reduced reproductive 


rates and higher mortality rates. Reduced food availability may lead to mobilization of fat stores, 


which can release stored contaminants and adversely affect reproduction or immune function 


(National Marine Fisheries Service 2008). 


4.4.6.2 Life History and Habitat Requirements 


The Independent Science Panel reported that Southern Resident killer whales depend on Chinook 


salmon as a critical food resource (Hilborn et al. 2012). Hanson et al. (2010) analyzed tissues from 


predation events and feces to confirm that Chinook salmon were the most frequent prey item for the 


Southern Resident killer whale in two regions of the whale’s summer range off the coast of British 


Columbia and Washington State, representing more than 90% of the diet in July and August. 


Samples indicated that when Southern Resident killer whales are in inland waters from May through 


September, they consume Chinook salmon stocks that originate from regions that include the Fraser 


River, Puget Sound, the Central British Columbia Coast, West and East Vancouver Island, and 


California’s Central Valley (Hanson et al. 2010). 


Significant changes in food availability for Southern Resident killer whale have occurred over the 


past 150 years, largely due to human impacts on prey species. Salmon abundance has been reduced 


over the entire range of Southern Resident killer whale, from British Columbia to California. NMFS 


(2008) indicates that wild salmon have declined primarily due to degraded aquatic ecosystems, 


overharvesting, and production of fish in hatcheries. NMFS (2008) supports restoration efforts, 


including habitat, harvest, and hatchery management considerations, and continued use of existing 


NMFS authorities under the ESA and Magnuson-Stevens Fishery Conservation and Management Act 


to ensure an adequate prey base. 


Central Valley streams produce Chinook salmon that contribute to the diet of Southern Resident 


killer whale. The number of Central Valley Chinook salmon that annually enter the ocean and 


survive to a size susceptible to predation by Southern Resident killer whale is not known. NMFS 


(2019:131) reviewed available information from sources such as fishery harvest, escapement data, 


and diet studies for Chinook salmon stocks on the West Coast and concluded that Central Valley 


Chinook salmon constitute a sizable percentage of Chinook salmon that would be expected to be 


encountered by Southern Resident killer whale in coastal waters off California and Oregon, and at 


least a small portion of Chinook salmon in the ocean as far north as British Columbia. As 


summarized by NMFS (2019:132–133), a recent report evaluated 30 stocks of West Coast Chinook 
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salmon for recovery priority to increase Southern Resident killer whales’ prey base, based on each 


stock’s contribution to diet, degree of spatiotemporal overlap, and whether it would be consumed 


during times of killer whale reduced body condition or diversified diet. Central Valley stocks ranked 


13 (spring-run Chinook salmon), 16 (fall and late fall–run Chinook salmon), and 21 (winter-run 


Chinook salmon) (National Marine Fisheries Service and Washington Department of Fish and 


Wildlife). 


4.4.6.3 Critical Habitat 


Critical habitat for the Southern Resident DPS was designated under the ESA on November 29, 2006 


(71 FR 69054). The critical habitat designation encompasses the Summer Core Area in Haro Strait 


and the waters around the San Juan Islands, the Strait of Juan de Fuca, and all of Puget Sound (Figure 


4.4.6-1) but does not include any areas in California. 
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Figure 4.4.6-1. Southern Resident Killer Whale Critical Habitat 


The critical habitat designation identified the following primary constituent elements considered 


essential for the conservation. 


⚫ Water quality to support growth and development. 
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⚫ Prey species of sufficient quantity, quality, and availability to support individual growth, 


reproduction, and development, as well as overall population growth. 


⚫ Passage conditions to allow for migration, resting, and foraging. 


The Center for Biological Diversity proposes that the critical habitat designation be revised and 


expanded to include the addition of the Pacific Ocean region between Cape Flattery, Washington, 


and Point Reyes, California, extending approximately 47 miles (76 km) offshore. Based on new 


information, NOAA Fisheries intends to proceed with the petitioned action to revise critical habitat 


for Southern Resident Killer Whales (80 FR 9682). 


4.4.7 Delta Smelt 


4.4.7.1 Legal Status and Distribution 


Delta smelt (Hypomesus transpacificus) was listed as a threatened species under the CESA and ESA 


in 1993 (58 Federal Register [FR] 12854) and USFWS designated critical habitat for the species in 


December 1994 (59 FR 65256). A 12-month finding on a petition to reclassify the delta smelt as an 


endangered species was completed on April 7, 2010. After reviewing all available scientific and 


commercial information, USFWS determined that reclassifying the delta smelt from threatened to 


endangered was warranted but was precluded by other higher priority listing actions (U.S. Fish and 


Wildlife Service 2010a). The recommendation of reclassifying delta smelt to endangered from 


threatened was confirmed by USFWS in November 2020, with USFWS noting that reclassifying the 


species to endangered status will not substantively increase protections for the delta smelt, but 


rather more accurately classify the species given its current status (85 FR 73175). As of May 3, 2022, 


the USFWS has declared that, although the species may warrant reclassification to endangered, due 


to its current protections of threatened, it will not be reclassified (87 FR 26172). An emergency 


petition was filed in February 2007 with the California Fish and Game Commission to elevate the 


status of delta smelt from threatened to endangered under the CESA (Bay Institute et al. 2007), with 


reclassification to endangered occurring in 2009. 


Delta smelt are endemic to the San Francisco Estuary and Delta where the species primarily 


occupies open-water habitats in Suisun Bay, Suisun Marsh, and the Delta. On occasion, delta smelt 


distribution can extend up the Sacramento River to about Garcia Bend in the Pocket neighborhood 


of Sacramento, up the San Joaquin River from Antioch to areas near Stockton, up the lower 


Mokelumne River system, and west throughout the Napa River and San Francisco Bay. Delta smelt is 


primarily an annual species, completing its life cycle in 1 year, which typically occurs from April to 


the following April. In captivity, delta smelt can survive to spawn at 2 years of age (Lindberg et al. 


2013), but age-2 delta smelt are now rare in the wild (Bennett 2005; Damon et al. 2016). 


4.4.7.2 Life History and Habitat Requirements 


Delta smelt complete their entire life cycle within the low-salinity zone of the Upper San Francisco 


Estuary, in the Napa River and in the tidal freshwater region of the Cache Slough Complex or move 


between the two regions of fresh water and low salinity (Bennett 2005; Sommer and Mejia 2013; 


Hobbs et al. 2019).5 Komoroske et al. (2016) found that delta smelt can acclimate to salinities 


 
5 The low-salinity zone is frequently defined as waters with a salinity range of about 0.5 to 6 parts per thousand 
(Kimmerer 2004). As discussed further below, delta smelt are not solely restricted to the low-salinity zone. 
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greater than 6 ppt in the laboratory, but observations of delta smelt presence in waters having 


salinities exceeding 6 ppt in the wild are comparatively rare (92% of fish caught are at salinity <6 


ppt; Komoroske et al. 2016). This could be because the osmoregulatory costs at such high salinities 


are too high to support growth and survival (Komoroske et al. 2016), or the discrepancy between 


field observations and laboratory observations may be evidence that delta smelt’s distribution in the 


wild is due to a factor or factors other than salinity per se (U.S. Fish and Wildlife Service 2019a:122).  


Although delta smelt are physiologically euryhaline (i.e., are able to tolerate 0.4 – 34.0 ppt), the 


cumulative costs associated with physiological adjustments required to achieve homeostasis across 


a large, fluctuating salinity gradient may be higher than the continual maintenance cost for 


homeostasis within the low-salinity zone (Komoroske et al. 2016:976).  


Delta smelt spawning may occur at night with several males attending a female that broadcasts her 


eggs onto bottom substrate (Bennett 2005; Lindberg et al. 2020; Tsai et al. 2021a, 2021b). Although 


preferred spawning substrates are unknown, spawning habits of the delta smelt’s closest relative, 


surf smelt (Hypomesus pretiosus), in addition to experimental trials, suggest that sand or small 


pebbles may be the preferred substrate (Bennett 2005; Lindberg et al. 2020). Hatching success 


peaks at water temperatures of 15 degrees Celsius (°C) to 16°C, ceasing when water temperatures 


exceed 20°C (60°F) (Bennett 2005). Water temperatures suitable for spawning occur most 


frequently during the months of March to May, but ripe female delta smelt have been observed as 


early as January and larvae have been collected as late as July (Damon et al. 2016). Most spawning 


occurs at 9°C to 18°C (48.2°F to 64.4°F) (Damon et al. 2016). Delta smelt appear to have one 


spawning season for each generation, which makes the timing and duration of the spawning season 


important every year. Damon et al. (2016) found all pre-spawn females achieved spawning size 


around April, which would result in only one spawn per female, with subsequent spawning events 


being rare except in exceptional years when the thermal spawning window extends past May. 


Kurobe et al. (2016) found that eggs (oocytes) matured from February to April during their study 


from November 2011 through April 2012. Prior studies suggested that spawning locations change 


based on hydrological conditions (reviewed by Bennett 2005:13). However, a more recent study 


indicated that the majority of regional movement from juvenile and subadult rearing locations to 


spawning areas occurs by January, spawning habitat locations are relatively constant within and 


between years, and no substantial further restructuring of the population at regional scales occurs 


after fish move to spawning locations (Polansky et al. 2018). The main spawning locations are in the 


lower Sacramento and San Joaquin Rivers, as well as the north Delta including the Cache Slough 


complex and Sacramento Deep Water Ship Channel (Polansky et al. 2018). 


Although adult delta smelt can spawn more than once, as noted above, most spawning is complete 


by the time water temperature reaches 18°C (64.4°F) (Damon et al. 2016). The egg stage averages 


about 10 days before the embryos hatch into larvae (Bennett 2005). The larval stage averages about 


30 days. Metamorphosing post-larvae appear in monitoring surveys from April into July of most 


years (Bennett 2005). By July, most delta smelt have reached the juvenile life stage. Delta smelt 


collected during the fall are considered subadults. Sampling for adult delta smelt by the Spring 


Kodiak Trawl survey begins in January, which generally aligns with the time period at which 


maturity is reached (Kurobe et al. 2016). Many delta smelt disperse to landward6 habitats sometime 


after the first significant precipitation event of the winter, staging while sexual maturity is 


completed (Grimaldo et al. 2009; Sommer et al. 2011; Polansky et al. 2018). Some adult delta smelt 


 
6 Note that “landward” in this context does not necessarily mean “upstream,” as there could be lateral movements 
(Murphy and Hamilton 2013). 
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exhibit very limited dispersal during the spawning season (Murphy and Hamilton 2013; Polansky et 


al. 2018). 


In the wild, larval delta smelt are presumed to be surface-oriented, exhibiting greater dispersion 


during the night (Bennett 2005). Juvenile delta smelt vary their position in the water column with 


respect to tides, water quality and bathymetry; presumably these movements facilitate maintenance 


in favorable habitats (Feyrer et al. 2013). Adult delta smelt appear to use tidal migration and/or 


move horizontally toward shore during spawning migrations to upstream habitats (Bennett and 


Burau 2015). Laboratory studies of delta smelt of 32–68 millimeters (mm) standard length (SL) 


gave mean critical swimming velocity of around 28 centimeters (cm) per second, generally 


comparable to other fishes of similar size (Swanson et al. 1998).  


From March through June, larval delta smelt rely heavily first on juvenile and then adult stages of 


the calanoid copepods Eurytemora affinis and Pseudodiaptomus forbesi, as well as cladocerans 


(Nobriga 2002; Hobbs et al. 2006; Slater and Baxter 2014), and Sinocalanus doerrii. Nobriga (2002) 


found that delta smelt larvae expressed positive selection for E. affinis and P. forbesi, consuming 


these prey species in greater proportion than available in the environment. Such selection was not 


noted for other zooplankton prey. Regional differences in food use occur, with E. affinis and P. forbesi 


being major prey items downstream in the low-salinity zone with a transition to S. doerrii and 


cyclopoid copepods as major prey items upstream into the Cache Slough Complex. Juvenile delta 


smelt (June through September) rely extensively on calanoid copepods such as E. affinis and P. 


forbesi, especially in fresh water (salinity <1 ppt) and the Cache Slough Complex, but there is great 


variability among regions (Interagency Ecological Program, Management Analysis, and Synthesis 


Team 2015). Larger fish are also able to take advantage of mysids, cladocerans, and amphipods 


(Moyle et al. 1992; Lott 1998; Feyrer et al. 2003; Slater et al. 2019). The presence of several 


epibenthic species in diets therefore indicates that food sources for this species are not solely 


connected to pelagic pathways.  


The California Department of Fish and Wildlife (CDFW) conducts three annual fish surveys (20-mm 


Survey, Summer Townet Survey, and Fall Midwater Trawl Survey) from which it develops indices of 


delta smelt’s relative abundance. Each survey has variable capture efficiency (Mitchell et al. 2017), 


and in each, the frequency of zero catches of delta smelt is very high, largely due to the species’ 


rarity (Latour 2016; Polansky et al. 2018) or because the surveys are carried out independent of 


other factors that affect catch, such as tide (Bennett and Burau 2015) and channel location (Feyrer 


et al. 2013). In addition, detection probability decreases with increasing water clarity (Peterson and 


Barajas 2018) and relatively high numbers of delta smelt may occur in areas without long-term 


sampling stations (Murphy and Weiland 2019). Mahardja et al. (2017) found high detection 


probability of delta smelt larvae/early juveniles by the 20-mm survey at the level of replication 


(three samples) at each site. 


USFWS implemented a new smelt monitoring program in 2016, called the Enhanced Delta Smelt 


Monitoring program. This new program is used to measure the abundance and distribution of all life 


stages of delta smelt using a generalized random tessellation stratified design. Delta smelt 


population estimates are now derived from this survey.  


The distribution of the delta smelt population varies with life stage, season, and environmental 


conditions (Bennett 2005; Sommer and Mejia 2013; Murphy and Hamilton 2013; Hobbs et al. 2019). 


Subadult and adult delta smelt typically make landward movements soon after “first flush” periods 


of initial winter precipitation and runoff, when turbidities elevate over 10 Nephelometric Turbidity 
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Units (NTU) (Grimaldo et al. 2009). During extreme wet years, some adults may move seaward into 


San Francisco Bay and the Napa River (see summary by Sommer and Mejia 2013). Larval delta smelt 


can be broadly distributed depending on hydrologic conditions during March and April. During wet 


years, larval delta smelt are generally distributed farther seaward than in drier years (Sommer and 


Mejia 2013). In contrast, during drier years, larval delta smelt are more upstream and in greater 


abundance in the Delta (Sommer and Mejia 2013). Juvenile delta smelt distribution is generally 


centered in the “North Delta Arc” (see Moyle et al. 2018:44), which extends from Cache Slough to 


Suisun Bay and Suisun Marsh (Merz et al. 2011; Murphy and Hamilton 2013). 


Trawl abundance indices indicate that the relative abundance of delta smelt has declined 


substantially since the 1980s. The observed decline in delta smelt abundance is generally consistent 


with declines of other pelagic species (longfin smelt and juvenile striped bass [Morone saxatilis]) in 


the Delta (Sommer et al. 2007; Baxter et al. 2010; Stompe et al. 2020).  


The CDFW Fall Midwater Trawl (FMWT) Delta Smelt annual abundance index has been zero every 


year from 2018 through 2022 (Water Years 2019–2023), the lowest on record (Figure 4.4.7-1). All 


CDFW relative abundance indices show a declining trend since the early 2000s. USFWS 


implemented a new smelt monitoring program in 2016, called the Enhanced Delta Smelt Monitoring 


program. This new program is used to measure the abundance and distribution of all life stages of 


delta smelt using a generalized random tessellation stratified design. Delta smelt population 


estimates are now derived from this survey, with abundance suggested to be several thousand fish 


or fewer in recent years (see Figure 4.4.7-2 for 2022 as an example). 


 
Source: White (2022). 


Figure 4.4.7-1. Time Series of the Fall Midwater Trawl Water Years 1967–2022 Abundance Index 
for Delta Smelt 
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Source: U.S. Fish and Wildlife Service 2022a. 


Figure 4.4.7-2. Abundance Estimates for Delta Smelt from Enhanced Delta Smelt Monitoring 
Program Phase 1, Weeks 13–18, Water Year 2022 


The continued low spawning stock of Delta Smelt relative to historical numbers suggests the 


population would continue to be vulnerable to stochastic events and continued human-caused 


alteration of the Delta. As described in detail by CDFW (2021:10), the Experimental Release of Delta 


Smelt Project proposes to annually release up to 60,000 adult equivalents of surplus hatchery-origin 


delta smelt each year into a portion of the current range of the species for a 3-year period (2021–


2024). For example, in water year 2023, nearly 44,000 marked delta smelt reared at the UC Davis 


Fish Conservation and Culture Laboratory were released into the Sacramento River at Rio Vista and 


the Sacramento Deep Water Ship Channel during late November and mid to late January (Columbia 


Basin Research, University of Washington 2023). The purpose of the Experimental Release of Delta 


Smelt Project is as part of an early experimental release effort to inform the feasibility of potential 


future supplementation efforts. The hatchery delta smelt are propagated at the University of 


California Davis Fish Conservation and Culture Laboratory in Byron, California. Considerable 


progress has been made on estimating absolute abundance of delta smelt, including adults 


(Polansky et al. 2019). These estimates are affected by factors such as fish behavior and local habitat 


features, such as turbidity influencing catchability (Polansky et al. 2019:721–722). However, 


turbidity may only have limited effects on catchability according to a recent simulation analysis 


(Tobias 2021). The continued low spawning stock of delta smelt relative to historical estimates 


suggest the population continues to be vulnerable to key threats (described below), especially when 


these stressors are occurring in consecutive years (e.g., drought) or across sequential life stages 


(e.g., high water temperatures). 


Delta smelt are believed to be limited by a number of stressors, including water temperature, water 


quality, prey availability, entrainment at water diversions, increasing frequency and duration of 
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droughts and contaminants (Sommer et al. 2007; Miller et al. 2012; Wagner et al. 2011; Interagency 


Ecological Program Management Analysis and Synthesis Team 2015; Fong et al. 2016; Hamilton and 


Murphy 2020). Since 2010, several conceptual models (Interagency Ecological Program 


Management Analysis and Synthesis Team 2015) and empirical models (Thomson et al. 2010; 


Maunder and Deriso 2011; Miller et al. 2012; Rose et al. 2013a; Hamilton and Murphy 2018) have 


explored life cycle models for the delta smelt to identify and describe the reasons for the population 


decline. Some of these models have recreated a trend observed in abundance indices, but each 


model has applied different methodology and predictive covariates. Collectively, these modeling 


efforts generally support water temperature, water clarity, and prey availability as key factors that 


limit delta smelt populations, but water diversions and predation may also have significant impacts 


as well. The threats discussed below may be directly or indirectly affected by water operations. 


All life stages of delta smelt are vulnerable to entrainment at the south Delta export facilities. In 


general, delta smelt salvage increases when certain conditions co-occur, principally when adult delta 


smelt move into the south Delta, when turbidity exceeds 10 to 12 NTU, and with increasing net OMR 


flow reversal (i.e., more negative net OMR flows) (Grimaldo et al. 2021). However, delta smelt 


movement leading to entrainment cannot only be predicted by migration, turbidity and OMR flows, 


but is complicated by unknown behaviors and needs further study (Smith 2019). Based on field and 


salvage data, Kimmerer (2008, 2011) calculated that from near 0% to 25% of the larval and juvenile 


delta smelt population and from 0% to 38% of the adult delta smelt population can be entrained at 


the CVP and SWP annually, in years with periods of high exports. Methods to calculate proportional 


loss estimates have been debated (Kimmerer 2011; Miller 2011) and work on entrainment 


estimation has continued (e.g., Smith 2019; Smith et al. 2020). Korman et al. (2021) provided 


preliminary estimates that adult delta smelt entrainment loss in 2002 was 35%, more than double 


the original estimate from Kimmerer (2008). Modeling efforts suggest that entrainment losses have 


the potential to adversely affect the delta smelt population (Kimmerer 2011; Rose et al. 2013a, 


2013b; Kimmerer and Rose 2018), reflecting historical estimates of entrainment that were 


episodically high (Kimmerer 2008). More recently, delta smelt salvage has decreased due to 


declining abundance and salvage may no longer reflect the number of fish entrained in the south 


Delta or that enter the CVP and SWP fish facilities (U.S. Fish and Wildlife Service 2019a). Data on the 


distribution of the population (see Murphy and Hamilton 2013) suggest that entrainment is likely to 


be at the low end of the estimated range in most years. As a result of investigations into entrainment 


loss, entrainment risk has been limited by restrictions on export pumping (e.g., U.S. Fish and Wildlife 


Service 2008:280–282; U.S. Fish and Wildlife Service 2019a:40–49). 


Delta smelt are most vulnerable to entrainment when, as adults, they move from brackish water into 


fresh water or as larvae, when they move from fresh water in the southern and central Delta into the 


brackish water of Suisun Bay. While some delta smelt live year-round in fresh water far from the 


CVP and SWP, most rear in the low-salinity regions of the estuary, also at a relatively safe distance 


from the SWP and CVP pumps. The timing, direction, and geographic extent of the spawning 


movements of adult delta smelt affect their entrainment risk (Sweetnam 1999; Sommer et al. 2011). 


Unlike the years prior to the 1990s, when high salvage of adult and juvenile delta smelt occurred at 


high, intermediate, or low export levels, the risk of entrainment for fish that move into the central 


Delta and south Delta is currently highest when net Delta outflow is at intermediate levels (about 


20,000 to 75,000 cfs, turbidity is greater than 12 NTU in the Delta (U.S. Fish and Wildlife Service 


2019a),and OMR flow is more negative than -5,000 cfs (U.S. Fish and Wildlife Service 2008). In 


contrast, when adult delta smelt move upstream to the Sacramento River and into the Cache Slough 


region or do not move upstream at all, entrainment risk is appreciably lower. During extreme wet 
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years, very few delta smelt (all life stages) are salvaged because the distribution shifts seaward away 


from the footprint of the SWP and CVP and because there is relatively less hydrodynamic influence 


of the south Delta export facilities (i.e., greater OMR flow; Grimaldo et al. 2009). Hierarchical 


modeling has recently been developed in order to characterize the potential for south Delta 


entrainment losses of vulnerable delta smelt life stages (Smith 2019; Smith et al. 2020). Smith 


(2019) estimated adult delta smelt south Delta entrainment loss during 1994 through 2016 to range 


from 53 fish in 2014 to just over 119,000 fish in 2004. Smith et al. (2020) estimated post-larval delta 


smelt south Delta entrainment loss during April–June 1995 through 2015 to range from less than 


500 fish in 1995 to over 800,000 fish in 2002. Overall, delta smelt salvage has decreased since 2005 


(U.S. Fish and Wildlife Service 2019a). 


The Interagency Ecological Program (IEP) Management Analysis and Synthesis Team (MAST) delta 


smelt conceptual model report found statistically significant relationships of spring Delta outflow 


(represented by X2, which is the distance in kilometers from the Golden Gate Bridge to the point 


where the salinity on the bottom is 2 ppt) and prior indices of parental stock (FMWT or SKT indices) 


as predictors of larval/early juvenile delta smelt 20-mm Survey abundance indices for the post-


Pelagic Organism Decline (Sommer et al. 2007) era (Interagency Ecological Program Management 


Analysis and Synthesis Team 2015:153–162). This report stressed that the “results are preliminary 


and included for illustrative purposes only; peer-reviewed publications of these analyses need to be 


completed before they can be used to draw any conclusions” (Interagency Ecological Program 


Management Analysis and Synthesis Team 2015:152). In contrast, more recent, peer-reviewed 


results from statistical population dynamics modeling by Polansky et al. (2021) did not find a well-


supported link between March–May outflow and delta smelt recruitment. 


During the late summer and fall, Delta outflow affects the location of the low-salinity zone within the 


upper estuary landscape. Higher Delta outflows (or low X2) expand the low-salinity zone, while 


lower outflows constrict the extent of the low-salinity zone (Feyrer et al. 2011; Bever et al. 2016). 


During the summer and fall, it has been hypothesized that environmental conditions improve for 


delta smelt as X2 moves seaward and the low-salinity zone expands habitat area (Interagency 


Ecological Program Management Analysis and Synthesis Team 2015). The overlap of the low-


salinity zone with Suisun Marsh/Bay results in a considerable increase in a habitat index calculated 


by Feyrer et al. (2011). However, others (e.g., Manly et al. 2015) have questioned the use by Feyrer 


et al. (2011) of outflow and X2 location as an indicator of delta smelt habitat because other factors 


may be influencing survival. Some analyses have shown no relationship of fall X2 (ICF 2017b) or the 


volume of the low-salinity zone (Polansky et al. 2021) with juvenile delta smelt abundance/survival, 


whereas Polansky et al. (2021) found some evidence for lower fall X2 being positively related with 


delta smelt recruitment in the following spring. Polansky et al. (2021) did not find statistical support 


for volume of the low-salinity zone to be related to juvenile delta smelt survival (generally similar to 


the finding by Kimmerer et al. 2013), but did find the previous fall’s mean X2 to be statistically 


supported as a potential negative influence on delta smelt recruitment. Murphy and Weiland (2019) 


found that the low-salinity zone is not a reliable indicator of delta smelt habitat and reported that 


delta smelt can be found in the lower Sacramento River, east of the Delta in largely freshwater 


conditions, as well as in western regions of the Delta, such as Suisun Bay, where salinity levels are 


typically higher. As both these conditions bound the range of the species, X2 does not determine the 


location of other important resources such as food or predators and therefore is not, by itself, a 


reliable surrogate for delta smelt habitat. Recent work suggested that summer/early fall Delta 


outflow provides a P. forbesi subsidy from the upper Delta to the western portion of the low-salinity 


zone (Kimmerer et al. 2018; Hamilton et al. 2020), resulting in low prey abundance in the low-







California Department of Water Resources 


 


Action Area and Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-71 


May 2024 
ICF 103653 


 


salinity zone, where mortality rate is high because of clam grazing; without subsidy from the Delta, 


abundance of P. forbesi would be zero (Kimmerer et al. 2019). Kimmerer et al. (2018) did not find a 


statistically significant relationship between P. forbesi density in the Delta and Delta outflow, 


whereas Hamilton et al. (2020) found statistically significant decreases in mean total copepod 


biomass with increasing September/October flow during higher flow conditions at most monitoring 


locations they examined in the San Francisco Estuary and Delta (discussed further below). Detailed 


examination of a fall flow action in 2017 did not provide evidence for an increase in delta smelt prey 


with increased outflow resulting in X2 farther downstream (Schultz et al. 2019). Variability in water 


temperature and turbidity are primarily driven by climate, but in general, Suisun Bay and Suisun 


Marsh tend to support more suitable water temperature and turbidity than the Delta (Nobriga et al. 


2008). The Delta Smelt Summer-Fall Habitat Action under SWP/CVP long-term operations (e.g., 


California Department of Water Resources 2020a) includes reoperation of the Suisun Marsh Salinity 


Control Gates in order to increase overlap of relatively food-rich areas in Suisun Marsh with low-


salinity water for delta smelt.  


Delta smelt is considered a pelagic species, and their physical habitat is generally defined by water 


quality (Bennett 2005; Feyrer et al. 2007; Nobriga et al. 2008) with some association to bathymetric 


features (Feyrer et al. 2013) and velocity (Bever et al. 2016). Recent analyses indicate water body 


type and depth are also physical indicators of habitat quality, and seasonal prey density is an 


indicator of biological habitat quality (Hamilton and Murphy 2020). Feyrer et al. (2013) found that 


juvenile delta smelt were relatively abundant throughout the water column during flood tides and 


that during ebb tides they occurred only in the lower half and sides of the water column, suggesting 


a manipulation of position in the water column to facilitate retention in favorable habitats. Mitchell 


et al. (2017) sampled subadult delta smelt during flood tides (to maximize catch) and found delta 


smelt to be more abundant in surface trawl tows than in in oblique trawl tows covering the full 


water column, suggesting strong surface orientation possibly because of visual feeding; the authors 


noted that their results applied primarily to flood-tide sampling and that further research is needed 


to determine whether similar catch patterns occur during ebb tides. Bennett and Burau (2015) 


sampled delta smelt during the spawning migration and found that delta smelt were caught 


consistently at the shoal-channel interface during flood tides and near the shoreline during ebb tides 


in the turbid Sacramento River, with apparent selective tidal movements facilitating either 


maintenance of position or movement upriver on flood tides and minimizing advection down-


estuary on ebb tides. As previously mentioned, after first flush and initial dispersal, adult delta smelt 


appear to hold their position geographically (Polansky et al. 2018). 


Multiple field and modeling studies have established the association between elevated turbidity and 


the presence and abundance of delta smelt. Sommer and Mejia (2013) and Nobriga et al. (2008) 


found that late larval and juvenile delta smelt are strongly associated with turbid water, a pattern 


that continues through fall (Feyrer et al. 2007). Long-term declines in turbidity may also be a key 


reason that juvenile delta smelt now rarely occur in the south Delta during summer (Nobriga et al. 


2008). Thomson et al. (2010) found decreases in turbidity were a significant predictor of delta smelt 


decline in abundance over time. Grimaldo et al. (2009) found that the presence of adult delta smelt 


at the fish salvage facilities was linked, in part, with high turbidity associated with first flush events. 


Recent modeling examining future climate scenarios predicts significant increases in large flow 


events and sediment loading to the Delta from the Sacramento River over the next century for two 


representative greenhouse gas concentration pathways, which could increase turbidity (Stern et al. 


2020). Turbidity may also serve as a behavioral cue for small-scale (lateral and vertical movements 


in the water column) and larger-scale (migratory) delta smelt movements (Bennett and Burau 
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2015). The decline in turbidity appears to be attributable to a decline in sediment supply from 


upstream, trapping by invasive submerged aquatic vegetation, and a long-term decrease in wind 


speed (Hestir et al. 2016; Bever et al. 2018). In addition to occurrence, patterns of delta smelt survey 


catch in relation to turbidity in part may reflect differences in probability of capture, that is, greater 


ability to avoid capture in clearer water (Latour 2016; Peterson and Barajas 2018), although as 


previously noted a recent simulation analysis suggested that the effects of turbidity on catchability 


may be limited (Tobias 2021).  


Upper water temperature limits for juvenile delta smelt survival are based on laboratory studies and 


corroborated by field data. Based on the critical thermal maximum (CTmax) juvenile delta smelt 


acclimated to 17°C (44.6°F) could not tolerate temperatures higher than 25.4°C (77.7°F) (Swanson 


et al. 2000). However, for juvenile delta smelt acclimated to 11.9°C, 15.7°C, and 19.7°C (53.4°F, 


60.3°F, and 67.5°F), consistently higher CTmax values were estimated—27.1°C, 28.2°C, and 28.9°C 


(80.8°F, 82.8°F, and 84°F), respectively (Komoroske et al. 2014), which corresponded closely to the 


maximum water temperatures recorded in the Summer Townet and Fall Midwater Trawl. Swanson 


et al. (2000) used wild-caught fish, while Komoroske et al. (2014) used hatchery-reared fish, which 


may have contributed to the differences in results. Based on the Summer Townet Survey (Nobriga et 


al. 2008) and the 20 mm Survey (Sommer and Mejia 2013), most juvenile delta smelt were predicted 


to occur in field samples when water temperature was below 25°C (77°F). In a multivariate 


autoregressive modeling analysis with 16 independent variables, Mac Nally et al. (2010) found that 


high summer (June through September) water temperature had a negative effect on delta smelt 


subadult abundance in the fall. Water temperature was also one of several factors affecting delta 


smelt life stage dynamics in the state-space model of Maunder and Deriso (2011) and in an 


individual-based delta smelt life cycle model (Rose et al. 2013a, 2013b). 


Harmful algal blooms, in particular Microcystis, are hypothesized to potentially have negative effects 


on delta smelt (Brooks et al. 2012). While recent research has resulted in improved understanding 


of the factors influencing the quantity, toxicity, and location of harmful algal blooms, there are still 


many uncertainties about their direct and indirect effects on delta smelt relative to other factors and 


about what can be done to prevent them. There is no routine quantitative monitoring program in 


place that specifically targets harmful algae. The Summer Townet and Fall Midwater Trawl surveys 


have included qualitative, visual assessment of Microcystis since 2007. Available studies in the Delta 


suggest that retention time and water temperature are key environmental correlates with 


Microcystis bloom amplitude and that once established, Microcystis is likely to be resistant to even 


very high flows as long as water quality (in particular water temperature) is favorable (Lehman et 


al. 2020). 


Changes in phytoplankton production and phytoplankton species abundances observed and the 


invasion of Potamocorbula (overbite clam, Asian clam, Amur River clam) may have had important 


consequences for consumer species preyed upon by delta smelt. For example, there has been a 


decrease in mean zooplankton size (Winder and Jassby 2011) and a long-term decline in calanoid 


copepods, including a major step-decline in the abundance of the copepod E. affinis. These changes 


are possibly due to predation by Potamocorbula (Kimmerer et al. 1994) or to indirect effects of clam 


grazing on copepod food supply. Predation by Potamocorbula may also have been important for 


other zooplankton species (Kimmerer 2008). 


The interaction of Potamocorbula grazing with the water’s nutrient composition is also thought to 


have importance for delta smelt prey availability. As summarized by USFWS (2019a:115), diatoms 


(i.e., phytoplankton prey of delta smelt’s zooplankton prey) preferentially take up ammonium over 
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nitrate but grow more slowly using ammonium. Consumption of diatoms by Potamocorbula 


prevents sufficient diatom metabolization of ammonium to lower levels that would allow more 


rapid diatom growth rates and greater diatom abundance for consumption by delta smelt 


zooplankton prey. A recent analysis concluded high ammonium loading is not a driver of low 


productivity in the San Francisco Bay-Delta (Strong et al. 2021). 


In addition to a long-term decline in calanoid copepods and mysids (Orsi and Mecum 1986) in the 


Upper San Francisco Estuary, there have been numerous introductions of copepod species (Winder 


and Jassby 2011). P. forbesi, a calanoid copepod that was first observed in the estuary in the late 


1980s, has replaced E. affinis as the most common delta smelt prey during the summer. It may have 


a competitive advantage over E. affinis because of its more selective feeding ability. Selective feeding 


may allow P. forbesi to utilize the remaining high-quality algae in the system while avoiding 


increasingly more prevalent low-quality and potentially toxic food items such as Microcystis 


(Mueller-Solger et al. 2006; Ger et al. 2010). After an initial rapid increase in abundance, P. forbesi 


declined somewhat in abundance from the early 1990s in the Suisun Bay and Suisun Marsh regions, 


but maintained its abundance, with some variability, in the central and southern Delta (Winder and 


Jassby 2011). 


Another introduced cyclopoid copepod, which may affect delta smelt growth, is Limnoithona 


tetraspina. This copepod significantly increased in the Suisun Bay region beginning in the mid-


1990s. It is now the most abundant copepod species in the Suisun Bay and confluence region of the 


estuary (Bouley and Kimmerer 2006; Winder and Jassby 2011). Gould and Kimmerer (2010) found 


that it grows slowly and has low fecundity. Based on these findings they concluded that the 


population success of L. tetraspina must be due to low mortality and that this small copepod may be 


able to avoid the visual predation to which larger copepods are more susceptible. It has been 


hypothesized that L. tetraspina is an inferior food for pelagic fishes including delta smelt because of 


its small size, generally sedentary behavior, and ability to detect and avoid predators (Bouley and 


Kimmerer 2006; Gould and Kimmerer 2010). Nevertheless, this copepod has been found in the guts 


of delta smelt when Limnoithona spp. occurs at extremely high densities relative to other 


zooplankton (Slater and Baxter 2014). It remains unclear if consuming this small prey is 


energetically beneficial for delta smelt at all sizes or if there is a breakpoint above which larger delta 


smelt receive little benefit from such prey. Acartiella sinensis, a calanoid copepod species that 


invaded at the same time as L. tetraspina, also reached considerable densities in Suisun Bay and the 


western Delta over the last decade (Hennessy 2010), although its suitability as food for delta smelt 


remains unclear. 


In addition to the previously mentioned subsidy of P. forbesi to the low-salinity zone from the Delta 


that has been positively related to Delta outflow (Kimmerer et al. 2018, 2019), Hamilton et al. 


(2020) conducted modeling of potential Delta Sacramento and San Joaquin river flow management 


actions that suggested increasing flows in fall (September and October) of wetter years generally 


could have negative effects to copepod biomass, whereas increases in flows in the spring (April and 


May) of drier years could provide regional increases in biomass, particularly in the lower 


Sacramento and San Joaquin Rivers. The latter result is consistent with earlier studies showing X2 to 


be negatively correlated with E. affinis density (Kimmerer 2002). In addition to Potamocorbula 


grazing, recent studies have suggested that south Delta exports also negatively affect phytoplankton 


or zooplankton productivity (Hammock et al. 2019b; Kimmerer et al. 2019). Tidal wetlands have 


been suggested to confer substantial benefits to the foraging success of delta smelt, on the basis of 


observed stomach fullness increased with increasing adjacent tidal wetland area (Hammock et al. 


2019a). 
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Modeling suggests that delta smelt declines are negatively associated with metrics assumed to 


reflect the abundance of predators in the estuary (Maunder and Deriso 2011; Miller et al. 2012; 


Hamilton and Murphy 2018). These metrics are composites of the relative abundance of Mississippi 


Silverside (Menidia audens), largemouth bass (Micropterus salmoides) and other centrarchids; these 


species are potential predators of concern because of their increasing abundance (Bennett and 


Moyle 1996; Brown and Michniuk 2007; Thomson et al. 2010) and because of inverse correlations 


between largemouth bass abundance and delta smelt abundance (Nobriga and Feyrer 2007; 


Thomson et al. 2010; Maunder and Deriso 2011). These correlations could represent predation on 


delta smelt by largemouth bass or, alternatively, the very different responses of the two species to 


changing habitat within the Delta (Moyle and Bennett 2008). Largemouth bass will readily eat delta 


smelt when the opportunity exists (Ferrari et al. 2014). However, there is little evidence that 


largemouth bass are major consumers of delta smelt due to low spatial co-occurrence (Nobriga et al. 


2005; Baxter et al. 2010). Thus, the inverse correlations between these species may not be 


mechanistic. Rather, they may reflect adaptation to, and selection for, different environmental 


conditions, e.g., increased submerged aquatic vegetation providing greater habitat suitability for 


largemouth bass and lower habitat suitability for delta smelt (Ferrari et al. 2014).  


Moyle et al. (2016) suggested that Mississippi silversides currently are the most important 


predators of delta smelt early life stages, as reflected in recent studies of delta smelt DNA in the prey 


consumed by silversides (Baerwald et al. 2012; Schreier et al. 2016), with two recent statistical 


examinations finding support for silverside abundance negatively affecting delta smelt survival and 


abundance (Hamilton and Murphy 2018; Polansky et al. 2021). Silversides may also compete with 


delta smelt for prey and may be at an advantage over delta smelt because they spawn repeatedly 


throughout late spring, summer, and fall (Bennett 2005). The closely related smelt species wakasagi 


(Hypomesus nipponensis) occurs in the Delta and has prompted concern because of its broader 


environmental tolerance than delta smelt (Swanson et al. 2000), which could lead it to outcompete 


delta smelt and hybridize with it. However, genetic analyses suggested relatively low levels of 


hybridization (Fisch et al. 2014). 


During the period from 1963 through 1964, Stevens (1966) evaluated seasonal variation in the diets 


of juvenile striped bass (Morone saxatilis) throughout the Delta; only age 2 and age 3 striped bass 


contained more than trace amounts of delta smelt. The highest reported predation on Delta Smelt 


was 8% of the age 2 striped bass diet by volume during the summer. Thomas (1967) reported on 


spatial variation in the striped bass diet composition based on collections throughout the San 


Francisco Estuary and the Sacramento River above tidal influence. Delta smelt accounted for 8% of 


the spring diet composition and about 16% of the summer diet composition in the Delta. Brandl et 


al. (2021) used genetic analysis and found 1.3% of striped bass had delta smelt in their guts, noting 


that this was higher than in previous reports (0%–0.4%; Nobriga and Feyrer 2008), which could 


have been explained by factors such as the sensitivity of the genetic detection method or differences 


in season or location sampled. Although delta smelt are relatively rare in the stomachs of striped 


bass (Nobriga and Feyrer 2007; Nobriga et al. 2013), a recent examination suggested that striped 


bass are important to controlling delta smelt because historical data suggest that declines in delta 


smelt before the current-day monitoring program began were driven by the invasion of striped bass 


into the estuary (Nobriga and Smith 2020). 


The anticipated effects of climate change on the San Francisco Estuary and watershed, such as 


warmer water temperatures, greater salinity intrusion, lower snowpack contribution to spring 


outflows from the Delta, and the potential for frequent extreme drought (Knowles and Cayan 2002; 


Dettinger 2005), indicate challenges to maintaining a sustainable delta smelt population (Brown et 
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al. 2013, 2016). A rebound in relative abundance during the very wet and cool conditions during 


2011 indicated that delta smelt retained some population resilience (Interagency Ecological 


Program Management Analysis and Synthesis Team 2015). Examination of genetic effective 


population size during 2011–2014 found that delta smelt were not declining because of genetic 


factors and were not at immediate risk of losing genetic diversity (Finger et al. 2017). Since 2012, 


declines to record low population as estimated by abundance indices have been broadly associated 


with the 2012–2016 drought, and wetter conditions in 2017 and 2019 did not produce a rebound in 


delta smelt numbers similar to that seen in 2011. A more recent evaluation of effective population 


size has not been published since this further decline. 


Central California’s warm summers appear to be a source of energetic stress for delta smelt and 


warm springtime temperatures are assumed to compress the duration of their spawning season 


(Rose et al. 2013a; Moyle et al. 2016). Central California’s climate is anticipated to get warmer 


(Cayan et al. 2009). Warmer estuary temperatures likely present a significant conservation 


challenge for delta smelt (Brown et al. 2013, 2016). Mean annual water temperatures within the 


Delta are expected to increase steadily during the second half of this century (Cloern et al. 2011). 


Long periods of higher than normal water temperatures in July and August 2017 had a major 


negative effect on delta smelt in 2017 (Flow Alteration–Management, Analysis, and Synthesis Team 


2020). Flow Alteration–Management, Analysis, and Synthesis Team (2020) concluded that 


temperature is likely a primary factor in the lack of response of the delta smelt population to the 


high flows in 2017. 


The frequency of occurrence (percentage of samples) of delta smelt by life stage and region from 


monitoring in the San Francisco Estuary and Delta as assessed by Merz et al. (2011) is provided in 


Table 4.4.7-1. 
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Table 4.4.7-1. Average Annual Frequency (Percent) of Delta Smelt Occurrence by Life Stage, Interagency Ecological Program Monitoring Program, and Region 


Region 
Life Stage: 


Average Annual Frequency (%) 


Larvae (<15 mm) Sub-Juvenile (≥15, <30 mm) Juvenile (30–55 mm) Subadult (>55 mm) Mature Adults (>55 mm) Pre-Spawninga Spawninga 


Monitoring Program: 20-mm 20-mm STN 20-mm STN FMWT FMWT BS BMWT KT KT 


Years of Data Used: 1995–2009 1995–2009 1995–2009 1995–2009 1995–2009 1995–2009 1995–2009 1995–2009 1995–2006 2002–2009 2002–2009 


Time Period: Apr–Jun Apr–Jul Jun–Aug May–Jul Jun–Aug Sep–Dec Sep–Dec Dec–May Jan–May Jan–Apr Jan–May 


San Francisco Bay NS NS NS NS NS NS NS 0.0 0.0 NS NS 


West San Pablo Bay NS NS NS NS NS 0.2 0.0 0.0 1.2 NS NS 


East San Pablo Bay 0.0 1.0 0.0 2.8 3.6 0.7 0.6 NS 2.7 NS NS 


Lower Napa River 7.3 7.7 3.3 13.3 14.0 1.7 0.8 NS NS 14.3 11.8 


Upper Napa River 11.6 21.2 NS 12.0 NS NS NS NS NS NS NS 


Carquinez Strait 5.7 9.3 1.1 24.4 33.7 1.9 3.3 NS 5.4 16.7 0.0 


Suisun Bay (SW) 17.8 18.3 1.3 17.5 26.9 4.3 4.3 NS 4.3 23.3 5.6 


Suisun Bay (NW) 2.2 8.9 1.1 21.7 34.8 7.3 10.0 NS 8.7 23.3 5.6 


Suisun Bay (SE) 19.5 24.9 11.0 20.9 45.7 11.0 12.1 NS 6.5 28.3 6.9 


Suisun Bay (NE) 17.8 19.2 33.6 29.7 66.7 20.3 29.3 NS 28.3 48.3 13.9 


Grizzly Bay 16.3 27.6 17.9 42.9 72.8 15.0 19.6 NS 30.4 30.0 5.6 


Suisun Marsh 21.4 33.6 14.2 18.5 19.2 22.8 27.2 NS NS 62.0 23.1 


Confluence 35.7 41.6 25.7 29.2 36.1 20.2 24.5 1.8 17.4 30.0 10.4 


Lower Sacramento River 16.5 37.0 43.3 26.2 55.5 22.9 37.1 NS 18.8 54.4 17.8 


Upper Sacramento River 10.8 8.2 1.3 0.0 0.0 2.7 8.0 5.8 16.7 21.7 15.3 


Cache Slough and Ship Channel 17.2 47.3 NS 54.3 NS 9.8 26.7 NS NS 33.9 21.1 


Lower San Joaquin River 28.0 24.5 4.1 5.1 5.6 2.6 3.5 0.9 12.6 30.6 9.7 


East Delta 14.6 8.8 0.0 1.2 0.0 0.0 0.0 1.6 NS 5.7 2.3 


South Delta 18.4 10.8 0.0 1.4 0.3 0.0 0.0 0.3 NS 7.1 1.1 


Upper San Joaquin River NS NS NS NS NS NS NS 0.2 NS NS NS 


Sacramento Valley NS NS NS NS NS NS NS 0.2 NS NS NS 


Source: Merz et al. 2011; California Department of Fish and Wildlife n.d. 


20-mm = 20-millimeter Townet; BMWT = Bay Midwater Trawl; BS = Beach Seine; FMWT = Fall Midwater Trawl; KT = Kodiak Trawl; NS = indicates no survey conducted in the given life stage and region; NE = northeast; NW = northwest; SKT = Spring Kodiak Trawl; STN = Summer 
Townet; SE = southeast; SW = southwest. 
a Gonadal stages of male and female delta smelt found in Spring Kodiak Trawl database were classified by CDFW following Mager 1996 (California Department of Water Resources n.d.).  


Mature adults, pre-spawning: Reproductive stagesa: females 1–3; males 1–4. Mature adults: spawning: Reproductive stagesa: females 4; males 5. 


 


  







California Department of Water Resources 


 


Action Area and Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-78 


May 2024 
ICF 103653 


 


 


This page was intentionally left blank. 







California Department of Water Resources 


 


Action Area and Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-79 


May 2024 
ICF 103653 


 


4.4.7.3 Critical Habitat 


The USFWS designated critical habitat for the delta smelt on December 19, 1994 (59 FR 65256). The 


geographic area encompassed by the designation includes all water and all submerged lands below 


ordinary high water and the entire water column bounded by and contained in Suisun Bay 


(including the contiguous Grizzly and Honker Bays); the length of Goodyear, Suisun, Cutoff, First 


Mallard (Spring Branch), and Montezuma Sloughs; the Napa River; and the existing contiguous 


waters contained within the legal Delta, as defined in Section 12220 of the California Water Code 


(U.S. Fish and Wildlife Service 1994). 


The primary objective in designating critical habitat was to identify the key components of delta 


smelt habitat that support successful completion of the life cycle, including spawning, larval and 


juvenile transport, rearing, and adult migration back to spawning sites. Delta smelt are endemic to 


the San Francisco Bay/Delta) and the vast majority only live 1 year. Thus, regardless of annual 


hydrology, the estuary must provide suitable habitat all year, every year. The primary constituent 


elements essential to the conservation of the Delta smelt are physical habitat, water, river flow, and 


salinity concentrations required to maintain delta smelt habitat for spawning, larval and juvenile 


transport, rearing, and adult migration (59 FR 65256). The USFWS recommended in its designation 


of critical habitat for the delta smelt that salinity in Suisun Bay should vary according to WY type. 


For the months of February through June, this element was codified by the State Water Board’s “X2 


standard” described in D-1641 and the State Water Board’s current Water Quality Control Plan. 
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4.4.8 Longfin Smelt 


4.4.8.1 Legal Status and Distribution 


The longfin smelt Bay-Delta DPS was determined to be a distinct population segment that warranted 


listing as an endangered or threatened species under the Endangered Species Act on April 2, 2012, 


but the listing was precluded by higher priority listing actions. On October 7, 2022, USFWS 


published a proposed rule that would find the longfin smelt, Bay-Delta DPS as an endangered 


species under the Endangered Species Act. This proposed rule’s original comment period closed on 


December 6, 2022. On February 27, 2023, the USFWS reopened a 30-day comment period to allow 


for a public hearing held on March 14, 2023. 


The longfin smelt (Spirinchus thaleichthys) is a small, euryhaline, anadromous, and largely 


semelparous fish with a life cycle of approximately 2 to 3 years (Rosenfield 2010).7 Longfin smelt 


reach 90 to 110 mm SL, with a maximum size of 120 to 150 mm SL (Moyle 2002; Rosenfield and 


Baxter 2007). Longfin smelt belongs to the true smelt family Osmeridae and is one of three species 


in the Spirinchus genus; the night smelt (Spirinchus starksi) also occurs in California, and the 


shishamo (Spirinchus lanceolatus) occurs in northern Japan (McAllister 1963:10, 15). Delta smelt 


and longfin smelt hybrids have been observed in the San Francisco Estuary and Delta, although 


these offspring are not thought to be viable because delta smelt and longfin smelt are not closely 


related taxonomically or genetically (Fisch et al. 2013). Longfin smelt reside and rear in San 


Francisco Bay and in the nearshore ocean outside the Golden Gate (Garwood 2017). They spawn in 


tidal fresh water in the estuary’s low-salinity zone where brackish and fresh waters meet (Grimaldo 


et al. 2017) and in freshwater in tributaries to the Bay (Lewis et al. 2020). Longfin smelt can be 


distinguished from other California smelt by their long pectoral fins that reach or nearly reach the 


bases of the pelvic fins, their incomplete lateral line, weak or absent striations on the opercular 


bones, low number of scales in the lateral series, and long maxillary bones (which in adults extend 


just short of the posterior margin of the eye [Moyle 2002]). Populations of longfin smelt occur along 


the Pacific Coast of North America from Hinchinbrook Island in Prince William Sound, Alaska, to the 


San Francisco Estuary (Lee et al. 1980) and have been detected as far south as Monterey Bay 


(Garwood 2017). 


Longfin smelt are periodically caught in the nearshore ocean, suggesting that some individuals 


disperse out into the Gulf of the Farallones to feed and then swim back into the estuary (Rosenfield 


and Baxter 2007). Longfin smelt have been documented in Humboldt Bay, the Eel River estuary, the 


Klamath River estuary, Russian River, and in smaller river estuaries from the central and northern 


coast of California, including Pescadero Creek, the Garcia River, Gualala River, and Mad River (Figure 


4.4.8-1) (Moyle 2002; Pinnix et al. 2004; Garwood 2017). It is not known what portion of ocean-


bound fish return to San Francisco Bay each year or to other coastal streams north and south of San 


Francisco Bay (Rosenfield and Baxter 2007; Nobriga and Rosenfield 2016). 


 
7 Moulton (1974:50) stated, “Apparently a ripe female enters the river and spawns only once”; and Wang (2007: 
39) cited Moyle (1976) in noting that “Most die after spawning, but a few females may live and spawn a second 
time.” 
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Source: Garwood 2017. Note: Locations with black circles have not necessarily been sampled since 1999, so there is 
no implication regarding changes in occurrence over time intended by this figure. 


Figure 4.4.8-1. Locations of Longfin Smelt Captures, 1889–2016, Excluding the San Francisco Bay-
Estuary  
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4.4.8.2 Life History and Habitat Requirements  


Genetic isolation exists between the population segment of longfin smelt in the San Francisco 


Estuary and populations north of the Columbia River Estuary (Stanley et al. 1995; Israel and May 


2010; Saglam et al. 2021). Saglam et al. (2021) found evidence for significant contemporary 


migration northward from the San Francisco Estuary population to Humboldt Bay and the Columbia 


River Estuary, without significant southward migration. Due to the low likelihood of southward 


migration from more northern breeding populations as close as Humboldt Bay, USFWS determined 


that listing of the San Francisco Estuary population as a DPS is warranted (U.S. Fish and Wildlife 


Service 2012a). The Bay-Delta DPS of longfin smelt occurs throughout the San Francisco Bay and the 


Delta and in coastal waters west of the Golden Gate Bridge. Within the San Francisco Estuary and 


Central Valley watershed, they have been observed north as far as the town of Colusa on the 


Sacramento River, east as far as Lathrop on the San Joaquin River, and south as far as Alviso and 


Coyote Sloughs in the southern San Francisco Bay, as well as various tributaries in northern San 


Francisco Bay (Merz et al. 2013; Hobbs et al. 2015; Lewis et al. 2020). 


In Lake Washington, longfin smelt spawn over sandy substrate (California Department of Fish and 


Game 2009:11), but spawning substrates are unknown in the San Francisco Estuary. Longfin smelt 


eggs are adhesive and demersal (Moyle 2002). Evidence from Grimaldo et al. (2017) suggests 


spawning habitats include open shallow water and tidal marshes. Longfin smelt produce between 


1,900 and 18,000 eggs, with greater fecundity associated with fish with greater lengths (California 


Department of Fish and Game 2009). Incubation times for egg development range between 25 to 42 


days (Rosenfield 2010). Evidence for individuals spawning multiple times in a season has not been 


provided, although some females may undergo repeated spawning events. Newly hatched larvae 


have been observed in salinities ranging from freshwater up to 12 practical salinity units (psu), with 


peak observations occurring between 2 and 4 psu (Grimaldo et al. 2017). Early juvenile longfin 


smelt (20–40 mm SL) are found in salinities up to 30 psu, but most are found in salinities between 2 


to 18 psu (MacWilliams et al. 2016). By late summer, late juveniles can tolerate full seawater. 


Longfin smelt are anadromous and semelparous, moving from saline to brackish or fresh water for 


spawning from November to May (Grimaldo et al. 2017; Lewis et al. 2020). Longfin smelt usually 


live for 2 years, spawn, and then die, although some individuals may spawn as 1-year-old or 3-year-


old fish before dying (Rosenfield 2010). Age-2 adults appear to move into spawning areas during the 


late fall and early winter (Rosenfield and Baxter 2007). Spawning occurs at temperatures that range 


from 5°C to 15°C (41°F to 59°F) (Grimaldo et al. 2017). Peak spawning takes place in January and 


February of most years when water temperatures are between 5°C (41°F) and 11°C (51.8°F). CDFW 


Smelt Larval Survey (SLS) data show that spawning appears to be centered in brackish water (2 to 4 


psu); however, special studies that cover regions seaward of the SLS extent found newly hatched 


larvae in salinities up to 12 psu and concentrations of larvae peak between 2 and 4 psu (Grimaldo et 


al. 2017, 2020). Hobbs et al. (2010) provides evidence that larvae with the greatest recruitment 


success to later life stages are those that reared in salinities around 2 ppt. 


Newly hatched longfin smelt larvae appear to be surface-oriented and probably have little ability to 


control their position in the water column before they develop their air bladder (Bennett et al. 


2002). Once their air bladder is developed (~12 mm SL), they can control their position in the water 


column by undergoing reverse diel vertical migrations or tidal vertical migration, depending on flow 


conditions (Bennett et al. 2002). Bennett et al. (2002) believed that the ability of longfin smelt to 
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undergo tidal vertical migrations allows them to maintain their position on the axis of the estuary. 


During the first few months of their lives (approximately January through May), longfin smelt 


primarily prey on calanoid copepods such as P. forbesi and E. affinis, before switching to mysids as 


soon as they are large enough to feed on them (Slater 2008; Baxter et al. 2010). Mysid density is 


positively related to spring Delta outflow (negatively related to spring X2) (Mac Nally et al. 2010), 


although note that Kimmerer (2002) found a changing relationship to X2 for the mysid Neomysis 


mercedis (negative prior to 1987; positive following 1987). 


During late summer and early fall, juvenile and adult longfin smelt within the San Francisco Estuary 


are more common throughout San Francisco Bay than in other landward areas (Rosenfield and 


Baxter 2007; MacWilliams et al. 2016), although the extent of marine migration has yet to be 


quantified. During the spawning period in late fall and early winter, adults are more commonly 


found in San Francisco Bay tributaries and marshes (Lewis et al. 2020; Grimaldo et al. 2020), Suisun 


Bay, and the Delta (Rosenfield and Baxter 2007). Larval longfin smelt are broadly distributed 


throughout San Francisco Bay and its associated tributaries during wet years (MacWilliams et al. 


2016; Lewis et al. 2020; Parker et al. 2017; Grimaldo et al. 2020). Analyses of multiple surveys by 


Merz et al. (2013) found that larvae were more frequently detected in the Delta in drier years than 


in wet years (Figure 4.4.8-2); however, the limited extent of the SLS to landward regions does not 


account for potential spawning in tributaries of San Francisco Bay (Lewis et al. 2020). In long-term 


channel surveys, albeit limited to regions landward of San Pablo Bay, more than 50% of the 


measured larval abundance in any given year between 2009 and 2015 occurred in Suisun Bay and 


Suisun Marsh (Grimaldo et al. 2017). In a 2-year study with greater spatial coverage than long-term 


surveys, Grimaldo et al. (2020) found that during the low-flow year of 2016, larval and post-larval 


longfin smelt were mostly distributed in Suisun Bay, whereas in the high-flow year of 2017, larval 


longfin smelt were mostly found in San Pablo and South Bays. Some juveniles and adults are 


believed to move to the coastal ocean during the summer and fall (Rosenfield and Baxter 2007; 


MacWilliams et al. 2016). 


Abundance indices for the longfin smelt population have undergone a decline over time. For 


example, there was an approximate thirty-fold reduction in the fall midwater trawl index since the 


early 1980s (Figure 4.4.8-3) (Rosenfield and Baxter 2007; Sommer et al. 2007; Kimmerer et al. 


2009), and an index of 2-year-olds based on the San Francisco Bay Study midwater and otter trawl 


went down from a mean of 1,931 in 1980 through 1986 (prior to the Potamocorbula invasion) to a 


mean of 918 during 1987 through 2002, with a further decline following the onset of the Pelagic 


Organism Decline to a mean of 422 during 2003 through 2013 (Nobriga and Rosenfield 2016). The 


rate of decline of the population suggested by abundance indices has been particularly steep, 


especially since the onset of the Pelagic Organism Decline (Sommer et al. 2007; Thomson et al. 


2010), although a recent analysis of an integrated dataset featuring eight different surveys suggests 


that the original decline dates back to the early to mid-1980s (Stompe et al. 2020). Although the 


population has declined, the slope of the relationship between winter-spring flow and fall longfin 


smelt abundance indices remains unchanged, suggesting that flow or hydrological conditions may 


be strong drivers of their population abundance (Kimmerer et al. 2009; Maunder et al. 2015; 


Nobriga and Rosenfield 2016), although specific mechanisms are unknown. The intercept of this 


relationship has dropped nearly twofold, possibly because of declining food supply related to 


Potamocorbula (Kimmerer et al. 2009). 
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Source: Merz et al. 2013. 


Note: To calculate the annual frequency of longfin smelt detection in a region, the percentage of sampling events 
where longfin smelt were observed is divided by the total number of sampling events for the region. In this graphic, 
where no column/bar is shown in the bar graph for a region, the average annual frequency of detection for the given 
longfin smelt life stage(s) was zero. Where the column is below the x-axis, a survey did not sample in that region (e.g., 
the Smelt Larval Survey, which does not include stations west of Carquinez Strait). 


Figure 4.4.8-2. Average Annual Frequency of Longfin Smelt Detection (%) for Larval and Adult Life 
Stages by Region and Interagency Ecological Program Survey Type 
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Source: White 2019. 


Figure 4.4.8-3. Longfin Smelt Fall Midwater Trawl Abundance Index, 1967–2018 


There are several threats to longfin smelt. The USFWS (2012a) determination that listing is 


warranted for the Bay-Delta DPS concluded that reductions in freshwater flow and introduced 


species are threats, and that ammonium may be a threat. The recent federal listing proposed rule 


examined threats facing the Bay-Delta DPS of the longfin smelt as including include habitat 


alteration and changes to hydrology associated with reduced and altered freshwater flows and 


resulting increases in saline habitat conditions; increased water temperatures; reduced food 


resource availability; predation; entrainment from freshwater diversion facilities; and contaminants 


11 (87 FR 60957).The discussion below also describes other threats that have been noted (e.g., 


California Department of Fish and Game 2009), although as discussed further below, not all have 


been concluded to be of significance to the species (e.g., entrainment; U.S. Fish and Wildlife Service 


2012a). 


Longfin smelt are vulnerable to entrainment at the south Delta export facilities. The annual number 


of longfin smelt salvaged has been generally low since the 1980s, except in some years (1988, 2002), 


as illustrated for the SWP salvage facility (see Figure 2-5 in California Department of Water 


Resources 2019:2-15). In general, longfin smelt entrainment risk increases with reverse OMR flow 


(Grimaldo et al. 2009), and salvage can be higher in drier years compared to wetter years (as 


illustrated for the SWP salvage facility; see Figure 2-6 in California Department of Water Resources 


2019:2-15), probably as a result of the landward shift in distribution in drier years. Figure 4.4.8-4 


shows the distribution of larval and juvenile longfin smelt salinity tolerance in water years of 


varying runoff. 
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Source: California Department of Water Resources 2019:2-16. 


Note: The larval maps span January 1–March 31 and the juvenile maps span April 1–August 31. Salinities are within 
the tolerable range for longfin smelt based on 10th- and 90th-percentile salinities for catches in the Smelt Larval 
Survey (larval) and the Bay Study (juvenile). The three water years are 2014 (labeled as “dry”; Sacramento Valley 
runoff = 4.29 million acre-feet [MAF] [October–March] and 7.46 MAF [total water year]), 2011 (labeled as 
“moderate”; Sacramento Valley runoff = 12.68 MAF [October–March] and 25.21 MAF [total water year]), and 2006 
(labeled as “wet”; Sacramento Valley runoff = 18.06 MAF [October–March] and 32.09 MAF [total water year]) (all 
runoff values based on California Data Exchange Center [CDEC] [2020]). The color scale is the percentage of days in 
the evaluated range that met the salinity tolerance criteria (green = 100%; gray = 0% days in salinity tolerance 
range). Note that “tolerance” is not taken to mean physiological tolerance, but as described above, the 10th–90th 
percentile salinity of longfin smelt catches. 


Figure 4.4.8-4 Distribution of Larval and Juvenile Longfin Smelt Salinity “Tolerance” (10th–90th 
Percentile Salinity of Catch) in 2014 (Labeled “Dry”), 2011 (Labeled “Moderate”), and 2006 
(Labeled “Wet”) Water Years  







CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-88 


May 2024 
ICF 103653 


 


Larval longfin smelt are also susceptible to entrainment at the south Delta export facilities; however, 


because the salvage facilities generally do not sample fish smaller than 20 mm SL, it is difficult to 


ascertain how many larvae are entrained (California Department of Fish and Game 2009). Larval 


entrainment at the SWP is likely higher during drier periods compared to wetter periods, but overall 


larval entrainment risk is likely low because most longfin smelt hatch downstream of the Delta 


(Grimaldo et al. 2017). Overall, the effect of entrainment on the longfin smelt population has not 


been found to be important (Maunder et al. 2015), perhaps because a small fraction of the 


population is estimated to be entrained on an annual basis (California Department of Water 


Resources 2019:4-48, 4-55; Kimmerer and Gross 2022). Kimmerer and Gross (2022) examined 


available 2009–2020 survey data for all longfin smelt life stages and noted that vulnerability to 


south Delta entrainment is greatest in early larvae, but that larval losses to entrainment averaging 


1.5% of the population were too low to measurably influence population dynamics. Consistent with 


this, Gross et al. (2022) used hydrodynamic and particle-tracking models to estimate that 


proportional larval entrainment was practically zero in the extreme wet year of 2017 and 


approximately 2% of the population in the moderately dry year of 2013. Application of the same 


methods gave estimates of just under 1% larval entrainment in 2021 and 1.3% larval entrainment in 


2022 (Resource Management Associates 2023). 


As previously described, longfin smelt abundance indices are positively correlated with winter-


spring Delta outflow, negatively correlated with winter-spring X2 (Jassby et al. 1995; Kimmerer 


2002; Kimmerer et al. 2009; Baxter et al. 2010; Mac Nally et al. 2010; Thomson et al. 2010; Mount et 


al. 2013; Nobriga and Rosenfield 2016), or positively correlated with general indicators of 


hydrological conditions (e.g., watershed runoff) (Maunder et al. 2015). Numerous mechanisms have 


been proposed for this relationship, including lower entrainment losses, advection to suitable 


habitat, reduced predation due to elevated turbidity, increased retention in favorable habitats, and 


access to marsh habitats that are unsuitable during drier periods. 


The effect of entrainment appears to be unimportant (Maunder et al. 2015) or at least has 


diminished in recent decades, since longfin smelt population-level entrainment losses are low (see 


discussion above). Vertical retention via estuarine circulation is still hypothesized to be an 


important mechanism that retains age-0 longfin smelt in high-quality habitats during higher flows 


(Kimmerer et al. 2009), but horizontal retention in large, shallow bays is now hypothesized to be an 


important feature that enhances longfin smelt survival and abundance during higher flows based on 


new data that targeted larval and juvenile longfin smelt in shallow and marsh habitats (Grimaldo et 


al. 2020). 


Kimmerer et al. (2009) concluded that habitat volume, as defined by salinity and water clarity, may 


be partly responsible for the longfin smelt abundance relationship with Delta outflow (X2), but that 


other mechanisms, such as outflow-driven retention, are more important. With respect to habitat 


availability, although freshwater flow affects dynamic habitat availability, recent investigations by 


Grimaldo et al. (2017, 2020) of stationary habitat found that larval longfin smelt were relatively 


abundant in tidal marsh and shallow open waters with salinity around 0 to 7 psu. This work 


suggests that stationary shallow habitat also provides key rearing habitat for larval longfin smelt, a 


situation that increased when San Pablo Bay and the south San Francisco Bay became freshwater to 


low-salinity habitat during wet years. 


Adult longfin smelt use tidal marshes for spawning (Lewis et al. 2020). Larval longfin smelt use 


marsh and shoal habitats as rearing habitat (Grimaldo et al. 2017; Grimaldo et al. 2020). Juvenile 
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longfin smelt are mostly found in deeper channels, often exhibiting diel movements, presumably to 


reduce predation risk (Bennett et al. 2002). 


The salinity distribution in the San Francisco Estuary is not solely dependent on Delta outflow. For 


example, MacWilliams et al. (2016) showed that salinity in San Francisco Bay was influenced by 


tributaries as well (e.g., in south San Francisco Bay). Figure 4.4.8-4 shows the availability of habitat 


for larval and juvenile longfin smelt based on longfin smelt salinity tolerance in water years of 


varying hydrology.8 Habitat suitability is represented by the percentage of time when a specific 


location is within the salinity range where 80% of larval and juvenile longfin smelt were observed in 


the SLS and Bay Study surveys, respectively. Note that these surveys do include the full range 


occupied by the species and therefore limit the scope of inference regarding distribution. 


Turbidity levels have declined in the Delta (Cloern et al. 2011). Although delta smelt has often been 


the focus for potential effects of turbidity reduction, some of the same mechanisms appear to be as 


important for longfin smelt (Mahardja et al. 2017). For example, young juvenile longfin smelt 


distribution in spring is negatively associated with water clarity (Kimmerer et al. 2009), and trends 


in abundance are also negatively associated with water clarity in fall (Thomson et al. 2010). Greater 


water clarity could somewhat reflect changes in catchability during surveys (fish are better able to 


avoid trawls when water is clearer) (Latour 2016; Peterson and Barajas 2018; although see Tobias 


2021).  


Longfin smelt have experienced a significant decline in food resources in recent decades (Sommer 


2007). A decrease in foraging efficiency and/or the availability of suitable prey for various life stages 


of longfin smelt may result in reduced growth, survival, and reproductive success. This may 


contribute to an observed lower population abundance and a downward shift in the flow-abundance 


index relationship, particularly after the introduction of the invasive clam Potamocorbula amurensis 


(Feyrer et al. 2003; Nobriga and Rosenfield 2016). Other factors possibly affecting food resources 


include ammonium, which was found to be negatively associated with longfin smelt abundance 


indices in the population dynamics model of Maunder et al. (2015). 


The effect of nonnative predators, such as Mississippi silversides (Medinia beryllina) and striped 


bass, has been identified as a potential threat to longfin smelt populations (Sommer 2007; 


Rosenfield 2010), with potentially large predation losses even if the predation rate is low (California 


Department of Fish and Game 2009). A composite index of predatory fish density in Central Bay and 


San Pablo Bay was found to be negatively associated with trends in longfin smelt abundance in 


population dynamics modeling by Maunder et al. (2015). Competition also occurs with species such 


as age-0 striped bass or American shad (Alosa sapidissima) (Feyrer et al. 2003), although the effect 


of competition on the longfin smelt population is unknown. 


Water temperature tends to limit the upstream distribution of longfin smelt in the warmer months 


(Baxter et al. 2010), and spring (April–June) water temperature has been negatively correlated with 


survival (Maunder et al. 2015). By analogy with delta smelt (Brown et al. 2013, 2016), climate 


change could result in detrimental effects on longfin smelt ecology related to factors such as 


maturation and spawning season length and timing, as well as reduction in habitat extent; potential 


negative physiological effects of climate change have been demonstrated (Jeffries et al. 2016). 


 
8 As noted in Figure 4.4.8-4, tolerance is not taken to mean physiological tolerance, but as described above, the 
10th–90th percentile salinity of longfin smelt catches. 
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4.4.8.3 Critical Habitat 


Critical habitat has not been designated for longfin smelt.  


4.4.9 San Joaquin Kit Fox 


4.4.9.1 Legal Status and Distribution 


San Joaquin kit fox was listed as endangered under the ESA on March 11, 1967 (32 FR 4001). It was 


listed as threatened species under the California ESA in 1971. In 2020, USFWS completed a 5-year 


review for this species and determined that the kit fox continues to meet the definition of 


endangered. 


San Joaquin kit fox has historically occurred in semi-arid habitats of the San Joaquin Valley and in 


arid grassland of the adjacent foothills from as far north as Tracy, San Joaquin County and La Grange, 


Stanislaus County, south to Kern County (U.S. Fish and Wildlife Service 2020b:15). A patchwork of 


surveys and data in the California Natural Diversity Database (CNDDB) indicate that kit fox was 


likely distributed throughout most of its historical range through the early 2000s (U.S. Fish and 


Wildlife Service 2020b:27).  


The northern range for the species consists of a narrow band of habitat along the western edge of 


the San Joaquin Valley from the San Luis Reservoir in western Merced County, north to central 


Alameda and Contra Costa Counties (Cypher et al. 2013:29). Kit fox observations in the northern 


range have become rare, and no populations are known to be present (U.S. Fish and Wildlife Service 


2020b:15; California Department of Fish and Wildlife 2020a; Cypher et al. 2013:29). The northern 


part of the range is characterized by highly fragmented medium suitability habitat consisting 


primarily of dense grasslands dominated by wild oats, which may not be sufficient to sustain 


persistent populations of kit fox (Cypher et al. 2013:29).  


4.4.9.2 Life History and Habitat Requirements 


Optimal habitat for San Joaquin kit fox includes arid shrublands and grasslands characterized by 


sparse or no shrub cover, sparse ground cover with patches of bare ground, short vegetative 


structure (herbaceous vegetation <18 inches tall), and sandy to sandy-loam soils (Cypher et al. 


2007:25). Vernal pool complexes and alkali meadows in general do not provide good denning 


habitat for kit fox because they have moist or waterlogged clay or clay-like soils (U.S. Fish and 


Wildlife Service 2020b:17). Kit fox generally avoid steep terrain; slopes under 5% are optimal for kit 


fox and slopes greater than 15% are unsuitable (Cypher et al. 2007:25). Tall and dense vegetation is 


less optimal because it creates conditions that make it difficult for kit fox to detect approaching 


predators or to capture prey (Cypher et al. 2007:25). San Joaquin kit fox may construct their own 


dens, modify the burrow of other animals, or use human-made structures such as culverts and pipes 


(U.S. Fish and Wildlife Service 2020b:20). Natal and pupping dens are generally found on flatter 


ground with slopes of about 6 degrees (U.S. Fish and Wildlife Service 2020b:21). 


Agricultural lands do not provide long-term suitable habitat for kit fox for a variety of reasons. 


Lands with row crops are subjected to weekly inundation during irrigation, which impedes kit fox 


foraging and precludes the establishment, maintenance, and use of earthen dens. Prey abundance is 


relatively low in row crops, and when land is converted to agricultural uses, prey diversity is 


reduced, prey species composition changes, and favored prey species such as kangaroo rats 


disappear. Although kit fox may enter the margins of row crops and farther into orchards at night 
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from natural lands, researchers found no evidence that kit fox were able to use farmland, even when 


it was the predominant available habitat (U.S. Fish and Wildlife Service 2010b:21).  


San Joaquin kit fox is generally active year-round, with mating occurring between November and 


December and pups born between February and April (U.S. Fish and Wildlife Service 2020b:19). 


Juvenile dispersal occurs between June and late October (U.S. Fish and Wildlife Service 2020b:19). 


The home ranges of San Joaquin kit foxes are extensive and vary by location. Home range size is 


thought to be related to prey abundance, and studies have reported home ranges as small as 128 


acres and up to 5,952 acres (U.S. Fish and Wildlife Service 2020b:21). San Joaquin kit foxes appear to 


disperse readily, with dispersal distances varying greatly (1.1 to 50 miles; these were observed in 


studies from relatively large areas with little development). Successful dispersal appears to be a key 


factor for the recovery and survival of kit fox, partly because kit fox populations are becoming more 


fragmented, and successful dispersal among subpopulations helps to maintain genetic diversity, 


save declining populations, and prevent extinction (U.S. Fish and Wildlife Service 2010b:6, 107–


108). 


San Joaquin kit fox diet varies geographically, seasonally, and annually based on variation in 


abundance of potential prey (U.S. Fish and Wildlife Service 1998). In the southern and central 


portions of their range, kangaroo rats, pocket mice, white-footed mice (Peromyscus spp.), and other 


nocturnal rodents are key prey items. California ground squirrels, black-tailed hares (Lepus 


californicus), San Joaquin antelope squirrels (Ammospermophilus nelsoni), desert cottontails 


(Sylvilagus audubonii), ground-nesting birds, and insects are also taken (Jensen 1972; Archon 1992; 


Utah Division of Wildlife Resources 2010). In the northern part of their range, kit foxes most 


frequently consume California ground squirrels (Orloff et al. 1986). Cottontails, black-tailed hares, 


pocket mice, and kangaroo rats are also eaten (Hall 1983). 


4.4.9.3 Impacts from Past and Present Actions 


Habitat loss and fragmentation from urbanization and agricultural expansion are the principal 


activities that have affected San Joaquin kit fox in the San Joaquin Valley (Laughrin 1970; Jensen 


1972; Morrell 1975; Knapp 1978). By 1979, an estimated 6.7% of the San Joaquin Valley floor’s 


original native habitat south of Stanislaus County remained untilled and undeveloped (U.S. Fish and 


Wildlife Service 1998:129). Cypher et al. (2013) estimated that only 4,267 square kilometers of high 


suitable habitat and 5,569 square kilometers of medium suitable habitat remain, with much of the 


habitat highly fragmented. The majority of these habitat areas were located in the southern portion 


of the kit fox range, with 67% and 35% of this high and medium suitable habitat occurring in Kern 


and San Luis Obispo Counties, respectively.  


In the northern part of the range which overlaps with the action area continued urbanization, 


primarily in Contra Costa and Alameda Counties, water storage and conveyance projects (e.g., CVP, 


SWP, Bethany Reservoir, South Bay Aqueduct), road construction, energy development (e.g., 


Mariposa Energy), and other activities continue to reduce and fragment remaining grassland 


habitats. These land conversions contribute to kit fox declines through displacement, isolation of 


remaining populations, creation of barriers to movement, mortality, and a reduction of prey 


populations (U.S. Fish and Wildlife Service 1998:130). However, just east of Bethany Reservoir is the 


Bethany West Conservation Easement, which protects grassland habitat in the action area from 


further development and fragmentation. This easement was purchased by DWR and is managed by 


CDFW to offset the effects of the South Bay Aqueduct project on California tiger salamander and 


California red-legged frog.  
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Although livestock grazing is not necessarily detrimental and, in fact, may be beneficial (Morrell 


1975; Orloff et al. 1986), intensive overgrazing that destroys shrub cover and reduces prey 


abundance may be detrimental (O’Farrell et al. 1980; O’Farrell and McCue 1981; U.S. Fish and 


Wildlife Service 1998:130). 


The use of pesticides and rodenticides also threatens kit foxes. Ground squirrel control programs in 


the 1970s severely reduced California ground squirrel populations in Contra Costa County and are 


thought to have contributed to kit fox declines in the northern range (Bell et al. 1994; U.S. Fish and 


Wildlife Service 1998:130). Kit fox is also susceptible to secondary poisoning from rodenticides 


(Standley et al. 1992). 


Predation of San Joaquin kit foxes by coyotes (Canis latrans), bobcats (Lynx rufus), and nonnative red 


fox (Vulpes vulpes) has also contributed to the decline of San Joaquin kit fox. Coyotes and red foxes 


also compete with kit foxes for the same prey (U.S. Fish and Wildlife Service 2020b:41). 


4.4.9.4 Status of the Species in the Action Area 


In a more recent assessment of the species’ status, the USFWS rated the condition of the 


northernmost portion of the range (the Livermore Unit), which includes the westernmost portion of 


the action area, as being in a “very low” condition (U.S. Fish and Wildlife Service 2020b:51). The 


USFWS defines very low condition as showing “no evidence of a current population” and having 


records that are over 10 years old (U.S. Fish and Wildlife Service 2020b:50). 


Within the action area, the range of the species, as currently depicted by USFWS (U.S. Fish and 


Wildlife Service 2018), is limited to areas of suitable habitat generally around Bethany Reservoir. 


There are nine CNDDB occurrences that overlap with the action area (California Department of Fish 


and Wildlife 2020a), but as mentioned above, there is no evidence of an existing population and thus 


these occurrences are considered historical. These occurrences are generally to the west of Clifton 


Court Forebay and consist of observations that range from 1972 to 2000. Some observations consist 


of observed tracks and others consist of adult and juvenile observations. The most recent 


occurrence from 2000 (#34) consists of an observation of dens (not adults), hearing a “yip,” and 


relying on observations of Western Area Power Authority employees (California Department of Fish 


and Wildlife 2020a). As reported in the Tracy Hills Habitat Conservation Plan (ICF 2019:3-11), in 


2015, Noreas conducted San Joaquin kit fox surveys for the Tracy Hills development project, located 


at the southeast edge of the city of Tracy; Noreas reported an unverified San Joaquin kit fox in the 


California Aqueduct right-of-way. The 2015 sighting remains unverified and is not reported in 


CNDDB (California Department of Fish and Wildlife 2020a).  


4.4.9.5 Critical Habitat 


Critical habitat has not been designated for San Joaquin kit fox. 


4.4.9.6 Suitable Habitat Definition 


As described above in Section 4.4.9.2, Life History and Habitat Requirements, suitable habitat for San 


Joaquin kit fox in the action area consists of grasslands, vernal pool complex, and alkali seasonal 


wetland complex with burrows. The areas of suitable habitat in the action area are limited to those 


described in Section 4.4.9.7, Species Habitat Suitability Model. 
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4.4.9.7 Species Habitat Suitability Model 


The habitat model for San Joaquin kit fox includes grasslands where denning may occur and vernal 


pool complex and alkali seasonal wetland complex for dispersal and potential foraging. Habitat is 


further defined by soils and slopes. Soils were selected from the soil textural classes from the Soil 


Survey Geographic Database that could be used for establishing dens. Slope data was generated 


using the National Elevation Dataset (NED), which is a nationwide high-resolution elevation dataset. 


The extent of modeled habitat in the action area is depicted in Figure 6.3-1. For more information, 


refer to Chapter 6, Effects Analysis for Delta Smelt, Longfin Smelt, and Terrestrial Species, Section 6.3, 


Effects on San Joaquin Kit Fox. The geographic limits of the model are based on the range as defined 


by USFWS in GIS files obtained from USFWS’s Environmental Conservation Online System (U.S. Fish 


and Wildlife Service 2018). Modeled habitat is broken down into high-, moderate-, and low-quality 


categories and includes vegetation types from the land cover mapped in portions of the action area 


west of the legal Delta (ICF 2017a, 2018), soils data from the Soil Survey Geographic Database 


(Natural Resources Conservation Service 2020), and slope data generated using the NED (U.S. 


Geological Survey 2009a, 2009b, 2010). 


High-Quality Habitat 


High-quality habitat is characterized by the vegetation communities listed below, by soils suitable 


for denning, and by areas with slopes of less than 10%. Optimal habitat for kit foxes includes 


grasslands and areas with sandy to sandy-loam soils (Cypher et al. 2007:25). Natal dens appear to 


be restricted to slopes of 10% or less (U.S. Fish and Wildlife Service 2020b:23). In their 2020 species 


status assessment report, USFWS considered units with slopes of less than or equal to 10% to be of 


high value (U.S. Fish and Wildlife Service 2020b:49). 


High-quality habitat is limited to the following vegetation type from the Sand Hill Wind Repowering 


Subsequent Environmental Impact Report (SEIR) Land Cover Dataset (ICF 2018) and East Bay RCIS 


2017 Land Cover Dataset (ICF 2017a). 


⚫ Grassland 


 All types 


High-quality habitat is limited to the following the Soil Survey Geographic Database soil textural 


classes, which are sandy to sandy-loam soils that Cypher et al. (2007) considered being optimal for 


denning. 


⚫ Loam 


⚫ Fine sandy loam 


⚫ Silt loam 


⚫ Sandy clay loam 


⚫ Very fine sandy loam 


High-quality habitat is further limited to areas with the following slope from the NED. 


⚫ Slope ≤10% 
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Moderate-Quality Habitat 


Moderate-quality habitat has the same vegetation and soil types as high-quality habitat but is 


limited to areas with 11% to 30% slopes. Slopes greater than 15% are considered unsuitable 


(Cypher et al. 2007:25), and others have noted that most dens are found on slopes less than 30% 


(U.S. Fish and Wildlife Service 2020b:23). In their 2020 species status assessment report, USFWS 


considered units with slopes less than or equal to 30% to be of moderate value (U.S. Fish and 


Wildlife Service 2020b:50). 


Low-Quality Habitat 


Low-quality habitat is considered to be areas where kit fox may forage and disperse but where 


denning is unlikely. Low-quality habitat includes vegetation types where denning is unlikely as a 


result of moist or waterlogged soils for an extended part of the year (U.S. Fish and Wildlife Service 


2020b:17). It also includes areas with slopes greater than 30%, which USFWS considered to be of 


low value in their 2020 species status assessment report (U.S. Fish and Wildlife Service 2020b:50). 


Low-quality habitat includes all soil types. 


Low-quality habitat is limited to the following vegetation types from the Sand Hill Wind Repowering 


SEIR Land Cover Dataset (ICF 2018) and East Bay RCIS 2017 Land Cover Dataset (ICF 2017a). 


⚫ Grassland (includes grasslands on all soil textural classes except those identified in the high- and 


moderate-quality habitats regardless of slope and also includes those grasslands on slopes from 


the NED >30%, regardless of soil textural classes) 


 All types 


⚫ Vernal pool complex 


 All types 


⚫ Alkaline seasonal wetlands 


 All types  


4.4.10 California Least Tern 


4.4.10.1 Legal Status and Distribution 


California least tern is listed as endangered under the state and federal endangered species acts. The 


species was listed by the California Fish and Game Commission pursuant to CESA (Fish and Game 


Code, Sections 2050 et seq.) on June 27, 1971, and by USFWS pursuant to the federal ESA on October 


13, 1970 (35 FR 8491). California least tern is also designated as a state fully protected species. 


Critical habitat has not been designated for this species. In 1985, USFWS published a Revised 


California Least Tern Recovery Plan. In 2020, the USFWS completed a 5-year review for this species 


and recommended no change in current listing status due to the ongoing decline of individuals and 


pairs throughout their range, poor productivity throughout the last decade, and ongoing threats 


such as predation and lack of food availability to populations. The 5-year review found that the 


California least tern recovery effort had reduced threats to the population, but intensive, site-


specific management was still necessary to maintain population levels (U.S. Fish and Wildlife Service 


2020c:70–72).  
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The historical breeding range of California least tern extends along the Pacific Coast from 


approximately Moss Landing to the southern tip of Baja California, Mexico (Grinnell and Miller 


1944:175, 186–187, 383–385). However, since about 1970, colonies have been reported north to 


San Francisco Bay and the Delta (U.S. Fish and Wildlife Service 2020c:7). In addition, isolated 


instances of nesting have been detected at more inland sites scattered in the Central Valley (U.S. Fish 


and Wildlife Service 2020c:7). The nesting range in California is somewhat discontinuous as a result 


of the availability of suitable estuarine shorelines, where California least terns often establish 


breeding colonies. Marschalek (2006:7) identified six geographic population clusters along the 


Pacific Coast in California: San Diego, Camp Pendleton, Los Angeles/Orange County, Ventura County, 


San Luis Obispo/Monterey County, and San Francisco Bay. As of 2016, most of the California 


population is concentrated in four counties: Ventura, San Diego, Orange, and Los Angeles (U.S. Fish 


and Wildlife Service 2020c:8). 


Statewide surveys in 2016 estimated a minimum of 3,989 breeding pairs (which represented the 


lowest count since 2002), with about 86% of the breeding colonies occurring in Southern California; 


however, the minimum fledgling count in 2016 (1,612) was higher than in 2015 (1,514). The San 


Francisco Bay and central coast areas had the highest minimum fledgling to maximum pair ratio 


(1.37) and were the only two areas to meet statewide recovery criteria for the fledging to pair ratio. 


Statewide, the growth of the breeding population has been dramatic since state and federal listing of 


California least tern, from only several pairs in the late 1960s to a current minimum of 3,989 pairs 


(Frost 2017:11). However, as noted above, the 2016 survey found the lowest number of breeding 


pairs since 2002, resulting in concerns about increased threats including predation, low productivity 


and nest abandonment (Frost 2017:15). The estimated minimum number of pairs in 2017 increased 


to 4,095 breeding pairs, with the annual average reproductive success for the San Francisco Bay 


region being above average in comparison toother breeding colonies; the San Francisco Bay region 


includes the colonies from the Delta and the San Francisco Bay (U.S. Fish and Wildlife Service 


2020c:15, 16). 


4.4.10.2 Life History and Habitat Requirements 


California least terns nest in loose colonies on barren or sparsely vegetated sandy or gravelly 


substrates above the high tide line along the coastline and in lagoons and bays of the California 


coast. Colonies are always near water that provides foraging opportunities. Foraging typically 


occurs in shallow estuaries or lagoons (Thompson et al. 2020; U.S. Fish and Wildlife Service 


2020c:19). Nest sites are shallow depressions without nesting material, typically in barren sandy or 


gravelly substrate (U.S. Fish and Wildlife Service 2020c:6). Most nest sites are on developed lands, 


such as dikes (e.g., Pittsburg Power Plant), dredge spoils, sand-topped islands (e.g., Montezuma 


Wetlands), and airports (e.g., Alameda Point) (U.S. Fish and Wildlife Service 2020c:18). Prior to egg-


laying, adults generally roost away from nest sites, from 0.25 mile at coastal sites to several miles at 


estuarine sites. This behavior is thought to be a form of predator avoidance (U.S. Fish and Wildlife 


Service 1985:7). California least terns select nesting colony sites that are free of human or predatory 


disturbance and near a foraging area. The availability of such sites is a limiting factor for the species.  


California least terns are migratory and are present at nesting areas from mid-April to late 


September (U.S. Fish and Wildlife Service 2020c:6; Anderson and Rigney 1980; Patton 2002:6; Frost 


2017:4). Courtship generally occurs during April and May and usually takes place away from the 


nesting area on exposed tidal flats or beaches. Nesting begins by mid-May (Massey and Atwood 


1981). Clutch size ranges from one to four eggs but usually consists of two or three eggs, with a 


single brood raised each year. Incubation is usually 20 to 25 days, and young are fledged by 28 days. 







CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-96 


May 2024 
ICF 103653 


 


The young will continue to depend on adults for an additional 2 weeks (Rigney and Granholm 


2005:1–3). Wintering areas are largely unknown, but are suspected to be along the Pacific Coast of 


Central and South America (Rigney and Granholm 2005:1). In the San Francisco Bay Area and 


Suisun Bay, nesting colonies are typically located in abandoned salt ponds and along estuarine 


shores, often using artificially or incidentally created habitat (Rigney and Granholm 2005:1–3; 


Marschalek 2008:14). Foraging occurs in the bay or large river estuaries. 


California least terns are very gregarious and nest, feed, roost, and migrate in colonies. They are 


highly sensitive to nest disturbance and will readily abandon nest sites if disturbed (Rigney and 


Granholm 2005:1–3). 


The California least tern feeds in shallow estuaries and lagoons for small fish, including anchovies 


(Engraulis spp.), silversides (Atherinops spp.), and shiner surfperch (Cymatogaster aggregata) 


(Rigney and Granholm 2005:1–3). It hovers above the water, then plunges but does not completely 


submerge. It will also forage in the shallow tidal zone of the open ocean and in bays (Rigney and 


Granholm 2005:1–3). 


4.4.10.3 Impacts from Past and Present Actions 


The loss, degradation, and disturbance of suitable coastal strand and estuarine shoreline habitat 


from urban development and agriculture is the primary reason for the historical reduction of 


California least tern populations. In the action area, this development includes the CVP, SWP, Central 


Valley Flood Protection Plan, water treatment facilities, energy generation and distribution, and 


shipping, Most extant colonies occur on small patches of degraded nesting habitat surrounded by 


human activities. Most colony sites are in areas that were incidentally created during development 


projects. Further expansion and recovery of the California least tern population may require the 


creation or restoration of nesting habitat (U.S. Fish and Wildlife Service 2020c:71–72). 


Human disturbance was noted as early as the mid-1920s as a factor in causing colony abandonment 


and California least tern population declines (Rigney and Granholm 2005:1–3), and is still 


considered a major threat to remaining colonies (Garrett and Dunn 1981; Marschalek 2009). There 


is no suitable natural habitat in California that is free of development, military, or recreation-related 


human disturbances; thus, opportunities for the species to develop new breeding territories are 


mostly restricted to artificially or incidentally created habitat. Fencing has been used to prohibit 


entry into colony sites, but this also restricts the movement of birds. Lack of fencing or damage to 


existing fencing has led to nesting failures (U.S. Fish and Wildlife Service 2020c:54). 


Predation is regarded as the most significant threat to existing colonies and continues to be a 


rangewide threat to the species (U.S. Fish and Wildlife Service 2020c:39). Frost (2017) reports 485 


eggs (and another 767 eggs lost to unknown causes), 63 chicks, 49 fledglings, and 54 adults were 


lost of predation in 2016. Most depredated California least tern eggs were taken by rats (Ratus spp.), 


common ravens (Corvus corax), coyotes (Canis latrans), northern harrier (Circus cyaneus), and 


California gulls (Larus californicus), while most depredated California least tern chicks were taken 


by northern harriers, ants, gull-billed terns (Gelochelidon nilotica), American kestrels (Falco 


sparverius), peregrine falcons (falco peregrinus), raptor species, and red-trailed hawks (Buteo 


jamaicensis). Peregrine falcons, red-tailed hawks, and raptor species depredated the most fledglings, 


and peregrine falcons, great horned owls (Bubo virginianus), and raptor species depredated the 


most adults. 
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Researchers suggest changes in prey availability contributes to decline in least tern reproductive 


success and population size (U.S. Fish and Wildlife Service 2020c:18). Intervals of low and high 


breeding success are normal for seabirds; however, fluctuations in forage fish biomass can interrupt 


these breeding cycles and result in long-term declines (Cury et al. 2011:1704). Decreased nest 


success has been documented in years when adult terns bring inadequate or inappropriate fish sizes 


to feed mates and chicks (Massey et al. 1992:980; Keane 2001:9-10). 


Additionally, since the completion of the 2006 5-year review, a growing concern for the California 


least tern is impacts to the habitat resulting from climate change (U.S. Fish and Wildlife Service 


2020c:31, 69). Global sea level rise due to climate change could pose a threat to California least tern 


nesting in low-lying areas along estuaries or beaches (U.S. Fish and Wildlife Service 2020c:32). For 


example, loss of California least tern nests and eggs have been attributed to flooding at nine nest 


sites on the central coast and in Southern California, and the California Climate Change Center 


predicts specific sea level rise within San Diego County could impact currently used California least 


tern nesting sites (U.S. Fish and Wildlife Service 2020c:33). Changes in regional weather patterns 


has also been linked to changes in prey availability for breeding California least terns, and studies 


have documented reductions in breeding success following years of El Niño Southern Oscillation 


(U.S. Fish and Wildlife Service 2020c:55–56).  


4.4.10.4 Status of the Species in the Action Area 


Recently, seven California least tern nesting sites have been reported from the vicinity of the Delta. 


One site (the Pittsburg Power Plant) is in the action area (Frost 2016:63). Frost (2017:11) 


documented one breeding pair at this site in 2016, but no fledglings. The Pittsburg site was not 


surveyed in 2017 (U.S. Fish and Wildlife Service 2020c:95–96). 


Three additional locations have been reported from just outside the action area, including Napa-


Sonoma Marshes Wildlife Area Green Island Unit on the Napa River, east of the San Pablo Bay 


National Wildlife Refuge and northwest of American Canyon, where a minimum of 60 breeding pairs 


and 79 nests produced between 5 and 6 fledglings in 2016 (Frost 2017:11), and along a gravel road 


between treatment ponds at the Sacramento Regional Wastewater Treatment Plant (Bufferlands) 


east of Interstate (I-) 5, where terns were recorded in 9 of 10 years between 2008 and 2017, and a 


single pair attempted to nest in 8 of those years (Conard 2018). At the third location, Montezuma 


Wetlands on the eastern edge of Suisun Marsh near Collinsville, California least terns have nested 


since 2006. This colony site was unintentionally created as part of a wetlands restoration project 


(i.e., the goal of the restoration project was not to create California least tern habitat) (Marschalek 


2008:14). A pile of sand and shells, formed during excavation of the wetland restoration site, 


attracted terns to the site, which to date has prevented completion of the restoration project. Frost 


(2017:12) reports a minimum of four breeding pairs, six nests, and one fledgling from this breeding 


colony in 2016. USFWS (2020c:95–96) reports a minimum of seven breeding pairs and a fledglings-


per-pair ratio minimum of 0.63 in 2017. 


There is one record of a California least tern foraging in the Clifton Court Forebay from 1994 (eBird 


2021). However, California least tern is not expected to be foraging at the forebay because it is 20 


miles from the nearest nesting site (Pittsburg), which is currently not supporting breeding. 


The action area is on the eastern edge of the more successful breeding area of South San Francisco 


Bay. The locations of current or historical colonies are greater than 2 miles from construction areas, 


the typical distance California least terns will travel from their colonies to forage (Atwood and 
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Minsky 1983:70). For this reason, it is very unlikely that California least terns will forage in or near 


the water conveyance facility footprint. 


4.4.10.5 Critical Habitat 


Critical habitat has not been designated for California least tern. 


4.4.10.6 Suitable Habitat Definition 


As described above in Section 4.4.10.2, Life History and Habitat Requirements, and below in Section 


4.4.10.7, Breeding and Foraging Habitat Suitability Model, suitable foraging habitat for California 


least tern includes all of the tidal perennial aquatic natural community within the action area. 


Suitable nesting habitat includes barren or sparsely vegetated gravelly substrates that are unlikely 


to occur within the Delta due to its highly altered landscape. 


4.4.10.7 Breeding and Foraging Habitat Suitability Model 


The Delta is considered to be at the northern limit of the species range where some small breeding 


populations occur (as described in Section 4.4.10.1, Legal Status and Distribution). As described in 


Section 4.4.10.2, Life History and Habitat Requirements, foraging typically occurs in shallow estuaries 


or lagoons (U.S. Fish and Wildlife Service 2020c:19). Consequently, modeled foraging habitat 


consists of tidal perennial aquatic habitat types. The modeled foraging habitat relies on both 


delineation data that was collected for a smaller portion of the action area, in what is called the 


delineation study area, and suitable habitats found in the data sets outside the delineation study 


area. The extent of modeled habitat in the action area is depicted in Figure 6.4-1. For more 


information refer to Chapter 6, Section 6.4, Effects on California Least Tern.  


Nesting habitat is barren or sparsely vegetated sandy or gravelly substrates above the high tide line 


along the coastline (U.S. Fish and Wildlife Service 2006a:22–23). In the Delta, nesting colonies are 


often in artificially or incidentally created habitat (Rigney and Granholm 2005:1–3; Marschalek 


2008:14) such as gravel roads, debris piles, and other conditions that mimic a natural sandy or 


gravelly substrate as evidenced by recent breeding occurrences in human-modified or artificial 


habitats at the Montezuma Wetlands, Pittsburg Power Plant, and the Bufferlands. Although future 


nesting habitat could occur incidentally in the Delta, it is not possible to accurately predict where; 


therefore, suitable nesting habitat cannot be modeled.  


Inside the Delineation Study Area 


Modeled habitat includes the following types from the DWR 2020 Aquatic Resources Delineation 


(California Department of Water Resources and GEI Consultants Inc. 2020; California Department of 


Water Resources 2020c, 2021). 


⚫ Tidal perennial aquatic 


 Tidal channel 


 Natural channel// 


 Water 
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Outside the Delineation Study Area 


Modeled habitat includes the following types from the Sand Hill Wind Repowering SEIR Land Cover 


Dataset (ICF 2018), East Bay RCIS 2017 Land Cover Dataset (ICF 2017a), Delta Vegetation and Land 


Use Update (Chico State Research Foundation, Geographical Information Center 2019), and Great 


Valley Ecoregion 2018 Vegetation Dataset (Chico State Research Foundation, Geographical 


Information Center 2018). 


⚫ Tidal perennial aquatic 


 Azolla (filiculoides, microphylla) 


 Eichhornia crassipes 


 Lemna (minor) and relatives 


 Ludwigia (hexapetala, peploides) 


 Naturalized temperate Pacific freshwater vegetation 


 Temperate Pacific freshwater aquatic bed  


4.4.11 Least Bell’s Vireo 


4.4.11.1 Legal Status and Distribution 


Least Bell’s vireo was listed as endangered under the federal ESA on May 2, 1986 (51 FR 16474–


16482). The species is also listed as endangered under the CESA in 1980. Least Bell’s vireo is one of 


four subspecies of Bell’s vireo and is the only subspecies that breeds entirely in California and 


northern Baja California (Kus 2002:2).  


Least Bell’s vireo, a riparian obligate, had a historical distribution that extended from coastal 


Southern California through the San Joaquin and Sacramento Valleys as far north as Tehama County 


near Red Bluff (Kus 2002:2; U.S. Fish and Wildlife Service 1998:7). The Sacramento and San Joaquin 


Valleys were the center of the historical breeding range supporting 60% to 80% of the population 


(51 FR 16474). Least Bell’s vireo also occurred along western Sierra Nevada foothill streams and in 


riparian habitats of the Owens Valley, Death Valley, and Mojave Desert (Kus 2002:2; Grinnell and 


Miller 1944:175, 186–187, 383–385; U.S. Fish and Wildlife Service 1998:7). Least Bell’s vireo was 


reported in Grinnell and Miller (1944:175, 186–187, 383–385) to occur from elevations ranging 


from –175 feet in Death Valley to 4,100 feet in Bishop, Inyo County. These and other historical 


accounts described the subspecies as common to abundant (Kus 2004), but no reliable population 


estimates are available prior to the federal listing of least Bell’s vireo in 1986 (U.S. Fish and Wildlife 


Service 1998:7). 


Coinciding with widespread loss of riparian vegetation throughout California (Katibah 1984:23), 


Grinnell and Miller (1944:384) began to detect population declines in the Sacramento and San 


Joaquin Valleys by the 1930s. Surveys conducted in late 1970s (Goldwasser et al. 1980:742) 


detected no least Bell’s vireos in the Sacramento and San Joaquin Valleys, and the subspecies was 


considered extirpated from the region. By 1986, USFWS determined that least Bell’s vireo had been 


extirpated from most of its historical range and numbered approximately 300 pairs statewide (51 


FR 16474; Kus 2002:2). 
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The historical range was reduced to six California counties south of Santa Barbara, with the majority 


of breeding pairs in San Diego County (77%), Riverside County (10%), and Santa Barbara County 


(9%) (51 FR 16474). 


Since federal listing in 1986, least Bell’s vireo populations have gradually increased, and the 


subspecies has recolonized portions of its historical range. Increases are attributed primarily to 


riparian restoration and efforts to control the brood parasite brown-headed cowbird (Howell et al. 


2010:105–109). By 1998, the total population of least Bell’s vireo was estimated at 2,000 pairs and 


recolonization was reported along the Santa Clara River in Ventura County, the Mojave River in San 


Bernardino County, and sites in Monterey and Inyo Counties (Kus and Beck 1998:63–64; Kus 


2002:4; U.S. Fish and Wildlife Service 2006b:6–7). A single nest was reported from Santa Clara 


County near Gilroy in 1997 (Kus 2002:2). Still, the distribution remained largely restricted to San 


Diego County (76%) and Riverside County (16%) (U.S. Fish and Wildlife Service 2006b:6–7). 


By 2005, the population had reached an estimated 2,968 breeding pairs (Allen and Kus 2020:2) with 


increases in most Southern California counties and San Diego County (primarily Camp Pendleton 


Marine Corps Base) supporting roughly half of the current population (U.S. Fish and Wildlife Service 


2006b:6–7). Recent occurrences have suggested a range expansion to the northern extent of the 


subspecies’ historical breeding range. 


4.4.11.2 Life History and Habitat Requirements 


Least Bell’s vireo is an obligate riparian breeder that typically inhabits willow riparian forest 


supporting a dense, shrubby understory of mulefat (Baccharis salicifolius) and other mesic species 


(Goldwasser 1981:15–16; Gray and Greaves 1981:609-610; Franzreb 1989:9, 13). Oak woodland 


with a willow riparian understory is also used in some areas (Gray and Greaves 1981:606), and 


individuals sometimes enter adjacent chaparral, coastal sage scrub, or desert scrub habitats to 


forage (Kus 2002:8; Kus and Miner 1989:299). While the species appears to be especially dependent 


on the presence of willows within occupied habitat, the structure is extremely important. Least 


Bell’s vireos are characterized as preferring early successional habitat, inhabiting low, dense 


riparian growth along water or along dry parts of intermittent streams (U.S. Fish and Wildlife 


Service 1998:10). Similar habitats are used during the winter months. Nests are typically placed 1.6 


to 4.9 feet (0.5 to 1.5 meters) above the ground, but can be up to 26 feet (8 meters) above the 


ground (Ehrlich et al. 1988). Goldwasser (1981:15–16) and Salata (1983:35, 52, 54) believed that 


structure and composition of vegetation below 10 and 13 feet, respectively, were critical. Salata 


(1983:35, 52, 54) also reported the importance of a mix of tree size classes, with a mean height of 26 


feet. Gray and Greaves (1984) recommended protection of ground cover and low shrub layers. 


Vireos occur in disproportionately high frequencies in the wider sections (greater than 825 feet) of 


the riparian corridor relative to site availability (Kus 2002:7). 


Early successional riparian habitat typically supports the dense shrub cover required for nesting 


and a diverse canopy for foraging. Although least Bell’s vireo tends to prefer early successional 


habitat, breeding site selection does not appear to be limited to riparian stands of a specific age 


(Goldwasser 1981:15–16; Franzreb 1989:9, 13; Kus et al. 2020). If willows and other species are not 


managed, within 5 to 10 years they form dense thickets and become suitable nesting habitat 


(Goldwasser 1981:15–16; Kus 1998:80–82). Tall canopy tends to shade out the shrub layer in 


mature stands, but least Bell’s vireo will continue to use such areas if patches of understory exist. In 


mature habitat, understory vegetation consists of species such as California wild rose (Rosa 
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californica), poison oak (Toxicodendron diversilobum), California blackberry (Rubus ursinus), grape 


(Vitis californica), and perennials that can conceal nests. 


Least Bell’s vireos use upland habitat, in many cases coastal sage scrub, adjacent to riparian habitat. 


Vireos along the edges of riparian corridors maintain territories that incorporate both habitat types, 


and a significant proportion of pairs with territories encompassing upland habitat place at least one 


nest there (Kus and Miner 1989:300, 302). Least Bell’s vireo arrives on its breeding grounds in mid-


March (Brown 1993), with males arriving slightly before females (Kus 2002:2-3). Least Bell’s vireo 


shows a high degree of nest site tenacity (Greaves 1987:50–54). Most individuals depart by 


September (Brown 1993), although some individuals remain on their breeding grounds into late 


November (Kus 2002:3). 


Least Bell’s vireos winter in the Baja California Peninsula. Unlike during the breeding season, they 


are not limited in winter to willow-dominated riparian areas, but occupy a variety of habitats 


including mesquite scrub within arroyos, palm groves, and hedgerows bordering agricultural and 


residential areas. Uplands adjacent to riparian areas provide migratory stopover grounds, foraging 


habitat, and dispersal corridors for nonbreeding adults and juveniles (Kus and Miner 1989:300, 302; 


Riparian Habitat Joint Venture 2004:19, 44, 56, 73, 87). 


Territory size ranges from 0.5 to 7.5 acres (0.2 to 3 hectares), but on average are between 1.5 and 


2.5 acres (0.6 and 1 hectare) in Southern California (U.S. Fish and Wildlife Service 1998:14–15). 


Spatial differences in riparian habitat structure, patch size, and numerous other factors result in 


differences in the density of territories within and between drainages. Patch size and crowding did 


not influence least Bell’s vireo reproductive success, at least as measured by singing rates and 


attraction of predators (U.S. Fish and Wildlife Service 1998:14–15). 


Least Bell’s vireo is insectivorous and preys on a wide variety of insects, including bugs, beetles, 


grasshoppers, moths, and especially caterpillars (Chapin 1925:25; Bent 1950:258–259; U.S. Fish and 


Wildlife Service 1998:19). Least Bell’s vireo obtains prey primarily by foliage gleaning (picking prey 


from leaf or bark substrates) and hovering (removing prey from vegetation surfaces while fluttering 


in the air). Foraging occurs at all levels of the canopy but appears to be concentrated in the lower to 


middle stratas, particularly when pairs have active nests (Grinnell and Miller 1944:175, 186–187, 


383–385; Goldwasser 1981:15–16; Gray and Greaves 1981:610; Salata 1983:35, 52, 54). USFWS 


(1998:9–10) determined that least Bell’s vireo foraging time across heights was not simply a 


function of the availability of vegetation at those heights, but rather represented an actual 


preference for the 10- to 20-foot zone. Foraging occurs most frequently in willows (Salata 1983:35, 


52, 54; U.S. Fish and Wildlife Service 1998:20), but occurs on a wide range of riparian species and 


even some non-riparian plants that may host relatively large proportions of large prey (U.S. Fish and 


Wildlife Service 1998:20). 


4.4.11.3 Impacts from Past and Present Actions 


Loss of habitat combined with increased brood parasite pressure from brown-headed cowbirds 


(Molothrus ater) (Goldwasser 1978; Beezley and Rieger 1987:55–56) are the major factors leading 


to the significant declines in populations of least Bell’s vireo (Franzreb 1989:iii; 57 FR 34851–


35453). 


Habitat loss and degradation can occur through clearing of vegetation for agriculture, timber 


harvest, development, or flood management (U.S. Fish and Wildlife Service 1998:9–10; Kus et al. 


2010:2, 9). Flood management projects have resulted in river channelization, which eliminates early 
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successional riparian habitat that least Bell’s vireo use for breeding. Dam, levee, and other flood-


control projects (e.g., Central Valley Flood Protection Plan) have hindered riparian re-establishment, 


creating more old-growth conditions (dense canopy and open understory) that are unfavorable to 


breeding vireos. Finally, habitat degradation associated with flood control projects encourages nest 


predation and parasitism. Agricultural land development, flood-control projects, and river and 


stream flow manipulation have not only affected habitat, but have also reduced water tables to 


levels that inhibit the growth of the dense vegetation least Bell’s vireo prefers (Riparian Habitat 


Joint Venture 2004:19, 44, 56, 73, 87). 


Grazing in the action area has also had a significant effect on riparian vegetation (Sedgwick and 


Knopf 1987). Cattle and other livestock trample vegetation and eat seedlings, saplings, shrubs, and 


herbaceous plants. This can lead to a reduction in cover and nesting sites, and affect insect prey 


populations. 


Brood parasitism from brown-headed cowbirds has a major negative impact on least Bell’s vireo. 


Sharp and Kus (2006:682) suggest that microhabitat cover around the nest is the most important 


habitat feature influencing brood parasitism of least Bell’s vireo nests. They found non-parasitized 


nests had fewer trees greater than 3 inches in diameter at breast height within 37 feet of the nest 


and had less canopy cover within 16 feet than parasitized nests. They also suggest that cover near 


the nest reduces the chance that a cowbird will observe nesting activity and later parasitize the nest. 


Row crops and orchards, which are common in the action area, also provide feeding grounds for 


brown-headed cowbirds. Young and Hutto (1999:41) found that distance to agriculture was the 


strongest predictor of cowbird presence and abundance. Riparian habitat that is fragmented by 


agriculture is therefore highly susceptible to cowbird brood parasitism. By as early as 1930, nearly 


every least Bell’s vireo nest found in California hosted at least one cowbird egg (U.S. Fish and 


Wildlife Service 1998:9–10). Because a parasitized nest rarely fledges any vireo young, nest 


parasitism of least Bell’s vireo results in drastically reduced nest success (Goldwasser 1978; 


Goldwasser et al. 1980:743–745; Franzreb 1989:9, 13; Kus 1999:165, 2002). 


Predation is a major cause of nest failure in areas where brown-headed cowbird nest parasitism is 


infrequent or has been reduced by cowbird trapping programs. Most predation occurs during the 


egg stage. Predators likely include western scrub jays (Aphelocoma californica), Cooper’s hawks 


(Accipiter cooperii), gopher snakes (Pituophis melanoleucus) and other snake species, raccoons 


(Procyon lotor), opossums (Didelphis virginiana), coyotes (Canis latrans), long-tailed weasels 


(Mustela frenata), dusky-footed woodrats (Neotoma fuscipes), deer mice (Peromyscus maniculatus), 


rats (Rattus spp.), and domestic cats (Felis domesticus) (Franzreb 1989:9, 13). Kus et al. (2008) 


investigated variables that influenced the likelihood of nest predation on least Bell’s vireo at three 


spatial scales. They did not find strong predictors of predation risk at the nest site, surrounding 


habitat, or landscape scale, with the exception of proximity to golf courses, parks, and wetlands. Nest 


predation increased with proximity to golf courses, whereas nests near wetland habitats were twice 


as likely to succeed as those that were farther from wetlands (Kus et al. 2008). 


4.4.11.4 Status of the Species in the Action Area 


Data on least Bell’s vireo from the 1940s through the 1960s are lacking, but extensive surveys of the 


Central Valley in the late 1970s did not detect a single individual (Goldwasser et al. 1980:743–745). 


Least Bell’s vireos are rarely observed in the Central Valley. According to eBird (2021), the species 


has been observed at eight distinct locations in the Central Valley between 2005 and 2019. There 


are no CNDDB records of least Bell’s vireos breeding in the action area since at least the 1970s. Two 
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singing males were detected in the Yolo Bypass Wildlife Area in mid-April 2010, and again in 2011 


(California Department of Fish and Wildlife 2020a). No least Bell’s vireos were detected in the Yolo 


Bypass Wildlife Area during surveys in 2012. Protocol-level surveys have not been conducted for 


least Bell’s vireo within the action area. However, there have been some relatively recent 


observations of nesting behavior in the Yolo Bypass Wildlife Area, Bufferlands’ Upper Beach Lake, 


and on Bradford Island. Two singing males were detected in the Yolo Bypass Wildlife Area in mid-


April through mid-August 2010 and again in early May through mid-July 2011 (California 


Department of Fish and Wildlife 2020a); territorial singing and courtship behavior are signs of 


possible breeding. In 2010, a vireo was seen in this area carrying nesting material, a sign of breeding 


(Whisler pers. comm.: 1–2). Least Bell’s vireo was not detected in the Yolo Bypass Wildlife Area 


during surveys in 2012. One singing male was detected on one occasion in May 2013 but was not 


observed subsequently (Whisler pers. comm.:2). No least Bell’s vireos have been detected in the 


Yolo Bypass Wildlife Area since 2013 (eBird 2021). One singing male was observed over 2 days at 


Upper Beach Lake on the Bufferlands property in late April 2013 but was not detected subsequently 


(eBird 2021). Singing males were detected on Bradford Island in June 2018, June and July 2019 


(eBird 2021), and May and August 2020; begging young were heard in August 2020 (eBird 2020) 


potentially suggesting successful breeding. 


The next-nearest known nest site since the 1930s is approximately 7 miles south of the action area 


at the San Joaquin River National Wildlife Refuge in the San Joaquin and Tuolumne River floodplain 


(Howell et al. 2010:105–109). This occurrence includes three nests between 2005 and 2007, all in a 


recently restored portion of San Joaquin River National Wildlife Refuge lands known as 


“Hagemann’s Fields 6 and 9.” The 2005 and 2006 nests were successful. The 2007 nest was not 


successful in that only a female returned to the area, and though a nest was constructed and the 


female laid eggs, the nest failed. The 2005 and 2006 nests were in a 3-year-old arroyo willow with 


understory plants including mugwort (Artemisia douglasiana), sunflower (Helianthus annuus), 


gumplant (Grindelia hirsutula), and creeping wild rye (Leymus triticoides) The 2007 nest was in a 


dead arroyo willow (Howell et al. 2010:105–109). One individual was also seen in the San Joaquin 


River National Wildlife Refuge along Ingram Creek in 2012 and 2016 (eBird 2021). 


4.4.11.5 Critical Habitat 


Final designation of critical habitat for least Bell’s vireo was published in the Federal Register on 


February 2, 1994 (59 FR 14845–4867). There is no designated critical habitat for least Bell’s vireo in 


the action area. 


4.4.11.6 Suitable Habitat Definition 


As described in Section 4.4.11.2, Life History and Habitat Requirements, least Bell’s vireo nesting 


habitat includes early successional riparian habitat. Least Bell’s vireos also use upland habitat 


adjacent to riparian habitat. Outside the breeding season, least Bell’s vireo use upland habitats such 


as hedgerows as migratory stopover grounds, foraging habitat, and dispersal corridors for 


nonbreeding adults and juveniles (Kus and Miner 1989:300, 302; Riparian Habitat Joint Venture 


2004:19, 44, 56, 73, 87). 


4.4.11.7 Recolonization Habitat Suitability Model 


The primary populations of least Bell’s vireo currently occur in Southern California; however, over 


the last decade or more, sporadic occurrences of individuals displaying breeding behavior or 
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successful nesting have been reported in the Delta (see Section 4.4.11.4, Status of the Species in the 


Action Area/Environmental Baseline, for additional details). This is considered evidence that least 


Bell’s vireos are slowly expanding their population back into their historic range. At the time of this 


writing, least Bell’s vireo is not assumed to be a resident of the Delta and thus the model identifies 


areas of potential recolonization. Because there are so few occurrences in or around the Delta from 


which to confidently determine a range within the Delta, the entire Delta is assumed to have 


potential to provide recolonization habitat.  


Least Bell’s vireo typically nests in willow-dominated habitats and early successional riparian 


habitat typically supports the dense shrub cover required for nesting and a diverse canopy for 


foraging (Riparian Habitat Joint Venture 2004:19, 44, 56, 73, 87). Although least Bell’s vireo tends to 


prefer early successional habitat, breeding site selection does not appear to be limited to riparian 


stands of a specific age. Therefore, in addition to all willow-dominated types, all other riparian 


habitats that may consist of a dense shrub layer are included in the model. The extent of modeled 


habitat in the action area is depicted in Chapter 6, Figure 6.5-1. 


Modeled least Bell’s vireo habitat includes the following land cover types from the Sand Hill Wind 


Repowering SEIR Land Cover Dataset (ICF 2018), East Bay RCIS 2017 Land Cover Dataset (ICF 


2017a), Delta Vegetation and Land Use Update (Chico State Research Foundation, Geographical 


Information Center 2019), and Great Valley Ecoregion 2018 Vegetation Dataset (Chico State 


Research Foundation, Geographical Information Center 2018) layers. 


⚫ Valley/foothill riparian 


 Salix gooddinggii 


 Salix lasiolepis 


 Vitis californica 


 Salix exigua 


 Salix lucida 


 Populus fremontii 


 Alnus rhombifolia 


 Fraxinus latifolia 


 Acer negundo 


 Juglans hindsii and hybrids 


 Baccharis pilularis 


 Rosa californica 


 Cornus sericea 


 Quercus agrifolia 


 Quercus wislizeni (tree) 


 Quercus lobata 


 Rubus armeniacus 


 Sambucus nigra 
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 Platanus racemosa 


 Salix laevigata 


 Cephalanthus occidentalis 


 Californian broadleaf forest and woodland group 


 Southwestern North American riparian evergreen and deciduous woodland 


 Vancouverian riparian deciduous forest alliance 


 Southwestern North American introduced riparian scrub 


 Southwestern North American riparian/wash scrub 


Modeled habitat also includes the following land cover types from the DWR 2020 Aquatic Resources 


Delineation (California Department of Water Resources and GEI Consultants Inc. 2020; California 


Department of Water Resources 2020c, 2021)9 layer. 


⚫ Valley/foothill riparian 


 Forested wetland 


 Shrub scrub wetland  


4.4.12 Western Yellow-Billed Cuckoo 


4.4.12.1 Legal Status and Distribution 


The Western DPS of the yellow-billed cuckoo was listed as threatened under the federal ESA on 


October 2, 2014 (79 FR 59991–60038). Western yellow-billed cuckoo is also listed as an endangered 


species under the CESA. A petition was submitted to USFWS on May 4, 2017, to delist yellow-billed 


cuckoo under the ESA; on June 27, 2018, USFWS issued a 90-day finding of the petition stating that 


action may be warranted and requested more information (83 FR 30091–30094). On September 16, 


2020, USFWS issued a 12-Month Delisting Decision stating that delisting under the ESA was not 


warranted [85 FR 57816–578818].  


The historical distribution of western yellow-billed cuckoo extended throughout the Central Valley 


(Belding 1890:57). In the mid-1940s, Grinnell and Miller (1944:175, 186–187, 383–385) considered 


the Central Valley distribution to extend from Bakersfield to Redding.  


Currently, the known populations of breeding western yellow-billed cuckoo are in 12 states in the 


United States and six states in Mexico (85 FR 57817). Currently, the known populations of breeding 


western yellow-billed cuckoo are in several disjunct locations in California, Arizona, New Mexico, 


Texas, and northern Mexico (Halterman 1991:1, 5; Johnson et al. 2007:4; Dettling et al. 2015:1; 


Stanek 2014:14–15, 21–22; Parametrix Inc. and Southern Sierra Research Station 2015:65, 81). The 


only locations in California that currently sustain breeding populations include the Colorado River 


system in Southern California, the South Fork Kern River east of Bakersfield, isolated sites along the 


Sacramento River in Northern California, and a few occurrences that have been detected near the 


Eel River (Laymon and Halterman 1989:273; Laymon 1998:2–4; Halterman 2001:2; Hammond 


 
9 The DWR 2020 Aquatic Resources Delineation data is considered sufficient for evaluation of effects from the 
proposed action in this BA. The land cover data will be updated to include the final verified aquatic resources 
delineation data prior to submittal of this BA in support of the request for formal consultation. 
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2011:4; Stanek 2014:2). Many large riparian areas along the Sacramento River in Tehama County 


and along the Feather River in Yuba and Sutter Counties appear to be unoccupied, but represent 


potentially suitable habitat for western yellow-billed cuckoo (Gaines and Laymon 1984:59–60; 


Dettling et al. 2015:3, 4, 9–11). The current breeding population in California is estimated to be 


about 40–50 pairs (78 FR 61621–61666). Surveys conducted by Dettling et al. (2015:7) in 2010, 


2012, and 2013 in 84 habitat patches along the Sacramento River and 31 habitat patches along the 


Feather River determined that there is a population of 30 pairs on the Sacramento River; western 


yellow-billed cuckoo was not detected along the Feather River.  


Western yellow-billed cuckoos winter in South America from Venezuela to Argentina (Hughes 


1999:3, 5, 11, 20; Sechrist et al. 2012:8) after a southern migration that extends from August to 


October (Laymon 1998:2–4). They migrate north and arrive at California breeding grounds between 


May and July, but primarily in June (Gaines and Laymon 1984:49; Hughes 1999:3, 5, 11, 20; 78 FR 


61621). 


4.4.12.2 Life History and Habitat Requirements 


Western yellow-billed cuckoo is a riparian obligate species. Its primary habitat association is 


willow-cottonwood riparian forest, but other tree species such as white alder (Alnus rhombifolia) 


and box elder (Acer negundo) may be an important habitat element in some areas, including 


occupied sites along the Sacramento River (Laymon 1998:2–4, 11, 12). Nests are primarily in willow 


(Salix spp.) trees; however, other tree species are occasionally used, including Fremont cottonwood 


(Populus fremontii) and alder. Along the Sacramento River, orchards of English walnut (Juglans 


regia), prune, and almond trees have also been reportedly used for nesting (Laymon 1980:1, 3). 


Potential habitat also occurs in valley marshland with willow riparian corridors, such as that found 


in the Llano Seco area of Butte County. 


On the Santa Ana River, nest site height in willow trees averaged 14 feet, but on the Sacramento 


River, a nest in a cottonwood tree was reported at 100 feet and canopy cover is typically dense 


(averaging 96.8% at the nest). Patch size was found to be the most important habitat variable to 


predict presence of western yellow-billed cuckoos on the Sacramento River (Girvetz and Greco 


2009:24; Halterman 1991:3–4). Large patch sizes (minimum 50 acres to 100 acres, with a minimum 


width of 328.1 feet) are typically required for cuckoo occupancy (Laymon 1998; Riparian Habitat 


Joint Venture 2004:57). A willow-cottonwood forest patch greater than 1,980 feet wide and greater 


than 200 acres is classified as optimum habitat; a patch 660 to 1,980 feet wide and 102.5 to 200 


acres is suitable; a patch 330 to 660 feet wide and 50 to 100 acres is marginal; and smaller patches 


are unsuitable (Laymon and Halterman 1989:272–273). 


All studies indicate a highly significant association with relatively expansive stands of mature 


cottonwood-willow forests; however, western yellow-billed cuckoos will occasionally occupy a 


variety of marginal habitats, particularly at the edges of their range (Laymon 1998:2–4, 11, 12). 


Continuing habitat succession has also been identified as important in sustaining breeding 


populations (Laymon 1998:2–4, 11, 12). Meandering streams that allow for constant erosional and 


depositional processes create habitat for new rapidly growing young stands of willow, which create 


preferred nesting habitat conditions for western yellow-billed cuckoo. Lateral channel migration 


and point bar deposition that create new floodplains and channel bend cutoffs that create floodplain 


lakes are important processes that create viable western yellow-billed cuckoo habitat (Greco 


2013:711–715). 
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The Riparian Habitat Joint Venture recommends restoring habitat in 25 locations to support 


625 pairs (25 pairs per location) (Riparian Habitat Joint Venture 2004:19, 44, 56, 73, 87). 


Predictions suggest that a minimum of at least 25 pairs in a subpopulation, with interchange with 


other subpopulations, should be relatively safe from extirpation (Riparian Habitat Joint Venture 


2004:19, 44, 56, 73, 87). To achieve this goal for the Sacramento Valley, it would be necessary to 


establish or preserve at least 6,070 hectares (15,000 acres) of optimum and suitable habitat. As of 


1998, only 2,367 hectares (5,850 acres) of habitat were considered suitable (Laymon 1998:2–4, 11, 


12). 


4.4.12.3 Impacts from Past and Present Actions 


Past and present development, agricultural, and flood management projects (e.g., Central Valley 


Flood Protection Plans) in the action area are attributed to the removal of riparian forests in the 


action area. Habitat loss continues as a result of bank stabilization and flood control projects, 


urbanization along edges of watercourses, agricultural activities (e.g., livestock overgrazing, 


encroachment from agriculture), conversion of native habitat to predominately nonnative 


vegetation, and river management that alters flow, natural stream processes, and sediment regimes 


(85 FR 57817–578818). Nesting cuckoos are also sensitive to habitat fragmentation that reduces 


patch size (Hughes 1999:3, 5, 11, 20). Pesticide use associated with agricultural practices may affect 


behavior and cause death or potentially affect prey populations (Hughes 1999:3, 5, 11, 20). The 


decline of prey populations has been found to have a strong effect on nesting success and pairs may 


forgo breeding in years with inadequate food supply (U.S. Forest Service 2005:20). Predation is a 


significant source of nest failures, which have been recorded at 80% in some areas (Hughes 1999:3, 


5, 11, 20). Fragmentation of occupied habitats could make nest sites more accessible and more 


vulnerable to predation. Nestlings and eggs are vulnerable to predation by snakes, small mammals, 


and birds. 


Overuse by livestock has been another major factor in the degradation and modification of riparian 


habitats in the western United States. The effects include changes in plant community structure and 


species composition and relative abundance of species and plant density (U.S. Forest Service 


2005:3). Harris et al. (1988:21) believed that termination of grazing along portions of the South 


Fork of the Kern River in California was responsible for increases in riparian vegetation. Another 


likely factor in the loss and modification of western yellow-billed cuckoo habitat is the invasion by 


the exotic tamarisk (Tamarisk sp.). 


To a lesser extent, effects of invasive species and the effects of climate change are also stressors 


affecting western yellow-billed cuckoo (85 FR 578818). 


4.4.12.4 Status of the Species in the Action Area 


There are no recently confirmed western yellow-billed cuckoo breeding locations in the action area 


(California Department of Fish and Wildlife 2020a); however, the species has been observed in the 


action area. In 2013, approximately 5 miles from the action area, there were two unconfirmed 


audible occurrences along the American River Parkway. These two occurrences were less than 5 


miles apart along the river and heard on the same day (eBird 2021). In 2015 there was a confirmed 


visual occurrence along the American River near both 2013 audible occurrences and approximately 


5 miles from the action area (eBird 2021). There are two records of western yellow-billed cuckoo 


observed at Cosumnes River Preserve on the same day in July 1996 and one observation of a cuckoo 


in flight at the Dow Wetlands Preserve in June 2005 (eBird 2021). In summer 2009, DWR detected 
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one, or possibly two, yellow-billed cuckoos in a remnant patch of riparian forest near Delta 


Meadows (California Department of Water Resources 2011). However, breeding status was not 


confirmed. Historic and recent sightings of western yellow-billed cuckoo near the action area are 


presumed to be migrating birds. Most riparian corridors in the action area do not support 


sufficiently large riparian patches or the natural, geomorphic processes that provide suitable 


breeding habitat (Greco 2013:711–715). Several remnant riparian patches in the vicinity of 


Mandeville and Medford Islands provide riparian vegetation suitable for western yellow-billed 


cuckoo but do not provide sufficiently large patch size to support breeding cuckoos. There have 


been very few occurrences of western yellow-billed cuckoo in the action area, and the birds found 


were likely to be migrating to northern breeding areas in the Sacramento Valley. 


4.4.12.5 Critical Habitat 


Designation of critical habitat for the Western DPS of yellow-billed cuckoo was published in the 


Federal Register on August 15, 2014 (57 FR 48547–48652) and was revised on April 21, 2021 (86 


FR 20798–21005). There is no designated critical habitat for the Western DPS of yellow-billed 


cuckoo in the action area. 


4.4.12.6 Suitable Habitat Definition 


The western yellow-billed cuckoo habitat model described in Section 4.4.12.7, Migratory Habitat 


Suitability Model, uses existing, alliance-level vegetation data to identify suitable migratory habitat 


for western yellow-billed cuckoo. Suitable habitat for western yellow-billed cuckoo consists of 


riparian forest; no minimum patch size or minimum vegetation stature has been established for 


migratory use. 


4.4.12.7 Migratory Habitat Suitability Model 


As described in Section 4.4.12.4, Status of the Species in the Action Area/Environmental Baseline, 


there are no known breeding pairs in the action area; individuals detected in the action area are 


presumed to be migratory; and the riparian habitat patches are not large enough, nor do they have 


the floodplain function necessary, to support breeding. However, because there is a known breeding 


population on the Sacramento River north of the action area, it is assumed that individuals likely 


migrate through the region. Consequently, the action area is assumed to provide migratory habitat 


for the western yellow-billed cuckoo. As described in Section 4.4.12.2, Life History and Habitat 


Requirements, western yellow-billed cuckoo is a riparian obligate species and its primary habitat 


association is willow-cottonwood riparian forest. While riparian patch size is an important habitat 


component for breeding, there is no known minimum patch size for migratory habitat. The extent of 


modeled habitat in the action area is depicted in Figure 6.6-1.  


Modeled western yellow-billed cuckoo migratory habitat includes the following land cover types 


from the Sand Hill Wind Repowering SEIR Land Cover Dataset (ICF 2018), East Bay RCIS 2017 Land 


Cover Dataset (ICF 2017a), Delta Vegetation and Land Use Update (Chico State Research 


Foundation, Geographical Information Center 2019), and Great Valley Ecoregion 2018 Vegetation 


Dataset (Chico State Research Foundation, Geographical Information Center 2018).  


⚫ Valley/foothill riparian 


 Populus fremontii 


 Alnus rhombifolia 
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 Fraxinus latifolia 


 Acer negundo 


 Juglans hindsii and hybrids 


 Salix gooddinggii 


 Salix lasiolepis 


 Salix lucida 


 Salix exigua 


 Platanus racemosa alliance 


 Salix laevigata alliance 


 Cornus sericea 


 Quercus lobata 


 Quercus agrifolia 


 Quercus wislizeni (tree) 


 Rosa californica 


 Sambucus nigra 


 Vitis californica 


 Rubus armeniacus 


 Cephalanthus occidentalis 


 Californian broadleaf forest and woodland group 


 Southwestern North American riparian evergreen and deciduous woodland 


 Vancouverian riparian deciduous forest alliance 


 Southwestern North American introduced riparian scrub 


 Southwestern North American riparian/wash scrub 


Modeled migratory habitat also includes the following land cover types from the DWR 2020 Aquatic 


Resources Delineation (California Department of Water Resources and GEI Consultants Inc. 2020; 


California Department of Water Resources 2020c, 2021)10 layer. 


⚫ Valley/foothill riparian 


 Forested wetland 


 Shrub scrub wetland  


 
10 The DWR 2020 Aquatic Resources Delineation data is considered sufficient for evaluation of effects from the 
proposed action in this BA. The land cover data will be updated to include the final verified aquatic resources 
delineation data prior to submittal of this BA in support of the request for formal consultation. 
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4.4.13 California Red-Legged Frog 


4.4.13.1 Legal Status and Distribution 


California red-legged frog was listed as threatened under the federal ESA in 1996 (61 FR 25813) and 


is identified as a CDFW Species of Special Concern (California Department of Fish and Wildlife 


2020b:43). A recovery plan was prepared for this species by USFWS in 2002, a 5-year review were 


released in 2022, and critical habitat for the species was designated in 2006 and revised in 2010 


(U.S. Fish and Wildlife Service 2022:3, 4). 


California red-legged frog is endemic to central California, with a range historically extending from 


southern Mendocino County, southward along the interior Coast Ranges to northern Baja California, 


Mexico, and inland from the vicinity of Redding, in Shasta County, along Sierra Nevada foothills 


south to Fresno County at elevations from sea level to approximately 5,000 feet (Nafis 2020; 


Thomson et al. 2016). Currently, populations are known from the San Francisco Bay Area and Coast 


Ranges to the Sierra Nevada, and a few populations in Ventura, Los Angeles, and Riverside Counties 


(Thomson et al. 2016:103–104). U.S. Fish and Wildlife Service (2022:2; 2017c) notes that the 


California red-legged frog is locally abundant in the nine-county San Francisco Bay Area and along 


the Pacific coast north of Ventura County. Isolated populations have been documented elsewhere 


within the species’ historical range, including the Sierra Nevada, northern Coast Ranges, and 


northern Transverse Ranges (U.S. Fish and Wildlife Service 2022:2). 


USFWS (2022:13) estimates that California red-legged frog has lost approximately 57% of its former 


range, with overall declines throughout its historical range in the Central Valley and coastal areas 


south of Santa Barbara County (U.S. Fish and Wildlife Service 2022:13). Coastal and Bay Area 


populations continue to flourish; however, even these areas have experienced significant localized 


declines (Jennings and Hayes 1994:62). New observations have been made in Santa Barbara County 


and there are translocated populations in Los Angeles, Mariposa, Riverside, and San Diego County 


(U.S. Fish and Wildlife Service 2022:8). Ten populations have been identified in the Sierra Nevada 


(Barry and Fellers 2013:481), and a previously unknown population was discovered in the southern 


foothills of the San Bernardino Mountains in 2017 (Backlin et al. 2017:1). 


4.4.13.2 Life History and Habitat Requirements 


California red-legged frog utilizes a variety of habitats, including various aquatic systems and 


riparian and upland habitats (U.S. Fish and Wildlife Service 2022:2; 2002:12). Hayes and Jennings 


(1988:146–147) describe aquatic breeding habitat requirements for California red-legged frog as 


coldwater pond habitats (including stream pools) with emergent and submergent vegetation, 


providing suitable cover for young and adults and ensuring successful reproduction. Optimal 


habitats are described as deep-water ponds or pools at least 2.3 feet deep along low-gradient 


streams with dense stands of overhanging willows and a fringe of cattails between the willow roots 


and overhanging willow limbs. Hayes and Jennings (1988:152) also note that California red-legged 


frogs may prefer pools along intermittent streams rather than backwater pools along perennial 


streams, possibly for predator avoidance, particularly American bullfrogs (Lithobates catesbeianus). 


California red-legged frog uses a variety of aquatic habitats that meet these requirements including 


ponds, marshes, low-gradient streams, and lagoons (Thomson et al. 2016:102–103). 


California red-legged frogs often disperse from breeding sites to various aquatic, riparian, and 


upland estivation habitats during the summer (66 FR 14628); however, it is common for individuals 
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to remain in the breeding area year-round (66 FR 14628; Bulger et al. 2003:92; Fellers and Kleeman 


2007:279–282). Adults may take refuge during dry periods in rodent holes or leaf litter in riparian 


habitats (U.S. Fish and Wildlife Service 2002:14). Within riparian areas, microhabitats utilized by 


California red-legged frogs include blackberry thickets, logjams, and root tangles (Fellers and 


Kleeman 2007:281).  


California red-legged frogs travel through a variety of upland habitat types (e.g., grassland, riparian, 


woodlands) to reach breeding and nonbreeding sites, upland refugia and foraging habitats, or new 


breeding locations (Bulger et al. 2003:87–91; Fellers and Kleeman 2007:283–284). Frogs typically 


travel much shorter distances between aquatic and upland refugia and foraging habitats than when 


dispersing between breeding and nonbreeding aquatic habitats (Bulger et al. 2003:93–94). In one 


study, 90% of radio-tagged California red-legged frogs that did not make overland movements (i.e., 


non-migrating frogs) were found within 200 feet of aquatic habitat throughout the year; the farthest 


non-migrating movement was 427 feet from water and was in response to summer rain (Bulger et 


al. 2003:93). In another study, a radio-tagged California red-legged frog moved at least 0.9 mile and 


up to 1.7 mile over several months during the breeding season (Fellers and Kleeman 2007:282–


283). The furthest documented dispersal distance has been 2.2 miles (Bulger et al. 2003:92). 


California red-legged frogs are most likely to make overland migrations through upland habitats at 


night during wet weather (Bulger et al. 2003:89; Fellers and Kleeman 2007:279). Breeding occurs 


between late November and late April (Thomson et al. 2016:102). Eggs hatch in 6 to 14 days, 


depending on water temperature (Thomson et al. 2016:102), with tadpoles undergoing 


metamorphosis in 4 to 7 months, although in some locations they have been known to overwinter 


(Nafis 2020) at some sites, completing metamorphosis the following spring (Fellers et al. 2001:156-


157). 


4.4.13.3 Impacts from Past and Present Actions 


Urban development and agriculture actions have resulted in habitat loss and fragmentation (Fisher 


and Shaffer 1996:1393; Davidson et al. 2002:1588; U.S. Fish and Wildlife Service 2002:18, 28–29; 


2022:18–23). 


Urbanization and other actions, such as energy and water projects (e.g., Mariposa Energy, South Bay 


Aqueduct, CVP, and SWP), are accompanied by an increase in road densities. Roads create significant 


barriers to frog dispersal (Jochimsen et al. 2004:19–21) and can lead to reduced population density, 


genetic diversity, and population viability due to mortality caused by vehicle strikes (Carr and 


Fahrig 2001:1071; Glista et al. 2007:77). However, just east of Bethany Reservoir is the Bethany 


West Conservation Easement, which protects grassland habitat in the action area from further 


development and fragmentation. This easement was purchased by DWR and is managed by CDFW to 


offset the effects of the South Bay Aqueduct project on California tiger salamander and California 


red-legged frog.  


The conversion of natural lands to agricultural uses, such as stands of monotypic row crops, can 


alter habitats to the extent that they become uninhabitable for California red-legged frog (U.S. Fish 


and Wildlife Service 2002:18, 28–29). Fisher and Shaffer (1996) suggest that intense farming in the 


San Joaquin Valley has resulted in drastic declines in California red-legged frog populations, due to a 


lack of suitable habitat. Pesticides, herbicides, and other agrochemicals are known to be toxic to 


various life stages of anurans (Davidson 2004:1900, Sparling and Fellers 2009:1696). Pesticide drift 


has also been suggested as a potential cause of declining populations of four species of ranids in 


California, including California red-legged frog (Davidson et al. 2002:1588; Davidson 2004:1900). 
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Exotic predatory fish and bullfrogs also pose significant threats to California red-legged frog. Hayes 


and Jennings (1986:490, 492) noted that locations in which exotic fish were present contained few 


California red-legged frogs. Bullfrogs have been implicated in the decline of the subspecies in several 


studies (Fisher and Shaffer 1996; Kiesecker and Blaustein 1998:782; Lawler et al. 1999:619), and 


Moyle (1973:21) indicated that bullfrogs might have been the most important factor in the 


extirpation of California red-legged frog from the Central Valley floor. Bullfrogs depredate and 


outcompete California red-legged frogs due to their larger size, more varied diet, and longer 


breeding season (Hayes and Jennings 1986:490, 492). 


4.4.13.4 Status of the Species in the Action Area 


California red-legged frog has potential to occur in the southwestern most portion of the action area 


in eastern Contra Costa and Alameda Counties and portions of western San Joaquin County. 


There are 16 CNDDB occurrences of California red-legged frog in the action area split between 


Contra Costa and Alameda Counties (California Department of Fish and Wildlife 2020a). 


4.4.13.5 Critical Habitat 


Final designation of critical habitat for California red-legged frog was published in the Federal 


Register on March 17, 2010 (75 FR 12815). A portion of critical habitat unit CCS-2B overlaps with a 


portion of the action area southwest of Clifton Court Forebay. 


4.4.13.6 Suitable Habitat Definition 


As described above in Section 4.4.13.2, Life History and Habitat Requirements, suitable aquatic 


breeding habitat for California red-legged frog in the action area consists of perennial and 


intermittent streams, managed wetland, freshwater emergent wetland, and perennial aquatic 


natural communities (e.g., ponds). Other aquatic habitats that are suitable, though may not be 


present in the action area, include seasonal wetlands, springs, seeps, marshes, dune ponds, lagoons, 


and human-made aquatic features. The upland portion of the model includes areas within 300 feet 


of modeled aquatic habitat (refer to Section 4.4.13.2). The dispersal portion of the model includes 


areas within 2 miles of modeled aquatic habitat, which takes into consideration the previous studies 


discussed in Section 4.4.13.2 and guidance from the USFWS 2005 Revised Guidance on Site 


Assessments and Field Surveys for the California Red-Legged Frog (U.S. Fish and Wildlife Service 


2005). The extent of modeled habitat in the action area is depicted in Figure 6.8-1. 


4.4.13.7 Habitat Suitability Model 


The northern/western-most boundary of the model starts near Antioch, then south on SR 4 to 


Balfour Road, then east on Balfour Road to Byron Highway, then south Byron Highway to SR 4, then 


east to the western bank of Old River, then south along the western bank to Old River’s confluence 


with Italian Slough, then continues south along the western bank of Italian Slough to where Italian 


Slough turns to the west, at which point the geographic limits cross Italian Slough and continue 


south along the western edge of Clifton Court Forebay and the start of the California Aqueduct until 


Byron Highway, at which point the limits continue southeast on Bryon Highway to I-205 and then 


west on I-205 to the edge of the action area.  







CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-113 


May 2024 
ICF 103653 


 


Aquatic Habitat Model  


The modeled aquatic habitat types are different within and outside of the DWR aquatic resources 


delineation study area. 


Inside the Delineation Study Area 


Modeled habitat includes the following types from the DWR 2020 Aquatic Resources Delineation 


(California Department of Water Resources and GEI Consultants Inc. 2020; California Department of 


Water Resources 2020c, 2021).11 


⚫ Tidal perennial aquatic 


 Natural channel 


 Tidal channel 


⚫ Nontidal freshwater perennial emergent wetland 


 Freshwater emergent wetland 


⚫ Tidal freshwater emergent wetland 


 Freshwater emergent wetland 


⚫ Valley/foothill riparian 


 Scrub shrub wetland 


⚫ Nontidal perennial aquatic 


 Natural channel 


 Depression 


Outside the Delineation Study Area 


Modeled habitat includes the following types from the Delta Vegetation and Land Use Update (Chico 


State Research Foundation, Geographical Information Center 2019). 


⚫ Nontidal freshwater perennial emergent wetland 


 Schoenoplectus (acutus, californicus) 


 Schoenoplectus americanus 


 Typha (angustifolia, domingensis, latifolia) 


 Arid West freshwater emergent marsh 


 Naturalized warm-temperate riparian and wetland group 


⚫ Tidal freshwater emergent wetland 


 Carex barbarae 


 Schoenoplectus (acutus, californicus) 


 
11 The DWR 2020 Aquatic Resources Delineation data is considered sufficient for evaluation of effects from the 
proposed action in this BA. The land cover data will be updated to include the final verified aquatic resources 
delineation data prior to submittal of this BA in support of the request for formal consultation. 
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 Schoenoplectus americanus 


 Typha (angustifolia, domingensis, latifolia) 


 Arid West freshwater emergent marsh 


⚫ Nontidal perennial aquatic 


 Azolla (filiculoides, microphylla) 


 Eichhornia crassipes 


 Lemna (minor) and relatives 


 Ludwigia (hexapetala, peploides) 


 Naturalized temperate Pacific freshwater vegetation 


 Temperate freshwater floating mat  


 Temperate Pacific freshwater aquatic bed 


 Water 


Upland Habitat Model 


Modeled upland habitat includes the following types from the Sand Hill Wind Repowering SEIR Land 


Cover Dataset (ICF 2018), East Bay RCIS 2017 Land Cover Dataset (ICF 2017a), and Delta Vegetation 


and Land Use Update (Chico State Research Foundation, Geographical Information Center 2019). 


⚫ Grassland 


 All types 


⚫ Valley/foothill riparian 


 All types 


⚫ Alkaline seasonal wetland complex 


 All types 


Modeled habitat also includes the following types from the Delta Conveyance Project Vernal Pool 


Complex (Witham et al. 2014; Chico State Research Foundation, Geographical Information Center 


2019; California Department of Water Resources and GEI Consultants Inc. 2020). 


⚫ Vernal pool complex 


 All types 


Dispersal Habitat Model 


Modeled dispersal habitat includes the following types from the 2018 Statewide Crop Mapping 


(Land IQ and DWR 2021). 


⚫ Agricultural 


 All types 


Modeled dispersal habitat includes the following types from the Sand Hill Wind Repowering SEIR 


Land Cover Dataset (ICF 2018), East Bay RCIS 2017 Land Cover Dataset (ICF 2017a), Delta 
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Vegetation and Land Use Update (Chico State Research Foundation, Geographical Information 


Center 2019), and Great Valley Ecoregion 2018 Vegetation Dataset (Chico State Research 


Foundation, Geographical Information Center 2018). 


⚫ Grassland 


 All types 


⚫ Valley/foothill riparian 


 All types 


⚫ Alkaline seasonal wetland complex 


 All types 


Modeled habitat also includes the following types from the Delta vernal pool complex (Witham et al. 


2014; Chico State Research Foundation, Geographical Information Center 2019; California 


Department of Water Resources and GEI Consultants Inc. 2020). 


⚫ Vernal pool complex 


 All types  


4.4.14 California Tiger Salamander 


4.4.14.1 Geographic Distribution and Status 


The Central California DPS of California tiger salamander is listed as threatened (69 FR 47212) 


under the ESA on August 4, 2004, and listed as threatened under the CESA in 2020 (California 


Department of Fish and Wildlife 2020a:39). A recovery plan for the Central California DPS of the 


California Tiger Salamander was published June 6, 2017 (U.S. Fish and Wildlife Service 2017a:I-2, 


I-6–I-7). The most recent 5-Year Review for the species was published on August 10, 2023 (U.S. Fish 


and Wildlife Service 2023a). Isolated populations in Sonoma and Santa Barbara Counties are listed 


as endangered under the ESA and threatened under the CESA. California tiger salamander 


historically occurred throughout the Central Valley and surrounding foothills, from Yolo County 


south to Tulare County, and in the south coast ranges from north of Monterey Bay to San Luis 


Obispo County, although many of the populations in the Central Valley are now extirpated. 


Currently, the Central California DPS of this species is distributed along the foothills of the Central 


Valley and Inner Coast Range from Sacramento and Yolo counties in the north, to San Luis Obispo, 


Kern, and Tulare counties in the south (U.S. Fish and Wildlife Service 2017a:I-2, I-6–I-7; 2023a:3-4). 


California tiger salamander has a potential to occur in the study area generally in areas west of the 


Yolo Basin but including the Tule Ranch Unit of the Yolo Basin Wildlife Area, which includes western 


Yolo County and Solano County, and portions of eastern Contra Costa and Alameda Counties, and 


western portions of San Joaquin County. 


There are numerous extant California tiger salamander CNDDB occurrences west of the Clifton 


Court Forebay area and several occurrences in the Jepson Prairie portion of the action area 


(California Department of Fish and Wildlife 2020a). 


4.4.14.2 Life History and Habitat Requirements 


California tiger salamander is found in annual grassland, vernal pool complexes, open mixed 


woodland and oak savanna communities in lowland and foothill regions of central California where 
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suitable aquatic sites, such as vernal pools, seasonal ponds or constructed ponds, are available for 


breeding (U.S. Fish and Wildlife Service 2009). The species is typically found at elevations from sea 


level to 2,000 ft, although the known elevational range extends up to 3,940 feet (U.S. Fish and 


Wildlife Service 2017a:I-2). 


The suitability of California tiger salamander habitat is proportional to the abundance of upland 


refuge sites near aquatic breeding sites. Adult California tiger salamanders are terrestrial and spend 


much of the year in the underground burrows of small mammals, such as California ground squirrels 


(Spermophilus beecheyi) (Loredo et al. 1996:283; Trenham 2001:343–344) and Botta’s pocket 


gopher (Thomomys bottae) (Jennings 1996:194). Active rodent burrow systems are considered an 


important component of California tiger salamander upland habitat (Loredo et al. 1996:283), as 


inactive burrow systems begin to deteriorate and collapse over time. Therefore, active ground-


burrowing rodent populations are likely needed to sustain California tiger salamander populations. 


California tiger salamander is known to move up to 1.3 miles into upland habitat from aquatic 


habitat (U.S. Fish and Wildlife Service 2017a:I-4; Orloff 2007:26).  


Historically, vernal pools and other seasonal rain pools were the primary breeding habitat of 


California tiger salamander (Barry and Shaffer 1994:159); however, the species is now known to 


also successfully reproduce in ephemeral and permanent human-made ponds (U.S. Fish and Wildlife 


Service 2017a:I-5). In the East Bay Regional Park District in Contra Costa and Alameda Counties, 


California tiger salamanders breed almost exclusively in seasonal and perennial stock ponds 


(Bobzien and DiDonato 2007:7). The presence of predatory fish and bullfrogs (Rana catesbeiana) 


can affect the habitat suitability of perennial ponds, making them less suitable than ephemeral 


ponds. Barry and Shaffer (1994:163) note that annual draining can prevent predatory species from 


establishing. The species is not known to breed in streams or rivers; however, breeding has been 


documented in ditches that contain seasonal wetland habitat and in slow-moving swales and creeks 


near other suitable breeding habitat (U.S. Fish and Wildlife Service 2017a:I-5). 


Adult California tiger salamanders migrate from upland refuge sites to breeding pools during 


relatively warm late fall and early rains (Thomson et al. 2016), usually from November through 


April. Breeding generally occurs from December through March (Stebbins 2003). Eggs are laid 


individually or in clumps on submerged vegetation and debris in shallow water and generally hatch 


in 10 to 28 days (Jennings and Hayes 1994:12; U.S. Fish and Wildlife Service 2017a:I-3). 


Development through metamorphosis requires 3 to 6 months, beginning late spring or early 


summer. Post-metamorphic juveniles disperse from breeding sites at night during the late spring or 


early summer to upland burrows or soil crevices (U.S. Fish and Wildlife Service 2017a:I-3).  


The proximity of refuge sites to aquatic breeding sites also affects the suitability of salamander 


habitat. Based on capture data from a single-season study at Olcott Lake in Jepson Prairie Preserve 


(Solano County), Shaffer and Trenham (2005:1163) estimated that 95% of adult and subadult tiger 


salamanders occurred within approximately 0.4 mile of the breeding pond. Their model also 


suggests that 85% of subadults were concentrated between 0.1 and 0.4 miles from the pond. 


4.4.14.3 Impacts from Past and Present Actions 


Residential and commercial development, road construction, and agricultural projects are 


considered the most significant threat to California tiger salamander (U.S. Fish and Wildlife Service 


2017a:I-2, I-6–I-7). Approximately 75% of the species’ historical natural habitat has been lost. The 


species has been eliminated from 55% to 58% of historical breeding sites. Holland (1998) indicated 
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that about 75% of the historical vernal-pool breeding habitat has been lost, although some question 


the reliability of this estimate.  


Development, agriculture, energy (e.g., Mariposa Energy), and water projects (e.g., CVP, SWP, South 


Bay Aqueduct), and associated roads, lead to habitat fragmentation in the action area. 


Fragmentation of habitat leads to increasingly isolated populations with no mechanism for inter-


pond dispersal, thus reducing the long-term viability of local populations. Additionally, roads often 


bisect habitat, creating a barrier to dispersal and leading to direct mortality of migrating 


salamanders (Twitty 1941:1; Barry and Shaffer 1994:162–163; Jochimsen et al. 2004:19–21). 


Construction activities such as grading or deep ripping also contribute to direct mortality (U.S. Fish 


and Wildlife Service 2017a:I-2, I-6–I-7). However, just east of Bethany Reservoir is the Bethany West 


Conservation Easement, which protects grassland habitat in the action area from further 


development and fragmentation. This easement was purchased by DWR and is managed by CDFW to 


offset the effects of the South Bay Aqueduct project on California tiger salamander and California 


red-legged frog.  


Nonnative, invasive species, such as bullfrog, mosquitofish (Gambusia affinis), and various 


centrarchids that live in perennial ponds (e.g., stock ponds) are considered to have negatively 


affected California tiger salamander populations by preying on larval salamanders (Fisher and 


Shaffer 1996; U.S. Fish and Wildlife Service 2017a:I-2, I-6–I-7). Hybridization with the barred tiger 


salamander (Ambystoma tigrinum mavortium) is also a threat to this species (U.S. Fish and Wildlife 


Service 2023a:5). It has been suggested that nonnative alleles may be present in California tiger 


salamander populations found in the Altamont Hills near the action area; therefore, hybridization 


may be a threat in this region (U.S. Fish and Wildlife Service 2017a:I-2, I-6–I-7). 


Pesticides, hydrocarbons, and other pollutants are all thought to negatively affect breeding habitat. 


Other sources of chemical pollution that may negatively affect California tiger salamander include 


the application of chemicals from agricultural production, landscape maintenance, and rodent and 


vector control programs (U.S. Fish and Wildlife Service 2017a). California ground squirrel and 


pocket gopher control operations may have the indirect effect of reducing the availability of upland 


burrows for use by California tiger salamanders (Loredo-Prendeville et al. 1994:74). Death by 


entombment could also result when burrow entrances are crushed during rodent control activities.  


4.4.14.4 Status of the Species in the Action Area 


California tiger salamander has a potential to occur in the action area generally in areas west of the 


Yolo Basin but including the Tule Ranch Unit of the Yolo Basin Wildlife Area, which includes western 


Yolo County and Solano County, portions of eastern Contra Costa and Alameda Counties, and 


western portions of San Joaquin County.  


There are numerous extant California tiger salamander CNDDB occurrences west of the Clifton 


Court Forebay area and several occurrences in the Jepson Prairie portion of the action area 


(California Department of Fish and Wildlife 2020a).  


4.4.14.5 Critical Habitat 


Final designation of critical habitat for the Central California DPS of California tiger salamander was 


published in the Federal Register on August 23, 2005 (70 FR 49380–49458). There is no designated 


critical habitat for California tiger salamander in the action area. Critical habitat Unit 2, the Jepson 


Prairie Unit, is west of the action area. 
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4.4.14.6 Suitable Habitat Definition 


As described above in Section 4.4.14.2, Life History and Habitat Requirements, suitable habitat for 


California tiger salamander includes aquatic habitat consisting of vernal pools, other seasonal pools, 


and ponds that inundate for at least 3 months and upland habitat consisting of adjacent annual 


grassland, including alkali grasslands, with small mammal burrows for refugia within at least 1.24 


miles of aquatic habitat. This definition is consistent with the USFWS’s 2003 Interim Guidance on Site 


Assessment and Field Surveys for Determining Presence or a Negative Finding of the California Tiger 


Salamander (U.S. Fish and Wildlife Service 2003). The areas of suitable habitat in the action area are 


limited to those areas described in Section 4.4.14.7, Habitat Suitability Model. 


4.4.14.7 Habitat Suitability Model 


The habitat model for California tiger salamander includes both aquatic and upland habitats. The 


modeled aquatic habitat relies on both delineation data that were collected for a smaller portion of 


the action area, in what is called the delineation study area, and suitable habitats found in the Great 


Valley Ecoregion 2018 Vegetation Dataset, the Delta Vegetation and Land Use Update, and the Great 


Valley Vernal Pool Data.  


The modeled upland habitat is limited to areas within 1.24 miles of suitable aquatic habitat, based 


on USFWS’ 2003 Interim Guidance on Site Assessment and Field Surveys for Determining Presence or a 


Negative Finding of the California Tiger Salamander (U.S. Fish and Wildlife Service 2003:4). For areas 


along the western edge of the action area, upland habitat was also identified by reviewing aerial 


photographs for aquatic habitat outside of, but within 1.24 miles of, the action area. The extent of 


modeled habitat in the action area is depicted in Figure 6.8-1. 


Based on the known range and occurrences described in the section above, the California tiger 


salamander habitat model is constrained to the following portions of the action area.  


⚫ West of the Yolo Basin but including the Tule Ranch Unit of the CDFW Yolo Basin Wildlife Area. 


⚫ Within the Contra Costa, Alameda, and San Joaquin Counties portions of the action area starting 


near Antioch, then extending south on SR 4 to Balfour Road, then east on Balfour Road to Byron 


Highway, then south Byron Highway to SR 4, then east to the western bank of Old River, then 


south along the western bank to Old River’s confluence with Italian Slough, then continue south 


along the western bank of Italian Slough to where Italian Slough turns to the west at which point 


the geographic limits cross Italian slough and continue south along the western edge of Clifton 


Court Forebay and the start of the California Aqueduct until Byron Highway at which point the 


limits continue southeast on Bryon Highway to I-205 and then west on I-205 to the edge of the 


action area. 


⚫ In Sacramento County south of the Cosumnes River and east of I-5. 


The rationale for including each of the above locations in the habitat model is provided below.  


⚫ There is a cluster of extant occurrences at Jepson Prairie in Solano County, which increases the 


potential for occurrence on suitable habitat in the Cache Slough region and Yolo Basin.  


⚫ The areas within the action area surrounding Clifton Court Forebay are considered potentially 


suitable and were included in the species model because there is suitable grassland/vernal pool 


habitat within the accepted movements distance (1.24 miles) of known, extant occurrences west 


of Byron Highway and Clifton Court Forebay (California Department of Fish and Wildlife 2020a). 
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⚫ In San Joaquin County, there is a CNDDB record just south of SR 120 near Manteca in the action 


area (California Department of Fish and Wildlife 2020a). 


⚫ The location in Sacramento County south of the Cosumnes River is included because it is on the 


edge of the action area and within the range of the species (although there are no records in this 


portion of the legal Delta).  


Aquatic Breeding Habitat Model  


Inside the Delineation Study Area  


Modeled habitat includes the following types from the DWR 2020 Aquatic Resources Delineation 


(California Department of Water Resources and GEI Consultants Inc. 2020; California Department of 


Water Resources 2020c, 2021). 


⚫ Vernal pool complex 


 Vernal pool 


Outside the Delineation Study Area 


Modeled habitat includes the following types from the Great Valley Ecoregion 2018 Vegetation 


Dataset (Chico State Research Foundation, Geographical Information Center 2018), Delta Vegetation 


and Land Use Update (Chico State Research Foundation, Geographical Information Center 2019), 


and Great Valley Vernal Pool Data (Witham et al. 2014). 


⚫ Vernal pool complex 


 Distichlis spicata 


 California annual herb/grass group 


 Californian mixed annual/perennial freshwater vernal pool/swale bottomland 


 Mediterranean California naturalized annual and perennial grassland 


Upland Habitat Model 


Inside the Delineation Study Area 


Modeled habitat includes the following types from the Great Valley Ecoregion 2018 Vegetation 


Dataset (Chico State Research Foundation, Geographical Information Center 2018), Delta Vegetation 


and Land Use Update (Chico State Research Foundation, Geographical Information Center 2019), 


Sand Hill Wind Repowering SEIR Land Cover Dataset (ICF 2018), East Bay RCIS 2017 Land Cover 


Dataset (ICF 2017a), and the Great Valley Vernal Pool Data (Witham et al. 2014). 


⚫ Vernal pool complex 


 All types 


⚫ Grassland 


 All types 


⚫ Alkaline seasonal wetland complex 


 Distichlis spicata 
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Outside the Delineation Study Area 


Modeled habitat includes the following types from the Great Valley Ecoregion 2018 Vegetation 


Dataset (Chico State Research Foundation, Geographical Information Center 2018), Delta Vegetation 


and Land Use Update (Chico State Research Foundation, Geographical Information Center 2019), 


Sand Hill Wind Repowering SEIR Land Cover Dataset (ICF 2018), East Bay RCIS 2017 Land Cover 


Dataset (ICF 2017a), and Great Valley Vernal Pool Data (Witham et al. 2014). 


⚫ Vernal pool complex 


 Allenrolfea occidentalis 


 Frankenia salina 


 Suaeda moquinii 


 Alkaline wetland 


⚫ Grassland 


 All types 


⚫ Alkaline seasonal wetland complex 


 Distichlis spicata  


4.4.15 Giant Garter Snake 


4.4.15.1 Geographic Distribution and Status 


Giant garter snake was listed as threatened under the ESA on October 20, 1993 (58 FR 67046–


67053) and listed as rare in 1971 and reclassified as threatened in 1985 under the CESA (California 


Department of Fish and Wildlife 2019). The Draft Recovery Plan for the Giant Garter Snake was 


completed in 1999, the most recent 5-year review was completed in 2020, and a revised recovery 


plan was released in 2015 (U.S. Fish and Wildlife Service 2020e:1-3). The final Recovery Plan for the 


Giant Garter Snake (Thamnophis gigas) was published in 2017 (U.S. Fish and Wildlife Service 


2017b:iii, 11–13, v-2, 8). 


Giant garter snake historically occurred throughout the Central Valley of California. Its current range 


has been reduced to fragmented populations from Glenn County to the edge of the Delta, and south 


from Merced to Fresno Counties. The current known distribution of giant garter snakes is variable 


and extends from near Chico in Butte County, south to the Mendota Wildlife Area in Fresno County 


(U.S. Fish and Wildlife Service 2020e:4). There are nine recognized distinct populations of giant 


garter snake, which correspond to recovery units identified in the 2017 recovery plan: the Butte, 


Colusa, American, Yolo, Cosumnes-Mokelumne, Delta, San Joaquin, and Tulare Basins (U.S. Fish and 


Wildlife Service 2017b:iii). 


4.4.15.2 Life History and Habitat Requirements 


Giant garter snake is a highly aquatic, diurnal snake, relying on the presence of water throughout the 


summer months, and associated upland with burrows, crevices, or riprap for use as refugia during 


the late fall through early spring. Suitable aquatic habitat consists of marshes, sloughs, rice fields, 


and other water bodies, including lacustrine and riverine habitats, with emergent vegetation for 


basking and camouflage and a suitable prey base of fish and amphibians. Due to loss or degradation 
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of natural wetland habitat (Wylie et al. 1997:2), giant garter snakes now commonly use highly 


modified and degraded habitats including cultivated farmlands and water conveyance infrastructure 


(Hansen and Brode 1980:10; Brode 1988:27; U.S. Fish and Wildlife Service 2017b:iii, I-2). Giant 


garter snakes generally are not present in larger rivers and wetlands with sand, gravel, or rock 


substrates. In addition, the major rivers within the species’ range have been highly channelized, 


removing oxbows and backwater areas that probably at one time provided suitable habitat. Riparian 


woodlands do not generally provide suitable habitat because most have excessive shade, lack of 


basking sites, and absence of prey populations. Giant garter snakes are also absent from most 


permanent waters that support established populations of predatory game fishes and from most 


sites that undergo routine dredging, mechanical or chemical weed control, or compaction of bank 


soils (Brode 1988:25–28; U.S. Fish and Wildlife Service 2017b:iii, 11–13, v-2, 8). 


Terrestrial habitat adjacent to suitable aquatic habitat is also an important resource for giant garter 


snake (Halstead et al. 2015:633). Terrestrial habitat serves two purposes for giant garter snake. 


Near aquatic habitat, upland can be used for thermoregulation and summer shelter in nearby 


burrows; further away from aquatic habitat, and above the high winter waters, the upland can 


provide refugia for brumation (U.S. Fish and Wildlife Service 2017b:iii, 11–13, v-2, 8). During the 


colder winter months (generally October 1 to April 1), giant garter snakes overwinter in upland 


areas that provide sufficient cover, which are usually mammal burrows and include human-made 


features such as riprap (U.S. Fish and Wildlife Service 2017b:I-3). They may overwinter as far as 650 


to 820 feet from the edge of aquatic habitat (U.S. Fish and Wildlife Service 2017b:I-3). A study by 


Halstead et al. (2015:638) found that giant garter snakes spend more than half of their time in 


terrestrial habitat during the summer (U.S. Fish and Wildlife Service 2020e:17). Halstead et al. 


(2015) found the average snake to be within 98 feet of water with 95% of observations within 33 


feet of water, with their model predicting that some individuals could be as far as 571 feet from 


water (U.S. Fish and Wildlife Service 2020e:17; Halstead et al. 2015:639). 


Giant garter snakes emerge from winter brumation in early March or April, depending upon 


weather, and remain active through late September or early October. Breeding occurs from shortly 


after emergence until as late as May, with females giving birth from July through September. 


4.4.15.3 Status of the Species in the Action Area 


The entire action area falls within the range of giant garter snake where suitable habitat exists. The 


action area overlaps with the Delta Basin, Yolo Basin, and Cosumnes-Mokelumne Basin Recovery 


Units identified in the recovery plan (U.S. Fish and Wildlife Service 2017b:iii, 11–13, v-2, 8). Each of 


these basins includes an extant population of giant garter snake. Although giant garter snake may 


have occupied much of the Sacramento–San Joaquin Delta at one time, long-standing wetland 


reclamation projects for intense agricultural applications has eliminated most suitable habitat 


(Hansen 1986:14, 16–17) and prevented the reestablishment of viable giant garter snake breeding 


populations in the Delta, other than the three populations noted above. However, several 


occurrences of giant garter snake in the vicinity of Sherman and Twitchell Islands, Jersey Island, and 


Webb Tract (California Department of Fish and Wildlife 2020a) have USFWS and CDFW giant garter 


snake experts asking if these recent sightings in the central Delta may represent an extant 


population that lives in emergent vegetation along river edges. In 2022, giant garter snake was 


reported on the south shore of the San Joaquin River, near Antioch Point (California Department of 


Fish and Wildlife 2024a) and a snake was found at West False River Drought Barrier on Jersey 


Island (Wunderlich pers. comm.). There are numerous CNDDB occurrences for giant garter snake 


throughout the study area north of SR 4 (California Department of Fish and Wildlife 2020a). Giant 
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garter snake was observed at the Shin Kee Tract wetland site adjacent to the White Slough Wildlife 


Area south of SR 12 (Zentner Planning and Ecology 2019). 


4.4.15.4 Impacts from Past and Present Actions 


Habitat loss and fragmentation from development, flood control (e.g., Central Valley Flood 


Protection Plan), water projects (e.g., CVP and SWP) and agriculture actions and changes in 


agricultural and land management practices (including changes to rice production methods), and 


predation from introduced and native species are the main causes for the decline of giant garter 


snake (U.S. Fish and Wildlife Service 2017b:iii, 11–13, v-2, 8). Conversion of Central Valley wetlands 


for agriculture and urban uses has resulted in the loss of as much as 95% of historical habitat for 


giant garter snake (Wylie et al. 1997:2). In areas where giant garter snake has adapted to 


agriculture, maintenance activities such as vegetation and rodent control, bankside grading or 


dredging, and changes to water use regimes threaten their survival (U.S. Fish and Wildlife Service 


2017b:iii, 11–13, v-2, 8; Wylie et al. 2004:9). In developed areas, vehicular mortality continues to be 


a threat, but this is not considered to be significant. 


Giant garter snakes are predated upon by nonnative, invasive species such as bullfrogs (Dickert 


2003). In areas near urban development, giant garter snakes may also fall prey to domestic or feral 


cats. In permanent waterways, introduced predatory game fishes, such as bass (Micropterus spp.), 


sunfish (Lepomis spp.), and channel catfish (Ictalurus spp.), prey on giant garter snakes and compete 


with them for smaller prey. While predation continues to be a threat, it is not considered to be 


significant (U.S. Fish and Wildlife Service 2017b:I-12). 


4.4.15.5 Critical Habitat 


Critical habitat has not been designated for giant garter snake. 


4.4.15.6 Suitable Habitat Definition 


Suitable habitat is described by USFWS in the 2017 final recovery plan (U.S. Fish and Wildlife Service 


2017b:iii, 11–13, v-2, 8), including the following components quoted verbatim. 


Aquatic Component. The giant garter snake has been recognized as requiring aquatic habitat since 
it was first described and has been consistently observed and captured in association with aquatic 
habitats since accounts of the snake were first published (Fitch 1940; G. Hansen and Brode 1980). 
The aquatic component of the giant garter snake habitat has been regarded as necessary for the 
survival of the snake, and researchers acknowledge the following qualitative attributes of ideal 
aquatic habitat for the giant garter snake (G. Hansen 1986; G. Hansen and Brode 1980; Wylie et al. 
1995; Dickert 2002; E. Hansen 2002):  


1. Water present from March through November.  


2. Slow moving or static water flow with mud substrate.  


3. Presence of emergent and bankside vegetation that provides cover from predators and may 


serve in thermoregulation.  


4. The absence of a continuous canopy of riparian vegetation.  


5. Available prey in the form of small amphibians and small fish.  


6. Thermoregulation (basking) sites with supportive vegetation such as folded tule clumps 


immediately adjacent to escape cover.  
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7. The absence of large predatory fish.  


8. Absence of recurrent flooding, or where flooding is probable the presence of upland refugia.  


Upland Component. Although the giant garter snake is predominately an aquatic species, incidental 
observations and radio telemetry studies have shown that the snake can be found in upland areas 
near the aquatic habitat component during the active spring and summer seasons (G. Hansen 1986, 
1988; Brode and G. Hansen 1992; E. Hansen 2002; Dickert 2003; Wylie and Cassaza 2000, 2001; 
Wylie et al. 1995, 1997a, 2002a, 2003a, 2004, 2005). Upland habitat (land that is not typically 
inundated during the active season and is adjacent to the aquatic habitat of the giant garter snake) is 
used for basking to regulate body temperature, for cover, and as a retreat into mammal burrows and 
crevices in the soil during ecdysis (shedding of skin) or to avoid predation (G. Hansen and Brode 
1993; Wylie et al. 2003a). Giant garter snakes have been observed using burrows for refuge in the 
summer as much as 50 meters (164 feet) away from the marsh edge (Wylie et al. 1997a). Important 
qualities of upland habitat have been found by researchers (E. Hansen 2003a; Wylie et al. 2003a). 
Important qualities of upland habitat have been found by researchers (E. Hansen 2003a; Wylie et al. 
2003a) to include:  


1. Availability of bankside vegetative cover, typically tule (Scirpus sp.) or cattail (Typha sp.), for 


screening from predators.  


2. Availability of more permanent shelter, such as bankside cracks or crevices, holes, or small 


mammal burrows.  


3. Free of poor grazing management practices (such as overgrazed areas).  


Upland Winter Refugia Component. During the colder winter months, giant garter snakes spend their 
time in a lethargic state. During this period, giant garter snakes overwinter in locations such as 
mammal burrows along canal banks and marsh locations, or riprap along a railroad grade near a 
marsh or roads (Wylie et al. 1997a; Wylie et al. 2002a). Giant garter snakes typically do not over-
winter where flooding occurs in channels with rapidly moving water, such as the Sutter Bypass (B. 
Halstead, USGS, pers. comm. 2011). Over-wintering snakes use burrows as far as 200 to 250 meters 
(656 to 820 feet) from the edge of summer aquatic habitat (G. Hansen 1988; Wylie et al. 1997a; P. 
Coates, pers. comm. 2010). (U.S. Fish and Wildlife Service 2017b:iii, 11–13, v-2, 8)  


This ends the verbatim description of suitable habitat from the U.S. Fish and Wildlife Service 2017 


recovery plan. The exact text from the recovery plan was included here because of the specificity, 


level of detail, and supporting documentation.  


4.4.15.7 Habitat Suitability Model 


The habitat model for giant garter snake includes both aquatic and upland habitats. The modeled 


aquatic habitat relies on both delineation data that were collected for a smaller portion of the action 


area, in what is called the delineation study area, and suitable habitats found in the data sets outside 


the delineation study area.  


The modeled upland habitat includes suitable habitat within 200 feet of modeled aquatic habitat. 


The 200-foot buffer stems from previous USFWS guidance on upland habitat when considering 


impacts on the species. Though the species is known to utilize uplands further than 200 feet, as 


discussed in Section 4.4.15.2, Life History and Habitat Requirements, the model is intended to capture 


where the majority of actively used upland habitat occurs. 


For the tidal perennial aquatic features of the model, modeled habitat only extends 20 feet into tidal 


perennial aquatic polygons from the edges of adjacent land. In tidal perennial aquatic features (e.g., 


the Sacramento and San Joaquin Rivers and tidal zones in the central Delta), giant garter snakes are 


likely limited to shallow, nearshore habitats providing emergent vegetation and vegetative cover. 
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Accordingly, tidal perennial aquatic features are buffered internally by 20 feet to capture the 


nearshore habitat and exclude the relatively deep-water areas that are considered unsuitable. The 


Clifton Court Forebay and Discovery Bay are excluded from modeled tidal perennial aquatic 


features, as the aquatic habitat is not suitable for giant garter snake. The extent of modeled habitat 


in the action area is depicted in Figure 6.9-1.  


Aquatic Habitat Model 


Inside the Delineation Study Area 


Modeled habitat includes the following types from the DWR 2020 Aquatic Resources Delineation 


(California Department of Water Resources and GEI Consultants Inc. 2020; California Department of 


Water Resources 2020c, 2021). 


⚫ Tidal freshwater emergent wetland 


 Freshwater emergent wetland 


⚫ Nontidal freshwater perennial emergent wetland  


 Freshwater emergent wetland 


⚫ Agricultural 


 Agricultural ditch 


⚫ Nontidal perennial aquatic 


 Depression 


 Natural channel 


⚫ Tidal perennial aquatic 


 Tidal channel 


 Natural channel 


Modeled habitat also includes the following types from the 2018 Statewide Crop Mapping (Land IQ 


and DWR 2021). 


⚫ Agricultural 


 Rice 


 Wild rice 


Outside the Delineation Study Area 


Modeled habitat includes the following types from the 2018 Statewide Crop Mapping (Land IQ and 


DWR 2021). 


⚫ Agricultural 


 Rice 


 Wild rice 


Modeled habitat includes the following type from the National Hydrography Dataset (U.S. Geological 


Survey 2020). 
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⚫ Agricultural 


 Ditches 


Modeled habitat also includes the following types from the Great Valley Ecoregion 2018 Vegetation 


Dataset (Chico State Research Foundation, Geographical Information Center 2018) and the Delta 


Vegetation and Land Use Update (Chico State Research Foundation, Geographical Information 


Center 2019). 


⚫ Tidal perennial aquatic 


 All types 


⚫ Tidal freshwater emergent wetland 


 All types 


⚫ Nontidal freshwater emergent wetland  


 All types 


⚫ Nontidal perennial aquatic 


 All types 


Upland Habitat Model 


Modeled habitat includes the following type from the Draft San Joaquin County 2017 Land Use 


Survey (California Department of Water Resources 2020b), Sacramento County 2015 Land Use 


Survey (California Department of Water Resources 2016), and Delta 2017 Land Use Survey (Land IQ 


2019). 


⚫ Agricultural 


 Upland herbaceous 


Modeled habitat includes the following type from the 2018 Statewide Crop Mapping (Land IQ and 


DWR 2021). 


⚫ Agricultural 


 Mixed pasture 


Modeled habitat includes the following types from the Sand Hill Wind Repowering SEIR Land Cover 


Dataset (ICF 2018), East Bay RCIS 2017 Land Cover Dataset (ICF 2017a), Great Valley Ecoregion 


2018 Vegetation Dataset (Chico State Research Foundation, Geographical Information Center 2018), 


and Delta Vegetation and Land Use Update (Chico State Research Foundation, Geographical 


Information Center 2019). 


⚫ Alkaline seasonal wetland complex 


 Allenrolfea occidentalis 


 Distichlis spicata 


 Frankenia salina 


 Juncus arcticus (var. balticus, mexicanus)  


 Western North American disturbed alkaline marsh and meadow 
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⚫ Grassland 


 All types 


⚫ Valley/foothill riparian 


 All types 


Modeled habitat includes the following types from the Delta Conveyance Project Vernal Pool 


Complex (Witham et al. 2014; Chico State Research Foundation, Geographical Information Center 


2019). 


⚫ Vernal pool complex 


 All types  


4.4.16 Delta Green Ground Beetle  


4.4.16.1 Legal Status and Distribution 


Delta green ground beetle is listed as threatened under the federal ESA (45 FR 52807). Critical 


habitat was designated for the delta green ground beetle in 1980 (U.S. Fish and Wildlife Service 


2020d). The most recent 5-year review for the species was published on March 23, 2021 (U.S. Fish 


and Wildlife Service 2021b). 


Delta green ground beetle is endemic to California, and it has only been detected in the greater 


Jepson Prairie area in Solano County (U.S. Fish and Wildlife Service 2017d). The current known 


range of this federally listed threatened species is generally bound by Travis Air Force Base to the 


west, SR 113 to the east, Hay Road to the north, and Creed Road to the south (Arnold and Kavanaugh 


2007:7). 


4.4.16.2 Life History and Habitat Requirements  


Delta green ground beetle typically occurs in the grassland-vernal pool complex and possibly in 


more open areas such as edges of pools, trails, roads, and ditches; however, this assumption may be 


because delta green ground beetles are more difficult to detect in denser grassland cover. Larvae 


hide under dense vegetation or cracks in the ground. Similar to other beetles in the genus, delta 


green ground beetles are thought to be generalized insect predators, possibly feeding primarily on 


springtails (Collembola) (U.S. Fish and Wildlife Service 2017d). 


Adults seem to be active from February through mid-May, producing one generation per year 


(U.S. Fish and Wildlife Service 2017d). 


4.4.16.3 Impacts from Past and Present Projects 


Development and agriculture projects resulting in habitat loss and fragmentation are the largest 


threats to the survival and recovery of vernal pool species. Habitat loss generally is a result of 


agricultural conversion from rangelands to intensive farming, urbanization, aggregate mining, 


infrastructure projects (such as roads and utility projects), and recreational activities (such as off-


highway vehicles and hiking) (U.S. Fish and Wildlife Service 2005:II-185–II-186, I-16–I-28). Habitat 


fragmentation occurs when vernal pool complexes are broken into smaller groups or individual 


vernal pools and become isolated from each other as a result of activities such as road development 


and other infrastructure projects (U.S. Fish and Wildlife Service 2005:I-17).  
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Inappropriate grazing practices have also been identified as a threat; these include complete 


elimination of grazing in areas where nonnative grasses dominate the uplands surrounding vernal 


pools, as well as inappropriate timing or intensity of grazing. Appropriate grazing regimes help 


control nonnative plants such as Italian ryegrass (Lolium multiflorum) and waxy mannagrass 


(Glyceria declinata), which, if unchecked, can increase thatch buildup, decrease ponding duration, 


and decrease the native vegetation grasses and forbs used by delta green ground beetle (U.S. Fish 


and Wildlife Service 2007). 


Human disturbances and changes in land use practices can alter the hydrology of temporary waters 


and result in a change in the timing, frequency, or duration of inundation in vernal pools, which can 


create conditions that render existing vernal pools unsuitable for vernal pool species (U.S. Fish and 


Wildlife Service 2007:27). 


Climate change is expected to affect vernal pool hydrology through changes in the amount and 


timing of precipitation inputs to vernal pools and the rate of loss through evaporation and 


evapotranspiration. It is unknown at this time whether climate change in California will result in a 


localized, relatively small cooling and drying trend or in a warmer trend with higher precipitation 


events. It is possible that either scenario would result in negative effects on vernal pool invertebrate 


species. (U.S. Fish and Wildlife Service 2007). 


Specific threats to delta green ground beetle habitat identified in the 2005 Vernal Pool Recovery 


Plan include the following. 


⚫ Due to its extremely limited distribution and population, delta green ground beetle is vulnerable 


to impacts on its habitat. Changes in vegetation management, specifically the temporary 


removal of managed grazing, have been suggested as an explanation for the apparent decline. 


⚫ There is some evidence indicating that the absence of grazing can have negative effects on the 


delta green ground beetle. The adverse consequences from a lack of grazing are clearly tied to 


the dominance of invasive nonnative plants in the greater Jepson Prairie ecosystem. Extensive 


growth of nonnative grasses and forbs, which is often accompanied by development of a thatch 


of dead plant material on the ground and in the shallower portions of vernal pools, may threaten 


the delta green ground beetle because the thatch may inhibit its normal foraging and other 


behavior and affect the availability of prey. Sheep grazing currently appears to be more 


compatible with delta green ground beetle populations than cattle grazing. 


⚫ The maintenance and monitoring of fuel pipelines and electricity transmission lines are ongoing 


activities that may pose a threat to the delta green ground beetle. 


⚫ Illegal collecting poses a potential threat to delta green ground beetles. 


⚫ Sludge application from wastewater treatment plants could present a threat to delta green 


ground beetles. The nutrients in sludge are likely to aggravate problems with invasive nonnative 


plant growth due to increased availability of nutrients. Water quality concerns also may exist if 


sludge is applied to pasture lands with vernal pools. The addition of sludge would probably be 


extremely detrimental to the delta green ground beetle, since the beetle is only found in areas 


with low-growing plants. The vegetation around the vernal pools would still be stimulated even 


with a much larger setback than the one proposed, and the higher and denser plants would 


make it much more difficult for the beetles to move about and catch their prey. 
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⚫ The lack of basic life history information for the delta green ground beetle puts the species at 


risk of presently unknown threats, and the severity of impacts due to the threats discussed 


above are more or less unknown. 


An additional threat to the Delta green ground beetle habitat, identified since the last 5-year review 


(U.S. Fish and Wildlife Service 2021b:3, 4), is the permanent removal of suitable habitat and loss of 


individuals from the Pacific Gas and Electric Company’s Bay Area Operations and Maintenance 


Habitat Conservation Plan (ICF 2017c).  


4.4.16.4 Status of the Species in the Study Area  


Within the study area, suitable delta green ground beetle habitat is limited to vernal pool complex 


and grassland in an approximate 1,800-acre area west of SR 113 to the western edge of the Delta, 


which is east of Travis Air Force Base. One CNDDB occurrence, which is a compilation of multiple 


observations over multiple years across Jepson Prairie (California Department of Fish and Wildlife 


2020a),. 


4.4.16.5 Critical Habitat 


The final rule designating critical habitat for delta green ground beetle was published in the Federal 


Register on August 8, 1980 (45 FR 52807–52810). Designated critical habitat for delta green ground 


beetle consists of two areas in Solano County. Critical habitat occurs northwest of the Cache Slough 


complex near Jepson Prairie. The primary constituent elements of critical habitat for delta green 


ground beetle are summarized here.  


⚫ Vernal pools and surrounding grassland habitat. 


⚫ Associated land areas that surround and drain into vernal pool habitat.  


4.4.16.6 Species Habitat Suitability Model 


The methods used to formulate species habitat suitability models, and the limitations of these 


models, are described in Appendix 6A, Terrestrial Effects Analysis Methods, Section 6A.5.1.1, Suitable 


Habitat Models. 


GIS Model Data Sources 


The delta green ground beetle model uses the following datasets. 


⚫ Delta Vegetation and Land Use Update (Chico State Research Foundation, Geographical 


Information Center 2019). 


⚫ Delta Conveyance Project Vernal Pool Complex (Witham et al. 2014; Chico State Research 


Foundation, Geographical Information Center 2019). 


Habitat Model Description 


The habitat model for delta green ground beetle is limited to vernal pool complex (all types) and 


grasslands. The extent of modeled habitat in the study area is depicted in Figure 6.10-1. 
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Geographic Limits  


The species is limited to the western portion of Solano County, west of SR 113 to the western edge of 


the study area, south of Hastings Road, and north of Creek Road (Figure 6.10-1). 


Additional Model Parameters  


Modeled habitat includes the following vegetation type from the Delta Vegetation and Land Use 


Update (Chico State Research Foundation, Geographical Information Center 2019): 


⚫ Grassland 


 All types 


Modeled habitat also includes the following type from the Delta Conveyance Project Vernal Pool 


Complex dataset (Witham et al. 2014; Chico State Research Foundation, Geographical Information 


Center 2019). 


⚫ Vernal pool complex 


 All types 


4.4.17 Valley Elderberry Longhorn Beetle 


4.4.17.1 Legal Status and Distribution 


Valley elderberry longhorn beetle is listed as threatened under the federal ESA (45 FR 52803). On 


October 2, 2006, the USFWS, in their 5-year review, recommended this species be removed from the 


endangered species list (U.S. Fish and Wildlife Service 2006c). On October 2, 2012, USFWS issued a 


proposed rule to remove the species from the endangered species list (77 FR 60238). However, 


USFWS withdrew the proposed rule on September 17, 2014, based on its determination that the 


proposed rule did not fully analyze the best available information (79 FR 55873). On September 26, 


2023, the USFWS published a 5-year review for the species. 


Valley elderberry longhorn beetle is one of three species of Desmocerus in North America and one of 


two subspecies of D. californicus. The valley elderberry longhorn beetle subspecies is a narrowly 


defined endemic taxon limited to portions of the Central mostly below 500 feet elevation (U.S. Fish 


and Wildlife Service 2017e:4). 


At the time of the listing, the species was only known from Merced, Yolo, and Sacramento Counties 


(U.S. Fish and Wildlife Service 2019b:1) Subsequent surveys throughout the Central Valley 


discovered more locations and the current presumed range is now believed to extend from Shasta 


County to Madera County below 500 feet in elevation (U.S. Fish and Wildlife Service 2019b:1), 


including the valley floor and lower foothills (U.S. Fish and Wildlife Service 2023b:3). Previous 


descriptions of the range included areas that overlap with California elderberry longhorn beetle (D. 


californicus californicus) (U.S. Fish and Wildlife Service 2019b:1). Little is known about the historical 


abundance of valley elderberry longhorn beetle.  


The current distribution of valley elderberry longhorn beetle is similar to its historical range, though 


it is “uncommon or rare, but locally clustered.” Most of the approximately 270 CNDDB occurrences 


rangewide are based on observations of exit holes in elderberry stems or branches, rather than 


direct observation of individual beetles; many of these occurrences predate 1997, which was the 


most recent, comprehensive rangewide survey by observers known to be qualified to detect 
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occupancy of valley elderberry longhorn beetle (U.S. Fish and Wildlife Service 2019b:1–2). 


Approximately 130 known occurrences of valley elderberry longhorn beetle in the San Joaquin and 


Sacramento Valleys have been documented since the 1997 comprehensive rangewide survey 


(California Department of Fish and Wildlife 2020a). These occurrences have been found within 18 


hydrologic units at 36 geographic locations in the Central Valley extending from Shasta County 


south to Fresno County. 


4.4.17.2 Life History and Habitat Requirements 


Valley elderberry longhorn beetle is closely associated with elderberry (Sambucus spp.). These 


plants are an obligate host plant for larvae and are necessary for the completion of the life cycle 


(U.S. Fish and Wildlife Service 2017e:4). The two main species of elderberry used by this species are 


the blue elderberry (Sambucus nigra subsp. caerulea, formerly S. mexicana) and red elderberry (S. 


racemose) (79 FR 55876). Elderberry is a component of riparian habitats throughout the Central 


Valley; however, elderberry shrubs can also be present in non-riparian valley oak and blue oak 


woodland habitats as well as in grasslands (U.S. Fish and Wildlife Service 2017e:6), which may 


extend beyond riparian zones. Although this shrub occasionally occurs outside riparian areas, 


shrubs supporting the greatest beetle densities are located in areas with significant riparian zones 


(79 FR 55878). 


Shrub characteristics and other environmental factors appear to have an influence on use by the 


valley elderberry longhorn beetle, with more exit holes found in shrubs in riparian habitat types 


than in non-riparian habitat types (79 FR 55878). Occupancy of elderberry shrubs varies based on 


elderberry condition, water availability, elderberry density, and the health of the riparian habitat, 


indicating that healthy riparian systems supporting a high density of elderberry clumps are the 


primary habitat of the beetle (U.S. Fish and Wildlife Service 2017e:7). Some studies have 


demonstrated, however, that valley elderberry longhorn beetles prefer elderberry shrubs with low 


to moderate levels of damaged stems (79 FR 55878). 


Valley elderberry longhorn beetle is distributed throughout available habitat in a widely dispersed 


metapopulation (U.S. Fish and Wildlife Service 2019b:2; Talley et al. 2006). At local scales, the valley 


elderberry longhorn beetle occupies elderberry plants in clumps that vary by watershed (Talley et 


al. 2007). Local aggregations or clumps of occurrences appear to function like discreet demographic 


units of the valley elderberry longhorn beetle. At the landscape scale, data suggest occupancy status 


of suitable habitat can be somewhat predicted by distance from an occupied patch. A suitable patch 


of habitat is more likely to be occupied if there is occupied habitat within 6.2 to 12.4 miles of the 


suitable patch. At local scales (sites less than 6.2 miles apart) occupancy patterns appear to be 


random (Collinge et al. 2001:104).  


Adult valley elderberry longhorn beetles’ flight season is from March to July (U.S. Fish and Wildlife 


Service 2017e:11), with most records from late April to mid-May (79 FR 55877). The adult beetles 


feed on the elderberry foliage and possibly its flowers. During this time of activity, the beetles mate, 


and the female lays eggs on the living elderberry plant host. The eggs are typically placed 


individually or in small clusters within crevices in the bark or junctions of the stem and trunk or leaf 


petiole and stem. Eggs hatch within a few days and soft-bodied larvae emerge. The larvae are on the 


surface of the elderberry from a few minutes to several hours or a day and then bore to the center of 


the elderberry stems where they create a feeding gallery in the pith at the stem’s center. The larvae 


develop for 1 to 2 years feeding on pith. The late instar larvae chew through the inner bark, all or 


most of the way to the surface, then return inside, plugging the holes with wood shavings. The larvae 
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move back down the feeding gallery to an enlarged pupal chamber packed with frass. Here the 


larvae metamorphose into pupae between January and April (79 FR 55876).  


The length of pupation is thought to be about one month with the emergent adult remaining in the 


chamber for up to several weeks. Adults complete the hole in the outer bark and emerge during the 


flowering season of elderberry shrubs (79 FR 55876). 


4.4.17.3 Impacts from Past and Present Actions 


Habitat occupied by valley elderberry longhorn beetle tends to form and exist in riparian corridors 


and on the level open ground of periodically flooded river and stream terraces and floodplains. This 


geomorphic setting historically has been desirable for agricultural, urban, or industrial 


development. As a result, much of this habitat type has been converted, through the construction of 


dam and levee projects (e.g., Central Valley Flood Protection Plan), to land that could be developed. 


Although it has been estimated that 90% of California riparian habitat has been lost over the last 


century and a half (Smith 1977; Barr 1991:4, 6, 18–19; Naiman et al. 1993; Naiman and Décamps 


1997), these losses are difficult to accurately quantify in terms of valley elderberry longhorn beetle 


habitat losses (Talley et al. 2006). Therefore, an unknown amount of riparian forest and elderberry 


savannah habitat has been lost and an unknown number of valley elderberry longhorn beetle 


populations as well (Collinge et al. 2001:104). Present day losses of valley elderberry longhorn 


beetle are most often associated with the conversion of agricultural areas to urban development and 


the maintenance of levees and other flood-management structures (U.S. Fish and Wildlife Service 


2019b:2–3).  


The best available data suggest the nonnative invasive species, Argentine ant (Linepithema humile), 


is a predation threat to the valley elderberry longhorn beetle (U.S. Fish and Wildlife Service 


2019b:3). This ant is an aggressive competitor and predator of native arthropods throughout 


riparian habitats in California, and has been observed preying on valley elderberry longhorn beetle 


larvae (Talley et al. 2006). Argentine ants have been inadvertently introduced into valley elderberry 


longhorn beetle mitigation sites from nursery stock and are able to proliferate there due to 


irrigation established for mitigation plantings (Argentine ants require moisture) (Talley et al. 2006). 


The predation threat from Argentine ants is likely to increase in the Central Valley as colonies 


further expand into the species’ range unless additional methods of successful control within natural 


settings become available (U.S. Fish and Wildlife Service 2019b:3).  


The nonnative invasive European earwig (Forficula auricularia) is also considered to be a threat to 


the valley elderberry longhorn beetle through predation or by supporting higher populations of 


insect predators (Talley et al. 2006), although there is no clear evidence to suggest that earwig 


predation or presence constitutes a specific threat to the beetle (77 FR 60237). 


Nonnative invasive plant species such as black locust (Robinia pseudoacacia), giant reed (Arundo 


donax), red sesbania (Sesbania punicea), Himalaya blackberry (Rubus armeniacus), tree of heaven 


(Ailanthus altissima), Spanish broom (Spartium junceum), Russian olive (Elaeagnus angustifolia), 


edible fig (Ficus carica), and Chinese tallowtree (Sapium sebiferum) may have significant indirect 


impacts on the valley elderberry longhorn beetle by affecting elderberry shrub vigor and 


recruitment (Talley et al. 2006). Ripgut brome (Bromus diandrus), foxtail barley (Hordeum 


murinum), Italian ryegrass (Festuca perennis, formerly Lolium multiflorum), and yellow starthistle 


(Centaurea solstitialis) may impair elderberry germination or establishment, or elevate fire risk 


(Talley et al. 2006). 
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Threats identified in the 2014 Withdrawal of the Proposed Rule included increased temperatures 


due to climate change, increased competition for the host plant from invasive plant species, and 


reduces survivorship of the host plant due to pesticides (79 FR :55889–55907). Increasing 


frequency and severity of wildfires and drought throughout the species range is also identified as a 


threat for the species in the foreseeable future (U.S. Fish and Wildlife 2023: 4). 


4.4.17.4 Status of the Species in the Action Area  


The current distribution of valley elderberry longhorn beetle in the action area is unknown. There 


are only four reported occurrences of valley elderberry longhorn beetle in the action area, including 


one along Middle River, north of Tracy, and three occurrences along small drainages between the 


Sacramento River and the Sacramento Deep Water Ship Channel in the vicinity of West Sacramento 


(California Department of Fish and Wildlife 2020a). There are additional historical occurrences 


along the Sacramento River corridor (Jones & Stokes 1985:33, 1986:15, 1987:25–27; U.S. Fish and 


Wildlife Service 1984:18–20; Barr 1991:4, 6, 18–19; Collinge et al. 2001:104). Comprehensive 


surveys for the species or its host plant, elderberry, have not been conducted and thus the 


population size and location of the species in the action area is unknown. Distribution is typically 


based on the occurrence of elderberry shrubs, which are known to occur along riparian corridors 


throughout the action area, including the Sacramento River, Stanislaus River, San Joaquin River, and 


along smaller natural and channelized drainages, as well as in upland habitats. 


4.4.17.5 Critical Habitat  


The USFWS promulgated the final ruling designating critical habitat for valley elderberry longhorn 


beetle on August 8, 1980 (45 FR 52804). Two critical habitat areas were designated along portions 


of the American River in Sacramento County (the Sacramento Zone and the American River Parkway 


Zone). Critical habitat for valley elderberry longhorn beetle is not located within the action area. 


4.4.17.6 Suitable Habitat Definition 


As described above in Section 4.4.17.2, Life History and Habitat Requirements, suitable habitat for 


valley elderberry longhorn beetle are elderberry shrubs throughout the action area at elevations 


below 500 feet (though all elevations in the action area are less than 500 feet). Elderberry shrubs in 


the action area could be found in riparian areas and other habitats such as along levee banks, in 


grasslands, and in agricultural settings where vegetation is not being maintained (e.g., fence rows, 


field edges, fallow fields).  


4.4.17.7 Species Habitat Suitability Model 


The habitat model for valley elderberry longhorn beetle includes both riparian and other potential 


habitat. The “other potential habitat” portion of the model includes some agricultural land cover 


types as well as some seasonal wetlands mapped by DWR. Though frequent vegetation management 


in agricultural lands may limit the development of suitable shrubs, elderberry shrubs in rural areas 


are typically found on fence rows, along roadsides, and in areas that are not subject to active tilling 


or vegetation management. The extent of modeled habitat in the action area is depicted in Figure 


6.11-1. 


As described in Section 4.4.17.2, the valley elderberry longhorn beetle range extends throughout the 


action area, based on the range described in the Framework for Assessing Impacts to the Valley 
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Elderberry Longhorn Beetle (Desmocerus californicus dimorphus) (U.S. Fish and Wildlife Service 


2017e:4).  


Riparian Habitat 


Modeled habitat includes the following types from the Sand Hill Wind Repowering SEIR Land Cover 


Dataset (ICF 2018), East Bay RCIS 2017 Land Cover Dataset (ICF 2017a), Delta Vegetation and Land 


Use Update, and the Great Valley Ecoregion 2018 Vegetation Dataset (Chico State Research 


Foundation, Geographical Information Center 2018, 2019). 


⚫ Valley/foothill riparian 


 All types 


Other Potential Habitat 


Modeled habitat also includes the following types from the DWR 2020 Aquatic Resources 


Delineation (California Department of Water Resources and GEI Consultants Inc. 2020; California 


Department of Water Resources 2020c, 2021).12 


⚫ Other seasonal wetland 


 Seasonal wetland 


Seasonal wetlands were individually selected by DWR staff that conducted the wetland delineation. 


These areas may have had some past disturbance but currently consist of herbaceous vegetation 


with some scattered shrubs. Though seasonally wet, these areas have the potential to support 


elderberry shrubs. 


Modeled habitat also includes the following types from the Delta 2017 Land Use Survey (Land IQ 


2019), Draft San Joaquin County 2017 Land Use Survey (California Department of Water Resources 


2020b), Sacramento County 2015 Land Use Survey (California Department of Water Resources 


2016), Sand Hill Wind Repowering SEIR Land Cover Dataset (ICF 2018), East Bay RCIS 2017 Land 


Cover Dataset (ICF 2017a), Delta Vegetation and Land Use Update, and Great Valley Ecoregion 2018 


Vegetation Dataset (Chico State Research Foundation, Geographical Information Center 2018, 


2019): 


⚫ Agriculture 


 Semi-ag/rights-of-way 


 Upland herbaceous 


 Grassland 


 All types  


 
12 The DWR 2020 Aquatic Resources Delineation data is considered sufficient for evaluation of effects from the 
proposed action in this BA. The land cover data will be updated to include the final verified aquatic resources 
delineation data prior to submittal of this BA in support of the request for formal consultation. 
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4.4.18 Vernal Pool Fairy Shrimp 


4.4.18.1 Legal Status and Distribution 


Vernal pool fairy shrimp is listed as threatened under the ESA throughout its range (59 FR 48136). 


In September 2007, U.S. Fish and Wildlife Service published a 5-year review recommending that the 


species remain listed as threatened.  


There is little information on the historical range of vernal pool fairy shrimp. The species is 


currently known to occur in a wide range of vernal pool habitats in the central western, 


southwestern, and Central Valley areas of California, and in two vernal pool habitats in the Agate 


Desert area of Jackson County, Oregon (U.S. Fish and Wildlife Service 2005:II-191–II-192). It has the 


largest geographical range of listed fairy shrimp in California, but is seldom abundant (U.S. Fish and 


Wildlife Service 2005:II-194). The species is currently found at locations across the Central Valley 


from Shasta County to Tulare and Kings Counties, in the central and southern Coast Ranges from 


Napa County to Los Angeles County, and inland in western Riverside County, California (U.S. Fish 


and Wildlife Service 2005:II-194–II-195; California Department of Fish and Wildlife 2020a).  


4.4.18.2 Life History and Habitat Requirements 


Vernal pool fairy shrimp is entirely dependent on the aquatic environment provided by the 


temporary waters of natural vernal pool and playa pool ecosystems as well as the artificial 


environments of ditches and tire ruts (59 FR 48136; U.S. Fish and Wildlife Service 2007:24, 26). The 


temporary waters fill directly from precipitation as well as from surface runoff and perched 


groundwater from their watersheds (U.S. Fish and Wildlife Service 2007:30). The watershed extent 


that is necessary for maintaining the hydrological functions of the temporary waters depends on a 


number of complex factors including soil properties, the existence of a perched aquifer overlying an 


impermeable soil layer, slope, effects of vegetation on evapotranspiration rates, compaction of 


surface soils by grazing animals, and other factors (U.S. Fish and Wildlife Service 2007:30). 


The temporary waters that are habitat for the vernal pool fairy shrimp are extremely variable and 


range from clear sandstone pools with little alkalinity to turbid, alkaline vernal pools (U.S. Fish and 


Wildlife Service 2005:II-196). Vernal pool fairy shrimp have also occasionally been found in 


degraded vernal pool habitats and artificially created seasonal pools (Helm 1998:132). Vernal pool 


fairy shrimp commonly co-occur with other fairy shrimp and vernal pool tadpole shrimp (Lepidurus 


packardi) (U.S. Fish and Wildlife Service 2005:II-197). 


Vernal pool fairy shrimp are adapted to the environmental conditions of their ephemeral habitats. 


One adaptation is the ability of vernal pool fairy shrimp eggs, or cysts, to remain dormant in the soil 


when their vernal pool habitats are dry. The cysts survive the hot, dry summers and cold, wet 


winters that follow until vernal pools and swales fill with rainwater and conditions are right for 


hatching. When the pools refill in the same or subsequent seasons some, but not all, of the cysts may 


hatch. The cyst bank in the soil may comprise cysts from several years of breeding (U.S. Fish and 


Wildlife Service 2005:II-195; 59 FR 48136). Beyond inundation of the habitat, the specific cues for 


hatching are unknown, although temperature and conductivity (solute concentration) are believed 


to play a large role (Helm 1998:132). 


In a study using large plastic pools to simulate natural vernal pools, Helm found that vernal pool 


fairy shrimp can reproduce in as early as 18 days following hatching, with the average being 40 days 
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(Helm 1998:133). Site-specific conditions, primarily water temperature, have been shown to affect 


time to reach reproductive maturity (Helm 1998:132). 


4.4.18.3 Impacts from Past and Present Actions 


Threats to vernal pool habitat and vernal pool branchiopods in general, as well as specific threats to 


vernal pool fairy shrimp, are described in the Recovery Plan for Vernal Pool Ecosystems of California 


and Southern Oregon (U.S. Fish and Wildlife Service 2005:II-192, II-194–II-195, II-197, I-1, J-28, I-16, 


I-17, II-31, II-198, II-204–II-206, II-185, II-208, 2007). 


Agricultural conversion from rangelands to intensive farming, urbanization, aggregate mining, and 


infrastructure projects (such as roads and utility projects) are the primary drivers for habitat loss 


and fragmentation (U.S. Fish and Wildlife Service 2005:II-192, II-194–II-195, II-197, I-1, J-28, I-16, 


I-17, II-31, II-198, II-204–II-206, II-185, II-208). Habitat fragmentation occurs when vernal pool 


complexes are broken into smaller groups or individual vernal pools and become isolated from each 


other as a result of activities such as road development and other infrastructure projects (U.S. Fish 


and Wildlife Service 2005:II-192, II-194–II-195, II-197, I-1, J-28, I-16, I-17, II-31, II-198, II-204–


II-206, II-185, II-208). 


Inappropriate grazing practices have also been identified as a threat; these include complete 


elimination of grazing in areas where nonnative grasses dominate the uplands surrounding vernal 


pools, as well as inappropriate timing or intensity of grazing. Appropriate grazing regimes help 


control nonnative plants such as Italian ryegrass (Lolium multiflorum) and waxy mannagrass 


(Glyceria declinata), which, if unchecked, can increase thatch buildup, decrease ponding duration, 


and decrease the aquatic habitat available to the vernal pool fairy shrimp (U.S. Fish and Wildlife 


Service 2007). 


Human disturbances and changes in land use practices can alter the hydrology of temporary waters 


and result in a change in the timing, frequency, or duration of inundation in vernal pools, which can 


create conditions that render existing vernal pools unsuitable for vernal pool species (U.S. Fish and 


Wildlife Service 2007:27). 


Climate change is expected to affect vernal pool hydrology through changes in the amount and 


timing of precipitation inputs to vernal pools and the rate of loss through evaporation and 


evapotranspiration. It is unknown at this time whether climate change in California will result in a 


localized, relatively small cooling and drying trend or in a warmer trend with higher precipitation 


events. However, it is possible that either scenario would result in negative effects on vernal pool 


invertebrate species. Cooling and drying trends could adversely affect vernal pool fairy shrimp 


through decreased inundation periods that do not allow the species sufficient time to complete its 


life cycle. In contrast, warmer conditions could increase inundation periods, which would not 


necessarily be a negative effect because increased inundation periods would increase available 


habitat for vernal pool fairy shrimp. However, increased inundation periods associated with a 


warming trend could also negatively affect the species by not providing cool enough temperatures 


for vernal pool fairy shrimp to hatch or reproduce (U.S. Fish and Wildlife Service 2007). 


Specific threats to vernal pool fairy shrimp habitat identified in the 2005 Vernal Pool Recovery Plan 


include the following. 


⚫ Within the entire range of the species, more than half of the known populations of vernal pool 


fairy shrimp are threatened by development or agricultural conversion. Several populations are 


found on military bases, and although not an immediate threat, military activities can result in 
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alteration of pool characteristics, including introduction of nonnative plant species (U.S. Fish 


and Wildlife Service 2005:II-192, II-194–II-195, II-197, I-1, J-28, I-16, I-17, II-31, II-198, II-204–


II-206, II-185, II-208, 2007). 


⚫ In the Livermore vernal pool region, the vernal pool fairy shrimp is primarily on private land, 


where it is threatened by development, including expansion of the Byron Airport. 


⚫ In the northeastern Sacramento Valley vernal pool region, most of the known occurrences are 


located on California Department of Transportation (Caltrans) rights-of-way and are thus 


threatened by various future road improvement projects in this region, particularly the future 


expansion of SR 99. Additional populations are threatened by commercial and residential 


development projects. 


⚫ Some occurrences on private land in the Northwestern Sacramento vernal pool region may be 


threatened by agricultural conversion or development. 


⚫ In the southern Sacramento vernal pool region, the vernal pool fairy shrimp is threatened by 


urban development. Both the South Sacramento and Placer county Habitat Conservation Plans 


address growth in the region. 


⚫ In the San Joaquin Valley region, the vernal pool fairy shrimp is found primarily on private land 


where it is threatened by direct habitat loss, including urban development and agricultural 


conversion. 


⚫ In the Solano-Colusa region, the vernal pool fairy shrimp is threatened by development on the 


private property where it occurs. 


4.4.18.4 Status of the Species in the Action Area  


Within the action area, vernal pool fairy shrimp has the potential to occur throughout but is 


generally limited to known areas of suitable habitat in and around Stone Lakes in Sacramento 


County, within the Yolo Bypass, within Solano County, and in eastern Contra Costa County near 


Clifton Court Forebay. 


There are 19 CNDDB records for vernal pool fairy shrimp in the action area, which occur in the 


Stone Lakes National Wildlife Refuge (1), in the Yolo Bypass (8), in Jepson Prairie in Solano County 


(2), in southern Solano County near Montezuma Hills (1), in Antioch (1), and in the area of Clifton 


Court Forebay (6) (California Department of Fish and Wildlife 2020a).  


4.4.18.5 Critical Habitat 


The final rule designating critical habitat for vernal pool fairy shrimp was published in the Federal 


Register on February 10, 2006 (71 FR 7118–7316). Designated critical habitat for vernal pool fairy 


shrimp within the action area is located west of Clifton Court Forebay near Byron. The designated 


critical habitat for vernal pool fairy shrimp is in Unit 19B (10,707 total acres; an estimated 1,475 


acres in the action area). The primary constituent elements of critical habitat for vernal pool fairy 


shrimp are summarized from 71 FR 7118-7316 below.  


⚫ Topographic features characterized by mounds and swales, and depressions within a matrix of 


surrounding uplands that result in complexes of continuously, or intermittently, flowing surface 


water in the swales connecting the pools, providing for dispersal and promoting hydroperiods of 


adequate length in the pools. 
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⚫ Depressional features including isolated vernal pools with underlying restrictive soil layers that 


become inundated during winter rains and that continuously hold water for a minimum time 


period (18 days for vernal pool fairy shrimp) in all but the driest years, thereby providing 


adequate water for incubation, maturation, and reproduction. Although these features are 


inundated on a seasonal basis, they still promote the development of obligate wetland 


vegetation habitats typical of permanently inundated emergent wetlands. 


⚫ Sources of food, such as detritus occurring in the pools, contributed by overland flow from the 


pools’ watershed, or the results of biological processes within the pools themselves, such as 


single-celled bacteria, algae, and dead organic matter. 


⚫ Structures within the vernal pools that provide shelter (organic and inorganic materials such as 


living and dead plants from plant species adapted to seasonally inundated environments, rocks, 


and other inorganic debris that may be washed, blown, or otherwise transported into the pools). 


4.4.18.6 Suitable Habitat Definition 


As described above in Section 4.4.18.2, Life History and Habitat Requirements, and Section 4.4.18.4, 


Status of the Species in the Action Area/Environmental Baseline, suitable habitat for vernal pool fairy 


shrimp includes vernal pools, alkali seasonal wetlands, and other seasonal wetland types that 


provide appropriate hydroperiods and conditions. Vernal pool fairy shrimp can also be found in 


artificial features such as seasonal ditches and unvegetated low spots that pool during the winter. 


The vernal pool fairy shrimp range extends throughout the action area. 


4.4.18.7 Species Habitat Suitability Model 


The vernal pool fairy shrimp habitat model includes vernal pools, alkaline seasonal wetlands, and 


some seasonal wetlands. Vernal pool complexes in the western part of the action area often occur in 


a mosaic with alkaline seasonal wetlands; many of the species that occur in the vernal pool complex 


also occur in the alkaline seasonal wetland complex within this mosaic of natural communities. The 


modeled habitat relies on both aquatic resource delineation data that was collected for a smaller 


portion of the action area, in what is called the delineation action area, and suitable habitats found in 


the Great Valley Vernal Pool Data (Witham et al. 2014), Sand Hill Wind Repowering SEIR Land Cover 


Dataset (ICF 2018), East Bay RCIS 2017 Land Cover Dataset (ICF 2017a), Delta Vegetation and Land 


Use Update, and Great Valley Ecoregion 2018 Vegetation Dataset (Chico State Research Foundation, 


Geographical Information Center 2018, 2019). The extent of modeled habitat in the action area is 


depicted in Figure 6.12-1.  


Inside the Delineation Study Area 


Modeled habitat includes the following types from the Great Valley Vernal Pool Data and DWR 2020 


Aquatic Resources Delineation (Witham et al. 2014; California Department of Water Resources and 


GEI Consultants Inc. 2020; California Department of Water Resources 2020c, 2021).13 


⚫ Vernal pool complex 


 Alkaline wetland  


 
13 The DWR 2020 Aquatic Resources Delineation data is considered sufficient for evaluation of effects from the 
proposed action in this BA. The land cover data will be updated to include the final verified aquatic resources 
delineation data prior to submittal of this BA in support of the request for formal consultation. 
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 Vernal pool 


Modeled habitat also includes the following types from the DWR 2020 Aquatic Resources 


Delineation (California Department of Water Resources and GEI Consultants Inc. 2020; California 


Department of Water Resources 2020c, 2021). 


⚫ Alkaline seasonal wetland complex 


 Alkaline wetland 


⚫ Other seasonal wetlands 


 Seasonal wetlands 


Outside the Delineation Study Area 


Modeled habitat includes the following types from the Great Valley Vernal Pool Data and Delta 


Vegetation and Land Use Update (Witham et al. 2014; Chico State Research Foundation, 


Geographical Information Center 2019). 


⚫ Vernal pool complex 


 All types 


Modeled habitat also includes the following types from the Sand Hill Wind Repowering SEIR Land 


Cover Dataset (ICF 2018), East Bay RCIS 2017 Land Cover Dataset (ICF 2017a), Delta Vegetation and 


Land Use Update (Chico State Research Foundation, Geographical Information Center 2019), and 


Great Valley Ecoregion 2018 Vegetation Dataset (Chico State Research Foundation, Geographical 


Information Center 2018). 


⚫ Alkaline seasonal wetland complex 


 All types 


Outside the delineation study area, density class information from the Great Valley Vernal Pool Data 


(Witham at al. 2014) was used to report an estimated wetted acre. This includes the following cover 


classes: <2%, 2%–5%, 5%–10%, >10%, and 100% for individual pools. In the statutory Delta, the 


cover classes reported go only as high as 5%–10%.  


4.4.19 Vernal Pool Tadpole Shrimp 


4.4.19.1 Legal Status and Distribution 


Vernal pool tadpole shrimp was listed as endangered throughout its range under the ESA on 


September 19, 1994 (59 FR 48136). In September 2007, USFWS published a 5-year review 


recommending that the species remain listed as endangered.  


Historically, vernal pool tadpole shrimp probably did not occur outside of the Central Valley and 


Central Coast regions (U.S. Fish and Wildlife Service 2005:II-204). Currently, vernal pool tadpole 


shrimp occurs in the Central Valley of California and in the San Francisco Bay Area (U.S. Fish and 


Wildlife Service 2005:II–204). The species has a patchy distribution across the Central Valley of 


California from Shasta County southward to northwestern Tulare County (U.S. Fish and Wildlife 


Service 2007:4). In the Central Coast Vernal Pool Region identified in the Vernal Pool Recovery Plan, 


the vernal pool tadpole shrimp is found in the San Francisco Bay National Wildlife Refuge and on 
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private land in Alameda County near Milpitas (U.S. Fish and Wildlife Service 2007:14; California 


Department of Fish and Wildlife 2020a). The largest concentration of vernal pool tadpole shrimp 


occurrences is found in the Southeastern Sacramento Vernal Pool Region identified in the Vernal 


Pool Recovery Plan, where the species occurs on a number of public and private lands in Sacramento 


County (U.S. Fish and Wildlife Service 2005:II-206, 2007:14). 


4.4.19.2 Life History and Habitat Requirements 


Vernal pool tadpole shrimp occur in a wide variety of seasonal habitats, including vernal pools, 


ponded clay flats, alkaline pools, ephemeral stock ponds, and roadside ditches. Habitats where 


vernal pool tadpole shrimp have been observed range in size from small (less than 25 square feet), 


clear, vegetated vernal pools to highly turbid alkali scald pools to large (more than 100 acres) winter 


lakes (U.S. Fish and Wildlife Service 2007:3; Helm 1998:132,137). These pools and other ephemeral 


wetlands must dry out and be inundated again to remain suitable for the vernal pool tadpole shrimp. 


Any cysts remaining in the soil once the pool has dried must wait until the pool refills to hatch. 


Vernal pool tadpole shrimp can hatch multiple times in a single inundation event so long as the 


habitat remains inundated, sometimes for 6 months or more (U.S. Fish and Wildlife Service 2005:II–


207).  


Vernal pool tadpole shrimp commonly co-occur with other fairy shrimp (U.S. Fish and Wildlife 


Service 2005:II-192, II-194–II-195, II-197, I-1, J-28, I-16, I-17, II-31, II-198, II-204–II-206, II-185, 


II-208). 


Like other vernal pool branchiopods, vernal pool tadpole shrimp are linked to the cycles of their 


ephemeral habitats. Vernal pool tadpole shrimp eggs, or cysts, remain dormant in the soil when 


their vernal pool habitats are dry. The cysts remain in the soil until later rainy seasons when 


conditions are right for hatching (59 FR 48138). 


In a study using large plastic pools to simulate natural vernal pools, Helm found that vernal pool 


tadpole shrimp can reproduce as early as 41 days following hatching, with the average being 54 


days (Helm 1998:133). Site-specific conditions, primarily water temperature, have been shown to 


affect time to reach reproductive maturity (Helm 1998:132). 


Vernal pool tadpole shrimp have relatively high reproductive rates and may be hermaphroditic. Sex 


ratios can vary, perhaps in response to changes in water temperature (Ahl 1991:137, 139). Genetic 


variation among vernal pool tadpole shrimp corresponded with differences between sites in 


physical and chemical aspects of the pool habitat (depth, surface area, solutes concentration, 


elevation, and biogeographic region), and species richness was positively correlated with both depth 


and surface area (King et al. 1996). This result corresponds with the findings of other researchers 


that vernal pool crustaceans have low rates of gene flow between separated sites (U.S. Fish and 


Wildlife Service 2005:II-192, II-194–II-195, II-197, I-1, J-28, I-16, I-17, II-31, II-198, II-204–II-206, 


II-185, II-208). The low rate of exchange between vernal pool tadpole shrimp populations is 


probably a result of the spatial isolation of their habitats and their reliance on passive dispersal 


mechanisms (U.S. Fish and Wildlife Service 2005:II-192, II-194–II-195, II-197, I-1, J-28, I-16, I-17, 


II-31, II-198, II-204–II-206, II-185, II-208). However, the studies also found that gene flow between 


pools within the same vernal pool complex is much higher (U.S. Fish and Wildlife Service 


2005:II-192, II-194–II-195, II-197, I-1, J-28, I-16, I-17, II-31, II-198, II-204–II-206, II-185, II-208). 


This indicates that vernal pool tadpole shrimp populations, like most vernal pool crustacean 


populations, are defined by vernal pool complexes and not by individual vernal pools (U.S. Fish and 
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Wildlife Service 2005:II-192, II-194–II-195, II-197, I-1, J-28, I-16, I-17, II-31, II-198, II-204–II-206, II-


185, II-208). 


4.4.19.3 Impacts from Past and Present Actions 


Development and agriculture actions resulting in habitat loss and fragmentation are the largest 


threats to the survival and recovery of vernal pool species. Habitat loss is a result of agricultural 


conversion from rangelands to intensive farming, urbanization, aggregate mining, infrastructure 


projects (such as roads and utility projects), and recreational activities (such as off-highway vehicles 


and hiking) (U.S. Fish and Wildlife Service 2005:II-192, II-194–II-195, II-197, I-1, J-28, I-16, I-17, 


II-31, II-198, II-204–II-206, II-185, II-208). Habitat fragmentation occurs when vernal pool 


complexes are broken into smaller groups or individual vernal pools and become isolated from each 


other as a result of activities such as road development and other infrastructure projects (U.S. Fish 


and Wildlife Service 2005:II-192, II-194–II-195, II-197, I-1, J-28, I-16, I-17, II-31, II-198, II-204–


II-206, II-185, II-208). 


Inappropriate grazing practices have also been identified as a threat; these include complete 


elimination of grazing in areas where nonnative grasses dominate the uplands surrounding vernal 


pools, as well as inappropriate timing or intensity of grazing. Appropriate grazing regimes help 


control nonnative plants such as Italian ryegrass (Lolium multiflorum) and waxy mannagrass 


(Glyceria declinata), which, if unchecked, can increase thatch buildup, decrease ponding duration, 


and decrease the aquatic habitat available to the vernal pool fairy shrimp (U.S. Fish and Wildlife 


Service 2007). 


Human disturbances and changes in land use practices can alter the hydrology of temporary waters 


and result in a change in the timing, frequency, or duration of inundation in vernal pools, which can 


create conditions that render existing vernal pools unsuitable for vernal pool species (U.S. Fish and 


Wildlife Service 2005:II-192, II-194–II-195, II-197, I-1, J-28, I-16, I-17, II-31, II-198, II-204–II-206, 


II-185, II-208). 


Climate change is expected to affect vernal pool hydrology through changes in the amount and 


timing of precipitation inputs to vernal pools and the rate of loss through evaporation and 


evapotranspiration. It is unknown at this time whether climate change in California will result in a 


localized, relatively small cooling and drying trend or in a warmer trend with higher precipitation 


events. However, it is possible that either scenario would result in negative effects on vernal pool 


invertebrate species. Cooling and drying trends could adversely affect the vernal pool tadpole 


shrimp through decreased inundation periods that do not allow the species sufficient time to 


complete its life cycle. In contrast, warmer conditions could increase inundation periods, which 


would not necessarily be a negative effect because increased inundation periods would increase 


available habitat for the vernal pool tadpole shrimp. However, increased inundation periods 


associated with a warming trend could also negatively affect the species by not providing cool 


enough temperatures for the vernal pool tadpole shrimp to hatch or reproduce (U.S. Fish and 


Wildlife Service 2007). 


Specific threats to vernal pool tadpole shrimp habitat identified in the 2005 vernal pool recovery 


plan included the following. 


⚫ The species is threatened by the encroachment of nonnative annual grasses on the San 


Francisco Bay National Wildlife Refuge in the Central Coast region, and by urban development 


where it is known to occur on private land in Alameda County. 
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⚫ In the northeastern Sacramento Valley region, most of the known occurrences of the vernal pool 


tadpole shrimp are on Caltrans) rights-of-way, where they continue to be threatened by road 


improvement projects related to general urban growth. 


⚫ In the northwestern Sacramento Valley vernal pool region, the vernal pool tadpole shrimp is 


threatened by development on the few sites on private land where it is known to occur. 


⚫ In the southeastern Sacramento vernal pool region, extant populations of the vernal pool 


tadpole shrimp are threatened by continued extensive urban development. 


⚫ In the San Joaquin vernal pool region, the species is threatened by development on private land. 


⚫ In the Solano-Colusa region, the species is threatened by urbanization on private lands. 


⚫ In the Southern Sierra Foothills vernal pool region, the species is threatened by development of 


the University of California, Merced campus, which will likely contribute to significant growth in 


the region. Populations on the Stone Corral Ecological Reserve may be threatened by pesticide 


drift from adjacent farmlands. 


4.4.19.4 Status of the Species in the Action Area  


Within the action area, vernal pool tadpole shrimp has the potential to occur throughout but is 


generally limited to known areas of suitable habitat in and around Stone Lakes in Sacramento 


County, within the Yolo Bypass, within Solano County, and in eastern Contra Costa County near 


Clifton Court Forebay. 


Fourteen CNDDB records for vernal pool tadpole shrimp are within the action area, which occur in 


an area southwest of Montezuma Hills (1), in the Jepson Prairie area (6), in the Yolo Bypass (4), in 


the Stone Lakes area (2), and one in an area just north of the Cosumnes River Preserve (California 


Department of Fish and Wildlife 2020a). 


4.4.19.5 Critical Habitat 


Final designation of critical habitat for vernal pool tadpole shrimp was published in the Federal 


Register on February 10, 2006 (71 FR 7118–7316). Designated critical habitat for vernal pool 


tadpole shrimp is located outside the action area to the northwest in the Jepson Prairie area near 


Fairfield. The primary constituent elements of critical habitat for vernal pool tadpole shrimp are 


summarized from 71 FR 7118-7316 below by the following habitat components. 


⚫ Topographic features characterized by mounds and swales, and depressions within a matrix of 


surrounding uplands that result in complexes of continuously, or intermittently, flowing surface 


water in the swales connecting the pools, providing for dispersal and promoting hydroperiods of 


adequate length in the pools. 


⚫ Depressional features including isolated vernal pools with underlying restrictive soil layers that 


become inundated during winter rains and that continuously hold water for a minimum time 


period (41 days for vernal pool tadpole shrimp) in all but the driest years, thereby providing 


adequate water for incubation, maturation, and reproduction. Although these features are 


inundated on a seasonal basis, they still promote the development of obligate wetland 


vegetation habitats typical of permanently inundated emergent wetlands. 
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⚫ Sources of food, typically detritus occurring in the pools, contributed by overland flow from the 


pools’ watershed, or the results of biological processes within the pools themselves, such as 


single-celled bacteria, algae, and dead organic matter. 


⚫ Structures within the vernal pools that provide shelter (organic and inorganic materials such as 


living and dead plants from plant species adapted to seasonally inundated environments, rocks, 


and other inorganic debris that may be washed, blown, or otherwise transported into the pools). 


4.4.19.6 Suitable Habitat Definition 


As described above in Section 4.4.19.2, Life History and Habitat Requirements, and Section 4.4.19.4, 


Status of the Species in the Action Area/Environmental Baseline, suitable habitat for vernal pool 


tadpole shrimp includes vernal pools, alkali seasonal wetlands, and other seasonal wetland types 


that provide appropriate hydroperiods and conditions. Vernal pool tadpole shrimp generally occur 


in pools that inundate for longer periods of time than other vernal pool crustaceans; however, for 


the purposes of this analysis the habitat for vernal pool fairy shrimp and vernal pool tadpole shrimp 


are treated as equivalent. The extent of modeled habitat in the action area is depicted in Figure 


6.12-1. 


4.4.19.7 Species Habitat Suitability Model 


The vernal pool tadpole shrimp habitat model is the same as that for vernal pool fairy shrimp. Please 


see Section 4.4.18.7, Species Habitat Suitability Model, for a description of the model.  


4.4.20 Colusa Grass 


4.4.20.1 Geographic Distribution and Status 


Colusa grass (Neostapfia colusana) is federally listed as threatened (62 FR 14338–14352) and state-


listed as endangered (California Department of Fish and Wildlife 2022). Colusa grass is known from 


the Central Valley with scattered occurrences from Colusa County to Merced County (Reeder 


2012:1468). It grows in the bottoms of large, deep vernal pools (California Department of Fish and 


Wildlife 2020b). The natural community type in the study area that provides habitat for Colusa grass 


is vernal pool complex. Threats to Colusa grass are competition with nonnative plants, agriculture, 


development, overgrazing, and flood-management actions (California Native Plant Society 2022a). 


The California Rare Plant Rank of 1B.1 for Colusa grass indicates that it is rare, threatened, or 


endangered in California and elsewhere. Its state threat level (.1) indicates that it is seriously 


threatened in California (California Department of Fish and Wildlife 2024b; California Native Plant 


Society 2022a). Plants with rank of 1B are considered to meet the definitions of rare, threatened, or 


endangered as defined in Section 1901, Chapter 10 (Native Plant Protection Act) or Sections 2062 


and 2067 (CESA) of the California Fish and Game Code (California Department of Fish and Wildlife 


2024b).Historically, recorded Colusa grass occurrences are from Colusa, Merced, Solano, Stanislaus, 


and Yolo Counties. The current distribution encompasses the same regions, with the majority of 


occurrences in the Southern Sierra Foothills Vernal Pool Region identified by the Vernal Pool 


Recovery Plan, one or two occurrences in the San Joaquin Valley Vernal Pool Region in Merced 


County, and four occurrences in the Solano-Colusa Vernal Pool Region in southeastern Yolo and 


central Solano Counties (U.S. Fish and Wildlife Service 2005:II-58). Colusa grass has apparently been 


extirpated from Colusa County. Three CNDDB records for Colusa grass are within the study area, 
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which occur at Jepson Prairie west of Cache Slough Complex in Solano County and in Yolo County 


west of Yolo Bypass Wildlife Area (California Department of Fish and Wildlife 2020b). 


4.4.20.2 Life History and Habitat Requirements 


Colusa grass is an annual grass that grows in the deepest parts of large, deep vernal pools that retain 


water until May or June and flowers during summer months (U.S. Fish and Wildlife Service 2005:II-


60). The species also occurs in the beds of intermittent streams and artificial ponds and can grow on 


pond margins (U.S. Fish and Wildlife Service 2005:II-61).  


Long periods of inundation are required for seeds to germinate, in late spring when little standing 


water is left in pools (U.S. Fish and Wildlife Service 2005:II-60–II-61). Colusa grass typically grows in 


single-species stands, but it often co-occurs with other vernal pool species in the same pond. The 


species requires clay, silty clay, or silty clay loam soils with underlying impermeable layers ranging 


from claypan to lime-silica or iron-silica cemented hardpan and tuffaceous alluvium (U.S. Fish and 


Wildlife Service 2005:II-62).  


4.4.20.3 Impacts from Past and Present Actions 


Agricultural conversion from rangelands to intensive farming, urbanization, aggregate mining, 


infrastructure projects (such as roads and utility projects), and recreational activities (such as off-


highway vehicles and hiking) have led to Colusa grass habitat loss and fragmentation of Colusa grass 


habitat (U.S. Fish and Wildlife Service 2005:I-1, I-16–I-28). Habitat fragmentation occurs when 


vernal pool complexes are broken into smaller groups or individual vernal pools and become 


isolated from each other as a result of activities such as road development and other infrastructure 


projects (U.S. Fish and Wildlife Service 2005: I-1, I-17).  


Inappropriate grazing practices have also been identified as a threat; these include inappropriate 


timing and intensity of grazing, as well as elimination of grazing in areas where nonnative grasses 


dominate the uplands surrounding vernal pools. Appropriate grazing regimes help control 


nonnative plants such as Italian ryegrass (Lolium multiflorum) and waxy mannagrass (Glyceria 


declinate), which, if unchecked, can increase thatch buildup, decrease ponding duration, and 


decrease the aquatic habitat available to Colusa grass (U.S. Fish and Wildlife Service 2012b). 


Human disturbances and changes in land use practices can alter the hydrology of temporary waters 


and result in a change in the timing, frequency, or duration of inundation in vernal pools, which can 


create conditions that render existing vernal pools unsuitable for vernal pool species (U.S. Fish and 


Wildlife Service 2005:I-1, I-16, I-17, I-23–II-24). 


Climate change is expected to affect vernal pool hydrology through changes in the amount and 


timing of precipitation inputs to vernal pools and the rate of loss through evaporation and 


evapotranspiration. It is unknown at this time whether climate change in California will result in a 


localized, relatively small cooling and drying trend or in a warmer trend with higher precipitation 


events. However, it is possible that either scenario would result in negative effects on vernal pool 


invertebrate species. Cooling and drying trends could adversely affect the Colusa grass through 


decreased inundation periods that do not allow the species sufficient time to complete its life cycle. 


In contrast, warmer conditions could increase inundation periods, which would not necessarily be a 


negative effect because increased inundation periods would increase available habitat for Colusa 


grass (U.S. Fish and Wildlife Service 2012b). 
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Specific threats to Colusa grass habitat identified in the 2005 Vernal Pool Recovery Plan include the 


following. 


⚫ Contamination from inundation by poultry manure, herbicide applications, and contamination 


of groundwater by industrial chemicals. 


⚫ Habitat conversion, including agricultural conversion, especially in Stanislaus County; 


urbanization, especially at the University of California campus and associated community 


development in eastern Merced County, proposed construction of a new prison and a landfill, a 


proposed flood control project in eastern Merced County, and runoff alterations are a threat to 


the two Yolo County occurrences.  


⚫ Almost all of the extant occurrences of Neostapfia colusana are subject to livestock grazing, thus 


to the extent inappropriate grazing practices are still being followed at certain sites, these sites 


may be threatened.  


⚫ Competition from invasive native and nonnative plants, especially in combination with adverse 


hydrology changes and adverse grazing practices.  


⚫ Vandalism (i.e., trampling near urban areas) and foraging by grasshopper outbreaks.  


⚫ Small population size at sites with fewer than 100 individuals. 


4.4.20.4 Status of the Species in the Study Area  


Within the Delta, Colusa grass has the potential to occur in known areas of suitable habitat in 


southeastern Yolo and central Solano Counties (U.S. Fish and Wildlife Service 2005:II-58). 


Three CNDDB records for Colusa grass are within the Delta, which occur at Jepson Prairie west of 


Cache Slough Complex in Solano County and in Yolo County west of Yolo Bypass Wildlife Area 


(California Department of Fish and Wildlife 2020a). 


4.4.20.5 Critical Habitat 


Final designation of critical habitat for Colusa grass was published in the Federal Register on 


February 10, 2006 (71 FR 7118–7316). Designated critical habitat for Colusa grass consists of 


152,093 acres located outside the action area in Yolo County west of Yolo Bypass Wildlife Area. The 


primary constituent elements of critical habitat for Colusa grass are summarized here from 71 FR 


7249 by the following habitat components. 


⚫ Topographic features characterized by mounds and swales, and depressions within a matrix of 


surrounding uplands that result in complexes of continuously, or intermittently, flowing surface 


water in the swales connecting the pools, providing for dispersal and promoting hydroperiods of 


adequate length in the pools. 


⚫ Depressional features including isolated vernal pools with underlying restrictive soil layers that 


become inundated during winter rains and that continuously hold water for a minimum time 


period to promote germination, flowering, and seed production of predominantly annual native 


wetland species and typically exclude upland plant species in all but the driest years. As these 


features are inundated on a seasonal basis, they do not promote the development of obligate 


wetland vegetation habitats typical of permanently inundated emergent wetlands. 
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4.4.20.6 Suitable Habitat Definition 


As described above in Section 4.4.20.2, Life History and Habitat Requirements, and Section 4.4.20.4, 


Status of the Species in the Action Area/Environmental Baseline, suitable habitat for Colusa grass 


includes large vernal pools that provide appropriate hydroperiods and conditions. The extent of 


suitable habitat in the study area is depicted in Figure 6.13-1. 


4.4.20.7 Habitat Model Description 


The Colusa grass habitat model includes vernal pools, alkaline seasonal wetlands, and some seasonal 


wetlands. Vernal pool complexes in the western part of the study area often occur in a mosaic with 


alkaline seasonal wetlands; many of the species that occur in the vernal pool complex also occur in 


the alkaline seasonal wetland complex within this mosaic of natural communities. The modeled 


habitat relies on both aquatic resource delineation data that was collected for a smaller portion of 


the study area, in what is called the delineation study area, and suitable habitats found in the Great 


Valley Vernal Pool Data (Witham et al. 2014), Sand Hill Wind Repowering SEIR Land Cover Dataset 


(ICF 2018), East Bay RCIS 2017 Land Cover Dataset (ICF 2017a), Delta Vegetation and Land Use 


Update, and Great Valley Ecoregion 2018 Vegetation Dataset (Chico State Research Foundation, 


Geographical Information Center 2018, 2019). 


Inside the Delineation Study Area 


Modeled habitat includes the following types from the Great Valley Vernal Pool Data and DWR 2020 


Aquatic Resources Delineation (Witham et al. 2014; California Department of Water Resources and 


GEI Consultants Inc. 2020; California Department of Water Resources 2020c, 2021). 


⚫ Vernal pool complex 


 Alkaline wetland  


 Vernal pool 


Modeled habitat also includes the following types from the DWR 2020 Aquatic Resources 


Delineation (California Department of Water Resources and GEI Consultants Inc. 2020; California 


Department of Water Resources 2020c, 2021). 


⚫ Alkaline seasonal wetland complex 


 Alkaline wetland 


⚫ Other seasonal wetlands 


 Seasonal wetlands 


Outside the Delineation Study Area 


Modeled habitat includes the following types from the Great Valley Vernal Pool Data and Delta 


Vegetation and Land Use Update (Witham et al. 2014; Chico State Research Foundation, 


Geographical Information Center 2019). 


⚫ Vernal pool complex 


 All types 


Modeled habitat also includes the following types from the Sand Hill Wind Repowering SEIR Land 


Cover Dataset (ICF 2018), East Bay RCIS 2017 Land Cover Dataset (ICF 2017a), Delta Vegetation and 
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Land Use Update (Chico State Research Foundation, Geographical Information Center 2019), and 


Great Valley Ecoregion 2018 Vegetation Dataset (Chico State Research Foundation, Geographical 


Information Center 2018). 


⚫ Alkaline seasonal wetland complex 


 All types 


Outside the delineation study area, density class information from the Great Valley Vernal Pool Data 


(Witham et al. 2014) was used to report an estimated wetted acre. This includes the following cover 


classes: <2%, 2%–5%, 5%–10%, >10%, and 100% for individual pools. In the statutory Delta, the 


cover classes reported go only as high as 5%–10%. 


4.4.21 Solano Grass 


4.4.21.1 Geographic Distribution and Status 


Solano grass was listed as endangered throughout its range under the ESA on September 29, 1978 


(43 FR 44810). In March 2009, USFWS published a 5-year review recommending that the species 


remain listed as endangered. Solano grass is also state-listed as endangered (California Department 


of Fish and Wildlife 2022). 


The California Rare Plant Rank of 1B.1 for Solano grass indicates that it is rare, threatened, or 


endangered in California and elsewhere. Its state threat level (.1) indicates that it is seriously 


threatened in California (California Department of Fish and Wildlife 2024b; California Native Plant 


Society 2022b). Plants with rank of 1B are considered to meet the definitions of rare, threatened, or 


endangered as defined in Section 1901, Chapter 10 (Native Plant Protection Act) or Sections 2062 


and 2067 (CESA) of the California Fish and Game Code (California Department of Fish and Wildlife 


2024b). 


Solano grass is known from only three occurrences in the southwestern Sacramento Valley in Solano 


and Yolo Counties, where it grows in vernal pools (California Department of Fish and Wildlife 


2020a).  


4.4.21.2 Life History and Habitat Requirements 


Solano grass is an annual grass that grows in alkaline playas, intermittent lakes, and “relatively 


small” vernal pools. Seeds are presumed to germinate in May or June, and the species flowers in June 


and sets seeds in July (U.S. Fish and Wildlife Service 2005:II-107).  


Solano grass requires turbid Northern Claypan vernal pools within annual grassland. The species 


often co-occur with other vernal pool species in the same vernal pool complex (U.S. Fish and Wildlife 


Service 2005:II-108).  


4.4.21.3 Impacts from Past and Present Actions 


Agricultural conversion from rangelands to intensive farming, urbanization, aggregate mining, 


infrastructure projects (such as roads and utility projects), and recreational activities (such as off-


highway vehicles and hiking) have led to habitat loss and fragmentation of Solano grass habitat (U.S. 


Fish and Wildlife Service 2005:I-1, I-16–I-28). Habitat fragmentation occurs when vernal pool 


complexes are broken into smaller groups or individual vernal pools and become isolated from each 
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other as a result of activities such as road development and other infrastructure projects (U.S. Fish 


and Wildlife Service 2005:I-1, I-17).  


Inappropriate grazing practices have also been identified as a threat; these include inappropriate 


timing and intensity of grazing, as well as elimination of grazing in areas where nonnative grasses 


dominate the uplands surrounding vernal pools. Appropriate grazing regimes help control 


nonnative plants such as Italian ryegrass (Lolium multiflorum) and waxy mannagrass (Glyceria 


declinate), which, if unchecked, can increase thatch buildup, decrease ponding duration, and 


decrease the aquatic habitat available to Solano grass (U.S. Fish and Wildlife Service 2012b). 


Human disturbances and changes in land use practices can alter the hydrology of temporary waters 


and result in a change in the timing, frequency, or duration of inundation in vernal pools, which can 


create conditions that render existing vernal pools unsuitable for vernal pool species (U.S. Fish and 


Wildlife Service 2005:I-1, I-16, I-17, I-23, II-24). 


Climate change is expected to affect vernal pool hydrology through changes in the amount and 


timing of precipitation inputs to vernal pools and the rate of loss through evaporation and 


evapotranspiration. It is unknown at this time whether climate change in California will result in a 


localized, relatively small cooling and drying trend or in a warmer trend with higher precipitation 


events. However, it is possible that either scenario would result in negative effects on vernal pool 


invertebrate species. Cooling and drying trends could adversely affect the Solano grass through 


decreased inundation periods that do not allow the species sufficient time to complete its life cycle. 


In contrast, warmer conditions could increase inundation periods, which would not necessarily be a 


negative effect because increased inundation periods would increase available habitat for Solano 


grass (U.S. Fish and Wildlife Service 2012b). 


Specific threats to Solano grass habitat identified in the 2005 Vernal Pool Recovery Plan include the 


following. 


⚫ Habitat degradation from discing, excavation, trampling by hunters, inappropriate grazing 


practices, and contamination from herbicide runoff, application of salt, and contamination of 


groundwater from industrial contaminants. 


⚫ Competition from aggressive plant species. 


⚫ Overcollection. 


⚫ Small population size.  


4.4.21.4 Status of the Species in the Study Area  


Within the study area, Solano grass has the potential to occur in known areas of suitable habitat in 


southeastern Yolo and central Solano Counties (U.S. Fish and Wildlife Service 2005:II-58). 


No CNDDB records for Solano grass are located in the Delta (California Department of Fish and 


Wildlife 2020a). 


4.4.21.5 Critical Habitat 


Final designation of critical habitat for Solano grass was published in the Federal Register on 


February 10, 2006 (71 FR 7118–7316). Designated critical habitat for Solano grass consists of 440 


acres located outside the action area in Yolo County west of Yolo Bypass Wildlife Area. The primary 
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constituent elements of critical habitat for Colusa grass are summarized here from 71 FR 7314 by 


the following habitat components. 


⚫ Topographic features characterized by mounds and swales, and depressions within a matrix of 


surrounding uplands that result in complexes of continuously, or intermittently, flowing surface 


water in the swales connecting the pools, providing for dispersal and promoting hydroperiods of 


adequate length in the pools. 


⚫ Depressional features including isolated vernal pools with underlying restrictive soil layers that 


become inundated during winter rains and that continuously hold water for a minimum time 


period to promote germination, flowering, and seed production of predominantly annual native 


wetland species and typically exclude upland plant species in all but the driest years. As these 


features are inundated on a seasonal basis, they do not promote the development of obligate 


wetland vegetation habitats typical of permanently inundated emergent wetlands. 


4.4.21.6  Suitable Habitat Definition 


As described above in Section 4.4.21.2, Life History and Habitat Requirements, and Section 4.4.21.4, 


Status of the Species in the Action Area/Environmental Baseline, suitable habitat for Solano grass 


includes vernal pools that provide appropriate hydroperiods and conditions. The extent of suitable 


habitat in the Delta is depicted in Figure 6.13-1. 


4.4.21.7 Habitat Model Description 


The Solano grass habitat model is the same as that for Colusa grass. Please see Section 4.4.20.7, 


Habitat Model Description, for a description of the model. 


4.4.22 Northwestern Pond Turtle14 


4.4.22.1 Geographic Distribution and Status 


Northwestern pond turtle is proposed for listing as threatened under the ESA (88 FR 68370) and is 


a CDFW Species of Special Concern (U.S. Fish and Wildlife Service 2020f; California Department of 


Fish and Wildlife 2020b:44). Critical habitat has not yet been designated and no recovery plan has 


been developed for northwestern pond turtle. 


The study area is within the range of northwestern pond turtle as depicted in Thomson et al. 


(2016:297). There are numerous records of northwestern pond turtle throughout the study area 


(California Department of Fish and Wildlife 2020a).  


4.4.22.2 Life History and Habitat Requirements 


Northwestern pond turtles are a highly aquatic species and can be found in a variety of habitat types 


including streams, rivers, sloughs, lakes, ponds, reservoirs, marshes, seasonal ponds, and other 


 
14 In 2017, western pond turtle was recognized and accepted by the scientific community as two separate species 
(northwestern pond turtle (Actinemys marmorata) and southwestern pond turtle (Actinemys pallida)) (Crother 2017: 82; 
Rhodin et al. 2017:76, 171–172). Because of the relatively recent split of the species into two separate entities, the 
majority of available research and information refers to a single species (western pond turtle). To be consistent with 
recent science and the proposed listing rule, this document will refer to the species as northwestern pond turtle (88 FR 
68370); even though much of the life history information referenced in this section is for “western pond turtle.” 
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wetland habitats (Thomson et al. 2016:300). They require basking sites such as partially submerged 


logs, rocks, mats of floating vegetation, or open mud banks for thermoregulation, and access to 


suitable upland habitat with loose soils for nesting, dispersal and overwintering (Thomson et al. 


2016:300). Proximity of nesting site to aquatic habitat is dependent on availability, and the nest site 


is usually within 300 feet of the aquatic habitat but can be up to 1,640 feet away (Thomson et al. 


2016:299). 


Northwestern pond turtles are active year-round in warmer locations but will spend winter months 


in colder climates in a state of dormancy, often burrowing into loose soil or leaf litter on land, or 


using undercut banks, snags, rocks or bottom mud in ponds (Thomson et al. 2016:299–300). 


Breeding occurs from spring through fall, with nesting taking place from spring to early summer. 


Females lay 1 to 13 eggs, which will hatch in the fall, although the young will remain in the nest until 


the following spring (Thomson et al. 2016:299). 


4.4.22.3 Status of the Species in the Action Area 


The entire action area falls within the range of northwestern pond turtle where suitable habitat 


exists. The action area overlaps with the Bay Delta and Nevada analysis unit and the San Joaquin 


Valley analysis unit identified in the Species Status Assessment (U.S. Fish and Wildlife Service 


2023c:34). Each of these basins includes an extant population of northwestern pond turtle. There 


are numerous CNDDB records of northwestern pond turtle throughout the action area (California 


Department of Fish and Wildlife 2020a). 


4.4.22.4 Impacts from Past and Present Actions 


Development and agricultural actions such as the CVP, SWP, and the Central Valley Flood Protection 


Plan have resulted in habitat loss and fragmentation for northwestern pond turtle. These projects 


have resulted in altered hydrology (including dams), increased predation from introduced and 


native species, competition from nonnative species and road mortality (U.S. Fish and Wildlife 


Service 2023c:41).  


4.4.22.5 Critical Habitat 


Critical habitat has not been designated for northwestern pond turtle. 


4.4.22.6 Suitable Habitat Definition 


As described above in Section 4.4.22.2, Life History and Habitat Requirements, suitable habitat for 


northwestern pond turtle includes aquatic habitat consisting of aquatic habitat with standing or 


slow-moving water and adjacent basking sites, upland nesting habitat with sparse vegetation, and 


upland overwintering/aestivation habitat. This definition is consistent with the USFWS’s 2023 


Species Status Assessment (U.S. Fish and Wildlife Service 2023c:28-30). The areas of suitable habitat 


in the action area are limited to those areas described in Section 4.4.22.7, Habitat Suitability Model.  


4.4.22.7 Habitat Suitability Model 


The habitat model for northwestern pond turtle includes both aquatic and upland habitats. The 


modeled aquatic habitat relies on both delineation data that were collected for a smaller portion of 


the study area, in what is called the delineation study area, and suitable habitats found in the 


datasets outside the delineation study area. The modeled upland habitat includes suitable habitats 
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within 650 feet of modeled aquatic habitat, which are intended to include areas where most pond 


turtles may feed, reproduce, and overwinter. This distance was chosen as an intermediate distance 


between the 300-foot distance from where turtles typically are found nesting and the greatest 


distance observed of 1,640 feet reported in Section 4.4.22.2. This distance would likely be protective 


of the majority of turtles nesting in the study area and also takes into consideration the limitations 


of suitable habitat beyond that distance in the Delta, where most of the aquatic habitat is adjacent to 


agricultural areas, which are generally not suitable for breeding due to ongoing disturbance. The 


extent of modeled habitat in the study area is depicted in Figure 6.14-1. 


Geographic Limits 


The model boundary includes the entire study area, based on the species distribution described in 


Stebbins and McGinnis (2012:431) and Thomson et al. (2016:300). 


Additional Model Parameters 


Aquatic Habitat Model 


Inside the Delineation Study Area 


Modeled habitat includes the following types from the DWR 2020 Aquatic Resources Delineation 


(California Department of Water Resources and GEI Consultants Inc. 2020; California Department of 


Water Resources 2020c, 2021). 


⚫ Tidal perennial aquatic 


 Tidal channel 


 Natural channel 


⚫ Nontidal perennial aquatic 


 Depression 


 Natural channel 


⚫ Agricultural 


 Agricultural ditch 


⚫ Tidal freshwater emergent wetland 


 Freshwater emergent wetland 


⚫ Nontidal freshwater perennial emergent wetland 


⚫ Freshwater emergent wetland 


Outside the Delineation Study Area 


Modeled habitat includes the following types from the Delta Vegetation and Land Use Update (Chico 


State Research Foundation, Geographical Information Center 2019) and the Great Valley Ecoregion 


2018 Vegetation Dataset (Chico State Research Foundation, Geographical Information Center 2018). 


⚫ Tidal freshwater emergent wetland 


 Lepidium latifolium 
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 Phragmites australis—Arundo donax 


 Schoenoplectus (acutus, californicus) 


 Schoenoplectus americanus 


 Typha (angustifolia, domingensis, latifolia) 


 Arid west freshwater emergent marsh 


⚫ Nontidal freshwater perennial emergent wetland 


 Lepidium latifolium 


 Phragmites australis—Arundo donax  


 Schoenoplectus (acutus, californicus) 


 Schoenoplectus americanus 


 Typha (angustifolia, domingensis, latifolia) 


 Arid west freshwater emergent marsh 


 Naturalized warm-temperate riparian and wetland group 


⚫ Tidal brackish emergent wetland 


 Bolboschoenus maritimus 


 Lepidium latifolium 


 Phragmites australis—Arundo donax 


 Sarcocornia pacifica (Salicornia depressa) 


 Schoenoplectus (acutus, californicus) 


 Typha (angustifolia, domingensis, latifolia) 


 Arid west freshwater emergent marsh 


⚫ Nontidal brackish emergent wetland 


 Bolboschoenus maritimus 


 Lepidium latifolium 


 Phragmites australis—Arundo donax 


 Sarcocornia pacifica (Salicornia depressa) 


 Schoenoplectus (acutus, californicus) 


 Typha (angustifolia, domingensis, latifolia) 


 Arid west freshwater emergent marsh 


⚫ Tidal perennial aquatic 


 All types, except conveyance channels west of Byron Highway. 


⚫ Nontidal perennial aquatic 


 All types, except conveyance channels. 
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Modeled habitat also includes the following types from the National Hydrography Dataset (U.S. 


Geological Survey 2020). 


⚫ Ditches 


Upland Habitat Model 


Modeled habitat includes the following types from the Sand Hill Wind Repowering SEIR Land Cover 


Dataset (ICF 2018), East Bay RCIS 2017 Land Cover Dataset (ICF 2017a), Delta Vegetation and Land 


Use Update (Chico State Research Foundation, Geographical Information Center 2019), and the 


Great Valley Ecoregion 2018 Vegetation Dataset (Chico State Research Foundation, Geographical 


Information Center 2018). 


⚫ Grassland 


 All types 


⚫ Valley foothill riparian 


 All types  


⚫ Alkaline seasonal wetland complex 


 All types 


Modeled habitat includes the following types from the DCP Vernal Pool Complex dataset (Witham et 


al. 2014; Chico State Research Foundation, Geographical Information Center 2019; California 


Department of Water Resources and GEI Consultants Inc. 2020; California Department of Water 


Resources 2020c, 2021). 


⚫ Vernal pool complex 


 All types 


Modeled habitat also includes the following type from the Delta 2017 Land Use Survey (Land IQ 


2019), the Draft San Joaquin County 2017 Land Use Survey (California Department of Water 


Resources 2020b), and the Sacramento County 2015 Land Use Survey (California Department of 


Water Resources 2016). 


⚫ Agricultural 


 Upland herbaceous 


4.4.23 Western Spadefoot 


4.4.23.1 Geographic Distribution and Status 


Western spadefoot is proposed for listing as threatened under the ESA (88 FR 84252) and is a CDFW 


Species of Special Concern (U. S. Fish and Wildlife Service 2023b; California Department of Fish and 


Wildlife 2020b:42). Critical habitat has not yet been designated and no recovery plan has been 


developed for western spadefoot. 


The western spadefoot is found throughout the Central Valley and coastal lowlands from Shasta 


County in Northern California to Baja California in Mexico, at elevations ranging from sea level to 


4,500 feet (Jennings and Hayes 1994:94; Stebbins and McGinnis 2012:157). The action area is within 


the range of western spadefoot as depicted in Thomson et al. (2016:131), but there are no records of 
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extant western spadefoot in the action area (California Department of Fish and Wildlife 2024a; 


2020a). There is one possibly extirpated occurrence of western spadefoot (from 1922) reported 


along SR 4, southwest of Stockton (California Department of Fish and Wildlife 2024a).  


4.4.23.2 Life History and Habitat Requirements 


This species occurs in grasslands, mixed woodland, open chaparral, and pine oak woodlands, with 


shallow temporary pools or washes. Adults remain in underground burrows for most of the year 


and typically make movements on rainy nights (California Department of Fish and Game 2000). On 


land, movement is generally thought to be nocturnal, with adults in Southern California moving as 


much as 860 feet between burrows and breeding ponds (Baumberger et al. 2019:6). Juveniles and 


adults are able to dig burrows 8 inches deep (Thomson et al. 2016:133), but will also make use of 


existing mammal burrows, and may have a preference for burrowing in or adjacent to existing small 


mammal burrows (Baumberger et al. 2019:12). Breeding occurs in temporary pools and drainages, 


although breeding can also occur in human-made water sources such as cattle ponds (Thomson et 


al. 2016:133). 


Breeding coincides with the rainy season and varies depending on rainfall and region (Thomson et 


al. 2016:132). Eggs are laid in clusters and usually hatch in 3 to 4 days, with the average larval 


period reported to last 58 days (Thomson et al. 2016:132). Juveniles leave natal ponds shortly after 


metamorphosis from April to June (Thomson et al. 2016:133). 


4.4.23.3 Status of the Species in the Action Area 


The entire action area falls within the range of western spadefoot. The action area overlaps with the 


following western spadefoot regions identified in the Species Status Assessment (U.S. Fish and 


Wildlife Service 2023d:39): Southeastern Sacramento Valley, San Joaquin Valley, Solano-Colusa, and 


Livermore. There are no CNDDB records of western spadefoot in the action area (California 


Department of Fish and Wildlife 2020a). 


4.4.23.4 Impacts from Past and Present Actions 


Development, agriculture, and water projects (e.g., CVP, SWP, and South Bay Aqueduct) are the 


primary drivers of habitat loss and fragmentation in the action area. Overabundance of vegetation in 


vernal pool habitat, nonnative predators, drought, chemical contaminants, noise disturbance, 


disease, and effects of climate change are also known stressors to western spadefoot (U.S. Fish and 


Wildlife Service 2023d:22).  


4.4.23.5 Critical Habitat 


Critical habitat has not been designated for western spadefoot. 


4.4.23.6 Suitable Habitat Definition 


As described above in Section 4.4.23.2, Life History and Habitat Requirements, suitable habitat for 


western spadefoot includes aquatic breeding habitat consisting of vernal pools and other wetlands, 


upland habitat with grassland cover for feeding and construction of burrows, and upland dispersal 


habitat. This definition is consistent with the USFWS’s 2023 Species Status Assessment (U.S. Fish 


and Wildlife Service 2023d:11). The areas of suitable habitat in the action area are limited to those 


areas described in Section 4.4.23.7, Habitat Suitability Model.  
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4.4.23.7 Habitat Suitability Model 


The habitat model for western spadefoot includes both aquatic and upland habitats. The modeled 


aquatic habitat relies on both delineation data that were collected for a smaller portion of the study 


area, in what is called the delineation study area, and suitable wetland habitats found in the datasets 


outside the delineation study area. The modeled upland habitat includes suitable habitats within 


1,200 feet of modeled aquatic habitat. While it is not known how far western spadefoot may range 


from aquatic habitat into upland habitat, research suggests that upland habitat, on average, falls 


within 1,207 feet of aquatic habitat (U.S. Fish and Wildlife Service 2005:II-231; Baumberger et al. 


2019:10). The extent of modeled habitat in the study area is depicted in Figure 6.15-1. 


Geographic Limits 


The model boundary includes the entire action area based on the species distribution described in 


Thomson et al. (2016:131). 


Additional Model Parameters 


Aquatic Breeding Habitat Model 


Inside the Delineation Study Area 


Modeled habitat includes the following types from the DWR 2020 Aquatic Resources Delineation 


(California Department of Water Resources and GEI Consultants Inc. 2020; California Department of 


Water Resources 2020c, 2021). 


⚫ Vernal pool complex 


 Vernal pool 


⚫ Nontidal perennial aquatic 


 Depression 


Some of the mapped depressions in the interior Delta were excluded from the model because, based 


on aerial reviews, they either lacked supporting uplands, appeared to be heavily managed wetlands, 


and/or were perennial.  


Outside the Delineation Study Area 


Modeled habitat includes the following types from the Great Valley Ecoregion 2018 Vegetation 


Dataset (Chico State Research Foundation, Geographical Information Center 2018), the Delta 


Vegetation and Land Use Update (Chico State Research Foundation, Geographical Information 


Center 2019), and the Great Valley Vernal Pool Data (Witham et al. 2014). 


⚫ Vernal pool complex 


 Distichlis spicata 


 California annual herb/grass group 


 Californian mixed annual/perennial freshwater vernal pool/swale bottomland 


 Mediterranean California naturalized annual and perennial grassland 


⚫ Nontidal perennial aquatic 







CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-155 


May 2024 
ICF 103653 


 


 Water 


Upland Habitat Model 


Inside the Delineation Study Area 


Modeled habitat includes the following types from the Sand Hill Wind Repowering SEIR Land Cover 


Dataset (ICF 2018), East Bay RCIS 2017 Land Cover Dataset (ICF 2017a), Great Valley Ecoregion 


2018 Vegetation Dataset (Chico State Research Foundation, Geographical Information Center 2018), 
Great Valley Vernal Pool Data (Witham et al. 2014), and the Delta Vegetation and Land Use Update 


(Chico State Research Foundation, Geographical Information Center 2019). 


⚫ Grassland 


 All types 


⚫ Alkaline seasonal wetland complex 


 Distchlis spicata 


⚫ Vernal pool complex 


 All types 


Outside the Delineation Study Area 


Modeled habitat includes the following types from the Sand Hill Wind Repowering SEIR Land Cover 


Dataset (ICF 2018), East Bay RCIS 2017 Land Cover Dataset (ICF 2017a), Great Valley Ecoregion 


2018 Vegetation Dataset (Chico State Research Foundation, Geographical Information Center 2018) 


and the Delta Vegetation and Land Use Update (Chico State Research Foundation, Geographical 


Information Center 2019), and the Great Valley Vernal Pool Data (Witham et al. 2014). 


⚫ Grassland 


 All types 


⚫ Alkaline seasonal wetland complex 


 Distchlis spicata 


⚫ Vernal pool complex 


 Allenrolfea occidentalis 


 Suaeda moquinii 


4.5 References Cited 


4.5.1 Printed References 


Aasen, G. 2011. Fish Salvage at the State Water Project’s and Central Valley Project’s Fish Facilities 


during the 2010 Water Year. IEP Newsletter 24(1). Spring.  


Aasen, G. 2012. Fish Salvage at the State Water Project’s and Central Valley Project’s Fish Facilities 


during the 2011 Water Year. IEP Newsletter 25(1). Fall/Winter.  







CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-156 


May 2024 
ICF 103653 


 


Adams, P. B., C. B. Grimes, J. E. Hightower, S. T. Lindley, M. L. Moser, and M. J. Parsley. 2007. 


Population Status of North American Green Sturgeon, Acipenser medirostris. Environmental 


Biology of Fishes 79:339–356. 


Ahearn, D. S., J. H. Viers, J. F. Mount, and R. A. Dahlgren. 2006. Priming the Productivity Pump: Flood 


Pulse Driven Trends in Suspended Algal Biomass Distribution Across a Restored Floodplain. 


Freshwater Biology 51:1417–1433. 


Ahl, J. S. B. 1991. Factors Affecting Contributions of the Tadpole Shrimp, Lepidurus Packardi, to Its 


Oversummering Egg Reserves. Hydrobiologia 212:137–143. 


Allen, L. D., and Kus, B. E., 2020. Distribution and Abundance of Least Bell’s Vireos (Vireo bellii 


pusillus) and Southwestern Willow Flycatchers (Empidonax traillii extimus) on the Middle San 


Luis Rey River, San Diego County, Southern California—2019 Data Summary. U.S. Geological 


Survey Data Series 1122. Available: https://doi.org/10.3133/ds1122. Accessed: September 28, 


2020. 


Anderson, C., and M. Rigney. 1980. California Least Tern Breeding Survey, South San Francisco Bay—


1981. U.S. Department of the Interior, Fish and Wildlife Service, San Francisco Bay National 


Wildlife Refuge Special Report. 


Anderson, J. 2018. Using River Temperature to Optimize Fish Incubation Metabolism and Survival: A 


Case for Mechanistic Models. Researchgate Preprint. Available: 


https://doi.org/10.1101/257154. Accessed: September 22, 2023. 


Archon, M. 1992. Ecology of the San Joaquin Kit Fox in Western Merced County, California. Master’s 


thesis. California State University, Fresno. 


Arnold, R. A., and D. H. Kavanaugh. 2007. Distribution, Life History, and Habitat Characterization of 


the Threatened Delta Green Ground Beetle at the Jepson Prairie (Solano County). A final report for 


the Solano County endangered species conservation program, submitted to the Solano County 


Water Agency, April 2006. 


Atwater, B. F., S. C. Conard, I. N. Dowden, C. W. Hedel, R. L. MacDonald, and W. Savage. 1979. History, 


Landforms, and Vegetation of the Estuary’s Tidal Marshes. In T. J. Conomos (ed.), San Francisco 


Bay: The Urbanized Estuary. Proceedings of the 58th Annual Meeting of the Pacific Division of the 


American Association for the Advancement of Science, Golden Gate Park, San Francisco, CA. Pages 


347–385. 


Atwood, J. L., and D. E. Minsky. 1983. Least Tern Foraging Ecology at Three Major California 


Breeding Colonies. Western Birds 14.2 (1983):57–72. 


Azat, J. 2021. GrandTab 2021.06.30: California Central Valley Chinook Population Database Report. 


California Department of Fish and Game, Sacramento, CA.  


Backlin, A.R., J.Q. Richmond, E.A. Gallegos, C.K. Christensen, and R. N. Fisher. 2017. An Extirpated 


Lineage of a Threatened Frog Species Resurfaces in Southern California. Oryx 52(4):718–722. 


Baerwald, M. R., B. M. Schreier, G. Schumer, and B. May. 2012. Detection of Threatened Delta Smelt in 


the Gut Contents of the Invasive Mississippi Silverside in the San Francisco Estuary Using 


TaqMan Assays. Transactions of the American Fisheries Society 141(6):1600–1607.  



https://doi/

https://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-157 


May 2024 
ICF 103653 


 


Barnett-Johnson, R., C. B. Grimes, C. F. Royer, and C. J. Donohoe. 2007. Identifying the Contribution of 


Wild and Hatchery Chinook Salmon (Oncorhynchus tshawytscha) to the Ocean Fishery Using 


Otolith Microstructure as Natural Tags. Canadian Journal of Fisheries and Aquatic Sciences 


64(12):1683–1692. 


Barr, C. B. 1991. The Distribution, Habitat, and Status of the Valley Elderberry Longhorn Beetle, 


Desmocerus californicus dimorphus (Fisher) (Insecta: Coleoptera: Cerambycidae). Sacramento, 


CA: U.S. Fish and Wildlife Service. 


Barry, S. J., and G. M. Fellers. 2013. History and Status of the California Red-Legged Frog 


(Rana draytonii) in the Sierra Nevada, California, USA. Herpetological Conservation and Biology 


82:456–502.  


Barry, S. J., and H. B. Shaffer. 1994. The Status of the California Tiger Salamander (Ambystoma 


californiense) at Lagunita: A 50-Year Update. Journal of Herpetology 28:159–164. 


Baumberger, K. L., M.V. Eitzel, M. E. Kirby, and M. H. Horn. 2019. Movement and Habitat Selection of 


the Western Spadefoot (Spea hammondii) in Southern California. PloS ONE 14(10): e0222532. 


Available: https://doi.org/10.1371/journal.pone.0222532. Accessed: January 23, 2024. 


Baxter, R., R. Breuer, L. Brown, L. Conroy, F. Feyrer, S. Fong, K. Gehrts, L. Grimaldo, B. Herbold, P. 


Hrodey, A. Mueller-Solger, T. Sommer, and K. Souza. 2010. Pelagic Organism Decline Work Plan 


and Synthesis of Results. Interagency Ecological Program for the San Francisco Estuary.  


Bay Institute. 1998. From the Sierra to the Sea: The Ecological History of the San Francisco Bay-Delta 


Watershed. The Bay Institute of San Francisco. Novato, CA. Available: 


http://www.bay.org/sierra_to_the_sea.htm. 


Bay Institute, Center for Biological Diversity, and the Natural Resources Defense Council. 2007. 


Petition to the State of California Fish and Game Commission and Supporting Information for 


Listing the Delta Smelt (Hypomesus transpacificus) as an Endangered Species under the California 


Endangered Species Act. February 7.  


Beamesderfer, R., M. Simpson, and G. Kopp. 2007. Use of Life History Information in a Population 


Model for Sacramento Green Sturgeon. Environmental Biology of Fishes 79:315–337. 


Beezley, J. A., and J. P. Rieger. 1987. Least Bell’s Vireo Management by Cowbird Trapping. Western 


Birds 18:55–61.  


Belding, L. 1890. Land Birds of the Pacific States. Occasional Papers of the California Academy of 


Science 2:1–274.  


Bell, H. M., J. A. Alvarez, L. L. Eberhardt, and K. Ralls. 1994. Distribution and Abundance of San Joaquin 


Kit Fox. Draft Final Report to the Department of Fish and Wildlife. 


Bennett, W. A. 2005. Critical Assessment of the Delta Smelt Population in the San Francisco Estuary, 


California. San Francisco Estuary and Watershed Science 3(2). Available: 


https://escholarship.org/uc/item/0725n5vk. Accessed: November 3, 2020. 


Bennett, W. A., and J. R. Burau. 2015. Riders on the Storm: Selective Tidal Movements Facilitate the 


Spawning Migration of Threatened Delta Smelt in the San Francisco Estuary. Estuaries and 


Coasts 38(3):826–835. https://dx.doi.org/10.1007/s12237-014-9877-3. Accessed: September 


28, 2020. 



https://doi.org/10.1371/journal.pone.0222532

http://www/

https://escholarship/

https://dx/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-158 


May 2024 
ICF 103653 


 


Bennett, W. A., W. J. Kimmerer, and J. R. Burau. 2002. Plasticity in Vertical Migration by Native and 


Exotic Estuarine Fishes in a Dynamic Low-Salinity Zone. Limnology and Oceanography 


47(5):1496–1507.  


Bennett, W. A., and P. B. Moyle. 1996. Where Have All The Fishes Gone? Interactive Factors 


Producing Fish Declines in the Sacramento–San Joaquin Estuary. In J. T. Hollibaugh (ed.), San 


Francisco Bay: the Ecosystem, 519–542. American Association for the Advancement of Science, 


Pacific Division, San Francisco, CA. 


Benson, R. L., S. Turo, and B. W. McCovey. 2007. Migration and Movement Patterns of Green 


Sturgeon (Acipenser medirostris) in the Klamath and Trinity Rivers, California, USA. 


Environmental Biology of Fishes 79(3):269–279. 


Bent, A. C. 1950. Life Histories of North American Wagtails, Shrikes, Vireos and Their Allies. 


Smithsonian Institution United States National Museum Bulletin 197. 


Bever, A. J., M. L. MacWilliams, and D. K. Fullerton. 2018. Influence of an Observed Decadal Decline in 


Wind Speed on Turbidity in the San Francisco Estuary. Estuaries and Coasts 41(7):1943–1967.  


Bever, A. J., M. L. MacWilliams, B. Herbold, L. R. Brown, and F. V. Feyrer. 2016. Linking Hydrodynamic 


Complexity to Delta Smelt (Hypomesus transpacificus) Distribution in the San Francisco Estuary, 


USA. San Francisco Estuary and Watershed Science 14(1). Available: 


https://escholarship.org/uc/item/2x91q0fr. Accessed: November 3, 2020.  


Bobzien, S., and J. E. DiDonato. 2007. The Status of the California Tiger Salamander (Ambystoma 


californiense), California Red-Legged Frog (Rana draytonii), and Foothill Yellow-Legged Frog 


(Rana boylii), and Other Herpetofauna in the East Bay Regional Park District, California. East Bay 


Regional Park District. 


Boughton, D. A., and A. S. Pike. 2013. Floodplain Rehabilitation as a Hedge against Hydroclimatic 


Uncertainty in a Migration Corridor of Threatened Steelhead. Conservation Biology 27(6):1158–


1168.  


Bouley, P., and W. J. Kimmerer. 2006. Ecology of a Highly Abundant, Introduced Cyclopoid Copepod 


in a Temperate Estuary. Marine Ecology Progress Series 324:219–228. 


Brandes, P. L., and J. S. McLain. 2001. Juvenile Chinook Salmon Abundance, Distribution, and Survival 


in the Sacramento–San Joaquin Estuary. In R. L. Brown (ed.), Fish Bulletin 179(2): Contributions 


to the Biology of the Central Valley Salmonids, 39–136. Sacramento, CA: California Department of 


Fish and Game. 


Brandl, S., B. Schreier, J. L. Conrad, B. May, and M. Baerwald. 2021. Enumerating Predation on 


Chinook Salmon, Delta Smelt and other San Francisco Estuary Fishes Using Genetics. North 


American Journal of Fisheries Management. Available: https://doi.org/10.1002/nafm.10582. 


Accessed: January 14, 2022. 


Brode, J. 1988. Natural History of the Giant Garter Snake (Thamnophis couchii gigas). In H. F. DeListe, 


P. R. Brown, B. Kaufman, and B. M. McGurty (eds), Proceedings of the Conference on California 


Herpetology, Southwestern Herpetologist’s Society, Special Publication No. 4. 


Brooks, M., E. Fleishman, L. Brown, P. Lehman, I. Werner, N. Scholz, C. Mitchelmore, J. Lovvorn, M. 


Johnson, D. Schlenk, S. van Drunick, J. Drever, D. Stoms, A. Parker, and R. Dugdale. 2012. Life 


Histories, Salinity Zones, and Sublethal Contributions of Contaminants to Pelagic Fish Declines 



https://escholarship/

https://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-159 


May 2024 
ICF 103653 


 


Illustrated with a Case Study of San Francisco Estuary, California, USA. Estuaries and Coasts 


35(2):603–621. Available: https://doi.org/10.1007/s12237-011-9459-6. Accessed: September 


22, 2023.  


Brown, B. T. 1993. Bell’s Vireo. No. 35. In A. Poole, P. Stettenheim, and F. Gill (eds.), The Birds of 


North America. Philadelphia Academy of Natural Sciences, Washington, DC. 


Brown, K. 2007. Evidence of Spawning by Green Sturgeon, Acipenser medirostris, in the Upper 


Sacramento River, California. Environmental Biology of Fishes 79(3):297–303. 


Brown, L. R. 2004. Summary of 2004 Workshop Making Science Work for Suisun Marsh. Prepared for 


the San Francisco Bay-Delta Science Consortium. 


Brown, L. R., W. A. Bennett, R. W. Wagner, T. Morgan-King, N. Knowles, F. Feyrer, D. H. Schoelhamer, 


M. T. Stacey, and M. Dettinger. 2013. Implications for Future Survival of Delta Smelt from Four 


Climate Change Scenarios for the Sacramento–San Joaquin Delta, California. Estuaries and Coasts. 


36. Available: http://link.springer.com/article/10.1007%2Fs12237-013-9585-4#. Accessed: 


September 22, 2023. 


Brown, L. R., L. M. Komoroske, R. W. Wagner, T. Morgan–King, J. T. May, R. E. Connon, and N. A. 


Fangue. 2016. Coupled Downscaled Climate Models and Ecophysiological Metrics Forecast 


Habitat Compression for an Endangered Estuarine Fish: PloS ONE 11(1):e0146724. Available: 


https://doi.org/10.1371/journal.pone.0146724. Accessed: September 22, 2023. 


Brown, L. R., and D. Michniuk. 2007. Littoral Fish Assemblages of the Alien-dominated Sacramento–


San Joaquin Delta, California 1980–1983 and 2001–2003. Estuaries and Coasts 30:186–200.  


Buchanan, R. A., P. Brandes, J. Skalski. 2018. Survival of Juvenile Fall-Run Chinook Salmon through 


the San Joaquin River Delta, California, 2010–2015. North American Journal of Fisheries 


Management 38(3):663-679. https://doi.org/10.1002/nafm.10063.  


Buchanan, R. A., E. Buttermore, and J. Israel. 2021. Outmigration Survival of a Threatened Steelhead 


Population through a Tidal Estuary. Canadian Journal of Fisheries and Aquatic Sciences. 


Available: https://doi.org/10.1139/cjfas-2020-0467. Accessed: September 22, 2023. 


Buchanan, R. A., and J. R. Skalski. 2019. Relating Survival of Fall-Run Chinook Salmon through the 


San Joaquin Delta to River Flow. Environmental Biology of Fishes 103:389-410.  


Buchanan, R. A., J. R. Skalski, P. L. Brandes, and A. Fuller. 2013. Route Use and Survival of Juvenile 


Chinook Salmon through the San Joaquin River Delta. North American Journal of Fisheries 


Management 33(1):216–229. 


Bulger, J. B., N. J. Scott Jr., and R. B. Seymour. 2003. Terrestrial Activity and Conservation of Adult 


California Red-Legged Frogs Rana Aurora Draytonii in Coastal Forests and Grasslands. Biological 


Conservation 110:85–95. 


Bureau of Reclamation. 2008. Biological Assessment on the Continued Long-Term Operations of the 


Central Valley Project and the State Water Project. Sacramento, CA: Mid-Pacific Region. 


Bureau of Reclamation. 2012. Stanislaus River Focus Group Meeting October 10, 2012, Handouts. 


Bureau of Reclamation. 2014. Upper San Joaquin River Basin Storage Investigation, Draft 


Environmental Impact Statement.  



https://doi/

http://link/

https://doi/

https://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-160 


May 2024 
ICF 103653 


 


Bureau of Reclamation. 2019. Reinitiation of Consultation on the Coordinated Long-Term Operation of 


the Central Valley Project and State Water Project. Final Biological Assessment. January. Mid-


Pacific Region, U.S. Bureau of Reclamation.  


Bureau of Reclamation. 2022. Reclamation California-Great Basin, Battle Creek Salmon and Steelhead 


Restoration Project: Project Status. Last updated June 2022. Available: 


https://www.usbr.gov/mp/battlecreek/status.html./ Accessed: Dec. 8, 2023.  


Bureau of Reclamation and California Department of Water Resources. 2015. Biological Review for 


Endangered Species Act Compliance with the WY 2015 Drought Contingency Plan April through 


September Project Description. Prepared for State Water Resources Control Board. Available: 


http://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/docs/tucp/201


5/apr2015_req032415.pdf. Accessed: November 3, 2020. 


California Department of Fish and Game. 1998. A Status Review of the Spring-Run Chinook Salmon 


(Oncorhynchus tshawytscha) in the Sacramento River Drainage. Candidate Species Status 


Report 98-01. Fish and Game Commission, Sacramento, CA.  


California Department of Fish and Game. 2000. Life History Account for Western Spadefoot. 


Originally published in Zeiner, D. C., W. F. Laudenslayer, Jr., K. E. Mayer, and M. White (eds.) 


1988. California’s Wildlife. Vol. I Amphibians and Reptiles. California Department of Fish and 


Game. Sacramento, California. Updated by California Wildlife Habitat Relationships staff in 2000. 


Available: https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=1470&inline=1. Accessed: 


February 12, 2021. 


California Department of Fish and Game. 2002. California Department of Fish and Game Comments to 


NMFS Regarding Green Sturgeon Listing. Executive Summary. Available: 


https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/deltaflow/do


cs/exhibits/nmfs/spprt_docs/nmfs_exh4_dfg_2002.pdf. Accessed: November 3, 2020. 


California Department of Fish and Game. 2004. Sacramento River Winter-run Chinook Salmon. 


Biennial Report 2002 – 2003. Prepared for the Fish and Game Commission. June 2004.  


California Department of Fish and Game. 2009. A Status Review of the Longfin Smelt (Spirinchus 


thaleichthys) in California. Report to the Fish and Game Commission. January 23. 


California Department of Fish and Game. 2012a. Central Valley Chinook Salmon In-River Escapement 


Monitoring Plan. Fisheries Branch Administrative Report Number: 2012-1. January. 


California Department of Fish and Game. 2012b. 2011 Sturgeon Fishing Report Card: Preliminary 


Data Report. March 23. 


California Department of Fish and Wildlife. 2018a. Historical Anadromous Fish Releases from CDFW 


Hatcheries. Available: https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=156895. Accessed: 


June 12, 2020. 


California Department of Fish and Wildlife. 2018a. Elk Conservation and Management Plan. 


December. 


California Department of Fish and Wildlife. 2018b. Monthly Abundance Indices.  



https://www.usbr.gov/mp/battlecreek/status.html./

http://www/

https://nrm/

https://www/

https://nrm/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-161 


May 2024 
ICF 103653 


 


California Department of Fish and Wildlife. 2019. State and Federally Listed Endangered and 


Threatened Animals of California. State of California Natural Resources Agency, Department of 


Fish and Wildlife. 


California Department of Fish and Wildlife. 2020a. California Natural Diversity Database. Available: 


https://wildlife.ca.gov/data/cnddb. Accessed: March 2, 2020. 


California Department of Fish and Wildlife. 2020b. Special Animals List. California Natural Diversity 


Database. Periodic publications. July.  


California Department of Fish and Wildlife. 2021. Experimental Release of Delta Smelt Project. Initial 


Study/Negative Declaration. Draft. August 10. Bay Delta Region. Fairfield, CA. 


California Department of Fish and Wildlife. 2022. State and Federally Listed Endangered and 


Threatened, and Rare Plants of California. State of California Natural Resources Agency, 


Department of Fish and Wildlife. April. 


California Department of Fish and Wildlife. 2024a. California Natural Diversity Database. Available: 


https://wildlife.ca.gov/data/cnddb. Accessed: January 9, 2024.  


California Department of Fish and Wildlife 2024b. Special Vascular Plants, Bryophytes, and Lichens 


List. January 2024. 


California Department of Fish and Wildlife. n.d. Spring Kodiak Survey: Egg Stages. Available: 


https://wildlife.ca.gov/Conservation/Delta/Spring-Kodiak-Trawl/Egg-Stages. Accessed: 


September 25, 2023. 


California Department of Water Resources. 1993. Dams within the Jurisdiction of the State of 


California. DWR Bulletin 17-93. 


California Department of Water Resources. 2006. Progress on Incorporating Climate Change into 


Management of California’s Water Resources. July. 


California Department of Water Resources. 2007. California Central Valley Unimpaired Flows Data, 


Fourth Editions Draft. Available: 


http://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/bay_delta_pla


n/water_quality_control_planning/docs/sjrf_spprtinfo/dwr_2007a.pdf. Accessed: January 20, 


2022. 


California Department of Water Resources. 2011. 2009 to 2011 Bay Delta Conservation Plan EIR/EIS 


Environmental Data Report. December. Sacramento, CA. Available: 


https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/4-161cholar


shi_waterfix/exhibits/exhibit102/docs/vol1/Final_EIR-EIS_Appendix_12C_-


_2009_to_2011_BDCP_EIR-EIS_Environmental_Data_Report.pdf.Accessed: March 2, 2020. 


California Department of Water Resources. 2013. Bay Delta Conservation Plan. Public Draft. 


November. Sacramento, CA. Prepared by ICF International (ICF 00343.12). Sacramento, CA. 


California Department of Water Resources. 2016. Sacramento County Land Use Survey 2015. Division 


of Integrated Regional Water Management, North Central Region Office, Land and Water Use 


and Conservation Section. Available at: https://gis.water.ca.gov/app/CADWRLandUseViewer. 


Accessed: July 13, 2020. 



https://wildlife/

https://wildlife/

https://wildlife/

http://www/

https://www/

https://gis/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-162 


May 2024 
ICF 103653 


 


California Department of Water Resources. 2019. Incidental Take Permit Application for Long-term 


Operation of the California State Water Project. December.  


California Department of Water Resources. 2020a. Final Environmental Impact Report for Long-term 


Operation of the California State Water Project. State Clearinghouse No. 2019049121. March.  


California Department of Water Resources. 2020b. Draft San Joaquin County Land Use Survey 2017. 


Division of Regional Assistance, Northern Region Office, Land and Water Use and Conservation 


Section, and Water Use Efficiency Branch (Sacramento Headquarters). Received via email from 


Scott Hayes, DWR on April 29, 2020. 


California Department of Water Resources. 2020c. Aquatic Resources Delineation Data (update). 


Received October 22, 2020. 


California Department of Water Resources. 2021. Aquatic Resources Delineation Data (update). 


Received March 10, 2021. 


California Department of Water Resources. 2023. Delta Conveyance Project Final Draft 


Environmental Impact Report. July. (ICF 103653.0.003.) Sacramento, CA. Prepared by ICF, 


Sacramento, CA. 


California Department of Water Resources and Bureau of Reclamation. 2012. Yolo Bypass Salmonid 


Habitat Restoration and Fish Passage Implementation Plan, Long-Term Operation of the Central 


Valley Project and State Water Project Biological Opinion Reasonable and Prudent Alternative 


Actions I.6.1 and I.7. Pages 1–140. 


California Department of Water Resources and GEI Consultants. 2020. Aquatic Resources Delineation 


Report, Delta Conveyance Project. March 31 (updated June 23, 2020). 


California Department of Water Resources California Data Exchange Center. 2020. Chronological 


Reconstructed Sacramento and San Joaquin Valley Water Year Hydrologic Classification Indices. 


Available: http://cdec.water.ca.gov/reportapp/javareports?name=WSIHIST. Accessed: May 13, 


2020. 


California Governor’s Office of Planning and Research, California Energy Commission, and California 


Natural Resources Agency. 2018. Statewide Summary Report. California’s Fourth Climate 


Change Assessment. Publication number: SUM-CCA4-2018-013. Prepared by Bedsworth, L., D. 


Cayan, G. Franco, L. Fisher, and S. Ziaja. Available: 


https://www.energy.ca.gov/sites/default/files/2019-11/Statewide_Reports-SUM-CCCA4-2018-


013_Statewide_Summary_Report_ADA.pdf. Accessed: May 5, 2021. 


California Hatchery Scientific Review Group. 2012. California Hatchery Review Report. Prepared for 


the U.S. Fish and Wildlife Service and Pacific States Marine Fisheries Commission. June. 


California Native Plant Society. 2022a. Neostaphia colusana species query. Inventory of Rare and 


Endangered Plants of California (online edition, v9-01 1.5). California Native Plant Society. 


Sacramento, CA. Available: http://www.rareplants.cnps.org/Plants/Details/1174.html. 


Accessed: September 8, 2022. 


California Native Plant Society. 2022b. Tuctoria mucronata species query. Inventory of Rare and 


Endangered Plants of California (online edition, v9-01 1.5). California Native Plant Society. 


Sacramento, CA. Available: http://www.rareplants.cnps.org/Plants/details/1257.html. 


Accessed: September 8, 2022. 



http://cdec/

https://www/

http://www/

http://www/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-163 


May 2024 
ICF 103653 


 


California Natural Resources Agency and California Ocean Protection Council. 2018. State of 


California Sea-Level Rise Guidance: 2018 Update. Available: 


https://opc.ca.gov/webmaster/ftp/pdf/agenda_items/20180314/Item3_Exhibit-


A_OPC_SLR_Guidance-rd3.pdf. Accessed: April 13, 2021. 


Capiella, K., C. Malzone, R. Smith, and B. Jaffe. 1999. Sedimentation and Bathymetry Changes in Suisun 


Bay: 1867–1990. USGS Open-File Report 99-563. Available: http://geopubs.wr.usgs.gov/open-


file/of99-563. Accessed: January 20, 2022. 


Carlson, S. M., and W. H. Satterthwaite. 2011. Weakened Portfolio Effect in a Collapsed Salmon 


Population Complex. Canadian Journal of Fisheries and Aquatic Sciences 68(9):1579–1589. 


Carr, L. W., and L. Fahrig. 2001. Effect of Road Traffic on Two Amphibian Species of Differing 


Vagility. Conservation Biology 15 (4):1071–78. 


Cavallo, B., P. Gaskill, J. Melgo, and S. C. Zeug. 2015. Predicting Juvenile Chinook Salmon Routing in 


Riverine and Tidal Channels of a Freshwater Estuary. Environmental Biology of Fishes 


98(6):1571–1582. 


Cayan D. R., M. Tyree, M. D. Dettinger, H. Hidalgo, T. Das, E. Maurer, P. D. Bromirski, N. Graham, and 


R. E. Flick. 2009. Climate Change Scenarios and Sea Level Rise Estimates for California—2008 


Climate Change Scenarios Assessment. Final Report. California Energy Commission, PIER Report 


CEC500-2009-014-F.  


Central Valley Regional Water Quality Control Board. 2008. Sacramento–San Joaquin Delta TMDL for 


Methylmercury, Draft Report for Public Review. Sacramento, CA. 


Chapin, E. A. 1925. Food Habits of the Vireos. U.S. Department of Agriculture Bulletin 1355. 


Chapman, E. D., E. A. Miller, G. P. Singer, A. R. Hearn, M. J. Thomas, W. N. Brostoff, P. E. LaCivita, and A. 


P. Klimley. 2019. Spatiotemporal Occurrence of Green Sturgeon at Dredging and Placement Sites 


in the San Francisco Estuary. Environmental Biology of Fishes 102:27–40. 


Chico State Research Foundation, Geographic Information Center. 2018. Great Valley Ecoregion 


Vegetation [ds2362]. Available: 


ftp://ftp.dfg.ca.gov/BDB/GIS/BIOS/Public_Datasets/2600_2699/ds2632.zip. Accessed: June 9, 


2020. 


Chico State Research Foundation, Geographical Information Center. 2019. Delta Vegetation and Land 


Use Update–2016 [ds2855]. Available: 


ftp://ftp.dfg.ca.gov/BDB/GIS/BIOS/Public_Datasets/2800_2899/ds2855.zip. Accessed: March 6, 


2020. 


Clear Creek Technical Team. 2018. Annual Report for the Coordinated Long-Term Operations 


Biological Opinion. 


Cloern, J. E., Morinaka, N. Brown, R. L., Cayan, D., Dettinger, M. D., Morgan, T. L., Schoellhammer, D. H., 


Stacey, M. T., van der Wegen, M., Wagner, R. W., and A. D. Jassby. 2011. Projected Evolution of 


California’s San Francisco Bay-Delta-River System in a Century of Climate Change. PloS ONE 


6(9):e24465. Available: https://doi.org/10.371/journal.pone.0024465. 



https://opc/

http://geopubs/

ftp://ftp/

ftp://ftp/

https://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-164 


May 2024 
ICF 103653 


 


Collinge, S. K., M. Holyoak, C. B. Barr, and J. T. Marty. 2001. Riparian Habitat Fragmentation and 


Population Persistence of the Threatened Valley Elderberry Longhorn Beetle in Central 


California. Biological Conservation 100:103–113. 


Columbia Basin Research, University of Washington. 2020. SacPAS CDFW GrandTab Adult 


Escapement. Available: 


http://www.cbr.washington.edu/sacramento/data/query_adult_grandtab.html Accessed: May 


13, 2020. 


Columbia Basin Research, University of Washington. 2023. SacPAS Delta Smelt. Available: 


www.cbr.washington.edu/sacramento/workgroups/delta_smelt.html. Accessed: August 15, 


2023. 


Conard, C. 2018. Continued Nesting of California Least Terns in Sacramento County, California. 


Central Valley Bird Club Bulletin 21(2):34–41. 


Cordoleani, F., J. Notch, A. S. McHuron, A. J. Ammann, and C. J. Michel. 2018. Movement and Survival 


of Wild Chinook Salmon Smolts from Butte Creek During Their Out‐Migration to the Ocean: 


Comparison of a Dry Year versus a Wet Year. Transactions of the American Fisheries Society 


147(1):171–184.  


Cordoleani, F., J. Notch, A. S. McHuron, C. J. Michel, and A. J. Ammann. 2019. Movement and Survival 


Rates of Butte Creek Spring-Run Chinook Salmon Smolts from the Sutter Bypass to the Golden Gate 


Bridge in 2015, 2016, and 2017. NOAA Technical Memorandum NMFS-SWFSC-618. National 


Oceanic and Atmospheric Administration, National Marine Fisheries Service, Southwest 


Fisheries Science Center, Santa Cruz, CA. 


Cordoleani, F., W. H. Satterthwaite, M. E. Daniels, and M. R. Johnson. 2020. Using Life Cycle Models to 


Identify Monitoring Gaps for Central Valley Spring-Run Chinook Salmon. San Francisco Estuary 


and Watershed Science 18(4). 


Crother, B. I. 2017. Scientific and Standard English Names of Amphibians and Reptiles of North 


America North of Mexico, with Comments Regarding Confidence in Our Understanding. Eighth 


Edition. Society for the Study of Amphibians and Reptiles. SSAR Herpetological Circular 43. 


Cury, P. M., I. L. Boyd, S. Bonhommeau, T. Anker-Nilssen, R. J. M. Craword, R. W. Furness, J. A. Mills, E. 


J. Murphy, H. Österblom, M. Paleczny, J. F. Piatt, J. Roux, L. Shannon, and W. Sydeman. 2011. 


Global Seabird Response to Forage Fish Depletion—One-Third for the Birds. Science 334: 1703–


1706. 


Cypher, B. L., S. E. Phillips, and P. A. Kelly. 2007. Habitat Suitability and Potential Corridors for San 


Joaquin Kit Fox in the San Luis Unit: Fresno, Kings and Merced Counties, California. Final. Prepared 


for the U.S. Bureau of Reclamation, South-Central Area Office and the U.S. Fish and Wildlife 


Service Endangered Species Program. 


Cypher, B. L., S. E. Phillips, and P. A. Kelly. 2013. Quantity and Distribution of Suitable Habitat for 


Endangered San Joaquin Kit Foxes: Conservation Implications. Canid Biology & Conservation 


16(7):25–31. 


Damon, L. J., S. B. Slater, R. D. Baxter, and R. W. Fujimura. 2016. Fecundity and Reproductive 


Potential of Wild Female Delta Smelt in the Upper San Francisco Estuary, California. California 


Fish and Game 102(4):188–210.  



http://www/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-165 


May 2024 
ICF 103653 


 


Davidson, C. 2004. Declining Downwind: Amphibian Population Declines in California and Historical 


Pesticide Use. Ecological Applications 14(6):1892–1902.  


Davidson, C., H. B. Shaffer, and M. R. Jennings. 2002. Spatial Tests of the Pesticide Drift, Habitat 


Destruction, UV-B and Climate Change Hypotheses for California Amphibian Declines. 


Conservation Biology 16:1588–1601. 


del Rosario, R. B., Y. J. Redler, K. Newman, P. L. Brandes, T. Sommer, K. Reece, and R. Vincik. 2013. 


Migration Patterns of Juvenile Winter-Run-Sized Chinook Salmon (Oncorhynchus tshawytscha) 


through the Sacramento–San Joaquin Delta. San Francisco Estuary and Watershed Science 11(1). 


Available: https://escholarship.org/uc/item/36d88128. Accessed: November 3, 2020.  


Delta Stewardship Council. 2013. The Delta Plan. Sacramento, CA. Available: 


https://deltacouncil.ca.gov/delta-plan/. Accessed: April 20, 2022. 


Delta Stewardship Council. 2021. Delta Adapts: Creating a Climate Resilient Future. Sacramento–San 


Joaquin Delta Climate Change Vulnerability Assessment. June. Available: 


https://deltacouncil.ca.gov/pdf/delta-plan/2021-06-25-delta-adapts-vulnerability-


assessment.pdf. Accessed: March 18, 2022. 


Delta Stewardship Council. 2022. Salinity. Available: 


https://viewperformance.deltacouncil.ca.gov/pm/salinity. Accessed: March 17, 2022. 


Demetras, N. J., D. D. Huff, C. J. Michel, J. M. Smith, G. R. Cutter, S. A. Hayes, and S. T. Lindley. 2016. 


Development of Underwater Recorders to Quantify Predation of Juvenile Chinook Salmon 


(Oncorhynchus tshawytscha) in a River Environment. Fishery Bulletin (114):179–185.  


Dettinger, M. D. 2005. From Climate-Change Spaghetti to Climate-Change Distributions for 21st 


Century California. San Francisco Estuary and Watershed Science 3(1). Available: 


https://escholarship.org/uc/item/2pg6c039. Accessed: November 3, 2020. 


Dettling, M. D., N. E. Seavy, C. A. Howell, and T. Gardali. 2015. Current Status of the Western Yellow-


Billed Cuckoo along the Sacramento and Feather Rivers, California. PLoS ONE 10(4): e0125198. 


doi:10.1371/journal.pone.0125198. 


Di Lorenzo, E., K. M. Cobb, J. C. Furtado, N. Schneider, B. T. Anderson, A. Bracco, M. A. Alexander, and 


D. J. Vimont. 2010. Central Pacific El Niño and Decadal Climate Change in the North Pacific 


Ocean. Nature Geoscience 3(11):762. 


Dickert, C. 2003. Progress Report for the San Joaquin Valley Giant Garter Snake Conservation Project. 


Los Banos Wildlife Complex, California Department of Fish and Game, CA. 


Dudley, P. N. 2018. A Salmonid Individual-Based Model as a Proposed Decision Support Tool for 


Management of a Large Regulated River. Ecosphere 9(1):e02074. 


Dudley, P. N. 2019. Insights from an Individual Based Model of a Fish Population on a Large 


Regulated River. Environmental Biology of Fishes 102(8):1069–1095. 


Earley, J. T., D. J. Colby, and M. R. Brown. 2013. Juvenile Salmonid Monitoring in Sacramento River 


tributaries, California, from October 2009 through September 2010. U.S. Fish and Wildlife Service, 


Red Bluff Fish and Wildlife Office, Red Bluff, CA. 


eBird. 2020. eBird: An Online Database of Bird Distribution and Abundance [web application]. Ithaca, 


NY: Cornell Lab of Ornithology. Available: http://www.ebird.com. Accessed: August 16, 2020.  



https://escholarship/

https://deltacouncil/

https://deltacouncil/

https://viewperformance/

https://escholarship/

http://www/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-166 


May 2024 
ICF 103653 


 


eBird. 2021. eBird: An Online Database of Bird Distribution and Abundance [web application]. Ithaca, 


NY: Cornell Lab of Ornithology. Available: http://www.ebird.com. Accessed: August 12, 2021.  


Ehrlich, P. R., D. D. Dobkin, and D. Wheye. 1988. The Birder’s Handbook; A Field Guide to the Natural 


History of North American Birds. New York: Simon and Schuster. 


Erickson, D. L., J. A. North, J. E. Hightower, J. Weber, and L. Lauck. 2002. Movement and Habitat Use 


of Green Sturgeon Acipenser medirostris in the Rogue River, Oregon, USA. Journal of Applied 


Ichthyology 18:565–569. 


Federal Energy Regulatory Commission. 2007. Final Environmental Impact Statement for 


Hydropower License, Oroville Facilities. FERC Project No. 2100-052.  


Fellers, G. M., and P. M. Kleeman. 2007. California Red-Legged Frog (Rana draytonii) Movement and 


Habitat Use: Implications for Conservation. Journal of Herpetology 41(2):271–281. 


Fellers, G. M., A. E. Launer, G. R. Rathburn, S. Bobzien, J. Alvarez, D. Sterner, R. B. Seymour, and M. 


Westphal. 2001. Overwintering Tadpoles in the California Red-Legged Frog (Rana aurora 


draytonii). Herpetological Review 32 (3):156–157. 


Ferrari, M. C. O., L. Ranåker, K. L. Weinersmith, M. J. Young, A. Sih, and J. L. Conrad. 2014. Effects of 


Turbidity and an Invasive Waterweed on Predation by Introduced Largemouth Bass. 


Environmental Biology of Fishes 97(1):79–90. 


Feyrer, F., B. Herbold, S. A. Matern, and P. B. Moyle. 2003. Dietary Shifts in a Stressed Fish 


Assemblage: Consequences of a Bivalve Invasion in the San Francisco Estuary. Environmental 


Biology of Fishes 67:277–288.  


Feyrer, F., K. Newman, M. Nobriga, and T. Sommer. 2011. Modeling the Effects of Future Outflow on 


the Abiotic Habitat of an Imperiled Estuarine Fish. Estuaries and Coasts 34:120–128. 


Feyrer, F., M. L. Nobriga, and T. R. Sommer. 2007. Multi-Decadal Trends for Three Declining Fish 


Species: Habitat Patterns and Mechanisms in the San Francisco Estuary, California, USA. 


Canadian Journal of Fisheries and Aquatic Sciences 64:723–734. 


Feyrer, F., D. Portz, D. Odum, K. B. Newman, T. Sommer, D. Contreras, R. Baxter, S. B. Slater, D. 


Sereno, and E. Van Nieuwenhuyse, 2013. SmeltCam: Underwater Video Codend for Trawled Nets 


with an Application to the Distribution of the Imperiled Delta Smelt. PLOS ONE, 8(7). 


Finger, A. J., G. Schumer, A. Benjamin, and S. Blankenship. 2017. Evaluation and Interpretation of 


Genetic Effective Population Size of Delta Smelt from 2011–2014. San Francisco Estuary and 


Watershed Science 15(2). 


Fisch, K. M., J. A. Ivy, R. S. Burton, and B. May. 2013. Evaluating the Performance of Captive Breeding 


Techniques for Conservation Hatcheries: A Case Study of the Delta Smelt Captive Breeding 


Program. Journal of Heredity 104(1):92–104.  


Fisch, K. M., B. Mahardja, R. S. Burton, and B. May. 2014. Hybridization Between Delta Smelt and Two 


Other Species within the Family Osmeridae in the San Francisco Bay-Delta. Conservation 


Genetics 15(2):489–494. 


FISHBIO Environmental, LLC. 2007. 2007 Stanislaus River Data Report. Final Data. 



http://www/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-167 


May 2024 
ICF 103653 


 


FISHBIO Environmental, LLC. 2010. FISHBIO Fall-Run Chinook Salmon Update. Posted on the 


FISHBIO blog on December 15, 2010. Available: http://fishbio.com/field-notes/population-


dynamics/fishbio-fall-run-chinook-salmon-update-2. Accessed: March 24, 2022. 


Fisher, R. N., and H. B. Shaffer. 1996. The Decline of Amphibians in California’s Great Central Valley. 


Conservation Biology 10:1387–1397. 


Flow Alteration–Management, Analysis, and Synthesis Team. 2020. Synthesis of Data and Studies 


Relating to Delta Smelt Biology in the San Francisco Estuary, Emphasizing Water Year 2017. IEP 


Technical Report 95. Interagency Ecological Program, Sacramento, CA. 


Fong, S., S. Louie, I. Werner, J. Davis, and R. E. Connon. 2016. Contaminant Effects on California Bay–


Delta Species and Human Health. San Francisco Estuary and Watershed Science 14(4). 


Franzreb, K. E. 1989. Ecology and Conservation of the Endangered Least Bell’s Vireo. U.S. Fish and 


Wildlife Service Biological Report 89(1). 


Friedman, W. R., B. T. Martin, B. K. Wells, P. Warzybok, C. J. Michel, E. M. Danner, and S. T. Lindley. 


2019. Modeling Composite Effects of Marine and Freshwater Processes on Migratory Species. 


Ecosphere 10(7):e02743. 


Frost, N. 2016. California Least Tern Breeding Survey 2015 Season. Final Report. State of California 


Natural Resources Agency Department of Fish and Wildlife. March 2016. 


Frost, N. 2017. California Least Tern Breeding Survey 2016 Season. Final Report. State of California 


Natural Resources Agency Department of Fish and Wildlife. June 2017. 


Fry, D. H., Jr. 1961. King Salmon Spawning Stocks of the California Central Valley, 1940–1959. 


California Fish and Game 47(1):55–71. 


Gaines, D., and S. Laymon. 1984. Decline, Status, and Preservation of the Yellow-Billed Cuckoo in 


California. Western Birds 15:49‒80. 


Ganju, N. K., and D. H. Schoellhamer. 2010. Decadal-Timescale Estuarine Geomorphic Change under 


Future Scenarios of Climate and Sediment Supply. Estuaries and Coasts 33:15–29. 


Gard, M. 2003. Flow-Habitat Relationships for Juvenile Spring-Run and Fall-Run Chinook Salmon and 


Steelhead/Rainbow Trout Rearing in Clear Creek between Clear Creek and the Sacramento River. 


U.S. Fish and Wildlife Service, Sacramento, CA. 


Garrett, K., and J. Dunn. 1981. Birds of Southern California. Los Angeles Audubon Society. 


Garwood, R. S. 2017. Historic and Contemporary Distribution of Longfin Smelt (Spirinchus 


thaleichthys) along the California Coast. California Fish and Game 103(3):96–117.  


Ger, K. A., S. J. I, D. V. Baxa, S. Lesmeister, and C. R. Goldman. 2010. The Effects of Dietary Microcystis 


aeruginosa and microcystin on the Copepods of the Upper San Francisco Estuary. Freshwater 


Biology 55:1548–1559.  


Gilbert, G. K. 1917. Hydraulic Mining Debris in the Sierra Nevada. Professional Paper No. 105. U.S. 


Geological Survey. 



http://fishbio/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-168 


May 2024 
ICF 103653 


 


Giovannetti, S. L., R. J. Bottaro, and M. R. Brown. 2013. Adult Steelhead and Late-Fall Chinook Salmon 


Monitoring on Clear Creek, California: 2011 Annual Report. U.S. Fish and Wildlife Service, Red 


Bluff Fish and Wildlife Office, Red Bluff, CA. 


Girvetz, E. H., and S. E. Greco. 2009. Multi-Scale Predictive Habitat Suitability Modeling Based on 


Hierarchically Delineated Patches: An Example for Yellow-Billed Cuckoos Nesting in Riparian 


Forests, California, USA. Landscape Ecology 24:1315–1329. 


Glista, David J., Travis L. DeVault, and J. Andrew DeWoody. 2007. Vertebrate Road Mortality 


Predominantly Impacts Amphibians. Herpetological Conservation and Biology 3, no. 1 


(2008):77–87. 


Goertler, P., F. Cordoleani, J. Notch, R. Johnson, and G. Singer. 2020. Life History Variation in Central 


Valley Spring-Run Chinook. Spring-Run Workshop Factsheet. August 31. 


Goertler, P., K. Jones, J. Cordell, B. Schreier, and T. Sommer. 2018a. Effects of Extreme Hydrologic 


Regimes on Juvenile Chinook Salmon Prey Resources and Diet Composition in a Large River 


Floodplain. Transactions of the American Fisheries Society 147(2):287–299. 


Goertler, P. A. L., T. R. Sommer, W. H. Satterthwaite, and B. M. Schreier. 2018b. Seasonal Floodplain-


Tidal Slough Complex Supports Size Variation for Juvenile Chinook Salmon (Oncorhynchus 


tshawytscha). Ecology of Freshwater Fish 27:580–593. 


Goldwasser, S. 1978. Distribution, Reproductive Success and Impact of Nest Parasitism by Brown-


Headed Cowbirds of Least Bell’s Vireos. Final report. State of California, The Resources Agency, 


California Department of Fish and Game. Federal Aid in Wildlife Restoration W-54-R-10, 


Nongame Wildlife Program. Job W 1.5.1.  


Goldwasser, S. 1981. Habitat Requirements of the Least Bell’s Vireo. California Department of Fish 


and Game, Job IV-38.1.  


Goldwasser, S., D. Gaines, and S. Wilbur. 1980. The Least Bell’s Vireo in California: A de facto 


Endangered Race. American Birds 34:742–745. 


Gould, A. L., and W. J. Kimmerer. 2010. Development, Growth, and Reproduction of the Cyclopoid 


Copepod Limnoithona tetraspina in the Upper San Francisco Estuary. Marine Ecology Progress 


Series 412:163–177.  


Gray, M. V., and J. M. Greaves. 1981. The Riparian Forest as Habitat for the Least Bell’s Vireo (Vireo 


bellii pusillus). Paper presented at the California Riparian Systems Conference, University of 


California, Davis; September 1981.  


Gray, M. V., and J. M. Greaves. 1984. Riparian Forest as Habitat for the Least Bell’s Vireo. In R. Warner 


and K. Hendrix (eds.), California Riparian Systems: Ecology, Conservation and Productive 


Management. University of California Press, Davis, CA. 


Greaves, J. M. 1987. Nest-Site Tenacity of Least Bell’s Vireos. Western Birds 18:50–54. 


Greco, S. E. 2013. Patch Change and the Shifting Mosaic of an Endangered Bird’s Habitat on Large 


Meandering River. River Research and Applications 29(6):707–717. 


Gregory, R. S., and C. D. Levings. 1998. Turbidity Reduces Predation on Migrating Juvenile Pacific 


Salmon. Transactions of the American Fisheries Society 127(2):275–285.  







CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-169 


May 2024 
ICF 103653 


 


Grimaldo, L., J. Burns, R. E. Miller, A. Kalmbach, A. Smith, J. Hassrick, and C. Brennan. 2020. Forage 


Fish Larvae Distribution and Habitat Use during Contrasting Years of Low and High Freshwater 


Flow in the San Francisco Estuary. San Francisco Estuary and Watershed Science 18(3). 


Grimaldo, L., F. Feyrer, J. Burns, and D. Maniscalco. 2017. Sampling Uncharted Waters: Examining 


Rearing Habitat of Larval Longfin Smelt (Spirinchus thaleichthys) in the Upper San Francisco 


Estuary. Estuaries and Coasts 40(6):1771–1784.  


Grimaldo, L. F., T. Sommer, N. Van Ark, G. Jones, E. Holland, P. B. Moyle, P. Smith, and B. Herbold. 


2009. Factors Affecting Fish Entrainment into Massive Water Diversions in a Freshwater Tidal 


Estuary: Can Fish Losses Be Managed? North American Journal of Fisheries Management 


29(5):1253–1270.  


Grinnell, J., and A. H. Miller. 1944. The Distribution of the Birds of California. Berkeley, CA: Museum of 


Vertebrate Zoology, University of California. 


Grossman, G. D. 2016. Predation on Fishes in the Sacramento–San Joaquin Delta: Current Knowledge 


and Future Directions. San Francisco Estuary and Watershed Science 14(2). Available: 


https://escholarship.org/uc/item/9rw9b5tj. Accessed: November 3, 2020. 


Gross, E., W. Kimmerer, J. Korman, L. Lewis, S. Burdick, and L. Grimaldo. 2022. Hatching distribution, 


abundance, and losses to freshwater diversions of longfin smelt inferred using hydrodynamic 


and particle-tracking models. Marine Ecology Progress Series 700:179–196. 


Hall, F. A. 1983. Status of the San Joaquin Kit Fox, Vulpes macrotis mutica, at the Bethany Wind 


Turbine Generating Site, Alameda County, California. Unpublished report. Sacramento, CA: 


California Department of Fish and Game. 


Hallock, R. J. 1989. Upper Sacramento River Steelhead, Oncorhynchus mykiss, 1952–1988. Report to 


the U.S. Fish and Wildlife Service, Red Bluff Fish and Wildlife Office, Red Bluff, CA. 


Hallock, R. J., and W. F. Van Woert. 1959. A Survey of Anadromous Fish Losses in Irrigation 


Diversions from the Sacramento and San Joaquin Rivers. California Fish and Game 45(4):227–


296.  


Halstead, B. J., S. M. Skalos, G. D. Wylie, M. L. Casazza. 2015. Terrestrial Ecology of Semi-Aquatic 


Giant Gartersnakes (Thamnophis gigas). Herpetological Conservation and Biology 10(2):633–644. 


Halterman, M. D. 1991. Distribution and Habitat Use of the Yellow-Billed Cuckoo (Coccyzus 


americanus occidentalis) on the Sacramento River, California, 1987–90. MS thesis. California 


State University, Chico. 


Halterman, M.D. 2001. Population Status of the Yellow-Billed Cuckoo at the Bill Williams River NWR 


and Alamo Dam, Arizona, and Southern Nevada: Summer 2000. Bureau of Reclamation, Lower 


Colorado River Division, Boulder City, NV. 


Hamilton, S. A., and D. D. Murphy. 2018. Analysis of Limiting Factors across the Life Cycle of Delta 


Smelt (Hypomesus transpacificus). Environmental Management 62:365–382. Available: 


https://doi.org/10.1007/s00267-018-1014-9. Accessed: September 24, 2023. 


Hamilton, S. A., and D. D. Murphy. 2020. Use of Affinity Analysis to Guide Habitat Restoration and 


Enhancement for the Imperiled Delta Smelt. Endangered Species Research 43:103–120. 



https://escholarship/

https://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-170 


May 2024 
ICF 103653 


 


Hamilton, S., S. Bartell, J. Pierson, and D. Murphy. 2020. Factors Controlling Calanoid Copepod 


Biomass and Distribution in the Upper San Francisco Estuary and Implications for Managing the 


Imperiled Delta Smelt (Hypomesus transpacificus). Environmental Management 65:587–601. 


Available: https://doi.org/10.1007/s00267-020-01267-8. Accessed: September 24, 2023. 


Hammock, B. G., R. Hartman, S. B. Slater, A. Hennessy, and S. J. I. 2019a. Tidal Wetlands Associated 


with Foraging Success of Delta Smelt. Estuaries and Coasts 42(3):857–867. 


Hammock, B. G., S. P. Moose, S. S. Solis, E. Goharian, and S. J. I. 2019b. Hydrodynamic Modeling 


Coupled with Long-Term Field Data Provide Evidence for Suppression of Phytoplankton by 


Invasive Clams and Freshwater Exports in the San Francisco Estuary. Environmental 


Management 63:703–717. 


Hammond J. E. 2011. It Was Built … Did They Come? Habitat Characteristics of Yellow-Billed Cuckoo in 


Restored Riparian Forests along the Sacramento River, California. M.Sc. thesis, California State 


University, Chico. 2011. Available: http://csuchico-dspace.calstate.edu/handle/10211.4/302. 


Accessed: May 5, 2021. 


Hance, D. J., R. W. Perry, J. R. Burau, A. Blake, P. Stumpner, X. Wang, and A. Pope. 2020. Combining 


Models of the Critical Streakline and the Cross-Sectional Distribution of Juvenile Salmon to 


Predict Fish Routing at River Junctions. San Francisco Estuary and Watershed Science 18(1). 


Available: https://escholarship.org/uc/item/1wr2f87f. Accessed: November 3, 2020. 


Hannon, J., and B. Deason. 2008. American River Steelhead Spawning 2001–2007. Bureau of 


Reclamation. 


Hansen, G. E. 1986. Status of the Giant Garter Snake Thamnophis couchii gigas (Fitch) in the Southern 


Sacramento Valley During 1986. Final report for the California Department of Fish and Game, 


Standard Agreement No. C-1433. 


Hansen, G. E., and J.M. Brode 1980. Status of the giant garter snake, Thamnophis gigas. Inland 


Fisheries Endangered Species Program Special Publication, 80, 1-14. 


Hanson, M. B., R. W. Baird, J. K. B. Ford, J. A. Hempelmann, D. M. Van Doornik, J. R. Candy, C. K. 


Emmons, G. S. Schorr, B. Gisborne, K. L. Ayres, S. K. Wasser, K. C. Balcomb, K. Balcomb-Bartok, J. 


G. Sneva, and M. J. Ford. 2010. Species and Stock Identification of Prey Consumed by Endangered 


Southern Resident Killer Whales in Their Summer Range. Endangered Species Research 11:69–


82. Available: https://doi.org/10.3354/esr00263. Accessed: September 24, 2023. 


Harris, J. H., S. D. Sanders, and M. A. Flett. 1988. The Status and Distribution of the Willow Flycatcher 


(Empidonax trailli) in California, 1986. California Department of Fish and Game, Wildlife 


Management Branch Administrative Report 88–1. 


Harvey, B. N., D. P. Jacobson, and M. A. Banks. 2014. Quantifying the Uncertainty of a Juvenile 


Chinook Salmon Race Identification Method for a Mixed-Race Stock. North American Journal of 


Fisheries Management 34(6):1177–1186. 


Hassrick, J. L., M. J. Henderson, D. D. Huff, W. J. Sydeman, M. C. Sabal, J. A. Harding, A. J. Ammann, E. D. 


Crandall, E. P. Bjorkstedt, J. C. Garza, and S. A. Hayes. 2016. Early Ocean Distribution of Juvenile 


Chinook Salmon in an Upwelling Ecosystem. Fisheries Oceanography 25(2):133–146.  


Hayes, M. P., and M. R. Jennings. 1986. Decline of Ranid Frog Species in Western North America: Are 


Bullfrogs (Rana catesbeiana) Responsible? Journal of Herpetology 20:490–509. 



https://doi/

http://csuchico/

https://escholarship/

https://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-171 


May 2024 
ICF 103653 


 


Hayes, M. P., and M. R. Jennings. 1988. Habitat Correlates of Distribution of the California Red-


Legged Frog (Rana aurora draytonii) and the Foothill Yellow-Legged Frog (Rana boylii): 


Implications for Management. In R. C. Szaro, K. E. Severson, and D. R. Patton (technical 


coordinators), Management of Amphibians, Reptiles, and Small Mammals in North America. 


Proceedings of the Symposium, July 1988, Flagstaff, AZ. Fort Collins, CO: U.S. Forest Service, 


Rocky Mountain Forest and Range Experimental Station. Technical Report (RM-166) 


Healey, M. C. 1991. Life History of Chinook Salmon (Oncorhynchus tshawytscha). In C. Groot and L. 


Margolis (eds.), Pacific Salmon Life Histories. Vancouver, Canada: University of British Columbia 


Press. 


Heath, S. K. 2008. Yellow Warbler (Dendroica petechia). In W. D. Shuford and T. Gardali (eds.), 


California Bird Species of Special Concern: A Ranked Assessment of Species, Subspecies, and 


Distinct Populations of Birds of Immediate Conservation Concern in California. Studies of 


Western Birds 1:332–339. Western Field Ornithologists, Camarillo, CA, and California 


Department of Fish and Game. Sacramento, CA. 


Helm, B. 1998. Biogeography of Eight Large Branchiopods Endemic to California. In C. W. Witham, E. 


T. Bauder, D. Belk, W. R. Ferrin, Jr., and R. Orduff (eds.), Ecology, Conservation, and Management 


of Vernal Pool Ecosystems—Proceedings from a 1996 Conference. Sacramento, CA: California 


Native Plant Society. 


Hennessy, A. 2010. Zooplankton Monitoring, 2009. Interagency Ecological Program Newsletter 


23(2):15–22.  


Herbold, B., and T. Vendlinski. 2012. Modeling Estuarine Habitat in the Bay Delta (Draft). Prepared 


for the Technical Workshop on Estuarine Habitat. March 27. 


Hestir, E. L., D. H. Schoellhamer, J. Greenberg, T. Morgan-King, and S. L. Ustin. 2016. The Effect of 


Submerged Aquatic Vegetation Expansion on a Declining Turbidity Trend in the Sacramento–


San Joaquin River Delta. Estuaries and Coasts 39(4):1100–1112. 


Heublein, J. C. 2006. Migration of Green Sturgeon, Acipenser medirostris in the Sacramento River. 


Master’s thesis. California State University, San Francisco, CA.  


Heublein, J. C., J. T. Kelly, C. E. Crocker, A. P. Klimley, and S. T. Lindley. 2009. Migration of Green 


Sturgeon, Acipenser medirostris in the Sacramento River. Environmental Biology of Fishes 84(3): 


245–258.  


Heublein, J. C., R. Bellmer, R. D. Chase, P. Doukakis, M. Gingras, D. Hampton, J. A. Israel, Z. J. Jackson, R. 


C. Johnson, O. P. Langness, S. Luis, E. Mora, M. L. Moser, L. Rohrbach, A. M. Seesholtz, T. Sommer, 


and J. Stuart. 2017a. Life History and Current Monitoring Inventory of San Francisco Estuary 


Sturgeon. September. NOAA-TM-NMFS-SWFSC-589. National Marine Fisheries Service, 


Southwest Fisheries Science Center, Santa Cruz, CA. 


Heublein, J. C., R. Bellmer, R. D. Chase, P. Doukakis, M. Gingras, D. Hampton, J. A. Israel, Z. J. Jackson, R. 


C. Johnson, O. P. Langness, S. Luis, E. Mora, M. L. Moser, L. Rohrbach, A. M. Seesholtz, and T. 


Sommer. 2017b. Improved Fisheries Management through Life Stage Monitoring: The Case for the 


Southern Distinct Population Segment of North American Green Sturgeon and the Sacramento–San 


Joaquin River White Sturgeon. September. NOAA-TM-NMFS-SWFSC-588. National Marine 


Fisheries Service, Southwest Fisheries Science Center, Santa Cruz, CA. 







CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-172 


May 2024 
ICF 103653 


 


Hilborn, R., S. P. Cox, F. M. D. Gulland, D. G. Hankin, N. T. Hobbs, D. E. Schindler, and A. W. Trites. 


2012. The Effects of Salmon Fisheries on Southern Resident Killer Whales: Final Report of the 


Independent Science Panel. November 30. Prepared for National Marine Fisheries Service and 


Fisheries and Oceans Canada.  


Hitchcock, C. S., E. J. Helley, and R. W. Givler. 2005. Geomorphic and Geologic Mapping for Restoration 


Planning, Sacramento–San Joaquin Delta Region. Final report. June 2005. Sacramento, CA: 


CALFED. 


Hobbs, J. A., W. A. Bennett, and J. E. Burton. 2006. Assessing Nursery Habitat Quality for Native 


Smelts (Osmeridae) in the Low-Salinity Zone of the San Francisco Estuary. Journal of Fish Biology 


69(3):907–922.  


Hobbs, J. A., L. S. Lewis, N. Ikemiyagi, T. Sommer, and R. D. Baxter. 2010. The Use of Otolith Strontium 


Isotopes (87Sr/86Sr) to Identify Nursery Habitat for a Threatened Estuarine Fish. 


Environmental Biology of Fishes 89(3):557–569.  


Hobbs, J. A., L. S. Lewis, M. Willmes, C. Denney, and E. Bush. 2019. Complex Life Histories Discovered 


in a Critically Endangered Fish. Scientific Reports 9(1):1–12. 


Hobbs, J. A., C. Parker, J. Cook, and M. Bisson. 2015. The Distribution and Abundance of Larval and 


Adult 1 Longfin Smelt in San Francisco Bay Tributaries Year 1: Pilot Study. Prepared for 


California Department of Water Resources and the IEP Longfin Smelt Project Work Team. Davis, 


CA: Department of Wildlife, Fish and Conservation Biology. 


Holland, R. F. 1998. Great Valley Vernal Pool Distribution, Photorevised 1996. In Ecology, 


Conservation and Management of Vernal Pool Ecosystems-Proceedings from a 1996 Conference. 


California Native Plants Society, Sacramento.  


Holland, R. F. 2009. California’s Great Valley Vernal Pool Habitat Status and Loss: Rephotorevised 


2005. December. Prepared for Placer Land Trust, Auburn, CA. Available: 


https://flyingmranches.files.wordpress.com/2018/01/great-valley-vernal-pool-


distribution_final.pdf. Accessed: August 27, 2021. 


Howell, C. A., J. K. Wood, M. D. Dettling, K. Griggs, C. C. Otte, L. Lina, and T. Gardali. 2010. Least Bell’s 


Vireo Breeding Records in the Central Valley Following Decades of Extirpation. Western North 


American Naturalist 70(1):105–113. 


Huber, E. R., and S. M. Carlson. 2015. Temporal Trends in Hatchery Releases of Fall-Run Chinook 


Salmon in California’s Central Valley. San Francisco Estuary and Watershed Science 13(2). 


Available: https://escholarship.org/uc/item/7237t9xn. Accessed: November 3, 2020. 


Hughes, J. M. 1999. Yellow-Billed Cuckoo (Coccyzus americanus). In A. Poole and F. Gill (eds.), The 


Birds of North America 148. Philadelphia, PA: Academy of Natural Sciences; Washington, DC: 


American Ornithologists Union. 


Hutton, P. H., J. S. Rath, and S. B. Roy. 2017a. Freshwater Flow to the San Francisco Bay-Delta Estuary 


over Nine Decades (Part 1): Trend evaluation. Hydrological Processes 31(14):2500-2515. 


Hutton, P. H., J. S. Rath, and S. B. Roy. 2017b. Freshwater Flow to the San Francisco Bay-Delta Estuary 


over Nine Decades (Part 2): Change attribution. Hydrological Processes 31(14):2516-2529. 


ICF. 2017a. Land Cover Mapping for the East Bay RCIS. 



https://flyingmranches/

https://escholarship/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-173 


May 2024 
ICF 103653 


 


ICF. 2017b. Public Water Agency 2017 Fall X2 Adaptive Management Plan Proposal. Submitted to 


United States Bureau of Reclamation and Department of Water Resources. Draft. August 30. (ICF 


00508.17.) Sacramento, CA. 


ICF. 2017c. Pacific Gas and Electric Company Bay Area Operations & Maintenance Habitat 


Conservation Plan. Final. September 2017. (ICF 03442.03.) Sacramento, California. Prepared for 


Pacific Gas and Electric Company, San Francisco, California 


ICF. 2018. Land Cover Mapping for the Sand Hill Wind Project.  


ICF. 2019. Administrative Draft Tracy Hills Habitat Conservation Plan. Screencheck Public Review 


Draft. July 2019. 


Interagency Ecological Program, Management, Analysis, and Synthesis Team. 2015. An Updated 


Conceptual Model of Delta Smelt Biology: Our Evolving Understanding of an Estuarine Fish. 


January. Technical Report 90. Interagency Ecological Program for the San Francisco Bay/Delta 


Estuary. Available: 


https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/4-173cholar


shi_waterfix/exhibits/docs/petitioners_exhibit/dwr/part2/DWR-


1089%20IEP_MAST_Team_2015_Delta_Smelt_MAST_Synthesis_Report_January%202015.pdf. 


Accessed: December 3, 2020. 


Israel, J. A., J. F. Cordes, M. A. Blumberg, and B. May. 2004. Geographic Patterns of Genetic 


Differentiation Among Collections of Green Sturgeon. North American Journal of Fisheries 


Management 24:922–931. 


Israel, J. A., and A. P. Klimley. 2008. Life History Conceptual Model for North American Green Sturgeon 


(Acipenser medirostris). December. University of California, Davis. Prepared for California 


Department of Fish and Game, Delta Regional Ecosystem Restoration and Implementation 


Program, Sacramento, CA. 


Israel J. A., and B. May. 2010. Characterization and Evaluation of Polymorphic Microsatellite Markers 


in the Anadromous Fish Spirinchus thaleichthys. Conservation Genetic Resources 2:227–230. 


Jackson, W. T., and A. M. Paterson. 1977. The Sacramento–San Joaquin Delta the Evolution and 


Implementation of Water Policy: An Historical Perspective. Technical Completion Report, 


Contribution No. 163. Davis, CA: California Water Resources Center. 


Jackson, Z. J., and J. P. Van Eenennaam. 2013. 2012 San Joaquin River Sturgeon Spawning Survey. U.S. 


Fish and Wildlife Service, Anadromous Fish Restoration Program, Stockton Fish and Wildlife 


Office, Stockton, CA.  


James, A. 1999. Time and the Persistence of Alluvium: River Engineering, Fluvial Geomorphology, 


and Mining Sediment in California. Geomorphology 31:265-290. 


James, L. A. 2004a. Decreasing Sediment Yields in Northern California: Vestiges of Hydraulic Gold-


Mining and Reservoir Trapping. In Sediment Transfer through the Fluvial System. International 


Association of Hydrological Sciences 288:225–244. 


James, L. A. 2004b. Tailings Fans and Valley-Spur Cutoffs Created by Hydraulic Mining. Earth Surface 


Processes and Landforms 29:869–882. 



https://www/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-174 


May 2024 
ICF 103653 


 


James, L. A. 2006. Bed Waves at the Basin Scale: Implications for River Management and Storage. 


Earth Surface Processes and Landforms 31:1692–1706. 


James, L. A., and M. B. Singer. 2008. Development of the Lower Sacramento Valley Flood-Control 


System: Historical Perspective. Natural Hazards Review 9:125–135. 


James, L. A., M. B. Singer, S. Ghoshat, and M. Megison. 2009. Historical Channel Changes in the Lower 


Yuba and Feather Rivers, California: Long-Term Effects of Contrasting River-Management 


Systems. In L. A. James, S. L. Rathburn, and G. R. Whittecar (eds.), Management and Restoration of 


Fluvial Systems with Broad Historical Changes and Human Impacts. 


Jassby, A. D., W. J. Kimmerer, S. G. Monismith, C. Armor, J. E. Cloern, T. M. Powell, J. R. Schubel, and T. 


J. Vendlinski. 1995. Isohaline Position as a Habitat Indicator for Estuarine Populations. 


Ecological Applications 5(1):272–289. 


Jeffres, C. A., J. J. Opperman, and P. B. Moyle. 2008. Ephemeral Floodplain Habitats Provide Best 


Growth Conditions for Juvenile Chinook Salmon in a California River. Environmental Biology of 


Fishes 83:449–458. 


Jeffries, K. M., R. E. Connon, B. E. Davis, L. M. Komoroske, M. T. Britton, T. Sommer, A. E. Todgham, 


and N. A. Fangue. 2016. Effects of High Temperatures on Threatened Estuarine Fishes during 


Periods of Extreme Drought. Journal of Experimental Biology 219(11):1705–1716. 


Jennings, M. R. 1996. Natural History Notes: Ambystoma californiense (California tiger salamander). 


Burrowing Ability. Herpetological Review 27(4):194. 


Jennings, M. R., and M. P. Hayes. 1994. Amphibian and Reptile Species of Special Concern in California. 


Rancho Cordova, CA: California Department of Fish and Game, Inland Fisheries Division. 


Jensen, C. C. 1972. San Joaquin Kit Fox Distribution. Sacramento, CA. U.S. Fish and Wildlife Service, 


Bureau of Sport Fisheries and Wildlife Division of Wildlife Services. 


Jochimsen, D. M., C. R. Peterson, K. M. Andrews, and J. W. Gibbons. 2004. A Literature Review of the 


Effects of Roads on Amphibians and Reptiles and the Measures Used to Minimize Those Effects. 


USDA Forest Service—General Technical Report PNW.  


Johnson, M.J., J.A. Homes, C. Calvo, I. Samuels, S. Krantz, and M.K. Sogge. 2007. Yellow-billed cuckoo 


distribution, abundance, and Habitat Use Along the Lower Colorado and Tributaries, 2006 


Annual Report. Open-File Report 2007-1097.  


Johnson, R.C., K. Pipal, F. Cordoleani, and S.T. Lindley. 2023. Central Valley Recovery Domain. In: 


Southwest Fisheries Science Center, Viability assessment for Pacific salmon and steelhead listed 


under the Endangered Species Act: Southwest, p. 137-142. U.S. Department of Commerce, NOAA 


Technical Memorandum NMFS-SWFSC-686. 


Johnson, R. C., S. Windell, P. L. Brandes, J. L. Conrad, J. Ferguson, P. A. Goertler, B. N. Harvey, J. 


Heublein, J. A. Israel, and D. W. Kratville. 2017. Science Advancements Key to Increasing 


Management Value of Life Stage Monitoring Networks for Endangered Sacramento River 


Winter-Run Chinook Salmon in California. San Francisco Estuary and Watershed Science 15(3). 


Johnston, M. E., A. E. Steel, M. Espe, T. Sommer, A. P. Klimley, P. Sandstrom, and D. Smith. 2018. 


Survival of Juvenile Chinook Salmon in the Yolo Bypass and the Lower Sacramento River, 







CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-175 


May 2024 
ICF 103653 


 


California. San Francisco Estuary and Watershed Science 16(2). Available: 


https://escholarship.org/uc/item/8bq7t7rr. Accessed: November 3, 2020. 


Jones & Stokes Associates, Inc. 1985. Survey of the Habitat and Populations of the Valley Elderberry 


Longhorn Beetle along the Sacramento River. 1985 Progress Report. Prepared for the U.S. Fish 


and Wildlife Service, Sacramento Endangered Species Field Office, Sacramento, CA. 


Jones & Stokes Associates, Inc. 1986. Survey of the Habitat and Populations of the Valley Elderberry 


Longhorn Beetle along the Sacramento River. 1986 Progress Report. Prepared for the U.S. Fish 


and Wildlife Service, Sacramento Endangered Species Field Office, Sacramento, CA. 


Jones & Stokes Associates, Inc. 1987. Survey of the Habitat and Populations of the Valley Elderberry 


Longhorn Beetle along the Sacramento River. Final Report. Prepared for the U.S. Fish and Wildlife 


Service, Sacramento Endangered Species Field Office, Sacramento, CA. 


Katibah, E. F. 1984. A Brief History of Riparian Forests in the Central Valley of California. In California 


Riparian Systems: Ecology, Conservation, and Productive Management, edited by R. E. Warner and 


K. M. Hendrix. Berkeley, CA: University of California Press. 


Katz J. V. E., Jeffres C., Conrad J. L., Sommer T. R., Martinez J., Brumbaugh S., Corline, N., and P. B. 


Moyle. 2017. Floodplain Farm Fields Provide Novel Rearing Habitat for Chinook Salmon. PloS 


ONE 12(6):e0177409. Available: https://doi.org/10.1371/journal.pone.0177409. Accessed: 


October 27, 2020. 


Keane, K. 2001. California Least Tern Breeding Survey 1999 Season. California Department of Fish 


and Game, Habitat Conservation and Planning Brach, Species Conservation and Recovery 


Program Report 2001-01. Sacramento, CA. 


Kelley, R. 1989. Battling the Inland Sea. Berkeley and Los Angeles: University of California Press. 


Kelly, J. T., A. P. Klimley, and C. E. Crocker. 2007. Movements of Green Sturgeon, Acipenser 


medirostris, in the San Francisco Bay Estuary, California. Environmental Biology of Fishes 


79:281–295. 


Kiesecker, J. M., and A. R. Blaustein. 1998. Effects of Introduced Bullfrogs and Smallmouth Bass on 


Microhabitat Use, Growth, and Survival of Native Red-Legged Frogs (Rana aurora). Conservation 


Biology 12:776–785. 


Kimmerer, W. J. 2002. Effects of Freshwater Flow on Abundance of Estuarine Organisms: Physical 


Effects or Trophic Linkages? Marine Ecology Progress Series 243:39–55. 


Kimmerer, W. J. 2004. Open Water Processes of the San Francisco Estuary: From Physical Forcing to 


Biological Processes. San Francisco Estuary and Watershed Science 2(1). Available: 


https://escholarship.org/uc/item/9bp499mv. Accessed: November 3, 2020. 


Kimmerer, W. J. 2008. Losses of Sacramento River Chinook Salmon and Delta Smelt to Entrainment 


in Water Diversions in the Sacramento–San Joaquin Delta. San Francisco Estuary and Watershed 


Science 6(2). Available: https://escholarship.org/uc/item/7v92h6fs. Accessed: October 27, 


2020. 


Kimmerer, W. J. 2011. Modeling Delta Smelt Losses at the South Delta Export Facilities. San 


Francisco Estuary and Watershed Science 9(1). Available: 


https://escholarship.org/uc/item/0rd2n5vb. Accessed: November 3, 2020. 



https://escholarship/

https://doi/

https://escholarship/

https://escholarship/

https://escholarship/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-176 


May 2024 
ICF 103653 


 


Kimmerer, W. J., and E. Gross. 2022. Population Abundance and Diversion Losses in a Threatened 


Estuarine Pelagic Fish. Estuaries and Coasts 45. Available: https://doi.org/10.1007/s12237-022-


01101-w. Accessed: September 24, 2023. 


Kimmerer, W. J., and K. A. Rose. 2018. Individual‐Based Modeling of Delta Smelt Population 


Dynamics in the Upper San Francisco Estuary III. Effects of Entrainment Mortality and Changes 


in Prey. Transactions of the American Fisheries Society 147(1):223–243. 


Kimmerer, W. J., E. Gartside, and J. J. Orsi. 1994. Predation by an Introduced Clam as the Likely Cause 


of Substantial Declines in Zooplankton of San Francisco Bay. Marine Ecology Progress Series 


113:81–93. 


Kimmerer, W. J., E. S. Gross, and M. L. MacWilliams. 2009. Is the Response of Estuarine Nekton to 


Freshwater Flow in the San Francisco Estuary Explained by Variation in Habitat Volume? 


Estuaries and Coasts 32(2):375–389.  


Kimmerer, W. J., E. S. Gross, A. M. Slaughter, and J. R. Durand. 2019. Spatial Subsidies and Mortality of 


an Estuarine Copepod Revealed Using a Box Model. Estuaries and Coasts 42(1):218–236. 


Kimmerer, W. J., T. R. Ignoffo, K. R. Kayfetz, and A. M. Slaughter. 2018. Effects of Freshwater Flow and 


Phytoplankton Biomass on Growth, Reproduction, and Spatial Subsidies of the Estuarine 


Copepod Pseudodiaptomus forbesi. Hydrobiologia 807:113–130.  


Kimmerer, W. J., M. L. MacWilliams, and E. S. Gross. 2013. Variation of Fish Habitat and Extent of the 


Low-Salinity Zone with Freshwater Flow in the San Francisco Estuary. San Francisco Estuary and 


Watershed Science 11(4). 


King, J. L., M. A. Simovich, and R. C. Brusca. 1996. Species Richness, Endemism and Ecology of 


Crustacean Assemblages in Northern California Vernal Pools. Hydrobiologia 328:85–116. 


Klimley, A. P., T. V. Agosta, A. J. Ammann, R. D. Battleson, M. D. Pagel, and M. J. Thomas. 2017. Real-


Time Nodes Permit Adaptive Management of Endangered Species of Fishes. Animal Biotelemetry 


5(1):22. 


Knapp, D. K. 1978. Effects of Agricultural Development in Kern County, California, on the San Joaquin 


Kit Fox in 1977. Nongame Wildlife Investigations. Unpublished report. Sacramento, CA: 


California Department of Fish and Game. 


Knowles, N., and D. R. Cayan. 2002. Potential Effects of Global Warming on the Sacramento/San 


Joaquin Watershed and the San Francisco Estuary. Geophysical Research Letters 29(18)38-1–39-


4. Available: https://doi.org/10.1029/2001GL014339. 


Komoroske L. M., R. E. Connon, J. Lindberg, B. S. Cheng, G. Castillo, M. Hasenbein, and N. A. Fangue. 


2014. Ontogeny Influences Sensitivity to Climate Change Stressors in an Endangered Fish. 


Conservation Physiology 2(1):cou008. 


Komoroske, M., K. M. Jeffries, R. E. Connon, J. Dexter, M. Hasenbein, C. Verhille and N. A. Fangue. 


2016. Sublethal Salinity Stress Contributes to Habitat Limitation in an Endangered Estuarine 


Fish. Evolutionary Applications. Available: https://doi.org/10.1111/eva.12385. 


Korman, J., E. S. Gross, and L. F. Grimaldo. 2021. Statistical Evaluation of Behavior and Population 


Dynamics Models Predicting Movement and Proportional Entrainment Loss of Adult Delta Smelt 


in the Sacramento–San Joaquin River Delta. San Francisco Estuary and Watershed Science 19(1). 



https://doi/

https://doi/

https://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-177 


May 2024 
ICF 103653 


 


Kottek, M. J. Grieser, C. Beck, B. Rudolf, and F. Rubel. 2006. World Map of the Köppen-Geiger Climate 


Classification Updated. Meteorologische Zeitschrisft 15(3):259–263. June. 


Kurobe, T., M. O. Park, A. Javidmehr, F.-C. I, S. C. Acuña, C. J. Corbin, A. J. Conley, W. A. Bennett, and S. J. 


I. 2016. Assessing Oocyte Development and Maturation in the Threatened Delta Smelt, 


Hypomesus transpacificus. Environmental Biology of Fishes 99(4):423–432. 


Kus, B. E. 1998. Use of Restored Riparian Habitat by the Endangered Least Bell’s Vireo. Restoration 


Ecology 6:75‒82. Cited in Howell, C. A., J. K. Wood, M. D. Dettling, K. Griggs, C. C. Otte, L. Lina, and 


T. Gardali. 2010. Least Bell’s Vireo Breeding Records in the Central Valley Following Decades of 


Extirpation. Western North American Naturalist 70(1):105–113. 


Kus, B. E. 1999. Impacts of Brown-Headed Cowbird Parasitism on Productivity of the Endangered 


Least Bell’s Vireo. Studies in Avian Biology 18:160–166. 


Kus, B. E. 2002. Fitness Consequences of Nest Desertion in an Endangered Host, the Least Bell’s 


Vireo. Condor 104(4):795–802. 


Kus, B. E. 2004. Least Bell’s Vireo (Vireo bellii pusillus). In The Riparian Bird Conservation Plan: A 


Strategy for Reversing the Decline of Riparian-Associated Birds in California. California Partners in 


Flight. Available:  


Kus, B. E., and P. P. Beck 1998. Distribution and Abundance of the Least Bell’s Vireo (Vireo pusillus) 


and the Southwestern Willow Flycatcher (Empidonax traillii extimus) at Selected Southern 


California Sites in 1997. Prepared for California Department of Fish and Game. 


Kus, B. E., and K. L. Miner. 1989. The Use of Non-Riparian Habitats by Least Bell’s Vireo (Vireo bellii 


pusillus). Cited in D. L. Abell (ed.), California Riparian Systems Conference: Protection, 


Management, and Restoration for the 1990s. 1988 September 22-24, Davis, CA. Pacific Northwest 


Forest and Range Experiment Station, Berkeley, CA; USDA Forest Service General Technical 


Report PSW-110.  


Kus, B. E., B. L. Peterson, and D. H. Deutschman. 2008. A Multiscale Analysis of Nest Predation on 


Least Bell’s Vireo (Vireo bellii pusillus). Auk 125:227–284. 


Kus, B., S. L. Hopp, R. R. Johnson, and B. T. Brown. 2010. Bell’s Vireo (Vireo bellii), version 2.0. In The 


Birds of North America (A. F. Poole, Editor). Cornell Lab of Ornithology, Ithaca, NY, USA. 


Kus, B., Hopp, S.L., Johnson, R.R., and Brown, B.T. 2020. Bell’s vireo (Vireo bellii), version 1.0, in 


Poole, A. F., ed., Birds of the World: Ithaca, N.Y., USA, Cornell Lab of Ornithology, 


https://doi.org/10.2173/bow.belvir.01. 


Kynard, B., E. Parker, and T. Parker. 2005. Behavior of Early Life Intervals of Klamath River Green 


Sturgeon, Acipenser medirosris, with a Note on Body Color. Environmental Biology of Fishes 


72:85–97.  


Land IQ. 2019. Delta Land Use 2017. Received via email from Scott Hayes, DWR on April 29, 2020. 


Land IQ and California Department of Water Resources. 2021. 2018 Statewide Crop Mapping. 


Available: https://data.cnra.ca.gov/dataset/statewide-crop-mapping. Accessed: April 26, 2021. 


Larry Walker Associates. 2010. Testimony before State Water Resources Control Board. Delta Flow 


Criteria Informational Proceeding. Hydrodynamic—Operations: Fish Loss Due to 



https://data/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-178 


May 2024 
ICF 103653 


 


Entrainment/Predation/Salvage. Larry Walker Associates, Inc. 707 4th Street, Suite 200, Davis, 


CA 95616-4178. (530) 753-6400. February 16, 2010. 


Latour, R. J. 2016. Explaining Patterns of Pelagic Fish Abundance in the Sacramento–San Joaquin 


Delta. Estuaries and Coasts 39(1):233–247. Available: https://doi.org/10.1007/s12237-015-


9968-9.  


Laughrin, L. 1970. San Joaquin Kit Fox: Its Distribution and Abundance. Administrative Report No. 70-


2. Sacramento, CA. California Department of Fish and Game, Wildlife Management Branch. 


Lawler, S. P., D. Dritz, T. Strange, and M. Holyoak. 1999. Effects of Introduced Mosquitofish and 


Bullfrogs on the Threatened California Red-Legged Frog. Conservation Biology 13:613–622. 


Laymon, S. A. 1980. Feeding and Nesting Behavior of the Yellow-Billed Cuckoo in the Sacramento 


Valley. Wildlife Management Administrative Report 80-2. Sacramento, CA: California 


Department of Fish and Game. 


Laymon, S. A. 1998. Yellow-Billed Cuckoo (Coccycus americanus). In The Riparian Bird Conservation 


Plan: A Strategy for Reversing the Decline of Riparian-Associated Birds in California. California 


Partners in Flight.  


Laymon, S. A., and M. D. Halterman. 1989. A Proposed Habitat Management Plan for Yellow-Billed 


Cuckoos in California. U.S. Department of Agriculture, Forest Service General Technical Report 


PSW-110:272–277. 


Lee, D. P., and J. Chilton. 2007. Hatchery and Genetic Management Plan for Nimbus Fish Hatchery 


Winter-Run Steelhead Program. Draft Report. Prepared by CDFG under Contract 03CS200006 


Modification 0004 with Bureau of Reclamation, Folsom, CA, and Nimbus Fish Hatchery, Rancho 


Cordova, CA.  


Lee, D. S., C. R. Gilbert, C. H. Hocutt, R. E. Jenkins, D. E. McAllister, and J. R. Stauffer, Jr. 1980. Atlas of 


North American Freshwater Fishes. North Carolina Biological Survey No. 1980–12. North 


Carolina State Museum of Natural History, Raleigh, NC.  


Lehman, B. M., M. P. Gary, N. Demetras, and C. J. Michel. 2019. Where Predators and Prey Meet: 


Anthropogenic Contact Points Between Fishes in a Freshwater Estuary. San Francisco Estuary 


and Watershed Science 17(4). Available: https://escholarship.org/uc/item/2dg499z4. Accessed: 


November 3, 2020. 


Lehman, P., T. Kurobe, and S. I. 2020. Impact of Extreme Wet and Dry Years on the Persistence of 


Microcystis Harmful Algal Blooms in San Francisco Estuary. Quaternary International. Available: 


https://doi.org/10.1016/j.quaint.2019.12.003. Accessed: September 24, 2023.  


Leising, A. W., I. D. Schroeder, S. J. Bograd, J. Abell, R. Durazo, G. Gaxiola-Castro, E. P. Bjorkstedt, J. 


Field, K. Sakuma, R. R. Robertson, R. Goericke, W. T. Peterson, R. Brodeur, C. Barcelo, T. D. Auth, 


E. A. Daly, R. M. Suryan, A. J. Gladics, J. M. Porquez, S. McClatchie, E. D. Weber, W. Watson, J.  


A. Santora, W. J. Sydeman, S. R. Melin, F. P. Chavez, R. T. Golightly, S. R. Schneider, J. Fisher, C. 


Morgan, R. Bradley, and P. Warybok. 2015. State of the California Current 2014–15: Impacts of 


the Warm-Water “Blob.” California Cooperative Oceanic Fisheries Investigations Reports 56:31–


68. 



https://doi/

https://escholarship/

https://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-179 


May 2024 
ICF 103653 


 


Lewis, L. S., M. Willmes, A. Barros, P. K. Crain, and J. A. Hobbs. 2020. Newly Discovered Spawning and 


Recruitment of Threatened Longfin Smelt in Restored and Under‐Explored Tidal Wetlands. 


Ecology 101(1), e02868:1–4. 


Lindberg, J. C., G. Tigan, L. Ellison, T. Rettinghouse, M. M. Nagel, and K. M. Fisch. 2013. Aquaculture 


Methods for a Genetically Managed Population of Endangered Delta Smelt. North American 


Journal of Aquaculture 75(2):186–196. Available: 


https://doi.org/10.1080/15222055.2012.751942. 


Lindberg, J. C., Y.-J. J. Tsai, B. D. Kammerer, B. Baskerville-Bridges, and T.-C. Hung. 2020. Spawning 


Microhabitat Selection in Wild-Caught Delta Smelt Hypomesus transpacificus under Laboratory 


Conditions. Estuaries and Coasts 43:174-181. 


Lindley, S. T., C. B. Grimes, M. S. Mohr, W. Peterson, J. Stein, J. T. Anderson, C. A. Busack, L. W. 


Botsford, T. K. Collier, D. L. Bottom, J. C. Garza, A. M. Grover, D. G. Hankin, R. G. Kope, P.W. 


Lawson, A. Low, J. Ferguson, R. B. MacFarlane, M. Palmer-Zwahlen, F. B. Schwing, J. Smith, C. 


Tracy, R. Webb, and B. K. Wells. 2009. What Caused the Sacramento River Fall Chinook Salmon 


Stock Collapse? NOAA Technical. Memorandum, NMFS-SWFSC-447. Southwest Fisheries Science 


Center. 


Lindley, S. T., M. L. Moser, D. L. Erickson, M. Belchik, D. W. Welch, E. L. Rechisky, J. T. Kelly, J. 


Heublein, and A. P. Klimley. 2008. Marine Migration of North American Green Sturgeon. 


Transactions of the American Fisheries Society 137(1):182–194. 


Lindley, S. T., R. Schick, B. P. May, J. J. Anderson, S. Greene, C. Hanson, A. Low, D. McEwan, R. B. 


MacFarlane, C. Swanson, and J. G. Williams. 2004. Population Structure of Threatened and 


Endangered Chinook Salmon ESU in California’s Central Valley Basin. Public Review Draft. NOAA 


Technical Memorandum NMFS, Southwest Science Center, Santa Cruz, CA.  


Lindley, S. T., R. Schick, E. Mora, P. B. Adams, J. J. Anderson, S. Greene, C. Hanson, B. P. May, D. R. 


McEwan, R. B. MacFarlane, C. Swanson, and J. G. Williams. 2007. Framework for Assessing 


Viability of Threatened and Endangered Chinook Salmon and Steelhead in the Sacramento–San 


Joaquin Basin. San Francisco Estuary and Watershed Science 5(1):26.  


Loredo, I., D. van Vuren, and M. L. Morrison. 1996. Habitat Use and Migration Behavior of the 


California Tiger Salamander. Journal of Herpetology 30:282–285. 


Loredo-Prendeville, I., D. van Vuren, A. J. Kuenzi, and M. L. Morrison. 1994. California Ground 


Squirrels at Concord Naval Weapons Station: Alternatives for Control and Ecological 


Consequences. In W. S. Halverson and A. C. Crabb (eds.), Proceedings of the 16th Vertebrate Pest 


Conference. University of California Publications. 


Lott, J. 1998. Feeding Habits of Juvenile and Adult Delta Smelt from the Sacramento–San Joaquin 


River Estuary. Interagency Ecological Program for the Sacramento–San Joaquin Estuary 


Newsletter 11(1):14–19.  


Lund, J., E. Hanak, W. Fleenor, R. Howitt, J. Mount, and P. Moyle. 2007. Envisioning Futures for the 


Sacramento–San Joaquin Delta. Public Policy Institute of California. 


Lund, J., J. Medellin-Azuara, J. Durand, and K. Stone. 2018. Lessons from California’s 2012–2016 


Drought. Journal of Water Resources Planning and Management 144(10):04018067. 



https://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-180 


May 2024 
ICF 103653 


 


MacFarlane, R. B., and E. C. Norton. 2002. Physiological Ecology of Juvenile Chinook Salmon 


(Oncorhynchus tshawytscha) at the Southern End of Their Distribution, the San Francisco 


Estuary and Gulf of the Farallones, California. Fishery Bulletin 100(2), 244–257. 


Mac Nally, R., J. R. Thomson, W. J. Kimmerer, F. Feyrer, K. B. Newman, A. Sih, W. A. Bennett, L. Brown, 


E. Fleishman, S. D. Culberson, and G. Castillo. 2010. Analysis of Pelagic Species Decline in the 


Upper San Francisco Estuary Using Multivariate Autoregressive Modeling (MAR). Ecological 


Applications 20(5):1417–1430.  


MacWilliams, M., A. J. Bever, and E. Foresman. 2016. 3-D Simulations of the San Francisco Estuary 


with Subgrid Bathymetry to Explore Long-Term Trends in Salinity Distribution and Fish 


Abundance. San Francisco Estuary and Watershed Science 14(2). Available: 


https://escholarship.org/uc/item/5qj0k0m6. Accessed: November 3, 2020. 


Mahardja B., M. J. Young, B. Schreier, and T. Sommer. 2017. Understanding Imperfect Detection in a 


San Francisco Estuary Long-Term Larval and Juvenile Fish Monitoring Programme. Fisheries 


Management and Ecology 24(6):488–503. 


Manly, B. F., J. D. Fullerton, A. N. Hendrix, K. P. Burnham. 2015. Comments on Feyrer et al. Modeling 


the Effects of Future Outflow on the Abiotic Habitat of an Imperiled Estuarine Fish. Estuaries and 


Coasts 38(5):1815–1820.  


Marcinkevage, A. C. 2023. Letter with winter-run Chinook salmon juvenile production estimate for 


Water Year 2023. Letter to Ms. Kristin White, Operations Manager, Central Valley Project, U.S. 


Bureau of Reclamation. January 20. Sacramento, CA: National Marine Fisheries Service, West 


Coast Region. 


Marschalek, D. A. 2006. California Least Tern Breeding Survey—2005 Season. Final Report submitted 


to California Department of Fish and Game, Sacramento, CA.  


Marschalek, D. A. 2008. California Least Tern Breeding Survey—2007 Season. Final Report submitted 


to California Department of Fish and Game, Sacramento, CA. 


Marschalek, D. A. 2009. California Least Tern Breeding Survey—2008 Season. Final Report submitted 


to California Department of Fish and Game, Sacramento, CA. 


Marston, D., C. Mesick, A. Hubbard, D. Stanton, S. Fortmann-Roe, S. Tsao, and T. Heyne. 2012. Delta 


Flow Factors Influencing Stray Rate of Escaping Adult San Joaquin River Fall-Run Chinook 


Salmon (Oncorhynchus tshawytscha). San Francisco Estuary and Watershed Science 10(4). 


Available: https://escholarship.org/uc/item/6f88q6pf. Accessed: November 3, 2020. 


Martin, B. T., A. Pike, S. N. John, N. Hamda, J. Roberts, S. T. Lindley, and E. M. Danner. 2017. 


Phenomenological vs. Biophysical Models of Thermal Stress in Aquatic Eggs. Ecology Letters 


20(1):50–59. 


Martin, C. D., P. D. Gaines, and R. R. Johnson. 2001. Estimating the Abundance of Sacramento River 


Juvenile Winter Chinook Salmon with Comparisons to Adult Escapement. Final Report. July. Red 


Bluff Research Pumping Plant Report Series, Volume 5. U.S. Fish and Wildlife Service. 


Massey, B., and J. Atwood. 1981. Second-Wave Nesting of the California Least Tern: Age Composition 


and Reproductive Success. Auk 98:596–605. 



https://escholarship/

https://escholarship/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-181 


May 2024 
ICF 103653 


 


Massey, B. W., D. Bradley, and J. Atwood. 1992. Demography of a California Least Tern Colony 


including Effects of the 1982–1983 El Niño. Condor 94:976–983. 


Maunder, M. N., and R. B. Deriso. 2011. A State-Space Multistage Life Cycle Model to Evaluate 


Population Impacts in the Presence of Density Dependence: Illustrated with Application to Delta 


Smelt (Hyposmesus transpacificus). Canadian Journal of Fisheries and Aquatic Science 


68(7):1285–1306. Available: https://doi.org/10.1139/f2011-071.  


Maunder, M. N., R. B. Deriso, and C. H. Hanson. 2015. Use of State-Space Population Dynamics Models 


in Hypothesis Testing: Advantages over Simple Log-Linear Regressions for Modeling Survival, 


Illustrated with Application to Longfin Smelt (Spirinchus thaleichthys). Fisheries Research 


164:102–111.  


McAllister, D. E. 1963. A Revision of the Smelt Family, Osmeridae. National Museum of Canada, 


Biological Series 71, Bulletin No. 191:1–53. 


McEwan, D. 2001. Central Valley Steelhead. In R. L. Brown (ed.), Fish Bulletin 179(1): Contributions to 


the Biology of Central Valley Salmonids. Sacramento, CA: California Department of Fish and 


Game. 


McEwan, D. R., and T. Jackson. 1996. Steelhead Restoration and Management Plan for California. 22 


February. California Department of Fish and Game, Sacramento, CA. 


Merz, J., P. S. Bergman, J. F. Melgo, and S. Hamilton. 2013. Longfin Smelt: Spatial Dynamics and 


Ontogeny in the San Francisco Estuary, California. California Fish and Game 99(3):122–148. 


Merz, J. E., S. Hamilton, P. S. Bergman, and B. Cavallo. 2011. Spatial Perspective for Delta Smelt: A 


Summary of Contemporary Survey Data. California Fish and Game 97(4):164–189. Available: 


https://www.baydeltalive.com/assets/06942155460a79991fdf1b57f641b1b4/application/pdf


/CFG_097-4_2011-2-DeltaSmelt1.pdf. Accessed: June 10, 2020. 


Mesick, C. 2001. The Effects of San Joaquin River Flows and Delta Export Rates during October on 


the Number of Adult San Joaquin Chinook Salmon that Stray. In R. L. Brown (ed.), Fish Bulletin 


179(2): Contributions to the Biology of Central Valley Salmonids. Sacramento, CA: California 


Department of Fish and Game. 


Michel, C. J. 2019. Decoupling Outmigration from Marine Survival Indicates Outsized Influence of 


Streamflow on Cohort Success for California’s Chinook Salmon Populations. Canadian Journal of 


Fisheries and Aquatic Sciences 76:1398–1410. 


Michel, C. J., A. J. Ammann, E. D. Chapman, P. T. Sandstrom, H. E. Fish, M. J. Thomas, A. P. Klimley, and 


R. B. MacFarlane. 2012. The Effects of Environmental Factors on the Migratory Movement 


Patterns of Sacramento River Yearling Late-Fall Run Chinook Salmon (Oncorhynchus 


tshawytscha). Environmental Biology of Fishes 96:257–271. 


Miller W. J. 2011. Revisiting Assumptions that Underlie Estimates of Proportional Entrainment of 


Delta Smelt by State and Federal Water Diversions from the Sacramento–San Joaquin Delta. San 


Francisco Estuary and Watershed Science 9(1). 


Miller, W. J., B. F. J. Manly, D. D. Murphy, D. Fullerton, and R. R. Ramey. 2012. An Investigation of 


Factors Affecting the Decline of Delta Smelt (Hypomesus transpacificus) in the Sacramento–San 


Joaquin Estuary. Reviews in Fisheries Science 20(1):1–19.  



https://doi/

https://www/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-182 


May 2024 
ICF 103653 


 


Miller, E. A., G. P. Singer, M. L. Peterson, E. D. Chapman, M. E. Johnston, M. J. Thomas, R. D. Battleson, 


M. Gingras, and A. P. Klimley. 2020. Spatio-Temporal Distribution of Green Sturgeon (Acipenser 


medirostris) and White Sturgeon (A. transmontanus) in the San Francisco Estuary and 


Sacramento River, California. Environmental Biology of Fishes 103:577–603. 


Mitchell, L., K. Newman, and R. Baxter. 2017. A Covered Cod End and Tow-Path Evaluation of 


Midwater Trawl Gear Efficiency for Catching Delta Smelt (Hypomesus transpacificus). San 


Francisco Estuary and Watershed Science 15(4). Available: 


https://escholarship.org/uc/item/4wj0979x. Accessed: November 3, 2020. 


Moffett, J. 1949. The First Four Years of King Salmon Maintenance below Shasta Dam, Sacramento 


River, California. California Fish and Game 35(2):77–102.  


Mora, E. A., R. D. Battleson, S. T. Lindley, M. J. Thomas, R. Bellmer, L. J. Zarri, and A. P. Klimley. 2018. 


Estimating the Annual Spawning Run Size and Population Size of the Southern Distinct 


Population Segment of Green Sturgeon. Transactions of the American Fisheries Society 


147(1):195–203. 


Mora, E. A., S. T. Lindley, D. L. Erickson, and A. P. Klimley. 2009. Do Impassable Dams and Flow 


Regulation Constrain the Distribution of Green Sturgeon in the Sacramento River, California. 


Journal of Applied Ichthyology 25(S2):39–47. 


Morrell, S. 1975. San Joaquin Kit Fox Distribution and Abundance in 1975. Administrative Report 75-


3. California Department of Fish and Game. Sacramento, CA. 


Moulton, L. L. 1974. Abundance, Growth, and Spawning of the Longfin Smelt in Lake Washington. 


Transactions of the American Fisheries Society 103(1):46–52. 


Mount, J. F. 1995. California Rivers and Streams: The Conflict between Fluvial Process and Land Use. 


Berkeley, CA: University of California Press. 


Mount, J., W. Fleenor, B. Gray, B. Herbold, and W. Kimmerer. 2013. Panel Review of the Draft Bay-


Delta Conservation Plan. Prepared for the Nature Conservancy and American Rivers. September. 


Saracino & Mount LLC. Sacramento, CA. 


Moyle, P. B. 1973. Effects of Introduced Bullfrogs, Rana catesbeiana, on the Native Frogs of the San 


Joaquin Valley, California. Copeia (1):18‒22. 


Moyle, P. B. 1976. Inland Fishes of California. Berkeley, CA: University of California Press. 


Moyle, P. B. 2002. Inland Fishes of California. Revised and expanded. Berkeley, CA: University of 


California Press.  


Moyle, P. B., and W. A. Bennett. 2008. The Future of the Delta Ecosystem and Its Fish: Technical 


Appendix D. An appendix to Comparing Futures for the Sacramento–San Joaquin Delta. Public 


Policy Institute of California. Available: https://www.waterboards.ca.gov/waterrights/ 


water_issues/programs/bay_delta/docs/cmnt081712/sldmwa/moyleandbennett2008.pdf. 


Accessed: November 24, 2020.  


Moyle, P. B., L. R. Brown and J. R. Durand. 2016. Delta Smelt: Life History and Decline of a Once 


Abundant Species in the San Francisco Estuary. San Francisco Estuary and Watershed Science 


14(2). Available: http://escholarship.org/uc/item/09k9f76s. Accessed: November 3, 2020. 



https://escholarship/

https://www/

http://escholarship/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-183 


May 2024 
ICF 103653 


 


Moyle, P. B., B. Herbold, D. E. Stevens, and L. W. Miller. 1992. Life History and Status of Delta Smelt in 


the Sacramento–San Joaquin Estuary, California. Transactions of the American Fisheries Society 


121(1):67–77. 


Moyle, P. B., J. A. Hobbs, and J. R. Durand. 2018. Delta Smelt and water politics in California. Fisheries 


43(1):42-50. 


Moyle, P. B., R. M. Quiñones, J. V. Katz, and J. Weaver. 2015. Fish Species of Special Concern in 


California. Sacramento: California Department of Fish and Wildlife. Available: 


https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=104282&inline. Accessed: June 12, 2020. 


Mueller-Solger, A., C. Hall, A. Jassby, and C. Goldman. 2006. Food Resources for Zooplankton in the 


Sacramento–San Joaquin River Delta. Final Report. May 2006. CALFED Project ERP-01-


N50/CALFED 2001-K221. 


Murphy, D. D., and S. A. Hamilton. 2013. Eastern Migration or Marshward Dispersal: Exercising 


Survey Data to Elicit an Understanding of Seasonal Movement of Delta Smelt. San Francisco 


Estuary and Watershed Science 11(3). Available: https://escholarship.org/uc/item/4jf862qz. 


Accessed: November 3, 2020. 


Murphy, D. D., and P. S. Weiland. 2019. The Low-Salinity Zone in the San Francisco Estuary as a 


Proxy for Delta Smelt Habitat: A Case Study in the Misuse of Surrogates in Conservation 


Planning. Ecological Indicators 105:29–35.  


Myers, J. M., R. G. Kope, G. J. Bryant, D. Teel, L. J. Lierheimer, T. C. Wainwright, W. S. Grant, F. W. 


Waknitz, K. Neely, S. T. Lindley, and R. S. Waples. 1998. Status Review of Chinook Salmon from 


Washington, Idaho, Oregon, and California. U.S. Department of Commerce. NOAA Technical 


Memorandum. NMFS-NWFSC-35. 


Myrick, C. A., and J. J. Cech. 2004. Temperature Effects on Juvenile Anadromous Salmonids in 


California’s Central Valley: What Don’t We Know? Reviews in Fish Biology and Fisheries 


14(1):113–123. 


Nafis, G. 2020. Rana draytonii—California Red-Legged Frog. In California Herps—A Guide to the 


Amphibians and Reptiles of California. Available: http://www.californiaherps.com. Accessed: 


May 21, 2021, September 24, 2023.  


Naiman, R. J., and H. Décamps. 1997. The Ecology of Interfaces: Riparian Zones. Annual Review of 


Ecology and Systematics 28:621–658. 


Naiman, R. J., H. Décamps, and M. Pollock. 1993. The Role of Riparian Corridors in Maintaining 


Regional Biodiversity. Ecological Applications 3:209–212. 


National Marine Fisheries Service. 2005. Green Sturgeon (Acipenser medirostris) Status Review 


Update, February 2005. Biological review team, Santa Cruz Laboratory, Southwest Fisheries 


Science Center. 


National Marine Fisheries Service. 2008. Recovery Plan for Southern Resident Killer Whales (Orcinus 


orca). National Marine Fisheries Service, Northwest Region, Seattle, WA. 


National Marine Fisheries Service. 2009. Biological Opinion and Conference Opinion on the Long-


Term Operations of the Central Valley Project and State Water Project. National Oceanic and 



https://nrm/

https://escholarship/

http://www/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-184 


May 2024 
ICF 103653 


 


Atmospheric Administration, National Marine Fisheries Service, Southwest Region, Long Beach, 


CA. 


National Marine Fisheries Service. 2014. Recovery Plan for the Evolutionarily Significant Units of 


Sacramento River Winter-Run Chinook Salmon and Central Valley Spring-Run Chinook Salmon and 


the Distinct Population Segment of California Central Valley Steelhead. July 2014. California 


Central Valley Area Office, Sacramento, CA. 


National Marine Fisheries Service. 2016a. 5-Year Review: Summary and Evaluation of Sacramento 


River Winter-Run Chinook Salmon ESU. National Marine Fisheries Service, West Coast Region. 


Sacramento, CA. 


National Marine Fisheries Service. 2016b. 5-Year Review: Summary and Evaluation of Central Valley 


Spring-Run Chinook Salmon. National Marine Fisheries Service, West Coast Region. Sacramento, 


CA. 


National Marine Fisheries Service. 2016c. Endangered Species Act Section 7(a)(2) Biological 


Opinion, and Magnuson-Stevens Fishery Conservation and Management Act Essential Fish 


Habitat Response and Fish and Wildlife Coordination Act Recommendations for Relicensing the 


Oroville Facilities Hydroelectric Project, Butte County California (FERC Project No. 2100-134). 


December 5. Sacramento, CA: National Marine Fisheries Service, West Coast Region. 


National Marine Fisheries Service. 2018. Recovery Plan for the Southern Distinct Population Segment 


of North American Green Sturgeon (Acipenser medirostris). August. National Marine Fisheries 


Service, Sacramento, CA.  


National Marine Fisheries Service. 2019. Biological Opinion on Long-Term Operation of the Central 


Valley Project and the State Water Project. WCRO-2016-00069. October. West Coast Region, 


Sacramento, CA.  


National Marine Fisheries Service. 2022. Technical Memorandum to Account for Reintroduced San 


Joaquin River Spring-Run Chinook Salmon per CFR 233.301(b)(5)(ii): 7. January 15. Sacramento, 


CA: National Marine Fisheries Service, West Coast Region. 


National Marine Fisheries Service and Washington Department of Fish and Wildlife. 2018. Southern 


Resident Killer Whale Priority Chinook Stocks Report. June 22.  


National Marine Fisheries Service Southwest Fisheries Science Center. 2021. Water Year 2021 


Winter-Run Chinook Temperature-Dependent Mortality Estimate. October 24. 


National Oceanic and Atmospheric Administration Fisheries. 2020a. Researchers Probe Deaths of 


Central Valley Chinook, with Possible Ties to Ocean Changes. Last updated by West Coast Regional 


Office on 12/1/2020. Available: https://www.fisheries.noaa.gov/feature-story/researchers-


probe-deaths-central-valley-chinook-possible-ties-ocean-changes Accessed: January 25, 2021. 


National Oceanic and Atmospheric Administration Fisheries. 2020b. San Joaquin River Restoration 


Program. Last updated by West Coast Regional Office on 01/15/2020. Available: 


https://www.fisheries.noaa.gov/west-coast/habitat-conservation/san-joaquin-river-


restoration#san-joaquin-river-spring-run-chinook-salmon-reintroduction. Accessed: May 12, 


2020. 


National Oceanic and Atmospheric Administration Fisheries. 2023. Survival of Endangered 


California Winter-Run Chinook Salmon in 2022. Last updated by West Coast Regional Office on 



https://www/

https://www/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-185 


May 2024 
ICF 103653 


 


02/06/2023. Available: https://www.fisheries.noaa.gov/west-coast/climate/survival-


endangered-california-winter-run-chinook-salmon-2022. Accessed: February 13, 2024.  


Natural Resources Conservation Service. 2020. Soil Survey Geographic (SSURGO) Database for 


Alameda, Contra Costa, Sacramento, San Joaquin, and Yolo Counties, California. Available: 


http://soildatamart.nrcs.usda.gov. Accessed: June 2, 2020. 


Newcomb, J., and L. Pierce. 2010. Low Dissolved Oxygen Levels in the Stockton Deep Water Shipping 


Channel: Adverse Effects on Salmon and Steelhead and Potential Beneficial Effects of Raising 


Dissolved Oxygen Levels with the Aeration Facility. Fish Passage Improvement Program, 


FloodSAFE Environmental Stewardship and Statewide Resources Office, Department of Water 


Resources.  


Newman, K. B., and P. L. Brandes. 2010. Hierarchical Modeling of Juvenile Chinook Salmon Survival 


as a Function of Sacramento–San Joaquin Delta Water Exports. North American Journal of 


Fisheries Management 30(1):157–169. 


Newman, K. B., and J. Rice. 2002. Modeling the Survival of Chinook Salmon Smolts Outmigrating 


Through the Lower Sacramento River System. Journal of the American Statistical Association 


97(460):983–993. 


Nielsen, J. L., S. A. Pavey, T. Wiacek, and I. Williams. 2005. Genetics of Central Valley O. mykiss 


populations: Drainage and Watershed Scale Analysis. San Francisco Estuary and Watershed 


Science 3(2). Available: https://escholarship.org/uc/item/6sc3905g. Accessed: November 3, 


2020. 


Nobriga, M. L. 2002. Larval Delta Smelt Diet Composition and Feeding Incidence: Environmental and 


Ontogenetic Influences. California Fish and Game 88(4):149–164. 


Nobriga, M. L., and P. Cadrett. 2001. Differences Among Hatchery and Wild Steelhead: Evidence from 


Delta Fish Monitoring Programs. IEP Newsletter 14(3):30–38.  


Nobriga, M. L., and F. Feyrer. 2007. Shallow-Water Piscivore-Prey Dynamics in California’s 


Sacramento–San Joaquin Delta. San Francisco Estuary and Watershed Science 5(2). Available: 


http://escholarship.org/uc/item/387603c0. Accessed: November 3, 2020. 


Nobriga, M. L., and F. Feyrer. 2008. Diet composition in San Francisco Estuary striped bass: does 


trophic adaptability have its limits? Environmental Biology of Fishes 83(4):495–503. 


Nobriga, M. L., and J. A. Rosenfield. 2016. Population Dynamics of an Estuarine Forage Fish: 


Disaggregating Forces Driving Long-Term Decline of Longfin Smelt in California’s San Francisco 


Estuary. Transactions of the American Fisheries Society 145(1):44–58. 


Nobriga, M. L., and W. E. Smith. 2020. Did a Shifting Ecological Baseline Mask the Predatory Effect of 


Striped Bass on Delta Smelt? San Francisco Estuary and Watershed Science 18(1). Available: 


https://escholarship.org/uc/item/46f3j55m. Accessed: November 3, 2020. 


Nobriga M. L., F. Feyrer, R. D. Baxter, and M. Chotkowski. 2005. Fish Community Ecology in an 


Altered River Delta: Spatial Patterns in Species Composition, Life History Strategies, and 


Biomass. Estuaries 28(5):776–785.  



https://www/

http://soildatamart/

https://escholarship/

http://escholarship/

https://escholarship/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-186 


May 2024 
ICF 103653 


 


Nobriga, M. L., E. Loboschefsky, and F. Feyrer. 2013. Common Predator, Rare Prey: Exploring 


Juvenile Striped Bass Predation on Delta Smelt in California’s San Francisco 


Estuary. Transactions of the American Fisheries Society 142(6):1563–1575. 


Nobriga, M. L., T. R. Sommer, F. Feyrer, and K. Fleming. 2008. Long-Term Trends in Summertime 


Habitat Suitability for Delta Smelt. San Francisco Estuary and Watershed Science 6(1). Available: 


http://escholarship.org/uc/item/5xd3q8tx. Accessed: November 3, 2020. 


Notch, J. J., A. S. McHuron, C. J. Michel, F. Cordoleani, M. Johnson, M. J. Henderson, and A. J. Ammann. 


2020. Outmigration Survival of Wild Chinook Salmon Smolts through the Sacramento River 


during Historic Drought and High Water Conditions. Environmental Biology of Fishes 103:561–


576. Available: https://doi.org/10.1007/s10641-020-00952-1.  


O’Farrell, T. P., and P. M. McCue. 1981. Inventory of San Joaquin Kit Fox on USBLM Lands in the 


Western San Joaquin Valley—Final Report. Rep. No. EGG 1183-2416. Goleta, CA: EG&G Energy 


Measurements.  


O’Farrell, T. P., T. T. Kato, P. M. McCue, and M. L. Sauls. 1980. Inventory of San Joaquin Kit Fox on 


USBLM Lands in Southern and Southwestern San Joaquin Valley—Final Report. Rep. No. EGG 


1183-2400. Goleta, CA: EG&G Energy Measurements. 


Orloff, S.G. 2007. Migratory Movements of California Tiger Salamander in Upland Habitat—A Five-


Year Study. Pittsburg, CA. Prepared for Bailey Estates LLC. 


Orloff, S. G., F. Hall, and L. Spiegel. 1986. Distribution and Habitat Requirements of the San Joaquin 


Kit Fox in the Northern Extreme of Their Range. Transactions of the Western Section of the 


Wildlife Society 22:60–70. 


Orsi, J., and W. L. Mecum. 1986. Zooplankton Distribution and Abundance in the Sacramento–San 


Joaquin Delta in Relation to Certain Environmental Factors. Estuaries 9(4B):326–339. 


Pacific States Marine Fisheries Commission 2014. Juvenile Salmonid Emigration Monitoring in the 


Lower American River, California January–June 2013. Unpublished Report prepared for the U.S. 


Fish and Wildlife Service and California Department of Fish and Wildlife, Sacramento, CA.  


Palmer-Zwahlen, M., V. Gusman, and B. Kormos. 2018. Recovery of Coded-Wire Tags from Chinook 


Salmon in California’s Central Valley Escapement, Inland Harvest, and Ocean Harvest in 2013. Joint 


Pacific States Marine Fisheries Commission and California Department of Fish and Wildlife 


Report. October 2018. 


Palmer-Zwahlen, M., and B. Kormos. 2013. Recovery of Coded-Wire Tags from Chinook Salmon in 


California’s Central Valley Escapement and Ocean Harvest in 2011. Fisheries Branch 


Administrative Report 2013-02. December. California Department of Fish and Wildlife, Santa 


Rosa, CA. 


Parametrix Inc. and Southern Sierra Research Station. 2015. Yellow-billed Cuckoo Surveys and 


Population Monitoring on the Lower Colorado River and Tributaries, 2014. Annual Report 


submitted to the Bureau of Reclamation, Boulder City, Nevada. Prepared by S. E. McNeil and D. 


Tracy, Southern Sierra Research Station, Weldon, California and Parametrix Inc., Albuquerque, 


New Mexico. February 2015. 


Parker, C., J. Hobbs, M. Bisson, and A. Barros. 2017. Do Longfin Smelt Spawn in San Francisco Bay 


Tributaries? IEP Newsletter 30(1):29–36. 



http://escholarship/

https://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-187 


May 2024 
ICF 103653 


 


Patton, R. 2002. California Least Tern Breeding Survey, 2000 Season. Species Conservation and 


Recovery Program Report, 2002-03. Final Report to State of California, The Resources Agency, 


Department of Fish and Game. October 21. 


Perry, R. W., P. L. Brandes, J. R. Burau, A. P. Klimley, B. MacFarlane, C. J. Michel, and J. R. Skalski. 2013. 


Sensitivity of Survival to Migration Routes Used by Juvenile Chinook Salmon to Negotiate the 


Sacramento–San Joaquin River Delta. Environmental Biology of Fishes 96:381–392. 


Perry, R. W., P. L. Brandes, P. T. Sandstrom, A. P. Klimley, A. Ammann, and B. MacFarlane. 2010. 


Estimating Survival and Migration Route Probabilities of Juvenile Chinook Salmon in the 


Sacramento–San Joaquin River Delta. North American Journal of Fisheries Management 


30(1):142–156. 


Perry, R. W., A. C. Pope, J. G. Romine, P. L. Brandes, J. R. Burau, A. R. Blake, A. J. Ammann, C. J. Michel. 


2018. Flow-Mediated Effects on Travel Time, Routing, and Survival of Juvenile Chinook Salmon 


in a Spatially Complex, Tidally Forced River Delta. Canadian Journal of Fisheries and Aquatic 


Sciences 75(11):1886–1901. 


Perry, R. W., J. G. Romine, S. J. Brewer, P. E. LaCivita, W. N. Brostoff, and E. D. Chapman. 2012. Survival 


and Migration Route Probabilities of Juvenile Chinook Salmon in the Sacramento–San Joaquin 


River Delta During the Winter of 2009–10. U.S. Geological Survey Open-File Report 2012-1200. 


Peterson, J. T., and M. F. Barajas. 2018. An Evaluation of Three Fish Surveys in the San Francisco 


Estuary, 1995–2015. San Francisco Estuary and Watershed Science 16(4). 


Petersen, J. H., and J. F. Kitchell. 2001. Climate Regimes and Water Temperature Changes in the 


Columbia River: Bioenergetic Implications for Predators of Juvenile Salmon. Canadian Journal of 


Fisheries and Aquatic Sciences 58(9):1831–1841. 


Peterson, M. L., A. N. Fuller, and D. Demko. 2017. Environmental Factors Associated with the 


Upstream Migration of Fall-Run Chinook Salmon in a Regulated River. North American Journal of 


Fisheries Management 37(1):78–93. 


Phillis, C. C., A. M. Sturrock, R. C. Johnson, P. K. Weber. 2018. Endangered Winter-Run Chinook 


Salmon Rely on Diverse Rearing Habitats in a Highly Altered Landscape. January. Biological 


Conservation 217:358–362. 


Pickard, A., A. Grover, and F. Hall. 1982. An Evaluation of Predator Composition at Three Locations on 


the Sacramento River. Technical Report No. 2. Interagency Ecological Study Program for the 


Sacramento–San Joaquin Estuary. 


Pierce, D. W., and D. Gaushell. 2005. The California Delta Breeze: Characteristics and Sub-daily 


Forecasting. Abstract from the Sixth Conference on Coastal Atmospheric and Oceanic Prediction 


and Processes, San Diego, CA. 


Pinnix, W. D., T. A. Shaw, and N. J. Hetrick. 2004. Fish Communities in Eelgrass, Oyster Culture, and 


Mud Flat Habitat of North Humboldt Bay, California Progress Report. U.S. Fish and Wildlife 


Service. Arcata Fisheries Technical Report Number AFWO-F-07-04.  


Plumb, J., A. Hansen, N. Adams, S. Evans, and J. Hannon. 2019. Movement and Apparent Survival of 


Acoustically Tagged Juvenile Late-Fall Run Chinook Salmon Released Upstream of Shasta 


Reservoir, California. San Francisco Estuary and Watershed Science 17(3). 







CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-188 


May 2024 
ICF 103653 


 


Polansky, L., L. Mitchell, and K. B. Newman. 2019. Using Multistage Design-Based Methods to 


Construct Abundance Indices and Uncertainty Measures for Delta Smelt. Transactions of the 


American Fisheries Society 148(4):710–724. 


Polansky, L., K. B. Newman, and L. Mitchell. 2021. Improving Inference for Nonlinear State-Space 


Models of Animal Population Dynamics Given Biased Sequential Life Stage Data. Biometrics 


77(1):352–361. 


Polansky, L., K. B. Newman, M. L. Nobriga, and L. Mitchell. 2018. Spatiotemporal Models of an 


Estuarine Fish Species to Identify Patterns and Factors Impacting Their Distribution and 


Abundance. Estuaries and Coasts 41(2):572–581. 


Polansky L., K. B. Newman, and L. Mitchell. 2021. Improving Inference for Nonlinear State-Space 


Models of Animal Population Dynamics Given Biased Sequential Life Stage Data [published 


online ahead of print, 2020 Apr 3]. Biometrics 77(1):352–361. doi:10.1111/biom.13267.  


Pope, A. C., R. W. Perry, D. J. Hance, and H. C. Hansel. 2018. Survival, Travel Time, and Utilization of 


Yolo Bypass, California, by Outmigrating Acoustic-Tagged Late-Fall Chinook Salmon. U.S. 


Geological Survey Open-File Report 2018-1118. Reston, VA. 


Poytress, W. R., J. J. Gruber, C. E. Praetorius, and J. P. Van Eenennaam. 2013. 2012 Upper Sacramento 


River Green Sturgeon Spawning Habitat and Young-of-the-Year Migration Surveys. Annual Report 


of U.S. Fish and Wildlife Service to U.S. Bureau of Reclamation. Red Bluff, CA. 


Provins, S. S., and C. D. Chamberlain. 2019. Distribution and Abundance of Rainbow Trout/Steelhead 


and Late-Fall Run Chinook Salmon Redds in Clear Creek, Winter 2011 to Spring 2012. U.S. Fish and 


Wildlife Service, Red Bluff Fish and Wildlife Office, Red Bluff, CA. 


Purkey, D. R., B. Joyce, S. Vicuna, M. W. Hanemann, L. L. Dale, D. Yates, and J. A. Dracup. 2008. Robust 


Analysis of Future Climate Change Impacts on Water for Agriculture and Other Sectors: A Case 


Study in the Sacramento Valley. Climatic Change 87(1):109–122.  


Reeder, J. R. 2012. Neostapfia colusana. In Jepson Flora Project (eds.), Jepson eFlora. Available: 


https://ucjeps.berkeley.edu/eflora/eflora_display.php?tid=34576. Accessed: October 9, 2023. 


Resource Management Associates. 2023. Larval Longfin Smelt Entrainment Analysis. Prepared for the 


California Department of Water Resources. Draft. June 6. 


Rigney, M., and S. Granholm. 2005. Least Tern. Species Account B234. California Wildlife Habitat 


Relationships System, California Department of Fish and Game, Sacramento, CA. 


Riparian Habitat Joint Venture. 2004. The Riparian Bird Conservation Plan: A Strategy for Reversing 


the Decline of Riparian-associated Birds in California. Version 2.0. California Partners in Flight. 


Available: http://www.prbo.org/calpif/pdfs/riparian_v-2.pdf. 


Rhodin, A. G. J., J. B. Iverson, R. Bour, U. Fritz, A. Georges, B. Shaffer, and P. O. van Dijk. 2017. Turtles 


of the World. Annotated Checklist and Atlas of Taxonomy, Synonymy, Distribution, and 


Conservation Status (8th Ed.). Turtle Taxonomy Working Group. Chelonian Research 


Monographs, Number 7. New York, NY. 


Roos, M. 2006. Flood Management Practice in Northern California. Irrigation and Drainage 55:S93–


S99. 



https://ucjeps.berkeley.edu/eflora/eflora_display.php?tid=34576





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-189 


May 2024 
ICF 103653 


 


Root, S. T., Z. Sutphin, and T. Burgess. 2020. Green Sturgeon (Acipenser medirostris) in the San 


Joaquin River, California: New Record. California Fish and Wildlife 106(4):268–270. 


Rose, K. A., W. J. Kimmerer, K. P. Edwards and W. A. Bennett. 2013a. Individual-Based Modeling of 


Delta Smelt Population Dynamics in the Upper San Francisco Estuary: I. Model Description and 


Baseline Results. Transactions of the American Fisheries Society 142(5):1238–1259.  


Rose, K. A., W. J. Kimmerer, K. P. Edwards and W. A. Bennett. 2013b. Individual-Based Modeling of 


Delta Smelt Population Dynamics in the Upper San Francisco Estuary: II. Alternative Baselines 


and Good versus Bad Years. Transactions of the American Fisheries Society 142(5):1260–1272.  


Rosenfield, J. A. 2010. Life History Conceptual Model and Sub-Models for Longfin Smelt, San Francisco 


Estuary Population for the Delta Regional Ecosystem Restoration Implementation Plan. May. 


Sacramento, CA.  


Rosenfield, J. A., and R. D. Baxter. 2007. Population Dynamics and Distribution Patterns of Longfin 


Smelt in the San Francisco Estuary. Transactions of the American Fisheries Society 136(6):1577–


1592.  


Sabal, M. C., E. L. Hazen, S. J. Bograd, R. B. MacFarlane, I. D. Schroeder, S. A. Hayes, J. A. Harding, K. L. 


Scales, P. I. Miller, and A. J. Ammann. 2020. California Current Seascape Influences Juvenile 


Salmon Foraging Ecology at Multiple Scales. Marine Ecology Progress Series 634:159–173. 


Saglam, I. K., J. A. Hobbs, R. Baxter, L. S. Lewis, A. Benjamin, and A. J. Finger. 2021. Genome-wide 


Analysis Reveals Regional Patterns of Drift, Structure, and Gene Flow in Longfin Smelt 


(Spirinchus thaleichthys) in the Northeastern Pacific. Canadian Journal of Fisheries and Aquatic 


Sciences. https://doi.org/10.1139/cjfas-2021-0005. Accessed: September 24, 2023. 


Salata, L. 1983. Status of the Least Bell’s Vireo on Camp Pendleton, California: Report on Research 


Done in 1983. Unpublished report. Laguna Niguel, CA: U.S. Fish and Wildlife Service. 


Salmonid Scoping Team. 2017. Effects of Water Project Operations on Juvenile Salmonid Migration 


and Survival in the South Delta. Volume 1: Findings and Recommendations. Prepared for 


Collaborative Adaptive Management Team. January. 


San Francisco Estuary Institute. 2010. East Contra Costa Historical Ecology Study. Final. Oakland, CA: 


Contra Costa County and the Contra Costa County Watershed Forum. 


San Francisco Estuary Institute. 2014. A Delta Transformed: Ecological Functions, Spatial Metrics, and 


Landscape Change in the Sacramento–San Joaquin Delta. Prepared for the California Department 


of Fish and Wildlife and Ecosystem Restoration Program. A Report of SFEI-ASC’s Resilient 


Landscapes Program, Publication #729, San Francisco Estuary Institute-Aquatic Science Center, 


Richmond, CA. 


San Joaquin River Group Authority. 2010. 2009 Annual Technical Report on Implementation and 


Monitoring of the San Joaquin River Agreement and the Vernalis Adaptive Management Plan 


(VAMP). 


San Joaquin River Group Authority. 2011. 2010 Annual Technical Report on Implementation and 


Monitoring of the San Joaquin River Agreement and the Vernalis Adaptive Management Plan 


(VAMP). Prepared for the California Water Resources Control Board in compliance with D-1641. 


San Joaquin River Group Authority. 



https://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-190 


May 2024 
ICF 103653 


 


San Joaquin River Group Authority. 2013. 2011 Annual Technical Report on Implementation and 


Monitoring of the San Joaquin River Agreement and the Vernalis Adaptive Management Plan. 


Prepared for the California Water Resource Control Board in compliance with D-1641. February. 


San Joaquin River Group Authority. 


San Joaquin River Restoration Program. 2018. Fisheries Framework: Spring-run and Fall-run Chinook 


Salmon. July. 


Satterthwaite, W. H., F. Cordoleani, M. R. O’Farrell. 2018. Central Valley Spring-Run Chinook Salmon 


and Ocean Fisheries: Data Availability and Management Possibilities. San Francisco Estuary and 


Watershed Science 16(1). Available: https://escholarship.org/uc/item/1258q4ms. Accessed: 


November 3, 2020. 


Schraml, C. M., J. T. Earley, and C. D. Chamberlain. 2018. Brood Year 2011 Juvenile Salmonid 


Monitoring in Clear Creek, California. USFWS Report. U.S. Fish and Wildlife Service, Red Bluff Fish 


and Wildlife Office, Red Bluff, CA. 


Schreier, B. M., M. R. Baerwald, J. L. Conrad, G. Schumer, and B. May. 2016. Examination of Predation 


on Early Life Stage Delta Smelt in the San Francisco Estuary Using DNA Diet Analysis. 


Transactions of the American Fisheries Society 145(4):723–733. 


Schultz, A.A., L. Grimaldo, J. Hassrick, A. Kalmbach, A. Smith, O. Burgess, D. Barnard, and J. Brandon. 


2019. Effect of Isohaline (X2) and Region on Delta Smelt Habitat, Prey and Distribution During the 


Summer and Fall: Insights into Managed Flow Actions in a Highly Modified Estuary. In A. A. Schultz 


(ed.), Directed Outflow Project: Technical Report 1. November. U.S. Bureau of Reclamation, Bay-


Delta Office, Mid-Pacific Region, Sacramento, CA.  


Sechrist, J. D., E. H. Paxton, D. D. Ahlers, R. H. Doster, and V. M. Ryan. 2012. One Year of Migration 


Data for a Western Yellow-Billed Cuckoo. Western Birds 43(1):2-11.  


Sedgwick, J. A., and F. L. Knopf. 1987. Breeding Bird Response to Cattle Grazing of a Cottonwood 


Bottomland. Journal of Wildlife Management 51:230–237. 


Seesholtz, A., B. J. Cavallo, J. Kindopp, and R. Kurth. 2004. Juvenile Fishes of the Lower Feather River: 


Distribution, Emigration Patterns, and Associations with Environmental Variables. In F. Feyrer, 


L. R. Brown, R. L. Brown, and J. J. Orsi (eds.), Early Life History of Fishes in the San Francisco 


Estuary and Watershed: American Fisheries Society Symposium 39. Bethesda, MD: American 


Fisheries Society. 


Seesholtz, A. M., M. J. Manuel, and J. P. Van Eenennaam. 2015. First Documented Spawning and 


Associated Habitat Conditions for Green Sturgeon in the Feather River, California. Environmental 


Biology of Fishes 98(3):905–912. 


Shaffer, H. B., and P. C. Trenham. 2005. Amphibian Upland Habitat Use and Its Consequences for 


Population Viability. Ecological Applications 15(4):1158–1168. 


Sharp, B. L., and B. E. Kus. 2006. Factors Influencing the Incidence of Cowbird Parasitism of Least 


Bell’s Vireos. The Journal of Wildlife Management 70:682–690. 


Singer, M. B., and R. Aalto. 2009. Floodplain Development in an Engineered Setting. Earth Science 


Process and Landforms 34:291–304. 



https://escholarship/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-191 


May 2024 
ICF 103653 


 


Singer, M. B., R. Aalto, and L. A. James. 2008. Status of the Lower Sacramento Valley Flood-Control 


System within the Context of Its Natural Geomorphic Setting. Natural Hazards Review 9:104–


115. 


Slater, S. B. 2008. Feeding Habits of Longfin Smelt in the Upper San Francisco Estuary. Poster 


Session, 2008 CALFED Science Conference, October 22–24, Sacramento, CA.  


Slater, S. B., and R. D. Baxter. 2014. Diet, Prey Selection, and Body Condition of Age-0 Delta Smelt, in 


the Upper San Francisco Estuary. San Francisco Estuary Watershed Science 12(3). Available: 


https://doi.org/10.15447/sfews.2014v12iss3art1. 


Slater, S. B., A. Schultz, B. G. Hammock, A. Hennessy, and C. Burdi. 2019. Chapter 1: Patterns of 


Zooplankton Consumption by Juvenile and Adult Delta Smelt (Hypomesus transpacificus). In A. A. 


Schultz (ed.), Directed Outflow Project: Technical Report 1. U.S. Bureau of Reclamation, Bay-Delta 


Office, Mid-Pacific Region, Sacramento, CA. November. 


Smith, F. 1977. A Short Review of the Status of Riparian Forests in California. In Riparian Forests in 


California: Their Ecology and Conservation, edited by A. Sands. Pages 1–2. Berkeley, CA: 


University of California Regents. 


Smith, S. G., W. D. Muir, and J. G. Williams. 2002. Factors Associated with Travel Time and Survival of 


Migrant Yearling Chinook Salmon and Steelhead in the Lower Snake River. North American 


Journal of Fisheries Management 22(2):385–405. 


Smith, W. E. 2019. Integration of Transport, Survival, and Sampling Efficiency in a Model of South 


Delta Entrainment. San Francisco Estuary and Watershed Science 17(4). Available: 


https://escholarship.org/uc/item/893826f3. Accessed: November 3, 2020. 


Smith, W. E., K. B. Newman, and L. Mitchell. 2020. A Bayesian Hierarchical Model of Postlarval Delta 


Smelt Entrainment: Integrating Transport, Length Composition, and Sampling Efficiency in 


Estimates of Loss. Canadian Journal of Fisheries and Aquatic Sciences 77:789–813.  


Snider, B. R., and R. G. Titus, 2000. Timing, Composition, and Abundance of Juvenile Anadromous 


Salmonid Emigration in the Sacramento River Near Knights Landing. October 1997-September 


1998. December. California Department of Fish and Game, Habitat Conservation Division, Native 


Anadromous Fish and Watershed Branch, Stream Evaluation Program.  


Snider, B. R., and R. G. Titus. 1995. Lower American River Emigration Survey November 1993–July 


1994. California Department of Fish Game, Environmental Services Division, unpublished report. 


Snider, B. R., and R. G. Titus. 2002. Lower American River Emigration Survey October 1998–September 


1999. California Department of Fish and Game, Habitat Conservation Division, Stream Evaluation 


Program. 


Solomeshch, A. I., M. G. Barbour, and R. F. Holland. 2007. Vernal Pools. In M. G. Barbour, T. Keeler-


Wolf, and A. S. Schoenherr (eds.), Terrestrial Vegetation of California, Third edition. Berkeley, CA: 


University of California Pres.  


Sommer, T. 2007. The Decline of Pelagic Fishes in the San Francisco Estuary: An Update. Presented to 


the California State Water Resources Control Board, Sacramento, CA, March 22, 2007. Available: 


https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/pelagic_orga


nism/docs/dwr_032207sommer.pdf. Accessed: March 16, 2022. 



https://doi/

https://escholarship/

https://www/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-192 


May 2024 
ICF 103653 


 


Sommer, T., C. Armor, R. Baxter, R. Breuer, L. Brown, M. Chotkowski, S. Culberson, F. Feyrer, M. 


Gingras, B. Herbold, W. Kimmerer, A. Mueller-Solger, M. Nobriga, and K. Souza. 2007. The 


Collapse of Pelagic Fishes in the Upper San Francisco Estuary. Fisheries 32(6):270–277.  


Sommer, T., and F. Mejia. 2013. A Place to Call Home: A Synthesis of Delta Smelt Habitat in the Upper 


San Francisco Estuary. San Francisco Estuary and Watershed Science 11(2). Available: 


https://escholarship.org/uc/item/32c8t244. Accessed: November 3, 2020. 


Sommer, T. C., Mejia, F., Nobriga, M. L., Feyrer, F., and L. Grimaldo. 2011. The Spawning Migration of 


Delta Smelt in the Upper San Francisco Estuary. San Francisco Estuary and Watershed Science, 


9(2). San Francisco Estuary and Watershed Science, John Muir Institute of the Environment, UC 


Davis. Available: http://escholarship.org/uc/item/86m0g5sz. Accessed: January 20, 2022. 


Sommer, T. R., M. L. Nobriga, W. C. Harrell, W. Batham, and W. J. Kimmerer. 2001. Floodplain Rearing 


of Juvenile Chinook Salmon: Evidence of Enhanced Growth and Survival. Canadian Journal of 


Fisheries and Aquatic Sciences 58(2):325–333. 


Sparling, D. W., and G. Fellers. 2009. Toxicity of Two Insecticides to California, USE, Anurans and Its 


Relevance to Declining Amphibian Populations. Environmental Toxicology and Chemistry 


(28):1696–1703. 


Speegle, J., J. Kirsch, and J. Ingram. 2013. Annual Report: Juvenile Fish Monitoring During the 2010 and 


2011 Field Seasons within the San Francisco Estuary, California. January. U.S. Fish and Wildlife 


Service, Stockton Fish and Wildlife Office, Lodi, CA. 


Standley, W. G., W. J. Berry, T. P. O’Farrell, and T. T. Kato. 1992. Mortality of San Joaquin Kit Fox 


(Vulpes macrotis mutica) at Camp Roberts Army National Guard Training Site, California. Report. 


No. EGG 10617-2157. Goleta, CA: EG&G Energy Measurements. 


Stanek, J. R. 2014. Yellow-Billed Cuckoo South Fork Kern River Valley, 2014 Annual Report. Southern 


Sierra Research Station. PO Box 1316, Weldon, CA, 93283. 


Stanislaus River Fish Group. 2003. A Plan to Restore Anadromous Fish Habitat in the Lower Stanislaus 


River. Review Draft. May 31. 


Stanislaus River Fish Group. 2004. A Summary of Fisheries Research in the Lower Stanislaus River. 


Working Draft. March 10. 


Stanley S. E., P. B. Moyle, and H. B. Shaffer. 1995. Allozyme Analysis of Delta Smelt, Hypomesus 


transpacificus, and Longfin Smelt, Spirinchus thaleichthys, in the Sacramento–San Joaquin 


Estuary, California. Copeia 2:390–396. 


State Water Resources Control Board. 2015. Response from U.S. Bureau of Reclamation on New 


Melones Operations. E-mail from Ronald Milligan (Reclamation) to Tom Howard (SWRCB) with 


attachments. April 8. Available: 


http://www.waterboards.ca.gov/waterrights/water_issues/programs/drought/tucp/index.sht


ml. Accessed: January 20, 2022. 


Stebbins, R. C. 2003. A Field Guide to Western Reptiles and Amphibians. 3rd edition. Boston, 


Massachusetts: Houghton Mifflin Company. 


Stebbins R. C., and S. M. McGinnis. 2012. Field Guide to Amphibians and Reptiles of California, revised 


edition. Berkeley, CA: University of California Press. 



https://escholarship/

http://escholarship/

http://www/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-193 


May 2024 
ICF 103653 


 


Steel, A., M. Thomas, and A. Klimley. 2019. Reach Specific Use of Spawning Habitat by Adult Green 


Sturgeon (Acipenser medirostris) under Different Operation Schedules at Red Bluff Diversion 


Dam. Journal of Applied Ichthyology 35(1):22–29. 


Stern, M. A., L. E. Flint, A. L. Flint, N. Knowles, and S. A. Wright. 2020. The Future of Sediment 


Transport and Streamflow Under a Changing Climate and the Implications for Long‐Term 


Resilience of the San Francisco Bay‐Delta. Water Resources Research 56(9). Available: 


https://doi.org/10.1029/2019WR026245. Accessed: September 24, 2023. 


Stevens, D. E. 1966. Distribution and Food Habits of the American Shad, Alosa Sapidissima, in the 


Sacramento–San Joaquin Delta. In J. L. Turner and D. W. Kelley (eds.), Ecological Studies of the 


Sacramento–San Joaquin Delta, Part II: Fishes of the Delta, pp. 97–107. Sacramento, CA: California 


Department of Fish and Game.  


Stewart, A. R., S. N. Luoma, C. E. Schlekat, M. A. Doblin, and K. A Hieb. 2004. Food Web Pathway 


Determines How Selenium Affects Aquatic Ecosystems: A San Francisco Bay Case Study. 


Environmental Science and Technology 38:4519–4526. 


Stompe, D. K., P. B. Moyle, A. Kruger, and J. R. Durand. 2020. Comparing and Integrating Fish Surveys 


in the San Francisco Estuary: Why Diverse Long-Term Monitoring Programs are Important. San 


Francisco Estuary and Watershed Science 18(2). 


Strange, E. 2020. 2020 (January 2020 – December 2020) Technical Memorandum Regarding the 


Accounting of San Joaquin River Spring-run Chinook Salmon at the Central Valley Project and 


State Water Project Sacramento–San Joaquin Delta Fish Collection Facilities. California Central 


Valley Office, West Coast Region, National Marine Fisheries Service. 15 January. 


Strong, A. L., M. M. Mills, I. B. Huang, G. L. van Dijken, S. E. Driscoll, G. Berg, R. M. Kudela, S. G. 


Monismith, C. A. Francis, and K. R. Arrigo. 2021. Response of Lower Sacramento River 


Phytoplankton to High-Ammonium Wastewater Effluent. Elementa: Science of the Anthropocene 


9(1). 


Sturrock, A. M., W. H. Satterthwaite, K. M. Cervantes-Yoshida, E. R. Huber, H. J. W. Sturrock, S. Nusslé, 


and S. M. Carlson. 2019. Eight Decades of Hatchery Salmon Releases in the California Central 


Valley: Factors Influencing Straying and Resilience. Fisheries 44(9):433–444. 


Sturrock, A. M, J. D. Wikert, T. Heyne, C. Mesick, A. E. Hubbard, T. M. Hinkelman, P. K. Weber, G. E. 


Whitman, J. J. Glessner, and R. C. Johnson. 2015. Reconstructing the Migratory Behavior and 


Long-Term Survivorship of Juvenile Chinook Salmon under Contrasting Hydrologic Regimes. 


PloS ONE 10(5):e0122380. Available: https://doi.org/10.1371/journal.pone.0122380. Accessed: 


September 24, 2023. 


Suisun Ecological Workgroup. 2001. Suisun Ecological Workgroup Final Report to the State Water 


Resources Control Board. Sacramento, CA: State Water Resources Control Board. 


Surface Water Resources, Inc. 2001. Aquatic Resources of the Lower American River: Baseline Report. 


Draft Report. Prepared for the Lower American River Fisheries and Instream Habitat (FISH) 


Working Group.  


Swanson, C., T. Reid, P. S. Young, J. J. Cech, Jr. 2000. Comparative Environmental Tolerances of 


Threatened Delta Smelt (Hypomesus transpacificus) and Introduced Wakasagi (H. nipponensis) in 


an Altered California Estuary. Oecologia 123:384–390. 



https://doi/

https://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-194 


May 2024 
ICF 103653 


 


Swanson, C., P. S. Young, and J. J. Cech Jr. 1998. Swimming Performance of Delta Smelt: Maximum 


Performance and Behavioral and Kinematic Limitations of Swimming at Submaximal Velocities. 


Journal of Experimental Biology 201:333–345.  


Sweetnam, D. A. 1999. Status of Delta Smelt in the Sacramento–San Joaquin Estuary. California Fish 


and Game 85(1):22–27. 


Talley, T. S., E. Fleishman, M. Holyoak, D. D. Murphy, and A. Ballard. 2007. Rethinking a Rare Species 


Conservation Strategy in an Urban Landscape: The Case of the Valley Elderberry Longhorn 


Beetle. Biological Conservation 135(1):21–32. 


Talley, T. S., D. Wright, and M. Holyoak. 2006. Assistance with the 5-Year Review of the Valley 


Elderberry Longhorn Beetle (Desmocerus californicus dimorphus). Sacramento, CA: U.S. Fish and 


Wildlife Service. 


Tehama-Colusa Canal Authority. 2008. Fishery Resources, Appendix B. In Fish Passage Improvement 


Project at the Red Bluff Diversion Dam EIS/EIR. Prepared by CH2M Hill, State Clearinghouse No. 


2002-042-075. Willows, CA: Tehama-Colusa Canal Authority. 


Thomas, J. L. 1967. The Diet of Juvenile and Adult Striped Bass, Roccus saxatilis, in the Sacramento–


San Joaquin River System. California Fish and Game 53(1):49–62.  


Thomas, M. J., M. L. Peterson, E. D. Chapman, N. A. Fangue, and A. P. Klimley. 2019. Individual Habitat 


Use and Behavior of Acoustically-Tagged Juvenile Green Sturgeon in the Sacramento–San 


Joaquin Delta. Environmental Biology of Fishes 102:1025–1037. 


Thompson, J. 1957. The Settlement Geography of the Sacramento–San Joaquin Delta, California. PhD 


dissertation. Stanford University, Palo Alto, CA. 


Thompson, J. 1965. Reclamation Sequence in the Sacramento–San Joaquin Delta. California 


Geographer 1965:29–35. 


Thompson, K. 1960. Historic Flooding in the Sacramento Valley. Pacific Historical Review 29:349–


360. 


Thompson, K. 1961. Riparian Forests of the Sacramento Valley, California. Annals of the Association 


of American Geographers 51:294–315. 


Thompson, B. C., J. A. Jackson, J. Burger, L. A. Hill, E. M. Kirsch, and J. L. Atwood. 2020. Least Tern 


(Sternula antillarum), version 1.0. In Birds of the World (A. F. Poole and F. B. Gill, Editors). 


Cornell Lab of Ornithology, Ithaca, NY, USA. https://doi.org/10.2173/bow.leater1.01 


Thomson, J. R., W. J. Kimmerer, L. R. Brown, K. B. Newman, R. Mac Nally, W. A. Bennett, F. Feyrer, and 


E. Fleishman. 2010. Bayesian Change Point Analysis of Abundance Trends for Pelagic Fishes in 


the Upper San Francisco Estuary. Ecological Applications 20(5):1431–1448. 


Thomson, R. C., A. N. Wright, and H. B. Shaffer. 2016. California Amphibian and Reptile Species of 


Special Concern. Oakland, California: University of California Press. 


Tobias, V. 2021. Simulated Fishing to Untangle Catchability and Availability in Fish Abundance 


Monitoring. Preprints 2020, 2020020177. Available: 


https://doi.org/10.20944/preprints202002.0177.v2. Accessed: January 22, 2021. 



https://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-195 


May 2024 
ICF 103653 


 


Trenham, P. C. 2001. Terrestrial Habitat Use by Adult California Tiger Salamanders. Journal of 


Herpetology 35:343–346. 


Tsai, Y.-J., S. N. Chase, E. W. Carson, L. Zweig, and T.-C. Hung. 2021a. Characterization of Spawning 


Behavior in Cultured Delta Smelt (Hypomesus transpacificus). North American Journal of 


Aquaculture 83 (2):51–57.  


Tsai, Y.-J. J., S. N. Chase, E. W. Carson, L. Zweig, and T.-C. Hung. 2021b. Delta Smelt (Hypomesus 


transpacificus) Exhibit Wide Variation in Spawning Behavior: An Investigation of Substrate 


Type, Diel Timing, and Participants. Estuaries and Coasts. Available: 


https://doi.org/10.1007/s12237-021-01030-0. Accessed: September 25, 2023. 


Twitty, V. C. 1941. Data on the Life History of Ambystoma tigrinum californiense Gray. Copeia 


1941:1–4. 


U.S. Fish and Wildlife Service. 1984. Valley Elderberry Longhorn Beetle Recovery Plan. Portland, OR.  


U.S. Fish and Wildlife Service. 1985. Revised California Least Tern Recovery Plan. Portland, OR. 


U.S. Fish and Wildlife Service. 1998. Recovery Plan for Upland Species of the San Joaquin Valley, 


California. Region 1, Portland, OR. 


U.S. Fish and Wildlife Service. 2001. Abundance and Survival of Juvenile Chinook Salmon in the 


Sacramento–San Joaquin Estuary: 1997 and 1998. Annual Progress Reports Sacramento–San 


Joaquin Estuary.  


U.S. Fish and Wildlife Service. 2002. Recovery Plan for the California Red-Legged Frog (Rana aurora 


draytonii). Portland, OR. 


U.S. Fish and Wildlife Service. 2003. Interim Guidance on Site Assessment and Field Surveys for 


Determining Presence or a Negative Finding of the California Tiger Salamander. October. 


U.S. Fish and Wildlife Service. 2005. Recovery Plan for Vernal Pool Ecosystems of California and 


Southern Oregon. Available: https://ecos.fws.gov/docs/recovery_plan/060614.pdf. Accessed: 


September 25, 2023. 


U.S. Fish and Wildlife Service. 2006a. California Least Tern (Sterna antillarum browni) Five-Year 


Review, Summary and Evaluation. Carlsbad, CA. 


U.S. Fish and Wildlife Service. 2006b. Least Bell’s Vireo (Vireo bellii pusillus) Five-Year Review 


Summary and Evaluation. Carlsbad, CA.  


U.S. Fish and Wildlife Service. 2006c. Valley Elderberry Longhorn Beetle (Desmocerus californicus 


dimorphus) 5-Year Review: Summary and Evaluation. Sacramento, CA.  


U.S. Fish and Wildlife Service. 2007. Conservancy Fairy Shrimp, Brachinecta conservatio 5-year 


Review. Available: https://ecos.fws.gov/docs/tess/species_nonpublish/1115.pdf. Accessed: 


September 25, 2023. 


U.S. Fish and Wildlife Service. 2008. Biological Opinion on the Effects of Long Term Coordinated 


Operations of the Central Valley (CVP) and State Water Project (SWP) on Delta Smelt and Its 


Designated Critical Habitat. December. Sacramento, CA. 



https://doi/

https://ecos/

https://ecos/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-196 


May 2024 
ICF 103653 


 


U.S. Fish and Wildlife Service. 2009. Species Account for California Tiger Salamander Abystoma 


californiense. Sacramento Fish and Wildlife Office. Available: 


https://ecos.fws.gov/ecp/species/2076. Accessed: February 17, 2022. 


U.S. Fish and Wildlife Service. 2010a. Endangered and Threatened Wildlife and Plants; 12-Month 


Finding on a Petition to Reclassify the Delta Smelt from Threatened to Endangered throughout 


Its Range. Federal Register 75:17667–17680. Available: https://www.gpo.gov/fdsys/pkg/FR-


2010-04-07/pdf/2010-7904.pdf. Accessed: January 20, 2022. 


U.S. Fish and Wildlife Service. 2010b. San Joaquin Kit Fox (Vulpes macrotis mutica) 5-Year Review: 


Summary and Evaluation. Sacramento Fish and Wildlife Office, CA. 


U.S. Fish and Wildlife Service. 2012a. 12-Month Finding on a Petition to List the San Francisco Bay-


Delta Population of the Longfin Smelt as Endangered or Threatened. Federal Register 77:17756–


17797. 


U.S. Fish and Wildlife Service. 2012b. Conservancy Fairy Shrimp (Brachinecta conservatio) 5-year 


Review: Summary and Evaluation. U.S. Fish and Wildlife Service, Pacific Southwest Region, 


Sacramento, CA. 


U.S. Fish and Wildlife Service. 2017a. Recovery Plan for the Central California Distinct Population 


Segment of the California Tiger Salamander (Ambystoma californiense). U.S. Fish and Wildlife 


Service, Pacific Southwest Region, Sacramento, CA.  


U.S. Fish and Wildlife Service. 2017b. Recovery Plan for the Giant Garter Snake (Thamnophis gigas). 


U.S. Fish and Wildlife Service, Pacific Southwest Region, Sacramento, California. Available: 


https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/4-196cholar


shi_waterfix/exhibits/docs/gwd/Exh.%20GWD-


13,%20Giant%20Garter%20Snake%20Recovery%20Plan%20(2017).pdf. Accessed: September 


25, 2023. 


U.S. Fish and Wildlife Service. 2017c. Biological Opinion for the California WaterFix. Service File No. 


08FBDT00-2016-F-0247. San Francisco Bay Delta Fish and Wildlife Office. Sacramento, CA.  


U.S. Fish and Wildlife Service. 2017d. Species Information—Delta Green Ground Beetle. December. 


Available at: 


https://www.fws.gov/sacramento/es_species/Accounts/Invertebrates/delta_green_ground_bee


tle/. Accessed: August 14, 2020. 


U.S. Fish and Wildlife Service. 2017e. Framework for Assessing Impacts to the Valley Elderberry 


Longhorn Beetle (Desmocerus californicus dimorphus). May. U.S. Fish and Wildlife Service 


Sacramento Office. Sacramento, CA.  


U.S. Fish and Wildlife Service. 2018. San Joaquin Kit Fox (Vulpes macrotis mutica). Range 


Information, USFWS Environmental Conservation Online System, updated March 30, 2018. 


Available: https://ecos.fws.gov/ecp/species/2873. Accessed: February 5, 2021. 


U.S. Fish and Wildlife Service. 2019a. Biological Opinion for the Reinitiation of Consultation on the 


Long Term Operation of the Central Valley Project and State Water Project. USFWS Pacific 


Southwest Region. Sacramento, CA. 


U.S. Fish and Wildlife Service. 2019b. Revised Recovery Plan for Valley Elderberry Longhorn Beetle. 


U.S. Fish and Wildlife Service, Pacific Southwest Region, Sacramento, CA. 



https://ecos/

https://www/

https://www/

https://www/

https://ecos/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-197 


May 2024 
ICF 103653 


 


U.S. Fish and Wildlife Service. 2020a. 700 Winter-Run Chinook Salmon Return to Battle Creek. October 


22. Available: https://www.fws.gov/news/ShowNews.cfm?ref=700-winter-run-chinook-


salmon-return-to-battle-creek&_ID=36797. Accessed: January 28, 2021. 


U.S. Fish and Wildlife Service. 2020b. Species Status Assessment Report for the San Joaquin Kit Fox 


(Vulpes macrotis mutica). Version 1.0. August. Prepared by U.S. Fish and Wildlife Service. 


U.S. Fish and Wildlife Service. 2020c. California Least Tern (Sternula antillarum browni) 5-Year 


Review: 2020 Summary and Evaluation. Carlsbad Fish and Wildlife Office. July 7, 2020. Carlsbad, 


CA.  


U.S. Fish and Wildlife Service. 2020d. Environmental Conservation Online System—Species Profile for 


Delta Green Ground Beetle. Available at: https://ecos.fws.gov/ecp/species/2319. Accessed: 


August 14, 2020. 


U.S. Fish and Wildlife Service. 2020e. Giant Garter Snake (Thamnophis gigas) 5-Year Review: 2020 


Summary and Evaluation. Sacramento Fish and Wildlife Office. June. Sacramento, CA.  


U.S. Fish and Wildlife Service. 2020f. Environmental Conservation Online System—Species Profile for 


Western Pond Turtle. Available: https://ecos.fws.gov/ecp/species/1833. Accessed: August 5, 


2020. 


U.S. Fish and Wildlife Service. 2021a. Upper Sacramento River Winter Chinook Salmon Carcass Survey. 


2020 Annual Report. July. Red Bluff, CA: U.S. Fish and Wildlife Service, Red Bluff Fish and Wildlife 


Office. 


U.S. Fish and Wildlife Service. 2021b. Delta green ground beetle (Elaphrus viridis) 5-Year Review. 


March 23, 2021. 


U.S. Fish and Wildlife Service. 2022. California red-legged frog (Rana draytonii). 5-Year Review: 


Summary and Evaluation. December 2022. 


U.S. Fish and Wildlife Service. 2023a. 5-Year Review California Tiger Salamander Central California 


Distinct Population Segment (Ambystoma californiense). August 2023. 


U.S. Fish and Wildlife Service. 2023b. 5-Year Review Valley Elderberry Longhorn Beetle (Desmocerus 


californicus dimorphus). September 26. Available: 2023 Valley Elderberry Longhorn Beetle 5-


Year Review (ecosphere-documents-production-public.s3.amazonaws.com) 


U.S. Fish and Wildlife Service. 2023c. Species Status Assessment Report for Northwestern Pond Turtle 


(Actinemys marmorata) and Southwestern Pond Turtle (Actinemys pallida). Version 1.1. April 


2023. Available: https://ecos.fws.gov/ServCat/DownloadFile/241273. 


U.S. Fish and Wildlife Service. 2023d. Species Status Assessment Report for Western Spadefoot (Spea 


hammondii). Version 1.1. May 2023. Available: ecos.fws.gov/ServCat/DownloadFile/238764. 


U.S. Forest Service. 2005. Yellow-billed Cuckoo (Coccyzus americanus): A Technical Conservation 


Assessment. Oklahoma City, OK. 


U.S. Geological Survey. 2009a. USGS NED ned19_n37x75_w121x75_ca_alamedaco_2007 1/9 arc-


second 2009 15 x 15 minute IMG. Available: https://apps.nationalmap.gov/downloader. 


Accessed: February 18,2021 



https://www/

https://ecos/

https://ecos/

https://ecos/

https://apps/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-198 


May 2024 
ICF 103653 


 


U.S. Geological Survey. 2009b. USGS NED ned19_n38x00_w121x75_ca_alamedaco_2007 1/9 arc-


second 2009 15 x 15 minute IMG. Available: https://apps.nationalmap.gov/downloader. 


Accessed: February 18, 2021 


U.S. Geological Survey. 2010. USGS NED ned19_n38x00_w121x75_ca_contracostaco_2008 1/9 arc-


second 2010 15 x 15 minute IMG. Available: https://apps.nationalmap.gov/downloader. 


Accessed: February 18, 2021. 


U.S. Geological Survey. 2020. National Hydrography Dataset. National Geospatial Program. Model 


Version 2.2.1, June 19, 2020. 


Unruh, J. R., and C. S. Hitchcock. 2009. Characterization of Potential Seismic Sources in the 


Sacramento–San Joaquin Delta, California. Final Technical Report. Submitted November 2009 to 


the U.S. Geological Survey National Earthquake Hazards Reduction Program. 


Utah Division of Wildlife Resources. 2010. Kit Fox (Vulpes macrotis). Wildlife Notebook Series No. 9. 


Utah Department of Natural Resources, Division of Wildlife Resources, Salt Lake City, UT. 


Van Eenennaam, J. P., M. A. H. Webb, X. Deng, S. I. Doroshov, R. B. Mayfield, J. J. Cech Jr., D. C. 


Hillemeier, and T. E. Willson. 2001. Artificial Spawning and Larval Rearing of Klamath River 


Green Sturgeon. Transactions of the American Fisheries Society 130(1):159–165.  


Van Eenennaam, J. P., J. Linares-Casenave, X. Deng, and S. I. Doroshov. 2005. Effect of Incubation 


Temperature on Green Sturgeon Embryos, Acipenser medirostris. Environmental Biology of Fishes 


72:145–154.  


Vogel, D. 2008. Evaluation of Adult Sturgeon Migration at the Glenn-Colusa Irrigation District Gradient 


Facility on the Sacramento River. Report by Natural Resource Scientists Inc. Red Bluff, CA. 


Vogel, D. 2011. Insights into the Problems, Progress, and Potential Solutions for Sacramento River 


Basin Native Anadromous Fish Restoration. Prepared for Northern California Water Association 


and Sacramento Valley Water Users. April. Natural Resource Scientists Inc. Red Bluff, CA. 


Vogel, D. A., and K. R. Marine. 1991. Guide to Upper Sacramento River Chinook Salmon Life History. 


Report to U.S. Bureau of Reclamation, Central Valley Project. CH2M Hill Inc., Redding, CA. 


Wagner, R. W., M. Stacey, L. R. Brown, and M. Dettinger. 2011. Statistical Models of Temperature in 


the Sacramento–San Joaquin Delta under Climate-Change Scenarios and Ecological Implications. 


Estuaries and Coasts 34(3):544–556.  


Wang, J. C. S. 2007. Spawning, Early Life Stages, and Early Life Histories of the Osmerids Found in the 


Sacramento–San Joaquin Delta of California. Tracy Fish Facilities Studies, California. Volume 38. 


U.S. Department of the Interior, Bureau of Reclamation, Mid-Pacific Region, Denver, CO. 


Water Forum. 2005. Lower American River, State of the River Report. April. Available: 


http://www.waterforum.org./wp-content/uploads/2015/09/State-of-the-River-2005.pdf. 


Accessed: November 3, 2020. 


Watry, C. B., A. Gray, R. Cuthbert, B. Pyper, and K. Arendt. 2007. Out-Migrant Abundance Estimates 


and Coded Wire Tagging Pilot Study for Juvenile Chinook Salmon at Caswell Memorial State Park 


in the Lower Stanislaus River, California. 2007 Annual Data Report. Prepared by Cramer Fish 


Sciences for U.S. Fish and Wildlife Service Anadromous Fish Restoration Program. Grant No. 


813326G008.  



https://apps/

https://apps/

http://www/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-199 


May 2024 
ICF 103653 


 


Watry, C. B., A. Gray, K. Jones, K. Sellheim, and J. Merz. 2012. Juvenile Salmonid Out-Migration 


Monitoring at Caswell Memorial State Park in the Lower Stanislaus River, California. 2010–2011 


Biannual Report. Prepared by Cramer Fish Sciences for U.S. Fish and Wildlife Service’s 


Comprehensive Assessment and Monitoring Program. Grant No. 813326G008.  


Whipple, A., R. Grossinger, D. Rankin, B. Stanford, and R. Askevold. 2012. Sacramento–San Joaquin 


Delta Historical Ecology Investigation: Exploring Pattern and Process. Prepared for the California 


Department of Fish and Game and Ecosystem Restoration Program. A Report of SFEI-ASC’s 


Historical Ecology Program, Publication #672, San Francisco Estuary Institute-Aquatic Science 


Center, Richmond, CA. 


White, J. 2019. Fall Midwater Trawl 2018 Annual Fish Abundance Summary. Memorandum to Gregg 


Erickson, Regional Manager, California Department of Fish and Wildlife, Bay Delta Region. 2 


January. 


William Lettis & Associates. 2005. Geomorphic and Geologic Mapping for Restoration Planning, 


Sacramento–San Joaquin Delta Region. Final Report. June 2005. CALFED Ecosystem Restoration 


Program. 


Williams, J. G., 2001. Chinook Salmon in the Lower American River, California’s Largest Urban 


Stream. In R. L. Brown (ed.), Fish Bulletin 179(2): Contributions to the Biology of the Central 


Valley Salmonids. Sacramento, CA: California Department of Fish and Game. 


Williams, J. G., 2006. Central Valley Salmon: A Perspective on Chinook and Steelhead in the Central 


Valley of California. San Francisco Estuary and Watershed Science 4(3). Available: 


https://escholarship.org/uc/item/21v9x1t7. Accessed: November 3, 2020. 


Williams, J. G. 2010. Life History Conceptual Model for Chinook Salmon and Steelhead. DRERIP Delta 


Conceptual Model. Sacramento, CA: Delta Regional Ecosystem Restoration Implementation Plan. 


Williams, T. H., B. C. Spence, D. A. Boughton, R. C. Johnson, L. Crozier, N. Mantua, M. O’Farrell, and S. 


T. Lindley. 2016. Viability Assessment for Pacific Salmon and Steelhead Listed under the 


Endangered Species Act: Southwest. February 2. Report to National Marine Fisheries Service, 


West Coast Region from Southwest Fisheries Science Center. 


Windell, S., P. L. Brandes, J. L. Conrad, J. W. Ferguson, P. A. L. Goertler, B. N. Harvey, J. Heublein, J. A. 


Israel, D. W. Kratville, J. E. Kirsch, R. W. Perry, J. Pisciotto, W. R. Poytress, K. Reece, B. G. Swart, 


and R. C. Johnson. 2017. Scientific Framework for Assessing Factors Influencing Endangered 


Sacramento River Winter-Run Chinook Salmon (Oncorhynchus tshawytscha) across the Life Cycle. 


U.S. Department of Commerce, NOAA Technical Memorandum NMFS-SWFSC-586. DOI: 


http://doi.org/10.7289/V5/TM-SWFSC-586. 


Winder, M., and A. D. Jassby. 2011. Shifts in Zooplankton Community Structure: Implications for 


Food Web Processes in the Upper San Francisco Estuary. Estuaries and Coasts 34(4):675–690. 


Witham, C., Holland, R., and Vollmar, J. 2014. Changes in the Distribution of Great Valley Vernal Pool 


Habitats from 2005 to 2012. Report Prepared for U.S. Fish and Wildlife Service, Sacramento, CA. 


Wylie, G. D., M. L. Casazza, and J. K. Daugherty. 1997. 1996 Progress Report for the Giant Garter Snake 


Study. May 1. Dixon Research Station, California Science Center, USGS Biological Resources 


Division, Dixon, CA. 



https://escholarship/

http://doi/





CA Department of Water Resources 


 


Action Area Environmental Baseline 
 


 


Delta Conveyance Project, Biological Assessment  
4-200 


May 2024 
ICF 103653 


 


Wylie, G. D., M. L. Casazza, and L. Martin. 2004. Monitoring Giant Garter Snakes in the Natomas Basin: 


2003 Results. January. Dixon, CA: U.S. Geological Survey Western Ecological Research Center, 


Dixon Field Station. 


Yoshiyama, R. M., F. W. Fisher, P. B. Moyle. 1998. Historical Abundance and Decline of Chinook 


Salmon in the Central Valley Region of California. North American Journal of Fisheries 


Management 18:487–521.  


Yoshiyama, R. M., E. R. Gerstung, F. W. Fisher, and P. B. Moyle. 1996. Historical and Present 


Distribution of Chinook Salmon in the Central Valley Drainage of California. In Sierra Nevada 


Ecosystem Project: Final Report to Congress, Vol. III, Assessments, Commissioned Reports, and 


Background Information. Davis, CA: University of California, Davis, Centers for Water and 


Wildland Resources.  


Young, J. S., and R. L. Hutto. 1999. Habitat and Landscape Factors Affecting Cowbird Distribution in 


the Northern Rockies. Studies in Avian Biology 18:41–51. 


Zabel, R. W., J. J. Anderson, and P. A. Shaw. 1998. A Multiple-Reach Model Describing the Migratory 


Behavior of the Snake River Yearling Chinook Salmon (Oncorhynchus tshawytscha). Canadian 


Journal of Fisheries and Aquatic Sciences 55(3):658–667. 


Zentner Planning and Ecology. 2019. Westlake Villages Eleventh Year Mitigation Monitoring Report. 


Project No. 930 AGS. Prepared for Shin Kee Wetland and Habitat Restoration Project, LLC. 


November 2019.  


Zeug, S. C., K. Sellheim, C. Zimmerman, J. D. Wikert, and J. Merz. 2014. Response of Juvenile Chinook 


Salmon to Managed Flow: Lessons Learned from a Population at the Southern Extent of their 


Range in North America. Fisheries Management and Ecology 21(2):155–168. 


Zimmerman, C. E., G. W. Edwards, and K. Perry. 2009. Maternal Origin and Migratory History of 


Steelhead and Rainbow Trout Captured in Rivers of the Central Valley, California. Transactions of 


the American Fisheries Society 138(2):280–291. 


4.5.2 Personal Communications 


 


Whisler, Edward. Biologist, EcoAnalysts Inc. July 13, 2015—email to Ellen Berryman, Technical 


Director, ICF, regarding survey effort and results for least Bell’s vireo in the Yolo Bypass. ICF, 


Sacramento, CA. 


Wunderlich, Veronica. Senior Environmental Scientist, DWR. January 12, 2024 – email to Danika 


Tsao, Senior Wildlife Biologist, ICF regarding giant garter snake occurrence from Jersey Island. 


ICF, Sacramento, CA. 







Delta Conveyance Project, Biological Assessment 
5-1 


May 2024 
ICF 103653  


 


Chapter 5  
Effects Analysis for Chinook Salmon, California Central 


Valley Steelhead, Green Sturgeon, and Killer Whale 


5.1 Introduction 
The potential effects of the proposed action on species under National Marine Fisheries Service 


(NMFS) jurisdiction are evaluated in this chapter. Those species include the following. 


• Chinook salmon (Oncorhynchus tshawytscha), Sacramento River winter-run evolutionarily 


significant unit (ESU) 


• Chinook salmon, Central Valley spring-run ESU1 


• Chinook salmon, Central Valley fall-/late fall–run ESU 


• Steelhead (Oncorhynchus mykiss), California Central Valley distinct population segment (DPS) 


• Green sturgeon (Acipenser medirostris), Southern DPS 


• Killer whale (Orcinus orca), Southern Resident DPS 


These species are evaluated with regard to the effects of the proposed action: that is, water facility 


construction, facility maintenance, water facility operations, conservation measures, monitoring 


activities, and cumulative effects. To provide a full context of the proposed action, operational 


components are included in Chapter 3, Description of the Proposed Action, and are assessed as part of 


the effects analysis. Proposed operations of the proposed action are described in Appendix 7A, 


Framework Programmatic Assessment for the Delta Conveyance Project and Sites Reservoir Project. 


Proposed operations for the Delta Conveyance Project are included in this biological assessment 


(BA) to support assessment of the project as a whole. Although the operations and maintenance are 


assessed at a programmatic level for the BA, detailed effects analyses and the qualitative, 


cumulative, programmatic analysis that it informs are presented in Appendix 5C, Operations and 


Maintenance Effects Analysis for Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer 


Whale. To provide the full scope of the proposed action, this chapter includes details related to 


construction, operations, and maintenance. 


Effects on southern resident killer whale are addressed qualitatively within its own section because 


killer whales occur outside the Sacramento–San Joaquin Delta (Delta) and would not be exposed to 


the direct effects of the proposed action. Although not listed under the state or federal Endangered 


Species Acts, the fall-run/late fall–run Chinook salmon ESU is considered because it is the highest 


abundance Chinook salmon ESU from the Central Valley and, therefore, is important for potential 


indirect effects on killer whales as a food source, as well as for the essential fish habitat (EFH) 


assessment for Pacific salmon. 


 
1 As described in Section 4.4.2, Chinook Salmon, Central Valley Spring-Run ESU, of Chapter 4, this effects analysis 
includes consideration of effects in the Delta to both San Joaquin River spring-run Chinook salmon, which are 
considered to represent both the experimental, non-essential population reintroduced as part of the San Joaquin 
River Restoration Program and spring-running Chinook salmon observed in San Joaquin River tributaries in recent 
years. 
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This chapter also provides an analysis of effects on critical habitat for winter-run Chinook salmon, 


spring-run Chinook salmon, steelhead, and green sturgeon (Section 5.5, Effects of Water Facility 


Construction on Designated Critical Habitat). For these four species, designated critical habitat is 


present in the Delta and adjacent areas. The analysis includes potential effects on the physical or 


biological features (PBFs)2 of critical habitat for each species, as necessary. During the proposed 13 


years of construction (Chapter 3, Description of the Proposed Action, Section 3.2.9, Construction 


Schedule), the fish species analyzed as part of this BA) would be in the vicinity of these activities. 


However, as a part of the Conservation Measures (Chapter 3, Section 3.6, Conservation Measures), 


potential effects related to active construction would be addressed. Section 5.2, Temporal 


Occurrence, and Section 5.3, Spatial Occurrence, give an overview of the potential exposure of these 


species in relation to the proposed action’s construction. 


The action area also occurs in designated EFH under the Magnuson–Stevens Fishery Conservation 


and Management Act for species in this Effects Analysis. This includes the four runs of Central Valley 


Chinook salmon and is described in further detail in Appendix 5A, Essential Fish Habitat Assessment. 


This assessment describes conservation measures proposed to avoid, minimize, or otherwise offset 


potential adverse effects resulting from the proposed action on EFH. 


Figure 5.1-1 illustrates the location in the Delta of the proposed Intakes B and C and the bridge 


construction at Burns Cutoff and Snodgrass Slough. Additional environmental baseline information 


for each of these species is located in Chapter 4, Action Area and Environmental Baseline. 


 


 
2 The designations of critical habitat for listed species generally have used the term primary constituent elements 
(PCEs). NMFS and USFWS issued a final rule amending the regulations for designating critical habitat (81 Federal 
Register [FR] 7414, February 11, 2016), which replaced the term PCEs with PBFs. In addition, NMFS and USFWS 
issued a final rule revising the regulatory definition of destruction or adverse modification of critical habitat (81 FR 
7214, February 11, 2016), which refers to PBFs, not PCEs. The shift in terminology does not change the approach 
used in conducting an analysis of the effects of the proposed action on critical habitat, which is the same regardless 
of whether the original designation identified PCEs or PBFs. In this BA, the term PBFs includes PCEs, as appropriate 
for the specific critical habitat. 
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Figure 5.1-1. Location of Intakes B and C  
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5.2 Temporal Occurrence 


5.2.1 Chinook Salmon, Sacramento River Winter-Run ESU 


Adult Sacramento River winter-run Chinook salmon enter the San Francisco Bay in November 


(Table 4.4.1-1) to begin their spawning migration and continue upstream from December through 


early August to the extent of anadromy at the base of Keswick Dam. Upstream holding may last for a 


period of up to eight months (Windell et al. 2017:32). Winter-run Chinook salmon spawn in the 


upper mainstem Sacramento River from mid-April through August, peaking in June and July. All 


known winter-run Chinook salmon production currently occurs either in the mainstem Sacramento 


River or Livingston Stone National Fish Hatchery (California Department of Fish and Game 2004), 


although a nascent reintroduction effort in Battle Creek led to the return of at least 700 subadults 


and adults in 2020 (U.S. Fish and Wildlife Service 2020). Current spawning is confined to the 


mainstem of the Sacramento River above Red Bluff Diversion Dam (River Mile [RM] 243) and below 


Keswick Dam (RM 302) (National Marine Fisheries Service 2014b), with access to historical habitat 


in upper Sacramento River tributaries no longer available. Until recent years, salmon passage was 


not possible above the Coleman Hatchery barrier weir located on Battle Creek. Windell et al. 


(2017:6–8) reviewed habitat characteristics and factors affecting egg survival. Following spawning, 


fry and juvenile downstream movement begins in July/August, as shown by monitoring at Red Bluff. 


The majority of emigrating juvenile winter-run Chinook salmon from the upper Sacramento River 


enters the Delta in December and January and can extend through April (Tables 4.4.1-2, 4.4.1-2a, 


and 4.4.1-2b), depending on the water year type. Beach seines and mid-water trawls on the 


mainstem Sacramento River, near the City of Sacramento, indicate that some fish enter the Delta as 


early as September in some years (U.S. Fish and Wildlife Service 2001, 2003). USFWS monitoring at 


Chipps Island in the western Delta indicates that winter-run Chinook salmon are detected leaving 


the Delta from September through June, with a peak in emigration occurring in March and April 


(Table 4.4.1-1). This peak in emigration timing is supported by the pattern of recoveries of winter-


run-sized Chinook salmon at the State Water Project’s (SWP’s) John E. Skinner Delta Fish Protective 


Facility and the Central Valley Project’s (CVP’s) Tracy Fish Collection Facility in the south Delta 


(Tables 4.4.1-2, 4.4.1-2a, and 4.4.1-2b). A pattern of greatest temporal occurrence in the west Delta 


during January through April is indicated by genetic identification of winter-run Chinook juveniles 


caught at Chipps Island (Pyper et al. 2013), with this pattern generally also seen in salvage of 


genetically identified winter-run Chinook juveniles at the south Delta export facilities (Harvey et al. 


2014). 


Juveniles have also been found to rear in areas such as the lower American River, lower Feather 


River, Battle Creek, Mill Creek, Deer Creek, and the Delta (Phillis et al. 2018). Phillis et al. (2018) 


found with isotope data that 44% to 65% of surviving adults reared in nonnatal habitats as 


juveniles. The lower reaches of the Sacramento River, the Delta, and San Francisco Bay serve as 


migration corridors for both smolts and adults and are thought to serve as juvenile rearing habitat. 


Juvenile winter-run Chinook salmon begin to enter the Delta in October and smolt outmigration 


continues until April. Timing of movement of large portions of the juvenile population into the Delta 


is thought to be strongly correlated with winter rain events that result in pulse flows in the 


Sacramento River, resulting in variability between years depending on storm timing (del Rosario et 


al. 2013). There is later movement downstream of other juveniles from upstream rearing habitat, 


such as those described above (Phillis et al. 2018), so there is little variability in overall Delta exit as 


shown in trawling at Chipps Island (del Rosario et al. 2013). Fry and smolts are known to use the 
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San Francisco Estuary as rearing habitat before entering the ocean (Sturrock et al. 2015). In addition 


to monitoring salvage of winter-run Chinook salmon at the Tracy Fish Collection Facility and the 


John E. Skinner Delta Fish Protective Facility in the south Delta, temporal occurrence of each life 


stage in the action area is monitored using screw trapping data in the rivers, trawls, and beach 


seines in the estuary and, more recently, acoustic tagging using a network of receivers located 


throughout the extent of their range, from Keswick Dam to the Golden Gate Bridge (e.g., Klimley et 


al. 2017).Chinook Salmon, Central Valley Spring-Run Evolutionarily Significant Unit 


Adult spring-run Chinook salmon enter the San Francisco Bay Estuary from the ocean from January 


to June, with a peak from February to April (Table 4.4.2-1), moving through the Delta prior to 


entering the Sacramento River system. The peak of young-of-year spring-run presence in the Delta is 


during the month of April, as indicated by the recoveries of spring-run-sized fish in the SWP and CVP 


salvage operations and the Chipps Island trawls (Tables 4.4.2-2, 4.4.2-2a, and 4.4.2-2b). Spring-run 


Chinook salmon young-of-year spring-run outmigration and fall-run Chinook salmon young-of-year 


outmigration overlap due to the similarity in their spawning and emergence times. The overlap of 


these two runs makes for an extended pulse of Chinook salmon smolts through the Delta each 


spring, frequently lasting into June. This broad period of juvenile outmigration helps the species 


adapt to variable conditions in the ocean that can affect individuals differentially, depending on 


when they enter the ocean (Johnson 2015). Therefore, the tail ends of the migratory periods of each 


species are important to species viability, even though the abundance of the juveniles at the extreme 


ends of the migration periods is small. As a result, this effects analysis evaluates effects of the 


proposed action during the entire period of spring-run Chinook salmon occurrence in the Delta (e.g., 


Tables 4.4.2-2, 4.4.2-2a, and 4.4.2-2b). Yearling juvenile spring-run Chinook salmon migration 


through the Delta occurs primarily in December and continues to May. For the purposes of this 


effects analysis, the timing for the San Joaquin River-basin spring-run Chinook salmon (including the 


spring-run Chinook salmon from the tributaries, discussed below) is assumed to be similar to that of 


the Sacramento River Basin populations. Studies to date show that juvenile spring-run Chinook 


salmon captured in rotary screw traps in the San Joaquin River at various locations are captured 


from November to January and late February to early May (National Marine Fisheries Service 2022). 


5.2.2 Fall-Run/Late Fall–Run Chinook Salmon, Central Valley 
ESU 


5.2.2.1 Central Valley Fall-Run Chinook Salmon 


In the Sacramento River, adult fall-run Chinook salmon migrate upstream to spawn primarily during 


July through December, with a peak from October to December (Tables 4.4.3-1, 4.4.3-1a, and 4.4.3-


1b). 


Fall-run Chinook salmon fry (i.e., juveniles shorter than 2 inches long) in the Sacramento River 


generally emerge from December through March, with peak emergence occurring by the end of 


January. In general, fall-run Chinook salmon fry abundance in the Delta increases following high 


winter flows. Most fall-run Chinook salmon fry rear in fresh water from December through June, 


with emigration occurring from December through June and a peak from January through May 


(Tables 4.4.3-1, 4.4.3-1a, and 4.4.3-1b). Smolts that arrive in the estuary after rearing upstream 


migrate quickly through the Delta and Suisun and San Pablo Bays. 
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5.2.2.2 Central Valley Late Fall–Run Chinook Salmon 


Adult late fall–run Chinook salmon migrate upstream primarily during October through April 


(Tables 4.4.3-2, 4.4.3-2a, and 4.4.3-2b). Late fall–run Chinook salmon fry generally emerge from 


March through June. Late fall–run fry rear upstream year-round (Tables 4.4.3-2, 4.4.3-2a, and 4.4.3-


2b) and emigrate as smolts from October through June. 


5.2.3 Steelhead, California Central Valley DPS 


Adult steelhead have the potential to be found within the Delta during much of the year, although 


the primary period of occurrence is late summer/fall/winter (Tables 4.4.4-2, 4.4.4-2a, and 4.4.4-2b). 


Unlike Chinook salmon, steelhead can spawn more than once, so post-spawn adults (typically 


females) have the potential to move back downstream through the Delta after completing their 


spawning in their natal streams. These fish are termed runbacks or kelts. Typically, adult steelhead 


moving into the Sacramento River Basin begin to enter the Delta during mid to late summer, with 


fish entering the Sacramento River system from July to early September (Table 4.4.4-1). Kelts 


typically are seen later in the spring, following spawning. Steelhead entering the San Joaquin River 


Basin are believed to have a later spawning run. Adults enter the system starting in July through 


March, indicating presence in the Delta a few weeks earlier (Table 4.4.4-1). 


Juvenile steelhead are recovered in the USFWS Chipps Island trawls from late November through 


July. There appears to be a difference in the emigration timing between wild and hatchery-reared 


steelhead smolts. Adipose fin-clipped hatchery fish typically are recovered at Chipps Island from 


December through May, with the peak in recoveries occurring in February. This time period 


corresponds to the schedule of hatchery releases of steelhead smolts from the different Central 


Valley hatcheries (Nobriga and Cadrett 2001). The timing of wild steelhead (i.e., unclipped) 


emigration is more spread out. Emigration occurs over approximately 8 months, starting in late 


November and extending to July, with peaks from March to May, based on Chipps Island trawl data 


(Tables 4.4.4-2, 4.4.4-2a, and 4.4.4-2b). Juvenile salvage in the Delta starts in November and 


continues into June. The size of emigrating steelhead smolts typically ranges from 200 to 250 


millimeter long, with wild fish tending to be at the upper end of this range (Nobriga and Cadrett 


2001). The broad period of juvenile outmigration helps the species adapt to variable conditions in 


the ocean that can affect individuals differentially, depending on when they enter the ocean 


(Johnson 2015). Therefore, the tail ends of the migratory periods of each species are important to 


species viability, even though the abundance of the juveniles at the extreme ends of the migration 


periods is small. As a result, this effects analysis evaluates effects of the proposed action during the 


entire period of steelhead occurrence in the Delta. 


5.2.4 Green Sturgeon, Southern DPS 


Adult green sturgeon generally enter the San Francisco Bay estuary in early winter 


(January/February) (Table 4.4.5-1) before initiating their upstream spawning migration into the 


Delta. Adults move through the Delta from February through April,3 arriving in the upper 


Sacramento River between April and June (Heublein 2006; Kelly et al. 2007). Following their initial 


spawning run upriver, adults may hold for a few weeks to months in the upper river (i.e., Glenn–


 
3 This is consistent with the life history presented in a recent review by Klimley et al. (2015), whose Figure 1 
showed upstream migration in March and April. 
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Colusa Irrigation District aggregation site; see Vogel 2005, 2008b) or immediately migrate back 


down river to the Delta. Those fish that hold upriver move back downstream later in the fall, during 


the first rains, per the review by Klimley et al. (2015). Recent evaluation of adult migration timing 


from acoustic telemetry studies during 2007–2017 by Colborne et al. (2022) found mean upstream 


migration dates in March and April (range February–June) and outmigration consisting of early 


migrants (generally May–June) and late migrants (November–January), with river discharge 


apparently cuing downstream migration. This is similar to behavior exhibited by adult green 


sturgeons on the Rogue and Klamath River systems (Erickson et al. 2002; Benson et al. 2007). 


Klimley et al. (2015:1-2) noted, “The southern DPS green sturgeon migrates in the spring to spawn 


in the Sacramento River and returns to the estuary in the fall, winter, and spring,” suggesting that 


adults can be found in the Delta and estuary for much of the year. Acoustic telemetry studies by 


Miller et al. (2020) found that adult green sturgeon primarily used the mainstem Sacramento River 


for downstream migration, whereas for upstream migration, a similar proportion used the 


mainstem Sacramento River (46%) as the north Delta sloughs (Miner/Sutter Slough: 32%; 


Steamboat Slough: 13%). 


Juveniles are believed to use the Delta for rearing for the first 1 to 3 years of their life before moving 


out to the ocean (Table 4.4.5-2). The greatest number of acoustically tagged juveniles was detected 


in the central Delta, whereas relatively few were detected in the mainstem Sacramento River and 


very few were detected in the north Delta sloughs (Miller et al. 2020). Juveniles are recovered at the 


SWP and CVP fish collection facilities year-round (Table 4.4.5-2). 


5.3 Spatial Occurrence 
Spatial occurrence is discussed below for winter-, spring-, and fall-/late fall–run Chinook salmon, 


California Central Valley steelhead, and green sturgeon. 


5.3.1 Chinook Salmon, Sacramento River Winter-Run ESU 


Based on studies of acoustically tagged fall-run Chinook salmon (Stein and Cuetara 2004), the main 


adult winter-run migration route through the Delta region may be the mainstem of the Sacramento 


River, with some migration also occurring in north Delta channels, as well as central Delta pathways, 


such as the lower San Joaquin River. Juvenile winter-run are present in the waterways of the north 


Delta (i.e., Sacramento River, Steamboat Slough, Sutter Slough, Miner Slough, and Cache Slough 


complex), central Delta (Georgiana Slough, Delta Cross Channel, Snodgrass Slough, and Mokelumne 


River complex below Dead Horse Island), south Delta leading to the SWP and CVP pumping facilities, 


including Old and Middle Rivers, and the interconnecting waterways between these main channels, 


such as Victoria Canal, Woodward Canal, and Connection Slough, and the western Delta, including 


the main channels of the San Joaquin and Sacramento Rivers and Three Mile Slough. Abundance 


tends to be greatest in the north Delta, reflecting presence of the ESU’s only spawning population in 


the Sacramento River Basin and the main pathways through the Delta (Figure 5.3-1). 
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Source: Interagency Ecological Program et al. 202). Note: Chinook salmon race determined by length-at-date criteria, which may result in misclassification relative to genetic identity (Brandes et al. 2021). 


Figure 5.3-1. Frequency of Detection (Proportion of Samples) of Winter-Run Chinook Salmon by the Delta Juvenile Fish Monitoring Program’s Beach Seine Sampling, 2000–2020. 
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5.3.2 Chinook Salmon, Central Valley Spring-Run ESU 


As discussed for winter-run Chinook salmon, based on studies of acoustically tagged fall-run 


Chinook salmon (Stein and Cuetara 2004), the main adult spring-run migration route through the 


Delta region may be the mainstem of the Sacramento River, with some migration also occurring in 


north Delta channels, as well as central Delta pathways, such as the San Joaquin River. San Joaquin 


River-basin spring-run Chinook salmon presumably use the San Joaquin River as their main 


migration pathway through the Delta, both as juveniles (Cavallo et al. 2015) and adults, although, for 


juveniles, migration through the Old River pathway, including the fish-salvage facilities, also occurs 


(National Marine Fisheries Service 2022). 


Juvenile Sacramento River Basin spring-run Chinook salmon are present in the same waterways as 


winter-run Chinook salmon in the north Delta, central Delta, south Delta, and the interconnecting 


waterways, including the main channels of the San Joaquin and Sacramento Rivers and Three Mile 


Slough. Abundance tends to be greatest in the north Delta, reflecting presence of the ESU’s 


independent populations in the Sacramento River Basin and the main pathways through the Delta 


(Figure 5.3-24). 


  


 
4 Presence of individuals in the San Joaquin River near the Head of Old River shown in Figure 5.3-2 is likely to be 
mostly genetic fall-run Chinook salmon classified as spring-run Chinook salmon based on length-at-date criteria 
(Brandes et al. 2021). 
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Source: Interagency Ecological Program et al. 2021. Note: Chinook salmon race determined by length-at-date criteria, which may result in misclassification relative to genetic identity (Brandes et al. 2021). 


Figure 5.3-2. Frequency of Detection (Proportion of Samples) of Spring-Run Chinook Salmon by the Delta Juvenile Fish Monitoring Program’s Beach Seine Sampling, 2000–2020. 
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5.3.3 Fall-Run/Late Fall–Run Chinook Salmon, Central Valley 
ESU 


The distribution of fall-run and late fall–run Chinook salmon is generally similar to that of winter-


run and spring-run Chinook salmon described above. As with the other runs, juveniles tend to be 


more frequently occurring in the north Delta, whereas for fall-run Chinook salmon there is also 


appreciable occurrence in the south Delta, likely reflecting the contribution from San Joaquin River 


Basin populations (Figure 5.3-3 and Figure 5.3-4). 
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Source: Interagency Ecological Program et al. 2021. Note: Chinook salmon race determined by length-at-date criteria, which may result in misclassification relative to genetic identity (Brandes et al. 2021). 


Figure 5.3-3. Frequency of Detection (Proportion of Samples) of Fall-Run Chinook Salmon by the Delta Juvenile Fish Monitoring Program’s Beach Seine Sampling, 2000–2020. 
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Source: Interagency Ecological Program et al. 2021. Note: Chinook salmon race determined by length-at-date criteria, which may result in misclassification relative to genetic identity (Brandes et al. 2021). 


Figure 5.3-4. Frequency of Detection (Proportion of Samples) of Late Fall-Run Chinook Salmon by the Delta Juvenile Fish Monitoring Program’s Beach Seine Sampling, 2000–2020. 
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5.3.4 Steelhead, California Central Valley DPS 


Populations of California Central Valley steelhead occur throughout the watersheds of the Central 


Valley; however, the primary population source occurs within the watersheds of the Sacramento 


River Basin. Upstream migrating adult steelhead enter both the Sacramento River Basin and the San 


Joaquin River Basin through their respective mainstem river channels. Adult steelhead entering the 


Mokelumne River system (including Dry Creek and the Cosumnes River) and the Calaveras River 


system are likely to move up the mainstem San Joaquin River channel before branching off into the 


channels of their natal rivers. It is also likely that some adult steelhead bound for the San Joaquin 


River system may detour through the South Delta waterways and enter the San Joaquin River 


through Old River near Mossdale. However, due to the number of potential routes, the early 


entrance of adults into the Delta, and the potential for the Delta Cross Channel to remain open for a 


substantial portion of the upstream spawning migration, the “actual” route that an adult steelhead 


follows before committing to its natal watershed could be quite complex. Therefore, adult steelhead 


could be in any of the larger channels in the Delta region during their spawning migrations. 


Likewise, steelhead kelts could also be found in any of the channels of the Delta during their return 


to the ocean. Data for this particular life stage is lacking. 


Outmigrating steelhead smolts enter the Delta primarily from the Sacramento River (north Delta 


region) and from the San Joaquin River (south Delta region). Steelhead smolts from the Mokelumne 


River system and the Calaveras River system enter the Eastern Delta. Given the multiple points of 


entry into the Delta system, Central Valley steelhead are likely to be found in any of the waterways 


of the Delta, but particularly in the main channels leading to their natal river systems. Although 


potentially present throughout the Delta, detection in beach seines is greatest in the north Delta 


(Figure 5.3-5), likely reflecting the greater abundance of outmigrating juveniles from the 


Sacramento River Basin as opposed to the San Joaquin River Basin. The low detections overall likely 


reflect the relative inefficiency of this gear type (steelhead juveniles are relatively large and 


therefore better able to avoid capture than species such as Chinook salmon) as well as low absolute 


abundance compared to juvenile Chinook salmon, for example. 
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Source: Interagency Ecological Program et al. 2021. 


Figure 5.3-5. Frequency of Detection (Proportion of Samples) of Steelhead by the Delta Juvenile Fish Monitoring Program’s Beach Seine Sampling, 2000–2020. 
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5.3.5 Green Sturgeon, Southern DPS 


As described by NMFS (2019:790), current available information indicates that the Southern DPS of 


green sturgeon is composed of a single independent population, which spawns principally in the 


mainstem Sacramento River, but also opportunistically in the Feather and Yuba Rivers; thus, adult 


green sturgeon primarily use the mainstem of the Sacramento River through the Delta when making 


their upstream spawning migrations. Use of the north Delta sloughs is much less frequent (Miller et 


al. 2020). Based on sturgeon tag returns, sturgeon have been shown in the Delta throughout the 


year. Sturgeon report card data for 2007–2015, Gleason et al. (2008), DuBois et al. (2009, 2010, 


2011, 2012, 2014), DuBois (2013), and DuBois and Harris (2015, 2016) show that reported green 


sturgeon captures by anglers in or near the Delta were consistently high in Suisun Bay and the 


Sacramento River between Knights Landing and Chipps Island, with other high-ranking areas that 


include San Pablo Bay and Carquinez Strait. Green sturgeon captured in these locations have ranged 


from 12 inches to 86 inches. Other areas within the Delta reaching relatively high ranks of total 


reported captures included the Sacramento Deepwater Ship Channel (fourth in 2015) and 


Montezuma Slough (fifth in 2015). The report card data confirm that green sturgeon occur quite 


broadly within the Delta, with individuals also having been caught in Old River (eight fish from 


2007–2015) and in the San Joaquin River, between Stockton and the Highway 140 bridge, upstream 


of the Delta (40 fish from 2007 to 2015). 


5.4 Effects of Water Facility Construction on Chinook 
Salmon, Central Valley Steelhead, and Green 
Sturgeon 


This section discusses the effects resulting from construction of the proposed action. In addition, the 


effects analysis includes discussion of effects associated with existing conditions to provide a point 


of comparison to identify potential project effects. 


Construction of water-conveyance facilities for the proposed action has the potential to affect all 


runs of Chinook salmon, Central Valley steelhead, and green sturgeon, which all have the potential to 


occur in select construction areas. These species would not be affected by construction activities 


associated with the proposed Bethany Complex features, which are outside the open Delta waters 


that these species inhabit. Potential effects arising from construction activities could consist of 


acoustic effects; sediment disturbance leading to increased suspended sediments, turbidity and 


contaminants; water quality effects from accidental spills and discharge of construction water; 


direct physical injury or mortality from in-water work; reduced prey availability; increased 


predation risk; increased water temperature; and reduced habitat extent and access. These potential 


effects are discussed in the sections below. Construction information is described generally in 


Chapter 3. 


5.4.1 Acoustic Effects 


Underwater noise would be generated by a variety of construction activities. including pile driving, 


boat operations, geotechnical investigations, riprap placement, and tunnel boring-machine 


activities. Impact pile driving in or near aquatic habitat generates sound levels that can injure or kill 


fish and other aquatic organisms. The proposed action includes physical or structural components 
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that would require vibratory and/or impact pile driving of temporary and permanent piles during 


construction. Several of these components involve pile-driving activities within or adjacent to water 


bodies supporting special-status fish species, resulting in potential exposure of species to pile-


driving noise. 


Research indicates that impact pile driving can result in significant effects on fish because of the high 


level of underwater sound produced (Popper and Hastings 2009:464–480). The effects of pile-


driving noise on fish may include behavioral responses, physiological stress, temporary and 


permanent hearing loss, tissue damage (auditory and nonauditory), and direct mortality. Factors 


that may influence the magnitude of effects include species, life stage, and size of fish; type and size 


of pile and hammer; frequency and duration of pile driving; site characteristics (e.g., depth); and 


distance of fish from the source. 


Dual interim criteria have been established to provide guidance for assessing the potential for injury 


of fish resulting from pile-driving noise (Fisheries Hydroacoustic Working Group 2008:1) and were 


used in the present analysis. The dual criteria for impact pile driving are (1) 206 decibels (dB)5 for 


the peak sound pressure level (SPL); and (2) 187 dB for the cumulative sound exposure level 


(SELcumulative) for fish larger than 2 grams and 183 dB (SELcumulative) for fish smaller than 2 grams. 


Peak SPL is considered the maximum sound pressure level a fish can receive from a single strike 


without injury. SELcumulative is considered the total daily amount of acoustic energy that a fish can 


receive from single or multiple strikes without injury. The SELcumulative threshold is based on the 


cumulative daily exposure of a fish to noise from sources that are discontinuous (i.e., noise that 


occurs only for about 8 to 12 hours in a day, with 12 to 16 hours between exposure). Per NMFS 


guidelines, this assumes that the fish is able to recover from such effects during this 12- to 16-hour 


“rest” period. These criteria relate to impact pile driving only. Vibratory pile driving generally is 


accepted as an effective measure for minimizing or eliminating the potential for injury of fish during 


in-water pile-driving operations, with only impact pile driving expected to produce sound levels that 


could injure fish (National Marine Fisheries Service 2015:50). The potential for physical injury to 


fish from exposure to impact pile-driving sounds was evaluated using a spreadsheet model NMFS6 


developed to calculate the distances from the pile that sound attenuates to the peak or cumulative 


criteria. These distances define the area in which the criteria are expected to be exceeded as a result 


of impact pile driving. The NMFS spreadsheet calculates these distances based on estimates of the 


single-strike sound levels for each pile type (measured at 10 meters from the pile) and the rate at 


which sound attenuates with distance. In the following analysis, the standard sound attenuation rate 


of 4.5 dB per doubling of distance was used in the absence of other data.7 To account for the 


exposure of fish to multiple pile-driving strikes, the model computes SELcumulative for multiple strikes 


based on the single-strike sound exposure level (SEL) and the number of strikes per day or pile-


driving event. The NMFS spreadsheet also employs the concept of effective quiet, which assumes that 


cumulative exposure of fish to pile-driving sounds of less than 150 dB SEL does not result in injury 


or behavioral modification. 


 
5 Where sound levels in dB are referenced in this analysis, they are made relative to 1 microPascal (μPa, for peak 
and root mean square pressure) and 1 microPascal-squared-second (μPa2s, for sound exposure level). 
6 The spreadsheet was downloaded from www.fisheries.noaa.gov/southeast/consultations/section-7-consultation-
guidance on February 4, 2021. 
7 A sound attenuation rate of 4.5 dB per doubling of distance is equivalent to a transmission loss constant of 15, the 
default value in the NMFS spreadsheet, which indicates that this value is to be used when site-specific values are 
unknown (as is the case in the present analysis). 



https://www.fisheries.noaa.gov/southeast/consultations/section-7-consultation-guidance

https://www.fisheries.noaa.gov/southeast/consultations/section-7-consultation-guidance
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The following analysis also considers the potential for pile-driving sound to affect fish behavior 


adversely. Potential mechanisms include startle or avoidance responses that can disrupt or alter 


normal activities (e.g., migration, holding, feeding) or expose individuals to increased predation risk. 


Insufficient data are currently available to support the establishment of a noise threshold for 


behavioral effects (Hastings and Popper 2005:46; Popper and Hastings 2009:464). NMFS, however, 


has concluded that a noise level of 150 dB root mean square (RMS) is an appropriate threshold for 


behavioral effects (California Department of Transportation 2015:4-23), so this value is used in the 


present analysis. 


The following analysis uses peak SPLs and SELs measured during similar pile-driving operations8 as 


a basis for estimating the distances at which sound levels would be expected to exceed the interim 


injury and behavioral thresholds (California Department of Transportation 2015:I-2). The following 


assessment presents the effect that is reasonably foreseeable based on the use of an impact driver 


with no attenuation (e.g., bubble curtains). Assumptions for the pile-driving analysis were 


developed based on the expected effect of pile driving at each intake, as described in the Conceptual 


Intake Cofferdam Construction Technical Memorandum (Delta Conveyance Design and Construction 


Authority 2022a). The assumptions reflect use of impact pile driving to the extent necessary when 


other methods (e.g., vibratory pile driving) are not able to complete construction requirements. An 


analysis of impact pile-driving noise was also conducted for the test-pile program, based on three 


types of pile9 being tested at a single site. 


The pile-driving analysis for the test-pile program reflected one pile of each type on three separate 


days at a single site, which would occur under the proposed action. The analysis indicated that the 


distance to sound-level thresholds would range from 28 feet (206 dB) to 24,135 feet (150 dB) (Table 


5.4-1). The area of effect, accounting for attenuation of sound by river bends, ranges from 0.06 acre 


(206-dB threshold for sheet and steel pipe piles) to approximately 59 acres (150-dB threshold for 


H piles) (Table 5.4-1; Figure 5.4-1, Figure 5.4-2, and Figure 5.4-3). The duration of the test pile–


impact driving at a single intake site would be 3 days (one day for each pile type; Table 5.4-1), 


although the actual duration of impact pile driving would be short (~2 minutes per pile; Delta 


Conveyance Design and Construction Authority 2022a).  


Table 5.4-1. Assumptions and Estimates of Impact Pile Driving Distance and Area of Acoustic Effect 
at a Single Intake Site for the Test Pile Program 


Variable 
Sheet Pile 


Pair 
Steel Pipe 


Pile 
H  


Pile 


Number of piles 1 1 1 


Number of piles per day 1 1 1 


Number of days of pile driving 1 1 1 


Number of strikes per pile 19 19 19 


Number of strikes per day 19 19 19 


 
8 Specifically, the assumed sound levels used for each intake were for 24-inch AZ® sheet piles in 15 meters of water. 
Although the intake sites are shallower than 15 meters, available sound level data for pile driving are not available 
for the specific depths and pile type likely to be used for construction; however, an assumption of 15 meters of 
depth is conservative, given that attenuation with distance is greater in shallower water (California Department of 
Transportation 2015:4-21). 
9 The assumed sound levels were for a 24-inch AZ® sheet pile in 15 meters of water, a 30-inch steel pipe pile in 4–5 
meters of water, and a 14-inch H pile in 6 meters of water. 
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Variable 
Sheet Pile 


Pair 
Steel Pipe 


Pile 
H  


Pile 


Peak single-strike sound level at 10 meters [33 feet] (dB) 205 205 208 


Sound exposure level at 10 meters [33 feet] (SEL, dB) 180 180 177 


Root mean square at 10 meters [33 feet] (RMS, dB) 190 190 193 


Distance to 206-dB threshold (feet) a 28 28 45 


Distance to 187-dB threshold (feet) a 80 80 50 


Distance to 183-dB threshold (feet) a 147 147 93 


Distance to 150-dB threshold (feet) a 15,228 15,228 24,135 


Area of 206-dB threshold (acres) 0.06 0.06 0.15 


Area of 187-dB threshold (acres) 0.46 0.46 0.18 


Area of 183-dB threshold (acres) 1.28 1.28 0.60 


Area of 150-dB threshold (acres) 58.41 58.41 58.64 


Note: assumed testing would occur at Intake B. 
dB = decibel; RMS = root mean square; SEL = sound exposure level. 
a Note that this distance does not account for sound attenuation by site configuration (e.g., sound not going around 
corners at the bends in the river), which is accounted for in the area estimates given in the table. 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 5.4-1. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake B for the Test Pile 
Program, Sheet Pile Pair 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 5.4-2. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake B for the Test Pile 
Program, Steel Pipe Pile 







CA Department of Water Resources 


 Effects Analysis for Chinook Salmon, Central Valley 
Steelhead, Green Sturgeon, and Killer Whale 


 


Delta Conveyance Project, Biological Assessment 
5-29 


May 2024 
ICF 103653  


 


 
Note: Decibel (dB) values indicate thresholds of effect.  


Figure 5.4-3. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake B for the Test Pile 
Program, H Pile 
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The pile driving analysis for construction of the cofferdams and training walls indicated that the 


distance to sound-level thresholds would range from 28 feet (206 dB) to 15,228 feet (150 dB), with 


area ranging from 0.06 acre (206-dB thresholds at both intakes) to over 134 acres (150-dB 


threshold at Intake C) (Table 5.4-2; Figure 5.4-4 and Figure 5.4-5). The duration of the impact pile 


driving acoustic effect at each intake would be 21 days (Table 5.4-2). 


Table 5.4-2. Assumptions and Estimates of Impact Pile Driving Distance and Area of Acoustic Effect 
at Each Intake for Construction of Cofferdams and Training Walls 


Variable Intake B Intake C 


Number of piles (pairs) 420 410 


Number of piles per day 20 20 


Number of days of pile driving 21 21 


Number of strikes per pile 19 10 


Number of strikes per day 380 200 


Peak single-strike sound level at 10 meters [33 feet] (dB) 205 205 


Sound exposure level at 10 meters [33 feet] (SEL, dB) 180 180 


Root mean square at 10 meters [33 feet] (RMS, dB) 190 190 


Distance to 206-dB threshold (feet) a 28 28 


Distance to 187-dB threshold (feet) a 588 383 


Distance to 183-dB threshold (feet) a 1,086 708 


Distance to 150-dB threshold (feet) a 15,228 15,228 


Area of 206-dB threshold (acres) 0.06 0.06 


Area of 187-dB threshold (acres) 12.30 6.72 


Area of 183-dB threshold (acres) 25.06 18.47 


Area of 150-dB threshold (acres) 67.69 134.10 


dB = decibel; RMS = root mean square; SEL = sound exposure level. 
a Note that this distance does not account for sound attenuation by site configuration (e.g., sound not going around 
corners at the bends in the river), which is accounted for in the area estimates given in the table. 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 5.4-4. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake B for Construction of 
Cofferdams and Training Walls 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 5.4-5. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake C for Construction of 
Cofferdams and Training Walls 
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Two to 4 days of pile driving would be required during the final year of construction at each intake, 


to install steel pipe piles to support the floating log boom. Existing geotechnical information 


suggests that all log-boom piles could be vibrated into place without the need for any impact pile 


driving, but a conservative estimate of impact pile driving that could be required was used for this 


analysis. This analysis indicated that the distance to sound-level thresholds would range from 82 


feet (206 dB) to 13,061 feet (150 dB) (Table 5.4-3). The area of effect, accounting for attenuation of 


sound by river bends, ranges from 0.5 acre (206-dB threshold at Intakes B and C) to 118 acres (150-


dB threshold at Intake C) (Table 5.4-3; Figure 5.4-6 and Figure 5.4-7). 


Table 5.4-3. Assumptions and Estimates of Impact Pile Driving Distance and Area of Acoustic Effect 
at Each Intake for Construction of Log Booms 


Variable Intake B Intake C 


Number of piles 32 32 


Number of piles per day 10 10 


Number of days of pile driving 4 4 


Number of strikes per pile 504 66 


Number of strikes per day 5,040 660 


Peak single-strike sound level at 10 meters [33 feet] (dB) 212 212 


Sound exposure level at 10 meters [33 feet] (SEL, dB) 181 181 


Root mean square at 10 meters [33 feet] (RMS, dB) 189 189 


Distance to 206-dB threshold (feet) a 82 82 


Distance to 187-dB threshold (feet) a 3,825 990 


Distance to 183-dB threshold (feet) a 3,825 1,830 


Distance to 150-dB threshold (feet) a 13,061 13,061 


Area of 206-dB threshold (acres) 0.5 0.5 


Area of 187-dB threshold (acres) 66.4 27.2 


Area of 183-dB threshold (acres) 66.4 51.7 


Area of 150-dB threshold (acres) 69.3 117.9 


dB = decibel; RMS = root mean square; SEL = sound exposure level. 
a Note that this distance does not account for sound attenuation by site configuration (e.g., sound not going around 
corners at the bends in the river), which is accounted for in the area estimates given in the table. 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 5.4-6. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake B for Construction of Log 
Booms 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 5.4-7. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake C for Construction of Log 
Booms 
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Pile driving would also be required at bridge crossings associated with the proposed action (Table 


5.4-4). The area of effect, accounting for attenuation of sound by river bends, ranges from 0.04 acre 


(206-dB threshold at Snodgrass Slough) to 25 acres (150-dB threshold at Snodgrass Slough) (Table 


5.4-4). The duration of the impact pile-driving acoustic effect at the bridge crossings would range 


from 5 days (Snodgrass Slough) to 9 days (Burns Cutoff) (Table 5.4-4; Figure 5.4-8 and Figure 5.4-9). 


Table 5.4-4. Assumptions and Estimates of Impact Pile Driving Distance and Area of Acoustic Effect 
at Each Bridge Crossing 


Variable Snodgrass Slough Burns Cutoff 


Pile diameter (steel pipe, inches) 16 24 


Number of piles 26 50 


Number of piles per day 6 6 


Number of days of pile driving 5 9 


Number of strikes per pile 150 150 


Number of strikes per day 900 900 


Peak single-strike sound level (dB) 204 212 


Sound exposure level (SEL, dB) 179 181 


Root mean square (RMS, dB) 189 189 


Distance to 206-dB threshold (feet) a 24 82 


Distance to 187-dB threshold (feet) a 896 1,217 


Distance to 183-dB threshold (feet) a 1,655 2,249 


Distance to 150-dB threshold (feet) a 13,061 13,061 


Area of 206-dB threshold (acres) 0.04 0.47 


Area of 187-dB threshold (acres) 4.12 12.38 


Area of 183-dB threshold (acres) 7.34 12.36 


Area of 150-dB threshold (acres) 25.45 12.37 


dB = decibel; RMS = root mean square; SEL = sound exposure level. 
a Note that this distance does not account for sound attenuation by site configuration (e.g., sound not going around 
corners at the bends in the river), which is accounted for in the area estimates given in the table. 







CA Department of Water Resources 


 Effects Analysis for Chinook Salmon, Central Valley 
Steelhead, Green Sturgeon, and Killer Whale 


 


Delta Conveyance Project, Biological Assessment 
5-37 


May 2024 
ICF 103653  


 


 
Note: Decibel (dB) values indicate thresholds of effect. 


Figure 5.4-8. Estimates of Area of Acoustic Effect (Ensonified Area) at Snodgrass Slough for Bridge 
Construction 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 5.4-9. Estimates of Area of Acoustic Effect (Ensonified Area) at Burns Cutoff for Bridge 
Construction 
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Boat operations during construction would result in temporary acoustic effects on special-status 


fish species. Barge/tugboat operations would be conducted to transport construction equipment 


and materials to each intake, for a total of 68 to 94 trips per intake (Table 5.4-5). There would be no 


more than two trips upstream and two trips downstream per day, with work assumed to be 


staggered sequentially by at least 1 year for each intake. 


Table 5.4-5. Barge Round Trips (Trips in Parentheses) Associated with Construction of Each Intake 


Variable Intake B Intake C 


Transport log boom and support pile installation 2 (4) 2 (4) 


Transport clamshell excavator 1 (2) 1 (2) 


Transport excavated/dredged material 28 (56) 19 (38) 


Transport riprap 16 (32) 12 (24) 


Total round trips (total trips) 47 (94) 34 (68) 


Note: Round trips are to/from the Port of Stockton. This table does not account for barge trips associated with the 
test-pile program (1 round trip [2 trips] at a single intake), the geotechnical investigations at the proposed intakes 
(1–3 round trips [2–6 trips], based on 1 round trip per intake), or the geotechnical investigations at bridges and 
tunnel crossings (up to 10 round trips [20 trips]). 


Each barge round trip for transport of excavated/dredged material would be associated with 1 day 


of mechanical (i.e., clam shell) or hydraulic dredging to excavate and prepare the subgrade at the 


intake for riprap placement, that is, 19 to 28 days of dredging at each intake (Table 5.4-5). The Reine 


et al. (2014:3,292) review of potential dredging acoustic effects concluded that it is unlikely that 


conventional dredging operations can cause physical injury to fish species, while noting that, in 


theory, temporary hearing losses could occur if fish remained in the vicinity of a dredge for lengthy 


duration, although they suggested that the risk of this is low. 


Boat operations for geotechnical investigations and the test-pile program likely would be conducted 


from a shallow-draft barge or ship, outfitted with the necessary equipment for the task, with the 


potential for temporary acoustic effects from boat noise being limited to behavioral effects, 


consistent with the above discussion for dredging effects. There would be two barge trips for the 


test-pile program (i.e., to and from a single intake site), two to six barge trips for the geotechnical 


investigations at the intakes (i.e., to and from each intake site), and up to 20 barge trips for the 


geotechnical investigations at bridges and tunnel crossings (i.e., to and from 10 sites). Acoustic 


effects from standard geotechnical penetration tests (i.e., dropping a 140-pound automatic hammer 


to drive a sampler about 1.5 feet) are limited to minimal, short-duration vibrations (National Marine 


Fisheries Service 2017:177). 


Placement of riprap has the potential to result in temporary loud noises, although the available data 


from analogous situations in the Delta suggest that such effects would be limited: Sound data taken 


during the 2012 installation of rock barriers as part of DWR’s Temporary Barriers Project showed 


that noise levels at 100 meters from construction were below the NMFS criteria for adverse 


behavioral effects (150 dB),10 any effects would be limited to 24 to 32 days of riprap placement at 


each intake (corresponding to the number of round trips to transport riprap shown in Table 5.4-5). 


Tunnel boring along the Bethany Reservoir Alignment would pass beneath 14 waterbodies a total of 


17 times (Table 5.4-6). Tunnel boring is expected to progress at approximately 40 feet per day, with 


 
10 The greatest measured peak SPL at 100 meters was 149 dB for a single bucket drop of rock at the Old River near 
Tracy barrier (Shields 2012:7). 
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work undertaken up to 20 hours per day, 5 days per week, and up to 10 hours on Saturdays (Delta 


Conveyance Design and Construction Authority 2022c, 2022d), thereby passing under each 


waterbody for a number of days, depending on the width of the waterbody along the tunnel 


alignments. Acoustic modeling of potential effects was undertaken for the tunnel boring intersection 


with the San Joaquin River, which is the shallowest tunnel boring location passing beneath a 


waterbody (approximately 68 feet of cover between the crown of the tunnel and the bottom of the 


river channel). The overall SPL at the bottom of the channel was estimated at 104 dB (Delta 


Conveyance Design and Construction Authority 2022b), which is well below the 150-dB threshold 


for the behavioral modification described above, for example. Therefore, it would not be expected 


that fish and aquatic resources would be affected by noise from boring the tunnel alignments for the 


proposed action. 


Table 5.4-6. Name and Number of Waterbody Intersections of Tunnel-Boring Machine Routes  


Waterbody Number of Intersections 


Beaver Slough 1 


Disappointment Slough 1 


Hayes Slough 1 


Hog Slough 1 


Middle River 1 


Mokelumne River 1 


Old River 2 


San Joaquin River 1 


Snodgrass Slough 2 


Sycamore Slough 1 


Victoria Canal 1 


West Canal 1 


Whiskey Slough 1 


White Slough 2 


Total 17 


Source: Delta Conveyance Design and Construction Authority 2022c, 2022d. 


Drilling for subsurface power-transmission lines would pass once under Snodgrass Slough. Drilling 


for supervisory control and data acquisition would pass once under Burns Cutoff. Acoustic effects 


from subsurface drilling would be expected to be minimal, based on noise levels measured for 


underwater drilling of around 130 dB (Spiga et al. 2012:56–57, 78). 


As described above, underwater noise levels from pile driving and other construction activities 


could affect adult and juvenile Chinook salmon, steelhead, and green sturgeon due to their temporal 


and spatial overlap with pile driving. If adult Chinook salmon are in the area of pile-driving noise 


during construction activities, then pile driving has the potential for injury and behavioral effects. 


Underwater noise levels of sufficient intensity to cause direct injury or mortality of fish could occur 


over a period of 30–33 days during the proposed in-water work period (June 1–October 31) over a 


2-year period at each intake location. (See the related avoidance and mitigation measure [AMM], 


AMM-14: Construction Best Management Practices for Biological Resources in Appendix 3A, General 


Avoidance and Minimization Measures.) Underwater noise levels would return to baseline levels 


following cessation of pile driving and other construction activities and would not result in long-
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term effects on special-status fish species. The proposed action would include AMM-26: Develop and 


Implement an Underwater Sound Control and Abatement Plan, which includes limiting pile-driving 


timing and controlling or abating underwater noise generated during impact pile driving, for 


example, by starting impact pile driving at lower levels of intensity to allow fish to leave the area 


before the intensity is increased. For additional information about AMM-26: Develop and Implement 


an Underwater Sound Control and Abatement Plan, refer to Chapter 3, Section 3.6.2, Species-Specific 


Avoidance and Minimization Measures. 


5.4.2 Water Quality Effects 


5.4.2.1 Sediment Disturbance 


The construction of the proposed action would result in the generation and release of suspended 


sediments to the water column, temporarily increasing water-column turbidity above ambient 


levels and altering habitat conditions for fish and aquatic resource species. Turbidity-producing 


construction activities include bed and bank disturbance during cofferdam and log-boom 


installation, dredging for riprap placement adjacent to the new intake locations, and the placement 


of bed and bank riprap armoring. Propeller wash associated with boat traffic at construction sites 


may also produce localized turbidity pulses, depending on the location. 


Given the nature and scope of construction activities and based on observations of similar in-water 


construction activities, increases in turbidity and suspended sediment generated during 


construction of the water-conveyance facilities would be temporary, localized, and unlikely to reach 


levels causing direct injury or mortality to any of the Chinook salmon runs, steelhead, or green 


sturgeon. NMFS (2008:95) reviewed observations of turbidity plumes during installation of riprap 


for bank protection projects on the Sacramento River and concluded that visible plumes are 


expected to be limited only to a portion of the channel width, extend no more than 1,000 feet 


downstream, and dissipate within hours of cessation of in-water activities. Based on these 


observations, NMFS (2008:95) concluded that such activities could result in turbidity levels 


exceeding 25–75 nephelometric turbidity units. This level of effect is considered representative of 


maximum potential turbidity effects from the proposed action. 


Sediment at construction sites could include contaminants (e.g., metals, hydrocarbons such as oil 


and grease, organochlorine pesticides, polychlorinated biphenyls), so the potential exists for release 


and dispersal of these contaminants if these sediments are disturbed during construction. Fish and 


aquatic resources could be directly exposed to elevated levels of contaminants if they are in 


immediate proximity to construction activities that disturb contaminated sediments. The greatest 


potential for such effects would be during dredging/excavation for riprap placement, with lesser 


potential during pile driving for cofferdam and log-boom installation or from propeller wash by 


construction boat traffic. Bed disturbance could also result in indirect effects on fish and aquatic 


resources. Toxins in river channel sediments can enter the food chain via benthic organisms. If 


contaminated sediments are disturbed and become suspended in the water column, they also 


become available directly to pelagic organisms, including fish species and planktonic food sources of 


fish species. Thus, construction-related disturbance of contaminated bottom sediments opens up 


another potential pathway to the food chain, and the potential bioaccumulation of these toxins in 


various fish species. The bioaccumulation of toxins can lead to lethal effects, as well as several 


sublethal effects (e.g., effects on behavior, digestion, and immune system; Connon et al. 2011:290). 


The toxins in contaminated sediments generally are adhered to the sediment and, as described 


above for turbidity, elevated suspended sediment caused by construction activity for the proposed 
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action would be limited spatially to a portion of channel width and not extend far downstream, 


dissipating within hours of construction activities ceasing. 


As described above, increases in turbidity and suspended sediment levels during construction of the 


proposed intakes would affect the water quality. Elevated turbidity and suspended sediment 


generated by in-water construction activities, including barge operation, primarily would affect 


migration corridors through temporary degradation of water quality, increases in exposure to mid-


channel predators, and potential sedimentation of potential food-producing areas. These effects 


would have only a localized and temporary effect on habitat in the action area. AMM-27: Develop and 


Implement a Barge Operations Plan addresses bottom scour, bank erosion, accidental material 


spillage, sediment and benthic community disturbance from accidental or intentional barge 


grounding or deployment of barge spuds or anchors, and hazardous spills. Additionally, general 


avoidance and minimization measures (Chapter 3, Section 3.6.1, General Avoidance and Minimization 


Measures) are part of the proposed action and include AMM-4a: Develop and Implement Erosion and 


Sediment Control Plans and AMM-4b: Develop and Implement Stormwater Pollution Prevention Plans, 


which limit sedimentation entering waterbodies (Appendix 3A). 


5.4.2.2 Construction Contaminants 


Construction of the proposed action could result in accidental spills of contaminants, including oil, 


fuel, hydraulic fluids, concrete, paint, and other construction-related materials, resulting in localized 


water quality degradation. This could, in turn, result in significant effects on fish and aquatic 


resources, through direct injury and mortality (e.g., damage to gill tissue causing asphyxiation) or 


delayed effects on growth and survival (e.g., increased stress or reduced feeding), depending on 


nature and extent of the spill and the contaminants involved, as generally illustrated for Chinook 


salmon in Puget Sound tributaries (Varanasi et al. 1993). 


The greatest potential for an adverse water quality effect is associated with an accidental spill from 


construction activities occurring in or near surface waters. The north Delta intakes involve extensive 


in-water work, albeit with much of the work occurring inside a cofferdam. There is some potential 


for spills during drilled shaft work, cofferdam support installation, excavation of the cofferdam, and 


tremie pours of concrete (although additional concrete would be poured into the concrete base, 


thereby minimizing the potential for concrete mixing with water within the cofferdam prior to 


dewatering), but once cofferdams are installed and dewatered, any spills within the cofferdam 


essentially would preclude movement of spill materials into the river because of river water 


pressure on the cofferdams. Other construction elements that occur in upland areas or are isolated 


from fish-bearing waters have little potential for accidental spills that could affect fish. Discharge of 


water from construction sites could also affect water quality for fish and aquatic resources. 


As described above, the potential release of contaminants through spills or sediment disturbance 


could affect winter-run Chinook salmon through adverse effects on water quality. AMM-27: Develop 


and Implement a Barge Operations Plan, AMM-2: Develop and Implement Hazardous Materials 


Management Plans, and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans will minimize contaminants entering waterbodies, and if they are accidentally 


released, then cleanup plans are in place to minimize effects on special-status species. For additional 


information about the AMMs, refer to Section 3.6 in Chapter 3 and to Appendix 3A. 
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5.4.3 Direct Physical Injury 


In-water construction for the proposed action may result in direct physical injury or mortality to 


fish and aquatic resources from activities including pile driving, barge/tugboat operations, enclosing 


construction areas, riprap placement, and construction water diversion from surface waters. 


Installation of piles or placement of riprap could involve fish being crushed, although it would be 


expected that risk would be very low, based on the limited spatial extent of the work and the high 


probability of fish avoiding such activities; therefore, displacement of Chinook salmon, steelhead, 


and green sturgeon away from habitat near construction activities seems the most likely negative 


effect. Fish entrapped in construction areas enclosed by cofferdams would die without fish-rescue 


activities, although the number of fish being trapped in such areas would be a very low proportion 


of individuals relative to the overall extent of species’ ranges. Barge and tugboat operations could 


result in direct physical injury or mortality of green sturgeon from propeller entrainment/strikes. 


Given the relatively limited use of barges and tugboats (i.e., approximately 42–68 trips per intake 


associated with intake construction [staggered by one year per intake], two trips for the test pile 


program, and two trips per intake for geotechnical investigations, and up to 20 trips for geotechnical 


investigations at bridges and tunnel crossings, plus maneuvering at each site; see discussion above 


in Section 5.4.1, Acoustic Effects), such effects would be expected to be limited.11 The water supply 


needed for construction would be satisfied through a combination of the following: import from 


local sources, exchanges, use of existing riparian diversions, new temporary appropriations, or 


existing State Water Project appropriations. Surface water rights to be diverted from existing 


facilities would be available at the intake locations, and Lower Roberts Island at the tunnel shaft 


location. Therefore, at most construction sites, there would be no changes to surface waters related 


to construction water supplies. Any use of diversions will be screened, as appropriate, and 


additional authorizations addressed following development of detailed construction engineering, so 


at the limited number of sites that could use existing surface water rights, entrainment of fish would 


be low, based on low numbers of fish entrained at similar small intakes (e.g., Nobriga et al. 2004; 


Vogel 2013). 


As described above, there is potential for injury during in-water construction activities from 


activities including pile-driving, barge/tugboat operations, enclosing construction areas, riprap 


placement, and construction water diversion from surface waters. These activities could have a 


temporary adverse effect on adult Chinook salmon, steelhead, and green sturgeon. AMM-1: Conduct 


Environmental Resources Worker Awareness Training will train workers on identification of special-


status species and avoidance and minimization commitments. AMM-25: Develop and Implement a 


Fish Rescue and Salvage Plan will rescue any fish that may become trapped inside cofferdams. For 


additional information on AMM-25: Develop and Implement a Fish Rescue and Salvage Plan, see 


Chapter 3, Section 3.6.2. 


 
11 For example, for the California WaterFix project, NMFS (2017:256–263) estimated that ~23 barge trips per year 
to Intake A from the west Delta along the Sacramento River (a distance of 73 km [46 miles]) during June–October 
would result in annual propeller entrainment mortality of 0–1 juvenile winter-run Chinook salmon, 0 juvenile 
spring-run Chinook salmon, 104–199 juvenile fall-run Chinook salmon, 47–91 juvenile late fall–run Chinook 
salmon, and 1–2 juvenile steelhead. There would be 68–94 barge trips per intake, plus several additional trips for 
geotechnical work and the test pile program, potentially resulting in somewhat greater annual propeller 
entrainment mortality than estimated by NMFS (2017:256–263), but still very low in population-level terms. For 
example, for winter-run Chinook salmon, scaling up the California WaterFix estimate for the number of barge trips 
per intake gives estimates of ~4 fish taken per year as a result of barge trips associated with Intake B ([94 ÷ 23 
trips] ⨯ 1 fish per year) and ~3 fish taken per year as a result of barge trips associated with Intake C ([68 ÷ 23 
trips] ⨯ 1 fish per year). 
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5.4.4 Prey Availability 


Proposed action–related construction has the potential to reduce prey availability (e.g., zooplankton, 


benthic invertebrates, small fish) for special-status fish species through disturbance of aquatic 


habitat. Prey species may be affected by pile driving (e.g., from noise effects or direct physical 


contact), barge and tugboat operations (e.g., noise, sediment disturbance), removal of riparian 


aquatic habitat (i.e., reducing habitat structures for prey in or above water) and riprap placement 


(e.g., direct physical contact, sediment disturbance). Isolation of construction areas with cofferdams 


would prevent special-status fish species access to prey in these areas until cofferdams are 


removed.12 The potential effects would be limited in extent relative to the overall area of habitat 


available to special-status fish species in the Delta. Further discussion of habitat reduction is 


provided in Section 5.4.7, Habitat Extent. 


As described above, the potential release of contaminants through spills or sediment disturbance 


could affect water quality and food resources (i.e., reduced abundance of benthic invertebrates and 


consumption of contaminated benthic invertebrates). AMM-27: Develop and Implement a Barge 


Operations Plan, AMM-2: Develop and Implement Hazardous Materials Management Plans, and AMM-


3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans will minimize 


contaminants entering waterbodies, and if they are accidentally released, then cleanup plans are in 


place to minimize effects on benthic invertebrates. 


5.4.5 Predation 


In-water structures used during construction would have the potential to provide habitat for 


predatory species. The cofferdams to be used during construction at the north Delta intakes would 


include flutes (i.e., vertical grooves), which may make them suitable as predatory fish habitat (Vogel 


2008a:24). In-water structures, particularly cofferdams at the north Delta intakes, may, therefore, 


result in negative effects on small fish, such as downstream-migrating juvenile salmonids, or 


positive effects on larger predatory fish, such as black bass (Micropterus lacepede). Juvenile 


salmonids in the action area near the intakes could be subject to greater risk of predation if 


predatory fish move in and use the structures for cover; green sturgeon are less likely to be affected 


because of larger size (see Section 5.5.4, Green Sturgeon).  


Overall, however, the potential effects from presence of in-water structures during construction 


would be limited because the overall extent would be low (Table 5.4-7 and Table 5.4-8), considering 


the already existing docks in the Delta (approximately 250 acres, or 0.44% of the total surface area 


of waterways; Lehman et al. 2019:12). The existing proportional extent of small docks in the Delta 


has been concluded not to be likely to have a population-level effect on species such as migrating 


juvenile salmonids (Lehman et al. 2019:14), so the addition of structures from construction of the 


proposed action would be expected to be limited in terms of additional negative effects. 


In addition to in-water structure effects during construction, the various forms of in-water 


construction work (i.e., pile driving, barge and tugboat operations, and riprap placement) have the 


potential to increase predation risk for juvenile fish increasing disturbance and susceptibility to 


predation (e.g., by masking the sounds of approaching predators or causing fish to flee disturbed 


areas), which, in turn, could increase predation success of larger predatory fish, such as black bass. 


Such effects would be temporally and spatially limited in extent. Loss of shaded riparian aquatic 


 
12 Total construction duration at each intake is 5.5 years (see Figure 3.5-12 in Chapter 3). 
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habitat and other shallow-water habitat because of construction would also increase susceptibility 


to predation, but again this would be spatially limited (see discussion in Section 5.4.7 regarding 


extent of loss of habitat). 


5.4.6 Water Temperature 


Removal of trees at construction sites may reduce the extent of shaded riparian aquatic habitat (see 


Section 5.4.7 regarding effects on channel-margin habitat). This could potentially increase water 


temperature and have negative effects on fish and aquatic resources, depending on species-specific 


temperature preferences. However, such increases would be extremely localized and likely would 


only occur in any small, semi-isolated shallow areas away from the main river channel that are 


shaded by trees; this type of habitat does not occur at the construction sites, particularly the north 


Delta intakes, which include modified riverbanks, often with considerable extents of revetment. 


NMFS (2017:220) noted that the Sacramento River and Delta are wider, faster-moving waterbodies 


and, therefore, are less likely to experience warming of water temperatures caused by limited 


decreases in riparian vegetation, such as would occur with construction of the proposed action. This 


is because as the river channels become wider, a smaller fraction of the channel is affected by 


shading and the narrow riparian corridor found along those riverbanks. As further described by 


NMFS (2017:220), the volume of water present in the river channel acts as a thermal sink, resisting 


temperature changes caused by shading along a narrow riparian zone. Temperature changes are 


more influenced by the greater surface area of exposed open water in the river channel, ambient air 


temperatures over those exposed areas, solar irradiation, and the influence of water layers mixing 


within the main river channel. The effects on special-status fish from changes in water temperature 


would be expected to be minimal. 


5.4.7 Habitat Extent 


Construction of the proposed action would result in reduced habitat extent for fish species. The 


overall footprint of construction activities is approximately 1.5 acres of temporary effects13 and 


approximately 5.6 acres of permanent effects on tidal perennial habitat (Table 5.4-7). The footprint 


effect on channel-margin habitat in the Sacramento River is approximately 494 linear feet of 


temporary impact and approximately 3,124 linear feet of permanent impact (Table 5.4-8). 


Table 5.4-7. Summary of Tidal Perennial Habitat Affected by Construction Activities (acres) 


Impact Type Feature Waterbody  Proposed Action 


Permanent Surface Impact Access Railroad Burns Cutoff 0.163 


Permanent Surface Impact Access Road Burns Cutoff 0.090 


Permanent surface impact Access Road Unknown 0.061 


Permanent surface impact Access Road/Power – 
Underground New 


Unknown 0.009 


Permanent surface impact Access Road/SCADA – 
Underground New 


Burns Cutoff 0.107 


Permanent surface impact County Road Unknown 0.163 


 
13 Temporary effects are the habitat extent acreage that can be returned to original basic use following completion 
of construction; permanent effects are the habitat acreage that cannot be returned to original basic use following 
completion of construction. 
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Impact Type Feature Waterbody  Proposed Action 


Permanent surface impact Intake Sacramento River 4.983 


Permanent surface impact All Combined Permanent All Combined 5.574 


Temporary surface impact County Road Unknown 0.244 


Temporary surface impact Intake Boundary Sacramento River 0.834 


Temporary surface impact Power – Underground New Unknown 0.010 


Temporary surface impact Railroad Work Area Burns Cutoff 0.054 


Temporary surface impact Road Work Area Burns Cutoff 0.297 


Temporary surface impact Road Work Area Unknown 0.084 


Temporary surface impact Road Work Area/Power – 
Underground New 


Unknown 0.025 


Temporary surface impact All Combined Temporary All Combined 1.548 


ROW = right-of-way; SCADA = supervisory control and data acquisition. 


Table 5.4-8. Summary of Channel Margin Habitat Affected by Construction Activities (linear feet) 


Impact Type Feature Waterbody  Proposed Action 


Permanent surface impact Intake Sacramento River 3,124 


Temporary surface impact Intake Sacramento River 494 


During construction, some areas would be affected, both temporarily and permanently. DWR 


proposes to offset effects on special-status fish habitat through restoration of tidal perennial habitat 


and channel-margin habitat at an approved restoration site and/or the purchase of conservation 


credits at an approved conservation bank (see Table 3B-4 in Appendix 3B, Compensatory Mitigation 


Plan for Special-Status Species and Aquatic Resources). 


5.5 Effects of Water Facility Construction on 
Designated Critical Habitat 


This effects analysis provides an analysis of effects on critical habitat for winter-run Chinook 


salmon, spring-run Chinook salmon, steelhead, and green sturgeon. For all four species, designated 


critical habitat is present in the Sacramento River, the Delta, and adjacent areas. The analysis 


includes potential effects on the following PBFs of critical habitat for each species. Critical habitat is 


not designated in Snodgrass Slough or Burns Cutoff for any of these species. 


5.5.1 Sacramento River Winter-Run Chinook Salmon 


Sacramento winter-run Chinook salmon has ESA-designated critical habitat in the entire Sacramento 


River and its tributaries. Construction of water facilities would affect critical habitat where Intakes B 


and C would be constructed. 


PBF 1: Access from Pacific Ocean to spawning areas in the upper Sacramento River 


Underwater noise levels from pile driving, barge trips, and other construction activities would affect 


the designated critical habitat of winter-run Chinook salmon through temporary degradation of this 


PBF (i.e., unobstructed migratory pathways). Adverse effects on critical habitat would occur within 
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areas subjected to noise levels associated with potential injury and behavioral effects, as described 


above under Section 5.4.1. Underwater noise levels of sufficient intensity to cause direct injury or 


mortality of fish could occur over a period of approximately 25 days during the proposed in-water 


work period (June 1–October 31) over a 2-year period at each intake location. In addition to the 


work window, AMM-14: Construction Best Management Practices for Biological Resources and AMM-


26: Develop and Implement an Underwater Sound Control and Abatement Plan would be 


implemented to monitor and decrease noise levels from impact pile driving. Underwater noise levels 


would return to baseline levels following cessation of pile driving and other construction activities 


and would not result in long-term impacts on critical habitat. 


PBF 2: Water temperatures for successful fry development 


There is no expected increase in water temperature from construction activities (Section 5.4.6, 


Water Temperature). Therefore, there would be no effect on the PBF for adequate water 


temperatures for successful fry development. 


PBF 3: Habitat areas and prey that are not contaminated 


Increases in turbidity and suspended sediment levels during construction of the proposed intakes 


could affect this PBF. Elevated turbidity and suspended sediment generated by in-water 


construction activities primarily would affect rearing habitat and migration corridors through 


temporary degradation of water quality (Section 5.4.2, Water Quality Effects), increases in exposure 


to mid-channel predators, and potential sedimentation of food-producing areas. In reference to 


Chapter 3, Section 3.6, AMM-2: Develop and Implement Hazardous Materials Management Plans, 


AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans, AMM-4a: 


Develop and Implement Erosion and Sediment Control Plans, AMM-4b: Develop and Implement 


Stormwater Pollution Prevention Plans, and AMM-14: Construction Best Management Practices for 


Biological Resources would minimize these effects on critical habitat in the action area. 


The potential release of contaminants through spills or sediment disturbance could affect this PBF 


through reduced abundance of benthic invertebrates and consumption of contaminated benthic 


invertebrates (Section 5.4.4, Prey Availability). As noted previously, implementation of the AMMs 


would minimize contaminant effects on critical habitat, and any effects would be small. 


PBF 4: Riparian habitat that provides for successful juvenile development and survival 


Effects on the designated critical habitat of winter-run Chinook salmon include temporary impacts 


during construction on juvenile rearing and migration habitat, as described above (Section 5.4.7). 


There would be temporary effects on riparian vegetation during construction. DWR proposes to 


offset effects on the designated critical habitat of winter-run Chinook salmon through restoration of 


tidal perennial habitat and channel-margin habitat at an approved restoration site and/or the 


purchase of conservation credits at an approved conservation bank (see Table 3B-4 in Appendix 


3B). 


5.5.2 Central Valley Spring-Run Chinook Salmon 


Sacramento spring-run Chinook salmon has ESA-designated critical habitat in the entire Sacramento 


River and its tributaries. Construction of water facilities would affect critical habitat where Intakes B 


and C would be constructed. 
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PBF 1: Freshwater rearing habitat with water quantity and quality, floodplain connectivity, 


forage, and natural cover supporting juvenile development, growth, mobility, and survival 


As discussed above under Section 5.5.1, Sacramento River Winter-Run Chinook Salmon, increases in 


turbidity and suspended sediment levels and potential releases of contaminants during construction 


of the proposed intakes could affect water quality and also contaminate benthic invertebrates for 


juvenile spring-run Chinook salmon in the vicinity of construction. Implementation of AMMs would 


avoid and minimize negative water quality effects. Release of sedimentation and contaminants 


would have only a localized and temporary effect on critical habitat in the action area. 


Loss of critical habitat would occur due to the construction of the intakes. DWR proposes to offset 


impacts to the designated critical habitat of spring-run Chinook salmon through restoration of tidal 


perennial habitat and channel-margin habitat at an approved restoration site and/or the purchase of 


conservation credits at an approved conservation bank (see Table 3B-4 in Appendix 3B). 


PBF 2: Freshwater migration corridors free of obstruction and excessive predation with water 


quantity and quality conditions and natural cover supporting juvenile and adult mobility and 


survival 


As discussed in Section 5.5.1, underwater noise levels from pile driving and other construction 


activities may affect migration during construction. Adverse effects on critical habitat would occur 


within areas subjected to noise levels associated with potential injury and behavioral effects. 


Implementation of the in-water work window and AMMs would reduce noise levels from impact pile 


driving. Underwater noise levels would return to baseline levels following cessation of pile driving 


and other construction activities and would not result in long-term impacts on critical habitat. 


Predation is not expected to greatly increase during construction activities (Section 5.4.5, 


Predation). 


5.5.3 California Central Valley Steelhead 


California Central Valley steelhead has ESA-designated critical habitat in the entire Sacramento 


River and San Joaquin River, and their tributaries. Construction of water facilities would affect 


critical habitat. The PBFs and the effects on critical habitat are the same as for spring-run Chinook 


salmon. Implementation of the AMMs would avoid and minimize effects on critical habitat for 


California Central Valley steelhead. 


5.5.4 Green Sturgeon 


The southern distinct population green sturgeon has ESA-designated critical habitat in the 


Sacramento River, the Feather River, Yuba River, Sutter Bypass, Yolo Bypass, Sacramento–San 


Joaquin Delta, San Francisco Bay, San Pablo Bay, and Suisun Bay. Construction of water facilities 


would affect critical habitat where Intakes B and C would be constructed. 


PBF 1: Food resources for larval, juvenile, subadult, and adult life stages 


The potential release of contaminants through spills or sediment disturbance could affect this PBF 


through adverse effects on water quality and food resources, resulting in reduced abundance of 


benthic invertebrates and consumption of contaminated benthic invertebrates in the vicinity of 


construction. Implementation of AMM-2: Develop and Implement Hazardous Materials Management 


Plans, AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans, AMM-4a: 
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Develop and Implement Erosion and Sediment Control Plans, and AMM-4b: Develop and Implement 


Stormwater Pollution Prevention Plans will avoid and minimize effects on any contaminant releases 


that may occur. No long-term or permanent effects on critical habitat are expected. 


PBF 2: Water quality including temperature, salinity, oxygen content, and other chemical 


characteristics supporting growth and viability of all life stages 


Increases in turbidity and suspended sediment levels during construction of the proposed intakes 


could affect water quality. These effects would be limited to localized, temporary degradation of the 


physical and biological features of water quality and potential sedimentation of food-producing 


areas. Implementation of the AMMs under PBF 1 would be implemented to keep turbidity levels 


down. No long-term or permanent effects on critical habitat are expected. 


There is no expected increase in water temperature from construction activities (Section 5.4.6). 


PBF 3: Migratory corridor free of obstruction and excessive predation with water quantity and 


quality conditions supporting safe and timely passage of juveniles and adults within and 


between riverine, estuarine, and marine habitats 


As discussed in Section 5.5.1, construction of the intakes would cause noise and disturbance and 


could preclude green sturgeon from using the Sacramento River to migrate upstream or 


downstream of the area during construction activities. AMM-26: Develop and Implement an 


Underwater Sound Control and Abatement Plan would be implemented to dampen noise effects from 


impact pile driving. The potential for injury during in-water construction activities could occur from 


barge ship strikes. AMM-27: Develop and Implement a Barge Operations Plan would require a 


biological monitor to observe barge activities and report any damage to sensitive habitat or species. 


Increased predation during construction activities is not expected to occur to any great extent 


because green sturgeon occurring in construction areas would be larger than the size at which 


predation risk diminishes to zero (Baird et al. 2020; see also Section 5.4.5). No long-term or 


permanent effects on critical habitat are expected.  


5.6 Effects of Conservation Measures 


5.6.1 Compensatory Mitigation 


Implementation of the compensatory mitigation plan could result in effects on special-status fish 


species. Details of compensatory mitigation are provided in Appendix 3B. A total of 18.3 acres of 


tidal perennial habitat and 3,619 linear feet of channel margin compensatory mitigation would be 


undertaken. Construction of aquatic habitat restoration for mitigation itself has the potential for 


negative effects on fish and aquatic species, with these effects generally including those previously 


discussed above in Section 5.4, Effects of Water Facility Construction on Chinook Salmon, Central 


Valley Steelhead, and Green Sturgeon (i.e., acoustic effects, sediment disturbance, water quality 


effects, direct physical injury, reduced prey availability, and increased predation). Potential short-


term negative effects from construction of aquatic habitat as compensatory mitigation are 


exemplified by effects assessed for the Lower Yolo Tidal Restoration Project (National Marine 


Fisheries Service 2014a). To the extent practicable, grading and excavation (e.g., of marsh plains and 


tidal channels) would be performed prior to work, allowing species to enter restored areas (e.g., 


excavation of notches in the perimeter of levees to facilitate tidal flows to enter and leave) to 
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minimize negative effects on fish species. Excavation of levee perimeter notches to allow tidal 


exchange could result in several effects on fish species: temporary loss of aquatic and riparian 


habitat (e.g., increasing predation potential because of reduced cover, reduced substrate for prey, 


increased water temperature); degraded water quality from contaminants liberated from soils and 


increased suspended sediment that could affect fish directly if in very high concentration, as well as 


affecting prey availability; heavy machinery noise resulting in fish being inhibited in their 


movements near the work areas, and possibly being startled away from work areas and, therefore, 


becoming more susceptible to predation; direct strikes to fish from construction equipment 


performing in-water work, such as notch excavation in levees to restored tidal flow, leading to injury 


or mortality; and stranding of fish within enclosed construction areas (e.g., within cofferdams) that 


may be required during construction. As suggested for the Lower Yolo Tidal Restoration Project, 


however, such potential impacts can be minimized by construction techniques, where feasible, such 


as not operating heavy machinery from within the water; limiting construction to only the small 


areas necessary to meet restoration design (e.g., restoration of tidal connections, limiting work to 


low tide and daylight hours to the extent possible, installing sheet pile exclusion barriers with 


vibratory hammers). Potential negative effects from compensatory mitigation construction would 


be expected to affect very small numbers of individuals of fish and aquatic species that may occur 


near sites during in-water work. Construction of compensatory mitigation would include various 


AMMs, as necessary, and as described above for construction effects. These AMMs would limit the 


potential for negative effects by limiting work to the in-water work window and limiting the 


potential for water quality effects. Inclusion of selenium and methylmercury management as part of 


mitigation (AMM-23: Develop and Implement a Mercury Management and Monitoring Plan) would 


limit potential for negative effects from selenium or methylmercury production as a result of habitat 


restoration activities. 


5.6.2 Avoidance and Minimization Measures 


Some AMMs would involve in-water work that would have the potential to affect fish and aquatic 


species. The AMM with potential to result in effects on fish and aquatic species is AMM-26: Develop 


and Implement an Underwater Sound Control and Abatement Plan (Appendix 3A). Temporary effects 


on fish and aquatic species resulting from implementation of AMMs would be similar to construction 


effects of the proposed action in certain construction areas and contribute to fish and aquatic 


species effects of the proposed action. DWR would develop and implement an underwater sound 


control and abatement plan that could include installation of an attenuation device, such as a bubble 


curtain, or other mechanism to minimize noise, such as air-filled fabric barriers, isolation piles, or 


installation of piling-specific cofferdams. 


Abatement measures for underwater noise generated by impact pile driving include best available 


and practicable methods with the potential for negative effects on fish and aquatic species by 


trapping them within enclosed areas: bubble curtains, air-filled fabric barriers, isolation piles, or 


piling-specific cofferdams. Should fish and aquatic species become trapped within the area enclosed 


by these technologies, they would be exposed to high sound levels and may be injured, potentially 


fatally, by noise levels. However, the number of individuals potentially experiencing such effects 


would be low because of the small area affected and the likely disturbance and avoidance of the area 


by fish. The in-water work window for this measure also would limit the potential for temporal 


overlap with special-status fish species. 


Overall, other AMMs implemented for the construction of the Water Conveyance Facilities, would be 


temporary and limited to the in-water work window during the construction phase of the project. 
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Potential effects would be reduced by limiting the duration of the activities to the extent possible, 


with AMM-2: Develop and Implement Hazardous Materials Management Plans, AMM-3: Develop and 


Implement Spill Prevention, Control, and Countermeasure Plans; AMM-4a: Develop and Implement 


Erosion and Sediment Control Plans, and AMM-4b: Develop and Implement Stormwater Pollution 


Prevention Plans. Additionally, AMM-14: Construction Best Management Practices for Biological 


Resources would minimize, but perhaps not completely avoid, the potential for injury or mortality. 


AMM-27: Develop and Implement a Barge Operations Plan would also minimize impacts from 


construction-related disturbance. Therefore, implementation of other AMMs is unlikely to result in 


effects on fish and aquatic species. For additional information about AMMs, refer to Section 3.6 of 


Chapter 3 or to Appendix 3A. 


5.7 Effects on Southern Resident Killer Whale and 
Southern Resident DPS Killer Whale Critical 
Habitat 


Southern Resident DPS killer whale is found in coastal waters off British Columbia, Washington, and 


Oregon in summer and fall (National Marine Fisheries Service 2008). During winter, killer whales 


are sometimes found off the central California coast but are more frequently reported off the 


Washington coast (Hilborn et al. 2012). The 2005 NMFS endangered listing (70 FR 69903) for the 


Southern Resident DPS killer whale lists several factors that may be limiting the recovery of killer 


whales (including the quantity and quality of prey). 


Chinook salmon is an important component of the killer whale diet, and the Independent Science 


Panel reported that Southern Resident DPS killer whales depend on Chinook salmon as a critical 


food resource (Hilborn et al. 2012). Hanson et al. (2010) analyzed tissues from predation events and 


feces to confirm that Chinook salmon were the most frequent prey item for killer whales in two 


regions of the whale’s summer range off the coast of British Columbia and Washington state, 


representing more than 90% of the diet in July and August. Samples indicated that when Southern 


Resident DPS killer whales are in inland waters from May to September, they consume Chinook 


salmon stocks that originate from regions that include the Fraser River, Puget Sound, the Central 


British Columbia Coast, West and East Vancouver Island, and California’s Central Valley (Hanson et 


al. 2010). Available fish harvest data and killer whale diet and contaminants analyses suggest that 


Central Valley Chinook salmon comprise a significant portion of the total abundance of Chinook 


salmon available to killer whale throughout their range in most, if not all, years (National Marine 


Fisheries Service 2019). 


Ford et al. (2016) helped confirm the importance of Chinook salmon to Southern Resident DPS killer 


whales in the summer months using DNA sequencing from whale feces. The researchers found that 


more than 90 percent of the whale’s inferred diet consisted of salmonids; almost 80 percent was 


Chinook Salmon. Bellinger et al. (2015) estimated that Central Valley Chinook salmon comprised 


about 22 percent of the Chinook salmon sampled off the Oregon coast and about 50 percent of those 


sampled off the California coast (south to Big Sur). Although killer whale, an apex predator, eats a 


variety of other species, Central Valley Chinook Salmon (all runs) can be estimated to make up 


approximately 40% of the killer whale diet when killer whales are off the California coast and 18% 


of the killer whale diet when the killer whales are off the Oregon coast. 
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As discussed by NMFS (2017:831), individual-level effects on killer whale from changes in Chinook 


salmon prey could include changes in areas searched for prey and consequent changes in energy 


expended for such searches, resulting in changes in energy intake and the risk of nutritional stress. 


Changes in energy consumption and nutritional stress could lead to changes in body size, condition, 


and growth and changes in reproductive and survival rates for adults (National Marine Fisheries 


Service 2017:831). 


The Southern Resident DPS of killer whale is thought to move with the seasonal abundance of 


salmonids returning to natal rivers to spawn from early summer through fall. There are correlations 


between the occurrence of southern residents and commercial and sport salmon fishery catches in 


waters off southeastern Vancouver Island and in Puget Sound (Stewart et al. 2023). This population 


of killer whales is commonly found off southeastern Vancouver Island and in Puget Sound, 


Washington, from late spring to late fall (Ford 2006, Osborne 1999). The winter distribution of 


Southern Resident DPS killer whales is poorly known. K and L pods have been observed off the 


mouth of the Columbia River and in Monterey Bay, California, associated with local production of 


Chinook Salmon (Wiles 2004; Balcomb 2006). 


It is important to note that the proposed actions’ construction and related maintenance would not 


affect ocean conditions. 


5.7.1 Effects of Conservation Measures on Southern Resident 
DPS Killer Whale  


Conservation measure construction components of the proposed action have the potential to affect 


Chinook salmon stocks, which form part of the diet of Southern Resident DPS killer whale. With the 


inclusion of conservation measures (Section 3.6 of Chapter 3 and Appendix 3A), the various 


proposed north Delta diversion construction activities would have minimal impacts on Chinook 


salmon stocks. This is in part through increased operational flexibility and habitat restoration. The 


restored tidal habitat areas would have the potential for positive effects on fall- and late fall–run 


Chinook salmon (refer to discussions in Section 5.6, Effects of Conservation Measures). The 


conservation measures potentially could also result in negative effects on individual fish such as: 


temporary loss of aquatic and riparian habitat leading to increased predation and reduced food 


availability; degraded water quality from contaminant discharge by heavy equipment and soils, and 


increased discharges of suspended solids and turbidity, leading to direct toxicological effects on fish 


health/performance (e.g., gill damage and reduced ability to take in oxygen, increasing metabolic 


cost), indirect impairment of aquatic ecosystem productivity (e.g., reduction in benthic 


macroinvertebrate production and availability), loss of aquatic vegetation providing physical 


shelter, and reduced foraging ability caused by decreased visibility; impediments and delay in 


migration caused by elevated noise levels from machinery; and direct injury or mortality from in-


water equipment strikes or isolation/stranding within dewatered cofferdams. These potential 


effects would be minimized through restriction of in-water work to windows limiting exposure by 


reducing potential for spatiotemporal overlap and implementation of other AMMs to minimize the 


potential for effects when species do overlap with in-water work. 
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5.7.2 Effects on Southern Resident DPS Killer Whale Critical 
Habitat 


Critical habitat for the Southern Resident DPS killer whale was designated in November 2006 (71 


CFR 229). Three specific areas are designated: (1) the Summer Core Area in Haro Strait and waters 


around the San Juan Islands; (2) Puget Sound; and (3) the Strait of Juan de Fuca, which comprises 


approximately 2,560 square miles (6,630 square kilometers) of marine habitat. The designation 


includes the following PBFs essential for conservation of the Southern Resident DPS killer whale. 


1. Water quality to support growth and development; and 


2. Prey species of sufficient quantity, quality, and availability to support individual growth, 


reproduction, and development, as well as overall population growth; and 


3. Passage conditions to allow for migration, resting, and foraging. 


The proposed action has no potential to affect water quality or passage conditions within Southern 


Resident DPS killer whale critical habitat. Southern Resident DPS killer whales rely on 23 different 


species as prey, with salmon being the preferred prey (71 CFR 229). Given that critical habitat 


occurs within Puget Sound and the Strait of Juan de Fuca, the majority of prey consumed within 


critical habitat consists of populations native to rivers tributary to that habitat. The precise 


proportion of Central Valley-origin Chinook salmon consumed in the Southern Resident DPS killer 


whale diet when they are feeding within critical habitat has not been determined, but fewer than 


10% of Central Valley-origin Chinook salmon are collected from as far north as Tillamook Head on 


the northern Oregon coast (Satterthwaite et al. 2013). Southern Resident DPS killer whale critical 


habitat is several hundred kilometers north of that area. The principal source of prey for Southern 


Resident DPS killer whale within critical habitat is Fraser River-origin Chinook salmon, with chum 


salmon also important for fall foraging in Puget Sound (National Marine Fisheries Service 2014b). 


The proposed action is unlikely to affect the production of Central Valley-origin Chinook salmon, and 


the proportion of Central Valley-origin Chinook salmon occurring within designated critical habitat 


is very low and, thus, has negligible potential to affect the Southern Resident DPS killer whale prey 


base within critical habitat. 


5.8 Cumulative Effects on Chinook Salmon, Central 
Valley Steelhead, Green Sturgeon, and Killer 
Whale 


Cumulative effects are those effects of future state or private activities that are reasonably certain to 


occur within the action area of the federal action subject to consultation (50 CFR 402.02). Future 


federal actions that are unrelated to the proposed action are not considered in this section because 


they require separate consultation pursuant to ESA Section 7. The EIR includes a cumulative 


analysis consistent with CEQA and can further inform the potential for cumulative effects (see 


Section 12.3.4.2, Cumulative Impacts of the Project Alternatives, in Chapter 12, Fish and Aquatic 


Resources, of the Delta Conveyance Project Final Environmental Impact Report [California 


Department of Water Resources 2023]). 
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5.8.1 Water Diversions 


Water diversions for irrigated agriculture, municipal and industrial use, and managed wetlands are 


found throughout the California Central Valley. Thousands of small and medium-size water 


diversions exist along the Sacramento River, San Joaquin River, their tributaries, and the Delta, and 


many of them remain unscreened. Depending on the size, location, and season of operation, these 


unscreened diversions entrain and kill many life stages of aquatic species, including juvenile listed 


anadromous or osmeridae (smelt) species (Mussen et al. 2013; Mussen et al. 2014). For example, as 


of 1997, 98.5 percent of the 3,356 diversions included in a Central Valley database were either 


unscreened or screened insufficiently to prevent fish entrainment (Herren and Kawasaki 2001). 


This has improved, due to the Anadromous Fish Screen Program, part of the Central Valley Project 


Improvement Act, as well as DWR’s fish-screening program. Although private irrigation diversions 


in the Delta are mostly unscreened, the total amount of water diverted onto Delta farms has 


remained stable for decades (Bureau of Reclamation 2019). 


5.8.2 Agricultural Practices 


Agricultural practices may affect riparian and wetland habitats negatively through upland 


modifications that lead to increased siltation or reductions in water flow in stream channels flowing 


into the action area, including the Sacramento River, Stanislaus River, San Joaquin River, and Delta. 


Grazing activities from dairy and cattle operations can degrade or reduce suitable critical habitat for 


listed fish species by increasing erosion and sedimentation, as well as introducing nitrogen, 


ammonia, and other nutrients into the watershed, which then flow into receiving waters. Sources of 


introduction vary from agricultural-use pesticide runoff to urban wastewater-treatment discharge 


and other potential sources. Stormwater and irrigation discharges related to both agricultural and 


urban activities contain numerous pesticides and herbicides that may disrupt various physiological 


mechanisms and may affect reproductive success and survival rates of listed anadromous fish (Scott 


and Sloman 2004) negatively. However, the State of California issues Waste Discharge Requirements 


to dischargers, including irrigators, dairy operations, and cattle operations, that require 


implementation of BMPs designed to be protective of surface water quality, with benefits for listed 


fish species. Monitoring and reporting requirements associated with those Waste Discharge 


Requirements ensure compliance with BMPs. Agricultural practices introduce nitrogen, ammonium, 


and other nutrients into the watershed, which then flow into receiving waters, adding to other 


inputs, such as wastewater treatment (Lehman et al. 2014). Stormwater and irrigation discharges 


related to both agricultural and urban activities contain numerous pesticides and herbicides that 


may affect fish reproductive success and survival rates (Dubrovsky et al. 1998; Kuivila and Moon 


2004; Scholz et al. 2012) negatively. Discharges occurring outside the action area that flow into the 


action area also contribute to cumulative effects of contaminant exposure. 


5.8.3 Increased Urbanization 


The Delta Protection Commission’s Economic Sustainability Plan for the Delta reported an urban 


growth rate of about 54% within the statutory Delta between 1990 and 2010, as compared with a 


25% growth rate statewide during the same period (Delta Protection Commission 2012). The report 


also indicated that population growth had occurred in the Secondary Zone of the Delta, but not in 


the Primary Zone, and that population in the central and south Delta areas had decreased since 


2000.  
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Growth projections through 2050 indicate that all counties overlapping the Delta are projected to 


grow at a faster rate than the state as a whole. Total population in the Delta counties is projected to 


grow at an average annual rate of 2.2% from 2020 through 2030 (California Department of Finance 


2023). Table 5.8-1 illustrates past, current, and projected population trends. As of 2010, the 


combined population of the Delta counties was approximately 3.8 million. Sacramento County 


contributed 37.7% of the population of the Delta counties, and Contra Costa County contributed 


27.8%. Yolo County had the smallest population (200,849 or 5.3%) of all the Delta counties. 


Table 5.8-1. Population by County and Area, 2010–2060 


Area 


2010 
Population 
(millions) 


2019  
Population 
(millions) 


2030 
Projected 
Population 
(millions) 


2035 
Projected 
Population 
(millions) 


2060 
Projected 
Population 
(millions) 


Delta Region 5.30 5.82 6.37 6.61 7.43 


Alameda County 1.52 1.67 1.83 1.90 2.16 


Contra Costa County 1.05 1.15 1.25 1.30 1.45 


Sacramento County 1.42 1.55 1.70 1.75 1.94 


San Joaquin County 0.69 0.77 0.88 0.92 1.09 


Solano County 0.41 0.44 0.47 0.48 0.52 


Yolo County 0.20 0.22 0.24 0.25 0.28 


South Bay Area a 1.85 2.02 2.17 2.25 2.51 


San Benito County 0.06 0.06 0.07 0.08 0.09 


Santa Clara County 1.79 1.96 2.09 2.17 2.42 


San Joaquin Valley 3.14 3.42 3.77 3.92 4.46 


Stanislaus County 0.52 0.56 0.61 0.63 0.73 


Merced County 0.26 0.28 0.33 0.35 0.46 


Fresno County 0.93 1.02 1.12 1.16 1.29 


Tulare County 0.44 0.48 0.52 0.53 0.56 


Kings County 0.15 0.15 0.17 0.18 0.20 


Kern County 0.84 0.92 1.02 1.06 1.21 


Central Coast 0.69 0.73 0.77 0.79 0.85 


San Luis Obispo County 0.27 0.28 0.28 0.29 0.29 


Santa Barbara County 0.42 0.45 0.49 0.50 0.56 


Southern California 21.04 22.33 23.28 23.62 23.68 


Ventura County 0.83 0.85 0.86 0.86 0.78 


Los Angeles County 9.85 10.26 10.38 10.39 9.61 


Orange County 3.02 3.22 3.39 3.47 3.70 


San Diego County 3.10 3.36 3.53 3.60 3.74 


San Bernardino County 2.05 2.20 2.40 2.47 2.68 


Riverside County 2.20 2.44 2.72 2.84 3.18 


California 37.37 39.96 42.26 43.20 45.30 


Source: California Department of Finance 2020. 
a The population estimates for the South Bay Area do not include Alameda County because this is included in the 
Delta region total. 
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Table 5.8-2 presents more detailed information about populations of individual communities in the 


Delta.  


Table 5.8-2. Statutory Delta Communities Population, 2010 and 2018 


Community 2010 2018 
Average Annual Growth 
Rate 2010–2018 


Alameda County 


Incorporated Cities and Towns 


Livermore a 80,968 89,027 1.24% 


Contra Costa County 


Incorporated Cities and Towns 


Antioch 102,372 110,730 1.02% 


Brentwood 51,481 60,446 2.18% 


Oakley 35,432 40,669 1.85% 


Pittsburg 63,264 70,492 1.43% 


Small or Unincorporated Communities 


Bay Point 21,349 25,165 2.23% 


Bethel Island 2,137 2,010 -0.74% 


Byron 1,277 1,348 0.69% 


Discovery Bay 13,352 15,981 2.46% 


Knightsen 1,568 1,500 -0.54% 


Sacramento County 


Incorporated Cities and Towns 


Isleton 804 583 -3.44% 


Sacramento 466,488 495,011 0.76% 


Small or Unincorporated Communities 


Courtland 355 537 6.41% 


Freeport 38 81 14.14% 


Hood 271 303 1.48% 


Walnut Grove 1,542 1,300 -1.96% 


San Joaquin County 


Incorporated Cities and Towns 


Lathrop 18,023 21,393 2.34% 


Stockton 291,707 306,283 0.62% 


Tracy 82,922 88,806 0.89% 


Small or Unincorporated Communities 


Mountain House 9,675 15,645 7.71% 


Terminous 381 411 0.98% 


Solano County 


Incorporated Cities and Towns 


Rio Vista 7,360 8,618 2.14% 


Yolo County 


Incorporated Cities and Towns 


West Sacramento 48,744 52,826 1.05% 


Small or Unincorporated Communities 
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Community 2010 2018 
Average Annual Growth 
Rate 2010–2018 


Alameda County 


Incorporated Cities and Towns 


Livermore a 80,968 89,027 1.24% 


Clarksburg 418 442 0.72% 


Sources: U.S. Census Bureau 2012, 2018. 
a Livermore is not in the statutory Delta but included because it is the closest community in Alameda County. 


Increases in urbanization and housing developments can affect habitat by altering watershed 


characteristics and changing both water use and stormwater runoff patterns. Increased growth 


would place additional burdens on resource allocations, including natural gas, electricity, and water, 


as well as on infrastructure, such as wastewater sanitation plants, roads and highways, and public 


utilities. Some of these actions would not require federal permits and, thus, would not undergo 


review through the Section 7 consultation process. 


Increases in urbanization and housing developments can affect habitat by altering watershed 


characteristics and changing both water use and stormwater runoff patterns. Increased growth 


would place additional burdens on resource allocations, including natural gas, electricity, and water, 


as well as on infrastructure, such as wastewater sanitation plants, roads and highways, and public 


utilities. Some of these actions would not require federal permits and, thus, would not undergo 


review through the Section 7 consultation process. Adverse effects on Chinook salmon, steelhead, 


green sturgeon, and their critical habitat may result from urbanization-induced point- and non-


point–source chemical contaminant discharges within the action area. These contaminants include, 


but are not limited to, ammonia and free ammonium ion, numerous pesticides and herbicides, and 


oil and gasoline product discharges. 


5.8.4 Recreational Activities in the Region 


Increased urbanization is also expected to result in increased recreational activities in the region. 


Among the activities expected to increase in volume and frequency are recreational boating and 


fishing. Boating activities typically result in increased wave action and propeller wash in waterways. 


This potentially would degrade riparian and wetland habitat by eroding channel banks and 


midchannel islands, thereby causing an increase in siltation and turbidity. Wakes and propeller 


wash also churn up benthic sediments, thereby potentially resuspending contaminated sediments 


and degrading areas of submerged vegetation. This, in turn, would reduce habitat quality for the 


invertebrate forage base required for the survival of juvenile salmonids and green sturgeon moving 


through the system. Increased recreational boat operation in the Delta is anticipated to result in 


more contamination from the operation of gasoline- and diesel-powered engines on watercraft 


entering the water bodies of the Delta. 


5.8.5 Wastewater Treatment Plants 


 In order to comply with Order no. R5-2013-0124, the Sacramento Regional Wastewater Treatment 


Plant implemented compliance measures to reduce ammonia discharges. There were concerns that 


these discharges could be associated with direct ammonia toxicity to delta smelt and other species, 


prompting various studies (e.g., Werner et al. 2008). In addition to concerns about direct toxicity of 


ammonia to delta smelt, another important concern was that ammonium inputs affected the delta 


smelt food web by suppressing diatom blooms in the Delta and Suisun Bay (see summary of relevant 
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literature by Interagency Ecological Program, Management, Analysis, and Synthesis Team (2015:71), 


although a recent study did not find evidence supporting this mechanism (Strong et al. 2021). To the 


extent that such direct (i.e., toxicity) and indirect (i.e., food web suppression) effects were previously 


occurring, the recent completion of upgrades at the Sacramento Regional Wastewater Treatment 


Plant largely eliminated ammonia discharge and, therefore, the potential for negative effects. 


5.8.6 Activities within the Nearshore Pacific Ocean 


Future tribal, state, and local government actions would likely be in the form of legislation, 


administrative rules, or policy initiatives and fishing permits. Activities that are primarily conducted 


under state, tribal or federal government management may include changes in ocean policy and 


increases and decreases in the types of activities that currently occur, including changes in the types 


of fishing activities, resource extraction, or designation of marine protected areas, any of which 


could affect listed species or their habitat. Government actions are subject to political, legislative, 


and fiscal uncertainties. These realities, added to the geographic scope, which encompasses several 


government entities exercising various authorities, and the changing economies of the region, make 


analysis of cumulative effects speculative. 


5.8.7 Other Activities 


Other future, nonfederal actions within the action area that are likely to occur and may adversely 


affect winter-run Chinook salmon, spring-run Chinook salmon, Central Valley steelhead, and green 


sturgeon and their critical habitat include: the dumping of domestic and industrial garbage that 


decreases water quality; oil and gas development and production that may affect aquatic habitat and 


may introduce pollutants into the water; and state or local levee maintenance that may also destroy 


or adversely affect habitat and interfere with natural, long-term habitat-maintaining processes. 


However, these projects are likely to include BMPs and are regulated to avoid impacts on aquatic 


habitat. 


5.8.8 Climate Change 


The anticipated effects of climate change on the San Francisco Estuary and watershed, such as 


warmer water temperatures, greater salinity intrusion, lower snowpack contribution to spring 


outflows from the Delta, and the potential for frequent extreme drought (Knowles and Cayan 2002; 


Dettinger 2005), indicate challenges to salmonid and green sturgeon populations. Chinook salmon in 


the Central Valley are at the southern limit of their range, and warming will shorten the period in 


which the low elevation habitats can support salmonid life stages (National Marine Fisheries Service 


2019:152). This has been illustrated to result in the potential for populations being unlikely to 


persist (Thompson et al. 2012).  
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Chapter 6 
Effects Analysis for Delta Smelt, Longfin Smelt, and 


Terrestrial Species 


The following analyses describe effects of the proposed action on species under the jurisdiction of 


the U.S. Fish and Wildlife Service (USFWS) to inform project-specific and programmatic consultation 


under Section 7(a)(1) of the federal Endangered Species Act (ESA). Activities subject to project-


specific review include field investigations (e.g., geotechnical surveys and testing), conveyance 


facility construction and maintenance, and habitat creation and enhancement activities at the 


Bouldin Island and Interstate (I-) 5 ponds initial mitigation sites. Conveyance facility operations, 


tidal restoration, channel margin enhancement, and non-bank sites activities are subject to 


programmatic review. In the future, when project-specific detail is available for these activities, 


additional “step down” consultation will occur. Because the effects were evaluated first under 


programmatic consultation, the project-specific review would likely occur more expeditiously. See 


Chapter 1, Introduction, Section 1.7, Consultation Approach, for additional detail.  


6.1 Effects on Delta Smelt 
Potential effects of the proposed action on delta smelt are discussed for construction activities and 


conservation measures. Cumulative effects are also discussed. Proposed operations of the proposed 


action are described in Appendix 7A, Framework Programmatic Assessment for the Delta Conveyance 


Project and Sites Reservoir Project. Operations and maintenance of the proposed action are assessed 


at a programmatic level for this BA; detailed effects analyses, as well as the qualitative, cumulative, 


and programmatic analyses that they inform, are presented in Appendix 5C, Operations and 


Maintenance Effects Analysis for Chinook Salmon, Central Valley Steelhead, Green Sturgeon, and Killer 


Whale, and Appendix 6C, Operations and Maintenance Effects Analysis for Delta Smelt, Longfin Smelt, 


and Terrestrial Species. Analyses were developed in consideration of habitat attributes believed to 


be of importance to the species based on existing conceptual models (e.g., Interagency Ecological 


Program Management, Analysis, and Synthesis Team 2015; see summary by California Department 


of Water Resources 2020a:4–119) and best available methods (e.g., ICF International 2016a; U.S. 


Fish and Wildlife Service 2017a). 


Throughout the delta smelt analysis, impacts based on life stage (migrating adults, spawning adults, 


eggs/embryos, larvae/young juveniles, and juveniles) are discussed. Details related to delta smelt 


life stage and occurrences can be found in Chapter 4, Action Area and Environmental Baseline, 


Section 4.4.7, Delta Smelt. Table 4.4.7-1 summarizes the average annual frequency of delta smelt 


occurrence by life stage and location, based on a review of historical monitoring data. 


 


 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-2 


May 2024 
ICF 103653  


 


6.1.1 Effects of Construction Activities on Delta Smelt 


The sections below discuss potential effects on delta smelt from construction activities. The timing 


of in-water work during a June–October work window avoids adult migration (December–March) 


and limits temporal overlap with spawning adults (February–June), eggs/embryos (March–June), 


and larvae/young juveniles (March–June). Although there is greater temporal overlap with juveniles 


(~July–December), there would be very limited spatial overlap because delta smelt juveniles would 


have moved downstream.1 Given the location of the north Delta intakes upstream of the main range 


of delta smelt, there would be limited spatial overlap with construction locations in any case.  


6.1.1.1 Turbidity and Suspended Sediment 


Construction of the proposed action would result in the generation and release of suspended 


sediments to the water column, temporarily increasing water-column turbidity above ambient 


levels and altering aquatic habitat conditions. Turbidity-producing construction activities include 


bed and bank disturbance during cofferdam and log boom installation, dredging prior to riprap 


placement adjacent to the new intake locations, and the placement of bed and bank riprap armoring 


at the new intake locations in the north Delta (see Figure 3.1-1 in Chapter 3, Description of the 


Proposed Action). In-water work associated with riprap would have greater relative effects on 


turbidity than the other activities but would be limited to one season at each intake. Propeller wash 


associated with boat traffic at the intake sites during dredging and placement of riprap may also 


produce localized turbidity pulses, depending on location. Increases in turbidity and suspended 


sediment levels associated with these activities would be temporary and localized and unlikely to 


reach levels causing direct injury or mortality to delta smelt, as discussed further below. 


Little is known about the sensitivity of delta smelt to turbidity and suspended sediment. In general, 


delta smelt are adapted to turbid waters, where they presumably benefit from increased feeding 


efficiency and avoidance of sight-feeding predators. In laboratory experiments, the feeding rates of 


delta smelt were found to be highest generally at turbidities less than or equal to 12 Nephelometric 


Turbidity Units (NTU), relatively persistent over a broad range of turbidities (12-120 NTU), and 


showed a strong decline at 250 NTU (Hasenbein et al. 2013). This finding is consistent with 


monitoring data that shows that delta smelt are often captured in turbidities between 10 and 50 


NTU (Feyrer et al. 2007). 


During in-water construction activities at the proposed intake sites, turbidity and suspended 


sediment levels in the river are anticipated to be greater than ambient river levels in the immediate 


vicinity of these activities, creating turbidity plumes that may extend several hundred feet 


downstream of construction activities. The National Marine Fisheries Service (NMFS) (2008) 


reviewed observations of turbidity plumes during installation of riprap for bank protection projects 


along the Sacramento River and concluded that visible plumes are expected to be limited only to a 


portion of the channel width, extend no more than 1,000 feet downstream, and dissipate within 


hours of cessation of in-water activities. Based on these observations, NMFS concluded that such 


activities could result in turbidity levels exceeding 25–75 NTUs. These levels would not be expected 


to adversely affect delta smelt based on the general association and feeding responses of delta smelt 


to turbidity (Hasenbein et al. 2013). However, under the assumption that there could be some effect 


up to 1,000 feet downstream from each intake, this could temporarily affect 1.7 acres of tidal 


 
1 Refer to AMM-14: Construction Best Management Practices for Biological Resources, for additional details on 
timing practices. 
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perennial habitat at Intake B and 2.5 acres of tidal perennial habitat at Intake C, although with 


limited temporal overlap for spawning adult delta smelt and early life stages (eggs/embryos; 


larvae/early juveniles) based on the work occurring at earliest in June.  


Increases in suspended sediment during in-water construction activities may result in localized 


sediment deposition in the vicinity of the proposed intakes, degrading potential spawning habitat of 


delta smelt through burial of suitable substrates. However, the Sacramento River in the vicinity of 


the proposed intake sites likely does not support significant spawning of delta smelt because of the 


low quality of spawning habitat in the action area. There appears to be little or no habitat thought to 


be preferred by delta smelt for spawning in this reach, which is dominated by steep levee slopes, 


existing riprap, and low quantities of riparian and aquatic vegetation. Delta smelt eggs and embryos 


are demersal and adhesive, attaching to substrates with an adhesive stalk formed by the outer layer 


of the egg (Bennett 2005). Although the potential for exposure is low, individual eggs occurring in 


the vicinity of construction could be subject to burial by the deposition of suspended sediment that 


in-water construction activities generate. 


6.1.1.2 Contaminants 


Construction of the north Delta intakes poses an exposure risk to delta smelt from potential spills of 


hazardous materials from construction equipment, barges and towing vessels, and other machinery 


and from potential mobilization of contaminated sediment. The risk of accidental spills of 


contaminants and other hazardous materials would exist throughout the construction period but 


would be highest during in-water construction activities due to the proximity of construction 


activities to the Sacramento River. 


Construction of the north Delta intakes could result in accidental spills of contaminants, including 


oil, fuel, hydraulic fluids, concrete, and other construction-related materials, resulting in localized 


water-quality degradation and potential adverse effects on delta smelt. Potential effects of 


contaminants on fish include direct injury and mortality (e.g., damage to gill tissue causing 


asphyxiation) or delayed effects on growth and survival (e.g., increased stress or reduced feeding), 


depending on the type of contaminant, extent of the spill, and exposure concentrations. The risk of 


such effects is highest during in-water construction activities. The north Delta intakes involve 


extensive work, albeit with much of the work occurring inside a cofferdam. There is some potential 


for spills during drilled shaft work, cofferdam-support installation, excavation of the cofferdam, and 


tremie pours of concrete (although additional concrete would be poured into the concrete base, 


thereby minimizing the potential for concrete mixing with water within the cofferdam prior to 


dewatering), but once cofferdams are installed and dewatered, any spills within the cofferdam 


essentially would preclude movement of spill materials into the river because of river water 


pressure on the cofferdams. Other construction elements that occur in upland areas or are isolated 


from fish-bearing waters have little potential for accidental spills that could affect delta smelt. 


As described in Chapter 3, Section 3.6, Conservation Measures, and Appendix 3A, General Avoidance 


and Minimization Measures (AMMs), AMM-2: Develop and Implement Hazardous Materials 


Management Plans, and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans, are expected to minimize the potential for contaminant spills and guide rapid 


and effective response in the case of inadvertent spills of hazardous materials. With implementation 


of these and other required construction best management practices (BMPs) (e.g., AMM-4b: Develop 


and Implement Stormwater Pollution Prevention Plans), the risk of contaminant spills or discharges 
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to the Sacramento River from in-water or upland sources effectively would be minimized and 


avoided, respectively. 


Contaminants may also enter the aquatic environment through disturbance, resuspension, or 


discharge of contaminated soil and sediments from construction sites. Sediments act as a sink, or 


source of contaminant exposure, depending on local hydrologic conditions, habitat type, and 


frequency of disturbance. Sediment is a major sink for more persistent chemicals that have been 


introduced into the aquatic environment, with most organic and inorganic anthropogenic chemicals 


and waste materials accumulating in sediment (Ingersoll et al. 1995). Thus, resuspension of 


contaminated sediments may have adverse effects on fish that encounter sediment plumes or come 


into contact with deposited or newly exposed sediment. Suspended sediment can also affect fish 


adversely by causing localized increases in chemical oxygen demand in waters in or near plumes. 


The proposed intake sites are downstream of the City of Sacramento, where sediments have been 


affected by historical and current urban discharges from the city. No information on sediment 


contaminants at these sites are currently available. Metals, polychlorinated biphenyls, and 


hydrocarbons (typically oil and grease) are common urban contaminants that are introduced to 


aquatic systems via nonpoint-source stormwater drainage, industrial discharges, and municipal 


wastewater discharges. Many of these contaminants readily adhere to sediment particles and tend 


to settle out of solution relatively close to the primary source of contaminants. Polychlorinated 


biphenyls are persistent, adsorb to soil and organic matter, and accumulate in the foodweb. Lead 


and other metals also would adhere to particulates and can bioaccumulate to levels sufficient to 


cause adverse biological effects. Mercury is also present in the Sacramento River system and could 


be sequestered in riverbed sediments. Hydrocarbons biodegrade over time in an aqueous 


environment and do not tend to bioaccumulate or persist in aquatic systems. 


Exposure of fish to contaminants as a result of spills or sediment disturbance can cause effects that 


range from physiological stress (potentially resulting in delayed effects on growth, survival, and 


reproductive success) to direct mortality (i.e., acute toxicity), depending on the concentration, 


toxicity, solubility, bioavailability, and duration of exposure, as well as the sensitivity of the exposed 


organisms. For example, delta smelt are highly sensitive to sublethal levels of pyrethrin, which 


causes neurological damage and results in impaired swimming ability and can have potential effects 


on chemosensory abilities (Connon et al. 2009). Such impairments may affect the ability of delta 


smelt to swim against tides or water currents, increasing their susceptibility to predation and 


lowering their ability to find food (Connon et al. 2009). Chemosensory impairment may also affect 


the ability of delta smelt to detect pheromones and find mates (Connon et al. 2009). In addition, 


contaminants can enter the aquatic food web and accumulate in fish through their diet, leading to 


adverse effects on behavior, tissues and organs, reproduction, growth, and immune system (Connon 


et al. 2009). 


As previously noted, the timing of in-water construction activities (June 1–October 31) would avoid 


the delta smelt adult migration season and much of the spawning/early life stage period. Some risk 


would exist outside the in-water construction period. However, with the implementation of 


proposed pollution-prevention and erosion- and sediment-control AMMs, there is minimal risk of 


exposure of delta smelt to contaminants. 
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6.1.1.3 Underwater Noise 


Underwater noise would be generated by a variety of construction activities, including pile driving, 


tugboat operations, dredging, geotechnical investigations, riprap placement, and tunnel boring 


machine (TBM) activities. Impact pile driving in or near aquatic habitat generates sound levels that 


can injure or kill fish and other aquatic organisms. The proposed action includes physical or 


structural components that would require vibratory or impact driving of temporary and permanent 


piles during construction. Several of these components involve pile-driving activities within or 


adjacent to waterbodies supporting fish and aquatic species, resulting in potential exposure of 


species to pile-driving noise. The analysis below uses conservative estimates of impact pile driving 


based on available geotechnical data in references cited below. 


Research indicates that impact pile driving can result in significant impacts on fish because of the 


high level of underwater sound produced (Popper and Hastings 2009:464–480). The effects of pile-


driving noise on fish may include behavioral responses, physiological stress, temporary and 


permanent hearing loss, tissue damage (auditory and non-auditory), and direct mortality. Factors 


that may influence the magnitude of effects include species, life stage, and size of fish, type and size 


of pile and hammer, frequency and duration of pile driving, site characteristics (e.g., depth), and 


distance of fish from the noise source. 


Dual interim criteria have been established to provide guidance for assessing the potential for injury 


of fish resulting from pile-driving noise (Fisheries Hydroacoustic Working Group 2008:1) and were 


used in the present analysis. The dual criteria for impact pile driving are (1) 206 decibels2 (dB for 


the peak sound pressure level (SPL); and (2) 187 dB for the cumulative sound exposure level 


(SELcumulative) for fish larger than 2 grams, and 183 dB (SELcumulative) for fish smaller than 2 grams. 


The peak SPL is considered the maximum sound pressure level a fish can receive from a single strike 


without injury. SELcumulative is considered the total daily amount of acoustic energy that a fish can 


receive from single or multiple strikes without injury. The SELcumulative threshold is based on the 


cumulative daily exposure of a fish to noise from sources that are discontinuous (i.e., noise that 


occurs only for about 8 to 12 hours in a day, with 12 to 16 hours between exposure). This assumes 


that the fish is able to recover from such effects during this 12- to 16-hour “rest” period. These 


criteria relate to impact pile driving only. Vibratory pile driving is generally accepted as an effective 


measure for minimizing or eliminating the potential for injury of fish during in-water pile-driving 


operations, with only impact pile driving expected to produce sound levels that could injure fish 


(National Marine Fisheries Service 2015:50). The potential for physical injury to fish from exposure 


to impact pile-driving sounds was evaluated using a spreadsheet model NMFS developed 3 to 


calculate the distances from the pile that sound attenuates to the peak or cumulative criteria. These 


distances define the area in which the criteria are expected to be exceeded as a result of impact pile 


driving. The NMFS spreadsheet calculates these distances based on estimates of the single-strike 


sound levels for each pile type (measured at 10 meters from the pile) and the rate at which sound 


attenuates with distance. In the following analysis, the standard sound attenuation rate of 4.5 dB per 


 
2 Where sound levels in decibels (dB) are referenced in this analysis, they are made relative to 1 micropascal (1 μPa, for 


peak and root mean square pressure) and 1 micropascal-squared-second (1 μPa2s, for sound exposure level). 
3 The spreadsheet was downloaded from https://www.fisheries.noaa.gov/southeast/consultations/section-7-


consultation-guidance on February 4, 2021. 



https://www.fisheries.noaa.gov/southeast/consultations/section-7-consultation-guidance

https://www.fisheries.noaa.gov/southeast/consultations/section-7-consultation-guidance
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doubling of distance was used in the absence of other data.4 To account for the exposure of fish to 


multiple pile-driving strikes, the model computes SELcumulative for multiple strikes based on the 


single-strike sound exposure level (SEL) and the number of strikes per day or pile-driving event. 


The NMFS spreadsheet also employs the concept of “effective quiet.” This assumes that cumulative 


exposure of fish to pile-driving sounds of less than 150 dB SEL does not result in injury or 


behavioral modification. 


The following analysis also considers the potential for pile-driving sound to affect fish behavior 


adversely. Potential mechanisms include startle or avoidance responses that can disrupt or alter 


normal activities (e.g., migration, holding, feeding) or expose individuals to increased predation risk. 


Insufficient data are available currently to support the establishment of a noise threshold for 


behavioral effects (Hastings and Popper 2005:46; Popper and Hastings 2009:464). NMFS, however, 


has concluded that a noise level of 150 dB root mean square (RMS) is an appropriate threshold for 


behavioral effects (California Department of Transportation 2015:4-23), so this value is used in the 


present analysis. 


The following analysis uses peak SPLs and SELs measured during similar pile-driving operations5 as 


a basis for estimating the distances at which sound levels would be expected to exceed the interim 


injury and behavioral thresholds (California Department of Transportation 2015). The following 


assessment presents the effect that is reasonably foreseeable based on the use of an impact driver 


with no attenuation (e.g., bubble curtains). Assumptions for the pile-driving analysis were 


developed based on the expected impact pile driving at each intake, as described in the Conceptual 


Intake Cofferdam Construction Technical Memorandum (Delta Conveyance Design and Construction 


Authority 2022c). The assumptions reflect use of impact pile driving to the extent necessary when 


other methods (e.g., vibratory pile driving) are not able to complete construction requirements. An 


analysis of impact pile-driving noise was also conducted for the test-pile program, based on three 


types of piles6 being tested at a single site. 


The pile-driving analysis for the test-pile program reflected one pile of each type on three separate 


days at a single site. The analysis indicated that the distance to sound-level thresholds would range 


from 28 feet (206 dB) to 24,135 feet (150 dB) (Table 6.1-1). The area of effect, accounting for 


attenuation of sound by land at river bends (California Department of Transportation 2020a:4-32), 


ranges from 0.06 acre (206-dB threshold for sheet and steel pipe piles) to ~59 acres (150-dB 


threshold for H piles) (Table 6.1-1; Figure 6.1-1, Figure 6.1-2, and Figure 6.1-3). The duration of the 


test-pile impact driving at a single intake site would be 3 days (one day for each pile type; Table 


6.1-1), although the actual duration of impact pile driving would be short (~2 minutes per pile; 


Delta Conveyance Design and Construction Authority 2022c). 


 
4 A sound attenuation rate of 4.5 dB per doubling of distance is equivalent to a transmission loss constant of 15, the 


default value in the NMFS spreadsheet; the NMFS spreadsheet indicates this value is to be used when site-specific values 


are unknown (as is the case in the present analysis). 
5 Specifically, the assumed sound levels used for each intake were for 24-inch AZ® sheet piles in 15 meters of water. 


Although the intake sites are shallower than 15 meters, available sound-level data for pile driving are not available for the 


specific depths and pile type likely to be used for construction; however, an assumption of 15 meters of depth is 


conservative given that attenuation with distance is greater in shallower water (California Department of Transportation 


2015:4-21). 
6 The assumed sound levels were for a 24-inch AZ® sheet pile in 15 meters of water, a 30-inch steel pipe pile in 4–5 


meters of water, and a 14-inch H pile in 6 meters of water. 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-7 


May 2024 
ICF 103653  


 


Table 6.1-1. Assumptions and Estimates of Impact Pile-Driving Distance and Area of Acoustic Effect 
at a Single Intake Site for the Test-Pile Program 


Variable 
Sheet Pile 


Pair 
Steel Pipe 


Pile H Pile 


Number of piles 1 1 1 


Number of piles per day 1 1 1 


Number of days of pile driving 1 1 1 


Number of strikes per pile 19 19 19 


Number of strikes per day 19 19 19 


Peak single-strike sound level at 10 meters [33 feet] (dB) 205 205 208 


Sound exposure level at 10 meters [33 feet] (SEL, dB) 180 180 177 


Root mean square at 10 meters [33 feet] (RMS, dB) 190 190 193 


Distance to 206-dB threshold (feet) a 28 28 45 


Distance to 187-dB threshold (feet) a 80 80 50 


Distance to 183-dB threshold (feet) a 147 147 93 


Distance to 150-dB threshold (feet) a 15,228 15,228 24,135 


Area of 206-dB threshold (acres) 0.06 0.06 0.15 


Area of 187-dB threshold (acres) 0.46 0.46 0.18 


Area of 183-dB threshold (acres) 1.28 1.28 0.60 


Area of 150-dB threshold (acres) 58.41 58.41 58.64 


Note: Assumed testing would occur at Intake B. 
dB = decibel; RMS = root mean square; SEL = sound exposure level. 
a Note that this distance does not account for sound attenuation by site configuration (e.g., sound not going round 
corners at the bends in the river), which is accounted for in the area estimates given in the table. 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-8 


May 2024 
ICF 103653  


 


 
Note: Decibel (dB) values indicate thresholds of effect. 


Figure 6.1-1. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake B for the Test Pile 
Program, Sheet Pile Pair 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 6.1-2. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake B for the Test Pile 
Program, Steel Pipe Pile 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 6.1-3. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake B for the Test Pile 
Program, H Pile 
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The pile-driving analysis for construction of the cofferdams and training walls indicated that the 


distance to sound-level thresholds would range from 28 feet (206 dB) to 15,228 feet (150 dB) (Table 


6.1-2; Figure 6.1-4 and Figure 6.1-5). The area of effect, accounting for attenuation of sound by river 


bends, ranges from 0.06 acre (206-dB threshold) to 134.10 (150-dB threshold at Intake C) (Table 


6.1-2). 


Table 6.1-2. Assumptions and Estimates of Impact Pile-Driving Distance and Area of Acoustic Effect 
at Each Intake for Construction of Cofferdams and Training Walls 


Variable Intake B Intake C 


Number of piles (pairs) 420 410 


Number of piles per day 20 20 


Number of days of pile driving 21 21 


Number of strikes per pile 19 10 


Number of strikes per day 380 200 


Peak single-strike sound level at 10 meters [33 feet] (dB) 205 205 


Sound exposure level at 10 meters [33 feet] (SEL, dB) 180 180 


Root mean square at 10 meters [33 feet] (RMS, dB) 190 190 


Distance to 206-dB threshold (feet) a 28 28 


Distance to 187-dB threshold (feet) a 588 383 


Distance to 183-dB threshold (feet) a 1,086 708 


Distance to 150-dB threshold (feet) a 15,228 15,228 


Area of 206-dB threshold (acres) 0.06 0.06 


Area of 187-dB threshold (acres) 12.30 6.72 


Area of 183-dB threshold (acres) 25.06 18.47 


Area of 150-dB threshold (acres) 67.69 134.10 


dB = decibel; RMS = root mean square; SEL = sound exposure level. 
a Note that this distance does not account for sound attenuation by site configuration (e.g., sound not going round 
corners at the bends in the river), which is accounted for in the area estimates given in the table. 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-12 


May 2024 
ICF 103653  


 


 
Note: Decibel (dB) values indicate thresholds of effect. 


Figure 6.1-4. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake B for Construction of 
Cofferdams and Training Walls 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 6.1-5. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake C for Construction of 
Cofferdams and Training Walls 
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To install steel pipe piles to support the floating log boom, 2 to 4 days of pile driving would be 


required during the final year of construction. Existing geotechnical information suggests that all 


log-boom piles could be vibrated into place without the need for any impact pile driving, but this 


analysis used a conservative estimate of impact pile driving that could be required. This analysis 


indicated that the distance to sound-level thresholds would range from 82 feet (206 dB) to 13,061 


feet (150 dB) (Table 6.1-3). Accounting for attenuation of sound by land at river bends, the area of 


effect ranges from 0.5 acre (206-dB threshold at Intakes B and C) to nearly 118 acres (150-dB 


threshold at Intake C) (Table 6.1-3; Figure 6.1-6 and Figure 6.1-7). 


Table 6.1-3. Assumptions and Estimates of Impact Pile-Driving Distance and Area of Acoustic Effect 
at Each Intake for Construction of Log Booms 


Variable Intake B Intake C 


Number of piles 32 32 


Number of piles per day 10 10 


Number of days of pile driving 4 4 


Number of strikes per pile 504 66 


Number of strikes per day 5,040 660 


Peak single-strike sound level at 10 meters [33 feet] (dB) 212 212 


Sound exposure level at 10 meters [33 feet] (SEL, dB) 181 181 


Root mean square at 10 meters [33 feet] (RMS, dB) 189 189 


Distance to 206-dB threshold (feet) a 82 82 


Distance to 187-dB threshold (feet) a 3,825 990 


Distance to 183-dB threshold (feet) a 3,825 1,830 


Distance to 150-dB threshold (feet) a 13,061 13,061 


Area of 206-dB threshold (acres) 0.5 0.5 


Area of 187-dB threshold (acres) 66.4 27.2 


Area of 183-dB threshold (acres) 66.4 51.7 


Area of 150-dB threshold (acres) 69.3 117.9 


dB = decibel; RMS = root mean square; SEL = sound exposure level. 
a Note that this distance does not account for sound attenuation by site configuration (e.g., sound not going around 
corners at the bends in the river), which is accounted for in the area estimates given in the table. 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 6.1-6. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake B for Construction of Log 
Booms 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 6.1-7. Estimates of Area of Acoustic Effect (Ensonified Area) at Intake C for Construction of Log 
Booms 
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Restricting pile driving to June 1–October 31 at the north Delta intakes would avoid the adult delta 


smelt migration period (December–March) and most of the delta smelt spawning (February–June) 


and early life stages (March–June) seasons, although some potential for exposure of would occur in 


June. As noted above, fish smaller than 2 grams are more sensitive to underwater noise than larger 


individuals and may experience injury at 183 dB (Fisheries Hydroacoustic Working Group 2008). 


Larval and juvenile delta smelt generally are smaller than 2 grams, whereas adults average 2 to 3 


grams (Foott and Bigelow 2010). Because some adult delta smelt are less than 2 grams, the lower 


injury threshold (183 dB) applies to this life stage, as well. As illustrated above, areas of habitat near 


the north Delta intakes that could be affected by pile driving at the 183-dB threshold ranged from 


0.6 to 1.3 acres for the test-pile program (Table 6.1-1), 18.5 to 25.1 acres for construction of 


cofferdams and training walls (Table 6.1-2), and 51.7 to 66.4 acres for construction of log booms 


(Table 6.1-3). 


In addition to the timing of the in-water work window to avoid delta smelt, potential exposure of the 


population to pile-driving noise would be minimized further by implementation of an underwater 


sound control and abatement plan (Appendix 3A and AMM-26: Develop and Implement an 


Underwater Sound Control and Abatement Plan) that includes best available and practicable methods 


such as vibratory pile driving, attenuation devices, and other potential physical and operational 


measures (e.g., starting impact pile driving at lower levels of intensity to allow fish to leave the area 


before the intensity is increased) to avoid or minimize impacts on delta smelt. This plan would also 


include hydroacoustic monitoring and compliance requirements7 that would be developed in 


coordination with USFWS, NMFS, and California Department of Fish and Wildlife (CDFW) to avoid 


and minimize potential impacts on listed fish species. 


Pile driving would also be required at two bridge crossings (Table 6.1-4). Accounting for attenuation 


of sound by river bends, the area of effect ranges from 0.04 acre (206-dB threshold at Snodgrass 


Slough) to 12.37 acres (150-dB threshold at Burns Cutoff) (Table 6.1-4; Figure 6.1-8 and Figure 


6.1-9). The location of this work likely has very little spatial overlap with delta smelt life stages 


because the Snodgrass Slough location is located far from the main tidally influenced channels 


through which most delta smelt likely move8 and Burns Cutoff is in the south Delta, an area with few 


if any delta smelt occurring during the in-water work window (see, for example, Murphy and 


Hamilton 2013:Figures 3 and 4). 


 
7 As described in AMM-26: Develop and Implement an Underwater Sound Control and Abatement Plan in Appendix 
3A, where impact pile driving is required, DWR will monitor underwater sound levels and require compliance with 
underwater noise thresholds at a distance appropriate for protection of the species based on the results from 
calculations to be provided in the underwater sound control and abatement plan. 
8 For example, the site is approximately 7 miles upstream/inland from the junction of Snodgrass Slough with the 
lower Mokelumne River. 
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Table 6.1-4. Assumptions and Estimates of Impact Pile-Driving Distance and Area of Acoustic Effect 
at Each Bridge Crossing 


Variable Snodgrass Slough Burns Cutoff 


Pile diameter (steel pipe, inches) 16 24 


Number of piles 26 50 


Number of piles per day 6 6 


Number of days of pile driving 5 9 


Number of strikes per pile 150 150 


Number of strikes per day 900 900 


Peak single-strike sound level (dB) 204 212 


Sound exposure level (SEL, dB) 179 181 


Root mean square (RMS, dB) 189 189 


Distance to 206-dB threshold (feet)a 24 82 


Distance to 187-dB threshold (feet)a 896 1,217 


Distance to 183-dB threshold (feet)a 1,655 2,249 


Distance to 150-dB threshold (feet)a 13,061 13,061 


Area of 206-dB threshold (acres) 0.04 0.47 


Area of 187-dB threshold (acres) 4.12 12.38 


Area of 183-dB threshold (acres) 7.34 12.36 


Area of 150-dB threshold (acres) 25.45 12.37 


dB = decibel; RMS = root mean square; SEL = sound exposure level. 
a Note that this distance does not account for sound attenuation by site configuration (e.g., sound not going round 
corners at the bends in the river), which is accounted for in the area estimates given in the table. 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 6.1-8. Estimates of Area of Acoustic Effect (Ensonified Area) at Snodgrass Slough for Bridge 
Construction 
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Note: Decibel (dB) values indicate thresholds of effect. 


Figure 6.1-9. Estimates of Area of Acoustic Effect (Ensonified Area) at Burns Cutoff for Bridge 
Construction 
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Boat operations during construction would result in temporary acoustic effects on fish and aquatic 


species. Barge/tugboat operations would be conducted to transport construction equipment and 


materials to each intake, for a total of 42 to 94 trips per intake (Table 6.1-5). There would be no 


more than two trips upstream and two trips downstream per day, with work assumed to be 


staggered sequentially by at least 1 year for each intake. Barge/tugboat operations would likely 


result in temporary behavioral effects on delta smelt in the vicinity, given noise levels that could 


exceed 150 dB RMS (e.g., tugboat/ship levels of up to 147-dB RMS at a distance of over 620 meters, 


which was calculated to be nearly 190 dB RMS at 1 meter; Reine et al. 2014). 


Table 6.1-5. Barge Round Trips (Trips in Parentheses) Associated with Construction of each Intake  


Variable Intake B Intake C 


Transport log boom and support pile installation 2 (4) 2 (4) 


Transport clamshell excavator 1 (2) 1 (2) 


Transport excavated/dredged material 28 (56) 19 (38) 


Transport riprap 16 (32) 12 (24) 


Total round trips (total trips) 47 (94) 34 (68) 


Note: Round trips are to and from the Port of Stockton. This table does not account for barge trips associated with the 
test-pile program (one round trip [two trips] at a single intake), the geotechnical investigations at the proposed 
intakes (one to three round trips [two to six trips], based on one round trip per intake), and the geotechnical 
investigations at bridges and tunnel crossings up to 10 round trips [20 trips]). 


Each barge round trip for transport of excavated/dredged material would be associated with 1 day 


of mechanical (i.e., clam shell) or hydraulic dredging to excavate and prepare the subgrade at the 


intake for riprap placement, that is, 8 to 16 days of dredging at each intake (Table 6.1-5). Dredge 


equipment noise would vary depending on equipment type. For example, a hydraulic cutterhead 


dredge working in the Stockton Deep Water Ship Channel produced noise levels of around 152 dB to 


157 dB at 1 meter from the source (Reine and Dickerson 2014). Reine et al.’s (2014:3,292) review of 


potential dredging acoustic effects concluded that it is unlikely that conventional dredging 


operations can cause physical injury to fish species, while noting that, in theory, temporary hearing 


losses could occur if fish remained in the vicinity of a dredge for lengthy duration, although they 


suggested that the risk of this is low. Other potential effects of dredging, such as direct physical 


injury, are discussed in subsequent sections. 


Boat operations for geotechnical investigations and the test-pile program likely would be conducted 


from a shallow-draft barge or ship outfitted with the necessary equipment for the task, with the 


potential for temporary acoustic effects from boat noise being limited to behavioral effects, 


consistent with the above discussion for barge/tugboat operations and dredging effects. There 


would be two barge trips for the test-pile program (i.e., to and from a single intake site), two to six 


barge trips for the geotechnical investigations at the intakes (i.e., to and from each intake site), and 


up to 20 (to and from 10 sites) barge trips for the geotechnical investigations at bridges and tunnel 


crossings. Acoustic effects from standard geotechnical penetration tests (i.e., dropping a 140-pound 


automatic hammer to drive a sampler about 1.5 feet) are limited to minimal, short-duration 


vibrations (National Marine Fisheries Service 2017:177). 


Placement of riprap has the potential to result in temporary loud noises, although the available data 


from analogous situations in the Delta suggest that such effects would be limited: Sound data taken 


during the 2012 installation of rock barriers as part of the California Department of Water 


Resources (DWR)’s Temporary Barriers Project showed that noise levels at 100 meters from 
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construction were below the NMFS criteria for adverse behavioral effects (150 dB),9 any effects 


would be limited to 24 to 32 days of riprap placement at each intake (corresponding to the number 


of round trips to transport riprap shown in Table 6.1-5).  


Tunnel boring for the proposed action would also pass beneath 14 separate waterbodies for a total 


of 17 crossings (Table 6.1-6). Tunnel boring is expected to progress at approximately 40 feet per 


day, with work undertaken up to 20 hours per day, 5 days per week and up to 10 hours on 


Saturdays (Delta Conveyance Design and Construction Authority 2022a, 2022b), thereby passing 


under each waterbody for a number of days that depends on the width of the waterbody along the 


tunnel alignments. Acoustic modeling of potential effects was undertaken for the proposed action’s 


tunnel-boring intersection with the San Joaquin River, which is the shallowest tunnel-boring 


location passing beneath a waterbody (approximately 68 feet of cover between the crown of the 


tunnel and the bottom of the river channel). The overall sound pressure level at the bottom of the 


channel was estimated to be 104 dB (Delta Conveyance Design and Construction Authority 2022d), 


which is well below the 150-dB threshold for behavioral modification described above, for example. 


Therefore, noise from boring the tunnel alignments for the proposed action would not be expected 


to affect fish and aquatic resources.  


Table 6.1-6. Number of Waterbody Intersections of Tunnel Boring Machine Routes  


Waterbody Number of Intersections 


Beaver Slough 1 


Disappointment Slough 1 


Hayes Slough 1 


Hog Slough 1 


Middle River 1 


Mokelumne River 1 


Old River 2 


San Joaquin River 1 


Snodgrass Slough 2 


Sycamore Slough 1 


Victoria Canal 1 


West Canal 1 


Whiskey Slough 1 


White Slough 2 


Total 17 


Source: Delta Conveyance Design and Construction Authority 2022a, 2022b. 


Drilling for subsurface power-transmission lines would pass once under Snodgrass Slough. Acoustic 


effects from subsurface drilling would be expected to be minimal based on noise levels measured for 


underwater drilling of around 130 dB (Spiga et al. 2012:56–57, 78). 


 
9 The greatest measured peak sound pressure at 100 meters was 149 dB for a single bucket drop of rock at the Old 
River near Tracy barrier (Shields 2012:7). 
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6.1.1.4 Fish Stranding 


Installation of cofferdams to isolate the construction areas for the proposed intake sites has the 


potential to strand fish, including delta smelt, resulting in direct mortality of fish from dewatering, 


dredging, and pile driving within the enclosed areas of the channel. To minimize entrapment risk 


and the number of fish subject to capture and handling during fish rescue and salvage operations, 


cofferdam construction would be limited to the proposed in-water construction period (June 1–


October 31) to avoid the peak abundance of adult and early life stage delta smelt in the north Delta. 


DWR would prepare and submit a fish rescue and salvage plan (Chapter 3, Section 3.6.2, Species-


Specific Avoidance and Minimization Measures, AMM-25: Fish Rescue and Salvage Plan) to the fish 


and wildlife agencies (i.e., NMFS, USFWS, and CDFW) for review and approval prior to 


implementation. The plan would include detailed procedures for fish rescue and salvage, including 


collection, holding, handling, and release, which would apply to all in-water activities with the 


potential to entrap fish. All fish rescue and salvage operations would be conducted under the 


guidance of a qualified fish biologist. The biologist, in consultation with a designated agency 


biologist, would determine the appropriate fish collection and relocation methods based on site-


specific conditions and construction methods. Collection methods may include seines, dip nets, and 


electrofishing, if permitted. 


Spawning adult delta smelt may be present, although in low numbers, in the action area in June and 


subject to stranding in cofferdams. Adults would be expected to move away from active construction 


areas, but some risk of stranding would exist as long as the affected areas are accessible to fish. Fish 


rescue and salvage activities using accepted fish collection methods can result in injury or mortality, 


but these effects typically are minor and can often be avoided with appropriate training. However, 


adverse effects may still occur because of varying degrees of effectiveness of the collection methods 


and potential stress and injury associated with various capture and handling methods. Collection 


methods would be unlikely to effectively capture early life stages of delta smelt, although numbers 


in enclosed areas would be very low based on location. Juveniles rear downstream of the proposed 


intake sites in the summer and fall and therefore are unlikely to be stranded in enclosed areas. 


6.1.1.5 Direct Physical Injury 


In-water construction for the proposed action may result in direct physical injury or mortality to 


fish and aquatic species from activities including pile driving, barge/tugboat operations, dredging, 


enclosing construction areas, riprap placement, and construction water diversion from surface 


waters. Installation of piles or placement of riprap could involve fish being crushed, although it 


would be expected that risk would be very low based on the limited spatial extent of the work and 


the high probability of fish avoiding such activities; therefore, displacement of fish away from 


habitat near construction activities seems the most likely negative effect. Dredging activities may 


crush or entrain fish and aquatic species, although the limited spatial and temporal extent of 


dredging would limit the potential for negative effects.10 Dredging entrainment effects are most 


likely to occur on eggs and larvae, with mobile (juvenile and adult) fish less likely to be affected. Fish 


that are entrained may survive and avoid injury, depending on site conditions (Wenger et al. 


2017:978–979), although mortality rates can be large for the fish that are entrained (LFR 


 
10 A mapbook showing the extent of permanent and temporary effects (see further discussion below in Section 
6.1.1.6, Loss or Alteration of Habitat), which includes dredging in addition to other construction activities, is 
provided for the proposed action in the Final EIR, Chapter 3, Description of the Proposed Project and Alternatives 
(see Mapbook 3-3). 
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Levine·Fricke 2004). Fish entrapped in construction areas enclosed by cofferdams would die 


without fish rescue activities, although the number of fish being trapped in such areas would be a 


very low proportion of individuals relative to the overall extent of species’ ranges (see discussion 


above in Section 6.1.1.4 Fish Stranding). Barge and tugboat operations could result in direct physical 


injury or mortality from propeller entrainment/strikes. Given the relatively limited use of barges 


and tugboats (i.e., approximately 42–94 trips per intake associated with intake construction 


[staggered by one year per intake], two trips for the test-pile program, two trips per intake for 


geotechnical investigations, and up to 20 trips for geotechnical investigations at bridges and tunnel 


crossings, plus maneuvering at each site; see discussion above in Section 6.1.1.3, Underwater Noise), 


such effects would be expected to be limited. As described in Chapter 3, construction activities may 


require various amounts of water depending on the activity and location. The water supply needed 


for construction will be satisfied through a combination of the following: import from local sources, 


exchanges, use of existing riparian diversions, new temporary appropriations, or existing State 


Water Project appropriations. Surface water rights to be diverted from existing facilities would be 


available at the intake locations, and Lower Roberts Island at the tunnel shaft location. Therefore, at 


most construction sites, there would be no changes to surface waters related to construction water 


supplies. Any use of diversions will be screened, as appropriate, and additional authorizations 


addressed following development of detailed construction engineering, so at the limited number of 


sites that could use existing surface water rights, entrainment of fish would be low, based on low 


numbers of fish entrained at similar small intakes (e.g., Nobriga et al. 2004; Vogel 2013). 


In addition to the proposed work window (June 1–October 31), the potential for injury of listed fish 


species would be minimized by limiting the duration of in-water construction activities to the extent 


practicable and implementing AMM-1: Conduct Environmental Resources Worker Awareness Training 


(Appendix 3A; Chapter 3, Section 3.6.2), and Chater 5, Section 5.3.2, Fish Rescue and Salvage Plan. As 


previously discussed, the timing of in-water construction activities (June 1–October 31) would avoid 


the delta smelt adult migration season. Spawning adults may be present in very small numbers in 


June and therefore may be subject to injury. Although adults would be expected to move away from 


active construction areas, it is assumed that some potential for injury exists whenever heavy 


equipment or materials are operated or placed in open water. Based on the low utilization and 


expected avoidance of the intake sites by spawning adults, there is little or no risk of injury of delta 


smelt eggs or embryos. Although the potential for exposure is low, delta smelt larvae and early 


juveniles may be particularly vulnerable to injury because of their limited swimming abilities. 


However, effects would be limited based on the small proportion of adults that spawn in or 


upstream of the north Delta in June, the resulting low densities of larvae and juveniles passing the 


intake sites, and the limited influence of construction equipment and materials on passage 


conditions in the river. Juvenile delta smelt rear downstream of the proposed intake sites in the 


summer and fall and therefore are unlikely to be injured by construction activities. 


6.1.1.6 Loss or Alteration of Habitat 


Construction of the north Delta intakes would result in permanent loss or alteration of aquatic 


habitat that includes the designated critical habitat of delta smelt. The effects of construction 


activities on water quality, including turbidity and suspended sediment, underwater noise, and 


contaminants, were previously discussed above The overall footprint of construction activities is 
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approximately 1.5 acres of temporary impact11 and approximately 5.6 acres of permanent12 impact 


to tidal perennial habitat (Table ).13 The total duration of construction work at each intake is 5.5 


years (see Figure 3.2-12 in Chapter 3). 


Table 6.1-6a. Summary of Tidal Perennial Habitat Affected by Construction Activities (acres) 


Impact Type Feature Waterbody  Proposed Action 


Permanent Surface Impact Access Railroad Burns Cutoff 0.163 


Permanent Surface Impact Access Road Burns Cutoff 0.090 


Permanent surface impact Access Road Unknown 0.061 


Permanent surface impact Access Road/Power – 
Underground New 


Unknown 0.009 


Permanent surface impact Access Road/SCADA – 
Underground New 


Burns Cutoff 0.107 


Permanent surface impact County Road Unknown 0.163 


Permanent surface impact Intake Sacramento River 4.983 


Permanent surface impact All Combined Permanent All Combined 5.574 


Temporary surface impact County Road Unknown 0.244 


Temporary surface impact Intake Boundary Sacramento River 0.834 


Temporary surface impact Power – Underground New Unknown 0.010 


Temporary surface impact Railroad Work Area Burns Cutoff 0.054 


Temporary surface impact Road Work Area Burns Cutoff 0.297 


Temporary surface impact Road Work Area Unknown 0.084 


Temporary surface impact Road Work Area/Power – 
Underground New 


Unknown 0.025 


Temporary surface impact All Combined Temporary All Combined 1.548 


ROW = right-of-way; SCADA = supervisory control and data acquisition. 


During construction activities, DWR would implement AMM-14: Construction Best Management 


Practices for Biological Resources, to protect listed fish and their designated critical habitat 


(Appendix 3A). These BMPs include a number of measures to limit the extent of disturbance of 


aquatic and riparian habitat during construction and, following construction, to restore temporarily 


disturbed areas to preconstruction conditions. All construction and site-restoration BMPs would be 


subject to an approved construction and post-construction monitoring plan to ensure their 


effectiveness. DWR proposes to offset unavoidable habitat impacts at the proposed intake sites 


through habitat restoration mitigation (Appendix 3B, Compensatory Mitigation Plan for Special-


Status Species and Aquatic Resources, specifically CMP-23: Tidal Perennial Habitat Restoration for 


Construction Impacts on Habitat for Fish and Aquatic Resources). 


 
11 Temporary effects are the habitat extent acreage that can be returned to original basic use following completion 
of construction; permanent effects are the habitat acreage that cannot be returned to original basic use following 
completion of construction. 
12 All impacts on delta smelt habitat are assumed to be permanent because they would occur over multiple years, 
which could affect multiple generations of delta smelt, given that the species generally lives for approximately 1 
year. 
13 A mapbook showing the extent of permanent and temporary effects is provided for the proposed action in the 
Final EIR, Chapter 3, Description of the Proposed Project and Alternatives (see Mapbook 3-3). 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-26 


May 2024 
ICF 103653  


 


Construction of the two intake structures would result in a permanent loss or alteration of 5.8 acres 


of tidal perennial habitat near the northern limit of the geographic area used by delta smelt for 


migration, potential spawning, and larval dispersal to the estuary. Delta smelt adult upstream 


migration to access shallow water for spawning upstream of the north Delta intakes may be blocked, 


delayed, or impeded by the presence of cofferdams isolating lower-velocity, nearshore habitat (U.S. 


Fish and Wildlife Service 2017a:317–320). This impact could impede or delay access to shallow 


habitat upstream of the north Delta intakes. There is uncertainty about the impact because of delta 


smelt adults’ potential use of low-velocity habitat along the opposite riverbank from the cofferdams, 


near the river bottom, or as created by the flutes of the cofferdams themselves. In addition, 2D 


modeling of the hydrodynamic effects of the cofferdams indicates that suitably low-velocity habitat 


(i.e., no more than 0.91 feet per second, per Swanson et al. 1998) would be present even at relatively 


high river flows.  


The reduction in the extent of low-velocity shoreline areas and increased predation risk at the 


intake construction sites could potentially reduce the number of migrating adults that successfully 


pass the sites and survive to reach upstream spawning areas. The effect on passage success depends 


on the number attempting to pass the site on the east side of the river and the ability of adults to use 


alternative routes (e.g., the west side of the river would remain unaffected) or spawning areas (e.g., 


returning downstream to spawn). Overall, however, the small proportion of the population that 


migrates and spawns in the reaches between and upstream of the intake sites and 2D modeling of 


the hydrodynamic effects of the cofferdams, which shows that suitably low-velocity habitat (i.e., no 


more than 0.91 feet per second per Swanson et al. 1998) would be present even at relatively high 


river flows, indicate that any population-level effects would be very small. 


There appears to be little or no habitat thought to be preferred by delta smelt for spawning at the 


proposed intake sites, which are dominated by steep levee slopes, existing riprap, and low quantities 


of riparian and aquatic vegetation. Consequently, permanent losses of nearshore habitat resulting 


from construction of the intakes would have little or no effect on spawning site selection or adult 


spawning success. Based on the small proportion of the population spawning in the action area, 


expected low utilization of the intake sites by spawning adults, and very limited contribution of this 


habitat to the overall spawning capacity, there is little risk of direct or indirect effects on 


egg/embryo production or survival. 


Delta smelt larvae and early juveniles migrating from upstream spawning areas to estuarine rearing 


areas may be subject to an elevated risk of predation as they pass the intake construction sites 


because of the presence of in-water and overwater structures (providing shaded areas for 


predators) and the loss of shallow, low-velocity nearshore areas. To the extent that these conditions 


provide beneficial habitat or increased predation opportunities for predators of larvae and early 


juveniles (e.g., silversides; Baerwald et al. 2012), there could be an elevated risk of predation for 


these young life stages. However, it is not clear that these structures provide beneficial habitat 


because these small predators may be susceptible to the same larger predators that consume adult 


delta smelt. Therefore, elevated predation on delta smelt larvae is unlikely. As previously noted, 


juvenile delta smelt rear downstream of the proposed intake sites in the summer and fall and 


therefore are unlikely to be affected by losses or alteration of habitat during construction. 
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6.1.2 Effects of Construction Activities on Delta Smelt Critical 
Habitat 


Construction activities would not affect the delta smelt critical habitat primary constituent elements 


(PCEs) 3 and 4 because there would be no effect on river flows or salinity as a result of these 


activities. The effects to PCEs 1 and 2 are described below. 


For reference, below are summaries of the PCEs (U.S. Fish and Wildlife Service 2019a:177). 


• PCE 1: Physical Habitat. Defined as the structural components of habitat. Physical habitat in the 


Delta has been changed substantially, with many of the changes occurring decades ago 


(Andrews et al. 2017; Gross et al. 2018). Important physical habitat attributes include substrate, 


water-depth variation and channel morphology for spawning adults, and potential foraging 


habitat for rearing juveniles along marsh edges (Bever et al. 2016; Hammock et al. 2019a). 


Information on spawning habitat is incomplete. Eggs of delta smelt are demersal and adhesive 


and therefore could be attached to any number of substrates. 


• PCE 2: Water. Defined as water of suitable quality to support various delta smelt life stages with 


the abiotic elements that allow for survival and reproduction. Delta smelt inhabit open waters of 


the Delta and Suisun Bay. Certain conditions of temperature, turbidity, and food availability 


characterize suitable habitat for delta smelt. Factors such as high entrainment risk and 


contaminant exposure can degrade this PCE even when the basic water quality is consistent 


with suitable habitat (Hammock et al. 2015). 


• PCE 3: River flow. Originally believed to be critical as transport flow to facilitate an extended 


spawning migration by adult fish and the transport of offspring to low-salinity rearing habitats 


(59 Federal Register 65256 [Dec. 19, 1994]). However, it has since been shown that although 


some individual fish may embark on what could be considered a short spawning migration, 


there is no population-scale spawning migration, per se, and most transport and retention 


mechanisms for delta smelt (and their prey) involve the selective use of tidal currents, rather 


than net flows (Kimmerer 2002; Kimmerer et al. 1998, 2014; Bennett et al. 2002; Bennett and 


Burau 2015). River flow includes both inflow to and outflow from the Delta, both of which 


influence the net movements of water through the Delta and further into the estuary (Kimmerer 


and Nobriga 2008). 


• PCE 4: Salinity. Defined as the low salinity zone (LSZ) nursery habitat. The LSZ is where 


freshwater transitions into brackish water and is defined as 0.5–6.0 parts per thousand 


(Kimmerer 2004; MacWilliams et al. 2015). The LSZ expands and moves downstream when 


river flows into the estuary are high. Similarly, it contracts and moves upstream when river 


flows are low. 


6.1.2.1 PCE 1: Physical Habitat (Spawning Substrate) 


Construction of the north Delta intakes would result in the permanent loss of approximately 5.6 


acres of tidal perennial habitat for delta smelt (Table 6.1-6a). Based on existing site conditions, none 


of this habitat is considered preferred spawning habitat for delta smelt. Increases in suspended 


sediment generated by in-water construction activities may result in localized sediment deposition 


in the vicinity of the proposed intakes, degrading potential spawning habitat of delta smelt through 


burial of suitable substrate. However, potential adverse effects of sedimentation on physical habitat 


(i.e., spawning substrate) from construction would be minimized by implementation of AMMs, 
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including working within an in-water work window that has limited overlap with the spawning 


season (Appendix 3A) and conducting barge operations in a manner so as to limit potential for 


disturbance (AMM-27: Develop and Implement a Barge Operations Plan). Additionally, the 


Sacramento River in the vicinity of the proposed intakes does not likely support significant 


spawning of delta smelt. 


6.1.2.2 PCE 2: Water 


As described above in Section 6.1.2, Effects of Construction Activities on Delta Smelt Critical Habitat, 


construction activities have the potential for effects because of increased turbidity, suspended 


sediment, and contaminants, which could affect water quality (PCE 2). Effects would be limited 


temporally and spatially and minimized with various AMMs (Appendix 3A).  


6.1.3 Effects of Conservation Measures on Delta Smelt and 
Delta Smelt Critical Habitat 


6.1.3.1 Effects of Conservation Measures on Delta Smelt 


Implementation of the Compensatory Mitigation Plan (CMP) could result in impacts on delta smelt 


as analyzed in this section. Restoration of tidal perennial habitat or channel margin habitat as 


compensatory mitigation has the potential to affect delta smelt. Details of compensatory mitigation 


are provided in Appendix 3A. A total of 18.3 acres of tidal perennial habitat and 3,619 linear feet of 


channel margin habitat compensatory mitigation for construction impacts will be undertaken. 


Construction of aquatic habitat restoration for mitigation itself has the potential for negative effects 


on delta smelt, with these effects generally including those previously discussed above in Section 


6.1.1 (i.e., acoustic effects, sediment disturbance, water quality effects, direct physical injury, 


reduced prey availability, and increased predation). Potential short-term negative effects from 


construction of aquatic habitat as compensatory mitigation are exemplified by effects assessed for 


the Lower Yolo Tidal Restoration Project (National Marine Fisheries Service 2014). To the extent 


practicable, grading and excavation (e.g., of marsh plains and tidal channels) would be done prior to 


work allowing species to enter restored areas (e.g., excavation of notches in the perimeter of levees 


to facilitate tidal flows to enter and leave) to minimize negative effects on fish species. Excavation of 


levee perimeter notches to allow tidal exchange could result in several effects on fish species 


including delta smelt: temporary loss of aquatic and riparian 29 habitat (e.g., increasing predation 


potential because of reduced cover, reduced substrate for prey, and increased water temperature); 


degraded water quality from contaminants liberated from soils and increased suspended sediment 


that could affect fish directly if in very high concentration, as well as affecting prey availability; 


heavy machinery noise resulting in fish being inhibited in their movements near the work areas, and 


possibly being startled away from work areas and, therefore, becoming more susceptible to 


predation; direct strikes to fish from construction equipment performing in-water work such as 


notch excavation in levees to restored tidal flow, leading to injury or mortality; and stranding of fish 


within enclosed construction areas (e.g., within cofferdams) that may be required during 


construction. As suggested for the Lower Yolo Tidal Restoration Project, however, such potential 


impacts can be minimized by construction techniques, where feasible, such as not operating heavy 


machinery from within the water; limiting construction to only the small areas necessary to meet 


restoration design (e.g., restoration of tidal connections; limiting work to low tide and daylight 


hours to the extent possible; and installing sheet pile exclusion barriers with vibratory hammers). 


Potential negative effects from compensatory mitigation construction would be expected to affect 
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very small numbers of individuals of fish and aquatic species, including delta smelt, that may occur 


near sites during in-water work. Construction of compensatory mitigation will include various 


mitigation measures and environmental commitments as necessary and as described above for 


construction effects (Appendix 3A). These mitigation measures would limit the potential for 


negative effects by limiting work to the in-water work window and limiting the potential for water 


quality effects. Inclusion of selenium and methylmercury management as part of overall Delta 


Conveyance Project Final Environmental Impact Report (Final EIR) mitigation for the proposed action 


(Mitigation Measure WQ-6: Develop and Implement a Mercury Management and Monitoring Plan, and 


Mitigation Measure WQ-10: Develop and Implement a Selenium Management Plan, discussed in Final 


EIR Chapter 9, Water Quality) would limit potential for negative effects from selenium or 


methylmercury production as a result of habitat restoration activities (California Department of 


Water Resources 2023). 


Following completion of compensatory mitigation,14 restored tidal habitat areas would have 


beneficial effects on delta smelt. Such effects include greater habitat extent (e.g., as shown for 


Liberty Island in the north Delta; Sommer and Mejia (2013) and greater food availability on-site or 


in nearby areas (Hammock et al. 2019b), but not at larger spatial scales, such as in other regions of 


the Delta (Herbold et al. 2014; Hartman et al. 2017; Kimmerer et al. 2018a). Efficacy monitoring 


would assess the degree to which positive effects occur and inform adjustment to sites, as necessary, 


to increase positive effects. 


Of the other proposed conservation measures, AMM-26: Develop and Implement an Underwater 


Sound Control and Abatement Plan (Appendix 3A) has the potential for limited negative effects to 


delta smelt, in addition to its minimization of pile-driving acoustic effects. DWR’s development and 


implementation of the underwater sound control and abatement plan could include installation of 


an attenuation device, such as a bubble curtain, or other mechanism to minimize noise, such as air- 


filled fabric barriers, isolation piles, or installation of piling-specific cofferdams. Should fish and 


aquatic species, including delta smelt, become trapped within the area enclosed by these methods, 


they would be exposed to high sound levels and may be injured, potentially fatally, by noise levels. 


However, the number of individuals potentially experiencing such effects would be low because of 


the small area affected and the likely disturbance and avoidance of the area by fish including delta 


smelt. As previously noted in Section 6.1.1, Effects of Construction Activities on Delta Smelt, the in-


water work window for this measure also would limit the potential for temporal overlap with delta 


smelt, and there is limited spatial overlap with the species given the location of the work outside the 


species’ main range. 


6.1.3.2 Effects of Conservation Measures on Delta Smelt Critical Habitat 


Conservation measures would not affect the delta smelt critical habitat PCEs 3 and 4 because there 


would be no effect on river flows or salinity as a result of these activities. The effects on PCEs 1 and 2 


are described below. 


 
14 As described in Appendix 3B, compensatory mitigation will stay ahead of the cumulative, permanent suitable 
habitat loss by 10%; if this requirement cannot be met, the mitigation amount would be increased by 5% for every 
year of delay to offset the temporal loss of habitat. 
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PCE 1: Physical Habitat (Spawning Substrate) 


Although minimal, if any, effects to spawning substrate are anticipated, restoration of tidal habitat 


and channel margin habitat would have the potential to offset losses in spawning substrate and 


other shallow-water habitat, as well as losses of tidal perennial habitat. 


PCE 2: Water (Quality) 


Construction-related effects to water quality (e.g., increases in suspended sediment during earth-


moving activities) from conservation measures would be of similar nature to the construction-


related effects described above, but would be limited in duration, occur during work windows to 


minimize exposure of delta smelt, and be minimized with standard AMMs. Therefore, there would 


be limited effects on PCE 2. 


Sediment disturbance and releases of contaminants (e.g., fuel spills) during construction/removal 


activities have the potential to result in effects on the PCE 2 (e.g., by liberating contaminants), but 


the implementation of AMMs and the limited duration of work would minimize effects on this PCE. 


6.1.4 Cumulative Effects on Delta Smelt 


Cumulative effects include the effects of future state, tribal, local, or private actions that are 


reasonably certain to occur in the action area (50 Code of Federal Regulations [CFR] § 402.02). 


Future federal actions that are unrelated to the proposed action are not considered in this section 


because they require separate consultation pursuant to Section 7 of the federal Endangered Species 


Act.  


6.1.4.1 Water Diversions 


Water diversions for irrigated agriculture, municipal, and industrial use and managed wetlands are 


found throughout the Delta, and many of them remain unscreened. Depending on the size, location, 


and season of operation, these unscreened diversions have the potential to entrain and kill many life 


stages of aquatic species, including delta smelt. However, the vast majority of private unscreened 


diversions in the Delta are small pipes in large channels that do not operate every day of the year. As 


a result, even where they do regularly co-occur with these diversions, delta smelt appear to have 


low vulnerability to entrainment (Nobriga et al. 2004). Most of the 370 water diversions operating 


in Suisun Marsh are likewise unscreened (Herren and Kawasaki 2001). 


New municipal water diversions in the Delta are screened routinely per various biological opinions. 


Private irrigation diversions in the Delta are mostly unscreened, but the total amount of water 


diverted to Delta farms has remained very stable for decades (Culberson et al. 2008), so the 


cumulative impact should remain similar to baseline. Ongoing nonfederal diversions of water within 


the action area (e.g., municipal and industrial uses, as well as diversions through intakes serving 


numerous small, private agricultural lands) are not likely to entrain very many delta smelt, based on 


the results of a study by Nobriga et al. (2004), which reasoned that the littoral location and low-flow 


operational characteristics of these diversions reduced their risk of entraining delta smelt. 


6.1.4.2 Agricultural Practices 


Farming occurs throughout the Delta, adjacent to waterways used by delta smelt. Agricultural 


practices introduce nitrogen, ammonium, and other nutrients into the watershed, which then flow 
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into receiving waters, adding to other inputs, such as wastewater treatment (Lehman et al. 2014); 


however, wastewater treatment provides the bulk of ammonium loading (Jassby 2008). Stormwater 


and irrigation discharges related to both agricultural and urban activities contain numerous 


pesticides and herbicides that may negatively affect delta smelt reproductive success and survival 


rates (Dubrovsky et al. 1998; Kuivila et al. 2004; Scholz et al. 2012). Discharges occurring outside 


the action area that flow into the action area also contribute to cumulative effects of contaminant 


exposure. 


6.1.4.3 Increased Urbanization 


The Delta Protection Commission’s Economic Sustainability Plan for the Delta reported an urban 


growth rate of about 54% within the statutory Delta between 1990 and 2010, as compared with a 


25% growth rate statewide during the same period (Delta Protection Commission 2012). The report 


also indicated that population growth had occurred in the Secondary Zone of the Delta, but not in 


the Primary Zone, and that population in the central and south Delta areas had decreased since 


2000. Growth projections through 2050 indicate that all counties overlapping the Delta are 


projected to grow at a faster rate than the state as a whole. Total population in the Delta counties is 


projected to grow at an average annual rate of 2.2% from 2020 through 2030 (California 


Department of Finance 2023). Table 6.1-7 illustrates past, current, and projected population trends. 


As of 2010, the combined population of the Delta counties was approximately 3.8 million. 


Sacramento County contributed 37.7% of the population of the Delta counties, and Contra Costa 


County contributed 27.8%. Yolo County had the smallest population (200,849 or 5.3%) of all the 


Delta counties. 


Table 6.1-7. Population by County and Area, 2010–2060 


Area 


2010 
Population 
(millions) 


2019  
Population 
(millions) 


2030 
Projected 


Population 
(millions) 


2035 
Projected 


Population 
(millions) 


2060 
Projected 


Population 
(millions) 


Delta Region 5.30 5.82 6.37 6.61 7.43 


Alameda County 1.52 1.67 1.83 1.90 2.16 


Contra Costa County 1.05 1.15 1.25 1.30 1.45 


Sacramento County 1.42 1.55 1.70 1.75 1.94 


San Joaquin County 0.69 0.77 0.88 0.92 1.09 


Solano County 0.41 0.44 0.47 0.48 0.52 


Yolo County 0.20 0.22 0.24 0.25 0.28 


South Bay Area a 1.85 2.02 2.17 2.25 2.51 


San Benito County 0.06 0.06 0.07 0.08 0.09 


Santa Clara County 1.79 1.96 2.09 2.17 2.42 


San Joaquin Valley 3.14 3.42 3.77 3.92 4.46 


Stanislaus County 0.52 0.56 0.61 0.63 0.73 


Merced County 0.26 0.28 0.33 0.35 0.46 


Fresno County 0.93 1.02 1.12 1.16 1.29 


Tulare County 0.44 0.48 0.52 0.53 0.56 


Kings County 0.15 0.15 0.17 0.18 0.20 


Kern County 0.84 0.92 1.02 1.06 1.21 
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Area 


2010 
Population 
(millions) 


2019  
Population 
(millions) 


2030 
Projected 


Population 
(millions) 


2035 
Projected 


Population 
(millions) 


2060 
Projected 


Population 
(millions) 


Central Coast 0.69 0.73 0.77 0.79 0.85 


San Luis Obispo County 0.27 0.28 0.28 0.29 0.29 


Santa Barbara County 0.42 0.45 0.49 0.50 0.56 


Southern California 21.04 22.33 23.28 23.62 23.68 


Ventura County 0.83 0.85 0.86 0.86 0.78 


Los Angeles County 9.85 10.26 10.38 10.39 9.61 


Orange County 3.02 3.22 3.39 3.47 3.70 


San Diego County 3.10 3.36 3.53 3.60 3.74 


San Bernardino County 2.05 2.20 2.40 2.47 2.68 


Riverside County 2.20 2.44 2.72 2.84 3.18 


California 37.37 39.96 42.26 43.20 45.30 


Source: California Department of Finance 2020a. 
a The population estimates for the South Bay Area do not include Alameda County because this county is included in 
the Delta region total. 


Table 6.1-8 presents more detailed information about populations of individual communities in the 


Delta.  


Table 6.1-8. Statutory Delta Communities Population, 2010 and 2018 


Community 2010 2018 
Average Annual Growth 


Rate 2010–2018 


Alameda County 


Incorporated Cities and Towns 


Livermore a 80,968 89,027 1.24% 


Contra Costa County 


Incorporated Cities and Towns 


Antioch 102,372 110,730 1.02% 


Brentwood 51,481 60,446 2.18% 


Oakley 35,432 40,669 1.85% 


Pittsburg 63,264 70,492 1.43% 


Small or Unincorporated Communities 


Bay Point 21,349 25,165 2.23% 


Bethel Island 2,137 2,010 -0.74% 


Byron 1,277 1,348 0.69% 


Discovery Bay 13,352 15,981 2.46% 


Knightsen 1,568 1,500 -0.54% 


Sacramento County 


Incorporated Cities and Towns 


Isleton 804 583 -3.44% 


Sacramento 466,488 495,011 0.76% 


Small or Unincorporated Communities 


Courtland 355 537 6.41% 
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Community 2010 2018 
Average Annual Growth 


Rate 2010–2018 


Freeport 38 81 14.14% 


Hood 271 303 1.48% 


Walnut Grove 1,542 1,300 -1.96% 


San Joaquin County 


Incorporated Cities and Towns 


Lathrop 18,023 21,393 2.34% 


Stockton 291,707 306,283 0.62% 


Tracy 82,922 88,806 0.89% 


Small or Unincorporated Communities 


Mountain House 9,675 15,645 7.71% 


Terminous 381 411 0.98% 


Solano County 


Incorporated Cities and Towns 


Rio Vista 7,360 8,618 2.14% 


Yolo County 


Incorporated Cities and Towns 


West Sacramento 48,744 52,826 1.05% 


Small or Unincorporated Communities 


Clarksburg 418 442 0.72% 


Sources: U.S. Census Bureau 2011, 2018. 
a Livermore is not in the statutory Delta but is included because it is the closest community in Alameda County. 


Increases in urbanization and housing developments can affect habitat by altering watershed 


characteristics and changing both water use and stormwater runoff patterns. Increased growth 


would place additional burdens on resource allocations, including natural gas, electricity, and water, 


as well as on infrastructure such as wastewater sanitation plants, roads and highways, and public 


utilities. Some of these actions would not require federal permits and, thus, would not undergo 


review through the Section 7 consultation process. 


Adverse effects on delta smelt and their critical habitat may result from urbanization-induced point- 


and nonpoint-source chemical-contaminant discharges within the action area. These contaminants 


include, but are not limited to, ammonia and free ammonium ion, numerous pesticides and 


herbicides, and oil- and gasoline-product discharges. Increased urbanization also is expected to 


result in increased recreational activities in the region. 


6.1.4.4 Wastewater Treatment Plants 


Two wastewater treatment plants (one located on the Sacramento River near Freeport and the other 


on the San Joaquin River near Stockton) have received special attention because of the magnitude of 


their discharge of ammonia. The Sacramento Regional Wastewater Treatment Plant, in order to 


comply with Order R5-2013-0124, implemented compliance measures to reduce ammonia 


discharges. There were concerns that these discharges could be associated with direct ammonia 


toxicity to delta smelt and other species, prompting various studies (e.g., Werner et al. 2009). In 


addition to concerns about direct toxicity of ammonia to delta smelt, another important concern was 


that ammonium inputs affected the delta smelt foodweb by suppressing diatom blooms in the Delta 


and Suisun Bay (see summary of relevant literature by IEP MAST [2015:71]), although a recent 
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study did not find evidence supporting this mechanism (Strong et al. 2021). To the extent that such 


direct (toxicity) and indirect (foodweb suppression) effects were previously occurring, the recent 


completion of upgrades at the Sacramento Regional Wastewater Treatment Plant largely eliminated 


ammonia discharge and, therefore, the potential for negative effects. Ammonia discharge concerns 


have also been expressed with respect to the City of Stockton Regional Water Quality Control Plant, 


but its remoteness from the parts of the estuary frequented by delta smelt and its recent upgrades 


suggest that it is more a potential issue for migrating salmonids than for delta smelt. 


6.1.4.5 Other Activities 


Other future, nonfederal actions within the action area that are likely to occur and may adversely 


affect delta smelt and their critical habitat include: dumping of domestic and industrial garbage that 


decreases water quality; oil and gas development and production that may affect aquatic habitat and 


may introduce pollutants into the water; and state or local levee maintenance that may also destroy 


or adversely affect habitat and interfere with natural, long-term habitat-maintaining processes. 


However, these projects are likely to include BMPs and are regulated to avoid impacts on aquatic 


habitat. 


6.1.4.6 Climate Change 


The anticipated effects of climate change on the San Francisco Estuary and watershed, such as 


warmer water temperatures, greater salinity intrusion, lesser snowpack contribution to spring 


outflows from the Delta, and the potential for frequent extreme drought (Knowles and Cayan 2002; 


Dettinger 2005), indicate challenges to maintaining a sustainable delta smelt population (Brown et 


al. 2013, 2016). Climate change is expected to affect delta smelt habitat and prey availability. The 


projected increase in sediment entering the Delta over time from future climate change has the 


potential to result in more sediment entering the Delta than existing conditions. Given the 


importance of sediment as a component of delta smelt habitat (particularly when resuspended to 


create greater turbidity), this may be beneficial to delta smelt. Climate change-related reductions in 


spring Delta outflow and sea level rise result in predictions of lower smelt zooplankton prey E. 


affinis than existing conditions. Water temperature would be higher, reflecting climate change 


assumptions, and would decrease habitat suitability for delta smelt (e.g., mean July temperature at 


Rio Vista at 2040 modeled climate would be more often above the 21.9°C (71.4°F) threshold 


dividing adequate and unsuitable habitat per the affinity analysis of Hamilton and Murphy [2020]). 


6.2 Effects on Longfin Smelt 
As with delta smelt, potential effects are discussed in terms of construction activities and 


conservation measures. Analyses were developed in consideration of factors assessed to be of 


importance to the species based on available literature, including conceptual models (e.g., Baxter et 


al. 2010) and best available methods (e.g., ICF International 2016b; California Department of Water 


Resources 2020a).  


6.2.1 Effects of Construction Activities on Longfin Smelt 


As discussed in detail for delta smelt, potential effects on longfin smelt arising from construction 


activities could consist of acoustic effects; sediment disturbance leading to increased suspended 
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sediments, turbidity, and contaminants; water quality effects from accidental spills and discharge of 


construction water; direct physical injury or mortality from in-water work; reduced prey 


availability; increased predation risk; increased water temperature; and reduced habitat extent and 


access. As shown in Figure 6.2-1, larvae may be present in the north Delta during the months of 


January to June, and therefore may be present in small numbers near the construction area in June. 


Larvae may not be affected by pile driving but could be affected by water quality changes such as 


turbidity and contaminants. These activities will be restricted to a June 1 through October 31 in-


water work window, at which time longfin smelt are least likely to occur in the project area. In 


addition to limiting activities to the in-water work window, the following AMMs will be 


implemented to avoid or minimize impacts due to increases in turbidity and suspended sediment 


levels on water quality and direct and indirect affects to listed fish species resulting from sediment-


disturbing activities: AMM-1: Conduct Environmental Resources Worker Awareness Training; AMM-2: 


Develop and Implement Hazardous Materials Management Plans; AMM3: Develop and Implement Spill 


Prevention, Control, and Countermeasure Plans; AMM-4a: Develop and Implement Erosion and 


Sediment Control Plans; AMM-4b, Develop and Implement Stormwater Pollution and Prevention Plans; 


and AMM-14: Construction Best Management Practices for Biological Resources (Appendix 3A).  
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Source: Merz et al. 2013. 


Note: To calculate the annual frequency of longfin smelt detection in a region, the percentage of sampling events where 
longfin smelt were observed is divided by the total number of sampling events for the region. In this graphic, where no 
column/bar is shown in the bar graph for a region, the average annual frequency of detection for the given longfin smelt 
life stage(s) was zero. Where the column is below the x-axis, a survey did not sample in that region (e.g., the Smelt Larval 
Survey, which does not include stations west of Carquinez Strait). 


Figure 6.2-1. Average Annual Frequency of Longfin Smelt Detection (%) for Larval and Adult Life Stages 
by Region and Interagency Ecological Program Survey Type 
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6.2.1.1 Effects of Conservation Measures on Longfin Smelt 


The CMP could result in similar impacts on longfin smelt as analyzed under Section 6.2.1, Effects of 


Construction Activities on Longfin Smelt and as discussed for delta smelt (Section 6.1.3.1 Effects of 


Conservation Measures on Delta Smelt). Following completion of compensatory mitigation, restored 


tidal habitat areas would have beneficial effects on longfin smelt such as increased habitat extent or 


greater food availability; relatively high abundance of longfin smelt has been observed in various 


restored habitats in the lower San Francisco Estuary (Lewis et al. 2020). 


6.2.2 Cumulative Effects on Longfin Smelt 


Cumulative effects on longfin smelt generally would be the same as discussed above for delta smelt 


(Section 6.1.4, Cumulative Effects on Delta Smelt) (i.e., water diversions, agricultural practices, 


increased urbanization, and climate change). In addition, longfin smelt are known to be taken by 


commercial bay shrimp fisheries, although the take appears to be limited to approximately a few 


percent of the population (ICF International 2016b:4-294). Construction related to other programs, 


projects, and policies could combine with the effects of construction of the proposed action. 


6.3 Effects on San Joaquin Kit Fox 
Appendix 6A, Terrestrial Effects Analysis Methods, describes the definitions, methods, and 


assumptions used to analyze the effects of the proposed action on terrestrial species, including 


impact categories, effect mechanisms, and habitat model development. Chapter 4, Section 4.4, Status 


of the Species/Environmental Baseline Summary, Section 4.4.9.6, Suitable Habitat Definition, and 


Section 4.4.9.7, Species Habitat Suitability Model, define suitable habitat and describe the habitat 


model for San Joaquin kit fox.  


Suitable habitat for San Joaquin kit fox consists of arid shrublands and grasslands characterized by 


sparse or no shrub cover, sparse ground cover with patches of bare ground, short vegetative 


structure (herbaceous vegetation less than 18 inches tall), and sandy to sandy-loam soils (Cypher et 


al. 2007:25). San Joaquin kit fox generally avoid steep terrain. Habitat with slopes under 10% is 


considered high value, habitat with slopes between 10 and 30% is considered of moderate value, 


and habitat with slopes greater than 30% is considered low value (U.S. Fish and Wildlife Service 


2020a:23, 49, 50). Tall and dense vegetation is less optimal because it creates conditions that make 


it difficult for kit fox to detect approaching predators or to capture prey (Cypher et al. 2007:25). See 


Section 4.4.9.2, Life History and Habitat Requirements, for a full description of suitable habitat.  


High, moderate, and low value habitat occurs within the action area and overlaps with the project 


footprint. In addition, the action area is within the known historical range of the species. However, 


in the 2020 assessment of the species’ status, USFWS rated the condition of the northernmost 


portion of the species’ range (the Livermore Unit), which includes the habitat that overlaps with the 


action area, as being in a “very low” condition (U.S. Fish and Wildlife Service 2020a:51). The USFWS 


defines very low condition for San Joaquin kit fox as showing “no evidence of a current population” 


where the “only [occurrence] records are 10 years old or greater” (U.S. Fish and Wildlife Service 


2020a:50). Specifically, surveys and monitoring conducted between 2009 and 2017, and again in 


2021, to the east and west of Bethany Reservoir, which included den surveys and trail camera use, 


did not detect San Joaquin kit fox in these areas (Department of Water Resources 2021:2; 


Environmental Science Associates 2017:4-23). Based on this information, there is low potential for 
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San Joaquin kit fox to be present in the action area. However, because the action area maintains 


some connectivity with the region south of San Luis Reservoir where San Joaquin kit fox persist, it is 


assumed that there remains some potential for dispersing individuals to occur in the action area, 


and permanent protection of suitable San Joaquin kit fox habitat, such as the Bethany conservation 


easement and Mountain House Conservation Bank, occurs within the action area and may support 


San Joaquin kit fox if the species recovers. 


There are 1,453.11 acres of modeled San Joaquin kit fox habitat in the southwest part of the action 


area west of Clifton Court Forebay of which 1,363.62 acres are modeled low-quality habitat, 11.21 


acres are modeled moderate-quality habitat, and 78.28 acres are modeled high-quality habitat. 


There are 55.90 acres of modeled habitat that overlap with the project footprint, 55.63 acres of 


which are modeled low-quality habitat, 0.08 acre of which is modeled moderate-quality habitat, and 


0.19 acre of which is modeled high-quality habitat. Table 6.3-1 summarizes the total affected San 


Joaquin kit fox modeled habitat. 


 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-39 


May 2024 
ICF 103653  


 


Table 6.3-1. Acres of Overlap between San Joaquin Kit Fox Modeled Habitat and the Construction Footprint by Activity Type 


San 
Joaquin 
Kit Fox 
Modeled 
Habitat 


Total 
Modeled 


Habitat in 
the Action 


Area 


Permanent Modeled Habitat Loss from Construction a Temporary Modeled Habitat Disturbance from Construction Total 
Affected 
Modeled 
Habitat 
(Acres) CCWD 


Access 
Road 


Bethany 
Complex 


North 
Delta 


Intakes 


Other 
Construction 


Support 
Facilities 


Electrical 
Facilities b 


(Overhead and 
Underground) RTM 


Tunnel 
Shaft 


Permanent 
subtotal 


Field 
Investigations CCWD 


Access 
Road 


Other 
Construction 


Support 
Facilities 


Electrical and 
SCADA Facilities 
c (Overhead and 
Underground) 


Temporary 
Subtotal 


High 
Quality 


78.28 - - - - 0.02 0.11 - - 0.23 0.04 - - 0.01 0.01 0.06 0.19 


 


Moderate 
Quality 


11.21 - - - - - 0.06 - - 0.06 0.02 - - - - 0.02 0.08 


Low 
Quality 


1,363.62 - 16.22 22.05 - - 0.42 - - 38.69 2.58 - 13.73 - 0.63 16.94 55.63 


Total 1,453.11 - 16.22 22.05 - 0.02 0.59 - - 38.98 2.64 - 13.73 0.01 0.64 17.02 55.90 


Notes: 
CCWD = Contra Costa Water District; RTM = reusable tunnel material; SCADA = supervisory control and data acquisition. 
a Permanent Habitat Loss includes potential permanent and long-term temporary impacts. Long-term temporary impacts are those impacts that would be restored to pre-project conditions, but not within 1 year from initial ground disturbance (as temporary impacts would be). 
b Temporary Habitat Loss includes potential temporary impacts from construction that would be restored to pre-disturbance conditions within 1 year of construction completion, as described in AMM-14: Construction Best Management Practices for Biological Resources (Appendix 


3A, General Avoidance and Minimization Measures). 
c Electrical Facilities include potential habitat loss as a result of the construction of overhead and underground power transmission lines. Potential habitat loss from the construction of electrical facilities (i.e., lines, substations, switchyards, and switching stations) that occur within 


larger facilities (e.g., Bethany Complex) is captured in the large facility impact acreage. 
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Table 6.3-2. Maximum Habitat Loss and Compensation for San Joaquin Kit Fox 


 


Permanent Habit Loss 
Maximum Compensation 


Commitment (Acres) 


Total Maximum Habitat Loss (Acres) Protection or Restoration a 


High Quality 0.23 38.98 b 


Moderate Quality 0.06 - b 


Low Quality 38.69 - b 


Total 38.98 38.98 b 


Notes: 
CMP = Compensatory Mitigation Plan. 
a While the maximum mitigation commitment for San Joaquin kit fox is 38.98 acres, it is assumed that the 180.60 
acres of grassland, vernal pool complex, and alkali seasonal wetland protection and enhancement for California tiger 
salamander in the Livermore recovery unit (as described in Attachment 3B.1, Table 3B.1-3, CMP-13: California Tiger 
Salamander Habitat) would benefit the San Joaquin kit fox and meet the compensatory mitigation commitment for 
the species.  
b Compensatory mitigation for the San Joaquin kit fox, as achieved through protection of 180.60 acres of California 
tiger salamander upland habitat, would be of high-quality habitat.  


6.3.1 Field Investigations 


Field investigation actions described are for new proposed actions and have not been previously 


consulted upon. Field investigation actions are described and evaluated at the project or site level. 


Field investigations would occur after EIR approval and before and during construction. Some 


investigations would occur within the construction footprint (where suitable habitat is already 


assumed to be lost, and thus no additional habitat loss from future field investigations would be 


incurred) and some would occur outside the construction footprint (which results in temporary 


habitat disturbance additional to that incurred by construction). Field investigations within 


proposed surface construction footprints (including portions of tunnel alignments), which include 


test trenches, CPT, soil borings, electrical resistivity tomography, groundwater testing and 


monitoring, monument installation, agronomic testing, utility potholing, and pilot studies for 


settlement, would not result in habitat loss additional to the loss described in the relevant, 


associated activity type sections (e.g., Bethany Complex).  


Geotechnical investigations associated with tunnel alignment water crossings, West Tracy Fault, 


Bethany Fault, and the tunnel for the Bethany Reservoir Aqueduct, which include test trenches and 


overwater and land-based CPTs and soil borings, largely fall outside of surface construction 


footprints and it is these impacts that are discussed in this section. All surface ground disturbance 


for field investigations for the tunneled portion of the Bethany Reservoir Aqueduct would occur 


outside of the Bethany Conservation Easement. 


Field investigations include activities such as overland driving, equipment storage, pit digging, soil 


boring, trenching, temporary soil storage prior to backfilling trenches, and helicopter surveys to 


identify buried groundwater and natural gas wells. West Tracy Fault investigations would involve 


up to 6 test trenches, each 0.07 acre with a temporary work footprint of up to 4.59 acres. Excavation 


and backfilling of the test trenches would last up to 12 days. Bethany Fault investigations would take 


place above the Bethany Reservoir Aqueduct tunnel outside of the Bethany Conservation 


Easement and consist of a linear array of electrodes driven into the ground over several hundred 


feet; the electrodes would induce a low current into the ground and be removed upon completion of 
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testing. Ground disturbance for other field investigations is not expected to exceed 0.84 acre and 


would not last more than 30 days. Field investigations would not require nighttime lighting.  


6.3.1.1 Habitat Loss and Fragmentation 


Field investigations would not result in any permanent loss of San Joaquin kit fox modeled habitat 


but would result in an estimated 2.64 acres of temporary disturbance (0.18% of all modeled habitat 


in the action area); 0.04 acres of which are high-quality habitat, 0.02 acre of which is moderate-


quality habitat, and 2.58 acres of which are low-quality habitat (Figures 6.3-1 and 6.3-7). The habitat 


loss is associated with investigative work associated with the Bethany Fault which is just slightly 


north and east of the Bethany Reservoir. The temporary habitat loss associated with geotechnical 


investigations is of a small extent and a short duration and is not expected to adversely affect the 


species.  


6.3.1.2 Construction-Related Effects 


Field investigations are very unlikely to result in injury or mortality of San Joaquin kit fox as the 


Bethany Fault study would be completed in a single day and conducted entirely on foot (Delta 


Conveyance Design and Construction Authority 2022e, 2022f). However, the presence of humans 


could result in minor disruption of normal behaviors. To minimize the potential for behavioral 


disruption, implementation of the San Joaquin Kit Fox Avoidance Measure described in Chapter 3, 


Section 3.6.2.1 would require an assessment to identify suitable San Joaquin kit fox habitat. Where 


suitable habitat is identified, a USFWS-approved biologist would perform preconstruction surveys 


for known or potential kit fox dens. If a den is discovered, a buffer would be established, and the den 


would be monitored for three days. If the den is found to be occupied by San Joaquin kit fox, the 


USFWS would be contacted, and all activities would cease until permission to proceed was obtained 


from as described in Section 3.6.2.1. Additionally, implementation of AMM-1: Conduct Environmental 


Resources Worker Awareness Training and AMM-14: Construction Best Management Practices for 


Biological Resources (Appendix 3A) would reduce the potential for behavioral disruption.  


6.3.2 North Delta Intakes 


The north Delta intakes would not overlap with San Joaquin kit fox modeled habitat; thus, north 


Delta intake construction would not affect San Joaquin kit fox.  


6.3.3 Tunnels 


The tunnel alignment from the north Delta intakes to the Bethany Complex does not overlap with 


San Joaquin kit fox modeled habitat; thus, tunnel construction would not affect San Joaquin kit fox.  


6.3.4 Tunnel Shafts 


Tunnel shafts would not overlap with San Joaquin kit fox modeled habitat; thus, tunnel shaft 


construction would not affect San Joaquin kit fox. 
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6.3.5 Reusable Tunnel Material  


The reusable tunnel material (RTM) placement and RTM processing sites do not overlap with San 


Joaquin kit fox modeled habitat. Activities associated with RTM placement and processing would not 


affect San Joaquin kit fox. 


6.3.6 Bethany Complex  


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and facilities within the Bethany Complex 


footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level.  


The Bethany Reservoir Aqueduct that connects the Bethany Reservoir Pumping Plant to the Bethany 


Reservoir Discharge Structure would be aboveground, except for two sections that would pass 


under the Jones Pumping Plant discharge pipelines and the Bethany Conservation Easement (which 


would be tunneled). All other project features would be constructed on the surface. Bethany 


Complex facilities would be surrounded by security fencing during construction.  


Construction activities at the Bethany Complex include vegetation clearing, grading, excavation, soil 


compaction, building of structures, and the use of construction-related vehicles. Sheet piles for 


construction of the discharge structure would be installed using vibratory pile driving methods. 


Construction of the Bethany Complex would take place over several years and may require night 


lighting. As described in Chapter 3, Section 3.2.12, Fencing and Lighting, all lights used during 


nighttime construction would be downcast, cut-off type fixtures with non-glare finishes, natural 


light qualities, and minimum intensity. 


6.3.6.1 Habitat Loss and Fragmentation 


An estimated 22.05 acres of modeled San Joaquin kit fox low-quality habitat (1.6% of modeled low-


quality habitat in the action area) would be permanently removed as a result of the Bethany 


Reservoir Aqueduct and the Bethany Reservoir Discharge Structure construction (Table 6.3-1) 


(Figures 6.3-10). The lost habitat is of low quality because soils are in low-quality textural classes 


(i.e., compacted soils) or have slopes greater than 30%—two features that are known to be 


unsuitable for denning (U.S. Fish and Wildlife Service 2020a:17, 50). The low value of the modeled 


habitat in this area is consistent with the USFWS description of this area as having a “very low” 


condition and “no evidence of a current population” (U.S. Fish and Wildlife Service 2020a:50-54).  


While this habitat could still be used for dispersal and movement, the potential habitat loss will not 


affect connectivity or dispersal in the region because the loss is very small compared to the amount 


of available dispersal habitat (i.e., this habitat type is not limiting on the landscape), the project does 


not occur in any known movement corridors, nor does the project create any new barriers to 


movement. Construction of the Bethany Reservoir Aqueduct would not result in habitat 


fragmentation because the structure would be installed underground. The Bethany Reservoir 


Discharge Structure is unlikely to result in fragmentation of modeled San Joaquin kit fox habitat 


because the structure immediately abuts an existing facility that is regularly disturbed by human 


presence.  
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To minimize permanent habitat loss, the San Joaquin Kit Fox Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.1 would require suitable San Joaquin kit fox habitat to be 


delineated and avoided to the greatest extent possible. Where suitable habitat cannot be avoided 


and is permanently lost, the lost habitat would be offset through compensatory mitigation. While the 


maximum mitigation commitment for San Joaquin kit fox is 38.98 acres, it is assumed that the 


180.60 acres of grassland, vernal pool complex, and alkali seasonal wetland protection and 


enhancement for California tiger salamander in the Livermore recovery unit would benefit the San 


Joaquin kit fox and meet the compensatory mitigation commitment for the species. See Appendix 3B, 


Section 3B.4.1.4, Site Design and Development and Attachment 3B.1, Table 3B.1-3, CMP-13: California 


Tiger Salamander Habitat for a description of how California tiger salamander (and San Joaquin kit 


fox) habitat would be protected, enhanced, and managed in perpetuity through the purchase of 


agency-approved mitigation bank credits or other site protection instruments. 


6.3.6.2 Construction-Related Effects  


Ground disturbing activities (such as grading, soil clearing) and the movement of construction 


vehicles and heavy construction equipment could injure or kill San Joaquin kit fox if individuals are 


present. Kit foxes could be struck by vehicles or could be entrapped in trenches, pipes, or culverts. 


Kit foxes and their prey could be exposed to construction-related fluids, such as fuels, oils, and 


paving material, that could injure individuals and contribute to habitat degradation. Overland 


driving could also crush dens.  


Implementation of AMM-1: Conduct Environmental Resources Worker Awareness Training; AMM-2: 


Develop and Implement Hazardous Materials Management Plans; AMM-3: Develop and Implement 


Spill Prevention, Control, and Countermeasure Plans; and AMM-14: Construction Best Management 


Practices for Biological Resources (Appendix 3A) would reduce the potential for injury and mortality. 


Implementation of these measure would include (1) training construction staff on the needs of 


protecting San Joaquin kit fox, reporting requirements, and the ramifications for not following these 


measures; (2) having a biological monitor present who would ensure that non-disturbance buffers 


and associated construction fencing are intact and all other protective measures are being 


implemented; (3) ensuring trenches are covered at the end of the day or that wildlife escape ramps 


are installed; (4) limiting construction vehicle traffic to a maximum speed limit of 15 miles per hour 


on unpaved non-public access roads; (5) capping pipes at the end of each day; and (6) reducing the 


potential for discharge of construction materials in areas of potential habitat.  


To avoid impacts on denning fox, the San Joaquin Kit Fox Avoidance Measure described in Chapter 3, 


Section 3.6.2.1 would require suitability assessments of the San Joaquin kit fox modeled habitat, 


preconstruction surveys for dens where the habitat is deemed suitable, and avoidance buffers and 


surveys where dens are identified. If a natal or pupping den is found to be occupied by San Joaquin 


kit fox, USFWS and CDFW would be notified immediately and the den would be monitored following 


the approach outlined in Section 3.6.2.1. With the implementation of these measures, and the low 


likelihood of San Joaquin kit fox presence, San Joaquin kit fox are not likely to be injured or killed by 


construction of the Bethany Complex.  
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6.3.7 Access Roads 


The construction of new access roads and improvements to existing roads are necessary to support 


project construction and project facilities. Access road construction actions are described and 


evaluated in this section at the project level.  


New access roads would be either gravel or paved and would be built to connect existing roads to 


construction areas and project facilities. Existing roads would be widened and improved to support 


the construction-related traffic. There are three regions where new access roads would be 


constructed and existing access roads would be improved in service of the Bethany Complex: to the 


northeast of the Bethany Complex, connecting Mountain House Road to Byron Highway; between 


Mountain House Road and the Bethany Reservoir Discharge Structure; and to the south of the 


Bethany Complex, connecting Mountain House Road to West Grant Line Road. All access roads 


described in this section occur west of Byron Highway. These access roads are described in Section 


Chapter 3, 3.2.7, Access Roads, and depicted in Figures 6.3-6, 6.3-11, and 6.3-12.  


Construction activities for new and widened access roads include clearing, grubbing, moving 


utilities, paving, and the use of construction-related vehicles. Construction of access roads to the 


Bethany Complex would take place over several years during daylight hours, with the exception of 


the traffic bypass at Mountain House Road where construction would occur at night. All lights used 


during nighttime construction would be downcast, cut-off type fixtures with non-glare finishes, 


natural light qualities, and minimum intensity. Construction-related lighting would be downcast and 


motion-activated so as not to subject the immediate surroundings to light level extremes, however, 


these types of light generate an ambient nighttime luminescence that is visible from a distance 


(Chapter 3, Section 3.2.12). 


 


6.3.7.1 Habitat Loss and Fragmentation 


San Joaquin kit fox modeled habitat overlaps with the construction footprints for new and improved 


access roads. The overlapping access roads include widening of Mountain House Road, the new 


access road between Mountain House Road and the Bethany Reservoir Discharge Structure, and the 


new access road and interchange between Mountain House Road and Grant Line Road (Figures 6.3-


1, 6.3-5, 6.3-10, and 6.3-11). Access road construction would result in the permanent removal of 


16.22 acres (1.12% of modeled low-quality habitat in the action area) and the temporary 


disturbance of 13.73 acres of modeled low-quality habitat (Table 6.3.-1). The modeled habitat is of 


low-quality and the species is not likely to be present in the action area. As described in Appendix 


3A, AMM-14: Construction Best Management Practices for Biological Resources would ensure that 


temporarily disturbed areas are restored to pre-disturbance conditions within 1 year of 


construction completion.  


The small portions of new access road construction is not expected to increase habitat 


fragmentation for San Joaquin kit fox. In addition to the low potential for the species to occur in the 


region, and thus be affected by new roads; the new road segments would not pose a new or 


substantial barrier to movement for a species like San Joaquin kit fox that is moderately mobile.  


To minimize permanent habitat loss, the San Joaquin Kit Fox Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.1 would require suitable San Joaquin kit fox habitat to be 


delineated and avoided to the greatest extent possible. Where suitable habitat cannot be avoided 
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and is permanently lost, the lost habitat would be offset through mitigation. While the maximum 


mitigation commitment for San Joaquin kit fox is 38.98 acres, it is assumed that the 180.60 acres of 


grassland, vernal pool complex, and alkali seasonal wetland protection and enhancement for 


California tiger salamander in the Livermore recovery unit would benefit the San Joaquin kit fox and 


meet the compensatory mitigation commitment for the species. See Appendix 3B, Section 3B.4.1.4, 


Site Design and Development and Attachment 3B.1, Table 3B.1-3, CMP-13: California Tiger 


Salamander Habitat for a description of how California tiger salamander (and San Joaquin kit fox) 


habitat would be protected, enhanced, and managed in perpetuity through the purchase of agency-


approved mitigation bank credits or other site protection instruments. 


6.3.7.2 Construction-Related Effects 


Ground disturbing activities (such as grading, soil clearing) and the movement of construction 


vehicles and heavy construction equipment could injure or kill San Joaquin kit fox if individuals are 


present. Kit foxes could be struck by vehicles or could be entrapped in trenches, pipes, or culverts. 


Kit foxes and their prey could be exposed to construction-related fluids, such as fuels, oils, and 


paving material, that could injure individuals and contribute to habitat degradation. Overland 


driving could also crush dens.  


Implementation of AMM-1: Conduct Environmental Resources Worker Awareness Training; AMM-2: 


Develop and Implement Hazardous Materials Management Plans; AMM-3: Develop and Implement 


Spill Prevention, Control, and Countermeasure Plans; and AMM-14: Construction Best Management 


Practices for Biological Resources (Appendix 3A) would reduce the potential for injury and mortality. 


Implementation of these measure would include (1) training construction staff on the needs of 


protecting San Joaquin kit fox, reporting requirements, and the ramifications for not following these 


measures; (2) having a biological monitor present who would ensure that non-disturbance buffers 


and associated construction fencing are intact and all other protective measures are being 


implemented; (3) ensuring trenches are covered at the end of the day or that wildlife escape ramps 


are installed; (4) limiting construction vehicle traffic to a maximum speed limit of 15 miles per hour 


on unpaved non-public access roads; (5) capping pipes at the end of each day; and (6) reducing the 


potential for discharge of construction materials in areas of potential habitat.  


To avoid impacts on denning fox, the San Joaquin Kit Fox Avoidance Measure described in Chapter 3, 


Section 3.6.2.1 would require suitability assessments of the San Joaquin kit fox modeled habitat, 


preconstruction surveys for dens where the habitat is deemed suitable, and avoidance buffers and 


surveys where dens are identified. If a natal or pupping den is found to be occupied by San Joaquin 


kit fox, USFWS and CDFW would be notified immediately and the den would be monitored following 


the approach outlined in Section 3.6.2.1. With the implementation of these measures, and the low 


likelihood of San Joaquin kit fox presence, San Joaquin kit fox are not likely to be injured or killed by 


construction of the access roads.  


6.3.8 Electrical and SCADA Facilities 


The following discussion includes a project-specific analysis of electrical and SCADA facilities 


construction (e.g., electrical powerlines, substation on Lower Roberts Island) where they occur 


outside one of the project feature footprints described in the above sections (e.g., north Delta 


intakes, Bethany Complex). Where the construction footprint of an electrical facility type (e.g., 


switching station, substation) falls within a larger facility construction footprint, such as Bethany 


Complex, the effects associated with that facility type are discussed in the relative sections.  
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Most of the power for project construction and operation would be supplied by existing power lines 


or new lines added to existing poles, but additional electrical facilities would be needed at all project 


facility locations. Power lines for the intakes and tunnel shafts would be placed underground while a 


new aboveground high-voltage power transmission line would be constructed to power the Bethany 


Complex. A new aboveground power line and substation would also be constructed at Lower 


Roberts Island. 


Similar to power, new supervisory control and data acquisition (SCADA) lines would be needed at 


the intakes, tunnel launch shafts, and the Bethany Complex. SCADA lines could be placed within 


existing telecommunications infrastructure corridors where possible, including on existing 


aboveground poles. Where existing infrastructure is not available, SCADA lines would be buried, 


primarily along existing roads and access routes. For more details about the activities associated 


with electrical and SCADA facilities, see Chapter 3, Section 3.2.10, Electrical Facilities, and Section 


3.2.11, SCADA Facilities.  


Construction of electrical power and SCADA lines and the substation on Lower Roberts Island would 


require site preparation, tower or pole construction, and line stringing. Construction of 


underground power and SCADA lines would involve trenching, directional drilling, and use of heavy 


equipment and would mostly occur concurrent with access road improvements and construction. 


Cranes would be used during the line-stringing phase. Temporary electrical facilities used during 


construction, such as temporary substations, will be removed when construction is complete. 


Underground power would mostly be installed alongside existing or new roads within the roadway 


right-of-way; however, there are a few short sections of line that move away from the road 


alignment into agricultural lands at Lower Roberts Island and the Twin Cities Complex. Construction 


of electrical and SCADA facilities would require vehicular access to each tower or pole location. 


Vehicular access routes to new tower or pole locations would use existing routes or new access 


routes as described in Section 6.3.7, Access Roads. The duration of construction and installation of 


new electrical and SCADA facilities would not be more than 1 year at any one location. See Appendix 


6A for details about the impact assessment method.  


6.3.8.1 Habitat Loss and Fragmentation 


The construction footprints for electrical and SCADA facilities overlap with modeled San Joaquin kit 


fox habitat in locations along the alignment northeast of the Bethany Reservoir (Figures 6.3-6 – 6.3-


10). A new overhead 11 kV power supply line from the Bethany Reservoir Discharge Structure 


would be constructed within the prism of an existing access road and would result in the permanent 


removal of 0.11 acres of modeled high-quality habitat (0.14% of modeled high-quality habitat in the 


action area), 0.06 acres of modeled moderate quality habitat (0.54% of modeled moderate-quality 


habitat in the action area), and 0.42 acres of modeled low-quality habitat (0.03% of modeled low-


quality habitat in the action area) (Table 6.3-1). Construction of new SCADA lines along the Bethany 


Reservoir Aqueduct would result in the temporary disturbance of 0.01 acres of modeled high-


quality habitat (0.01% of modeled low-quality habitat in the action area) (Table 6.3-1). Due to the 


small area of modeled habitat loss, construction of electrical and SCADA facilities would not cause 


additional habitat fragmentation in the region. 


For more details about the activities associated with electrical power supply and SCADA, see 


Chapter 3, Section 3.2.10 and 3.2.11; for more details on schedule, see Section 3.2.8, Construction 


Schedule. To minimize permanent habitat loss, the San Joaquin Kit Fox Avoidance and Minimization 
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Measure described in Chapter 3, Section 3.6.2.1 would require suitable San Joaquin kit fox habitat to 


be delineated and avoided to the greatest extent possible. Where suitable habitat cannot be avoided 


and is permanently lost, the lost habitat would be offset through mitigation. While the maximum 


mitigation commitment for San Joaquin kit fox is 38.98 acres, it is assumed that the 180.60 acres of 


grassland, vernal pool complex, and alkali seasonal wetland protection and enhancement for 


California tiger salamander in the Livermore recovery unit would benefit the San Joaquin kit fox and 


meet the compensatory mitigation commitment for the species. See Appendix 3B, Section 3B.4.1.4, 


Site Design and Development and Attachment 3B.1, Table 3B.1-3, CMP-13: California Tiger 


Salamander Habitat for a description of how California tiger salamander (and San Joaquin kit fox) 


habitat would be protected, enhanced, and managed in perpetuity through the purchase of agency-


approved mitigation bank credits or other site protection instruments. As described in Appendix 3A, 


AMM-14: Construction Best Management Practices for Biological Resources would ensure that 


temporarily disturbed areas are restored to pre-disturbance conditions within 1 year of 


construction completion. 


6.3.8.2 Construction-Related Effects 


Construction of new electrical or SCADA facility could result in the injury or mortality if individuals 


enter the construction area and are struck by a vehicle or equipment. Individual kit foxes could be 


injured or killed if they become entrapped in open trenches. Additionally, human presence and noise 


from construction activities could disrupt foraging and dispersal behaviors. Construction-related 


contaminants such as gas, oil, and steering fluid could accidentally be discharged into suitable 


habitat. To minimize potential injury and mortality during construction of electrical power supply 


and SCADA facilities, the San Joaquin Kit Fox Avoidance Measure would require suitability 


assessments of the San Joaquin kit fox modeled habitat, preconstruction surveys, and avoidance 


buffers (Chapter 3, Section 3.6.2.1).  


Implementation of AMM-1: Conduct Environmental Resources Worker Awareness Training; AMM-2: 


Develop and Implement Hazardous Materials Management Plans; AMM-3: Develop and Implement 


Spill Prevention, Control, and Countermeasure Plans; and AMM-14: Construction Best Management 


Practices for Biological Resources (Appendix 3A) would reduce the potential for injury and mortality. 


Implementation of these measure would include (1) training construction staff on the needs of 


protecting San Joaquin kit fox, reporting requirements, and the ramifications for not following these 


measures; (2) having a biological monitor present who would ensure that non-disturbance buffers 


and associated construction fencing are intact and all other protective measures are being 


implemented; (3) ensuring trenches are covered at the end of the day or that wildlife escape ramps 


are installed; (4) limiting construction vehicle traffic to a maximum speed limit of 15 miles per hour 


on unpaved non-public access roads; (5) capping pipes at the end of each day; and (6) reducing the 


potential for discharge of construction materials in areas of potential habitat.  


To avoid impacts on denning fox, the San Joaquin Kit Fox Avoidance Measure described in Chapter 3, 


Section 3.6.2.1 would require suitability assessments of the San Joaquin kit fox modeled habitat, 


preconstruction surveys for dens where the habitat is deemed suitable, and avoidance buffers and 


surveys where dens are identified. If a natal or pupping den is found to be occupied by San Joaquin 


kit fox, USFWS and CDFW would be notified immediately and the den would be monitored following 


the approach outlined in Section 3.6.2.1. With the implementation of these measures, and the low 


likelihood of San Joaquin kit fox presence, San Joaquin kit fox are not likely to be injured or killed by 


construction of the electrical and SCADA facilities.  
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6.3.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:15 concrete and 


controlled low-strength backfill material (CLSM) batch plants and park-and-ride lots. Neither of 


these features overlap with San Joaquin kit fox modeled habitat.  


Construction of a metering area off of Christensen Road would result in 0.01 acres of temporary 


impacts to San Joaquin kit fox high-quality modeled habitat (0.01% of modeled high-quality 


modeled habitat in the action area) (Table 6.3-1). The metering area would support new overhead 


power lines. Impacts from temporary habitat disturbance would be minimized as described in 


Section 6.3.8.1. 


6.3.10 Contra Costa Water District Interconnection Facilities 


The Contra Costa Water District (CCWD) interconnection facility construction area does not overlap 


with San Joaquin kit fox modeled habitat. Activities in this area would not result in effects on San 


Joaquin kit fox (Figures 6.3-5).  


6.3.11 Compensatory Mitigation Plan 


Construction of habitat creation and enhancement at Bouldin Island and the I-5 ponds under the 


CMP would not overlap with modeled San Joaquin kit fox habitat and is outside of the species’ 


known range (Figure 6.3-1). Implementation of the CMP would not result in effects on San Joaquin 


kit fox.  


6.3.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


Construction of habitat creation and enhancement at Bouldin Island and the I-5 ponds under the 


CMP would not overlap with modeled San Joaquin kit fox habitat and is outside of the species’ 


known range (Figure 6.3-1). Implementation of the CMP would not result in effects on San Joaquin 


kit fox.  


6.3.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. Mitigation or conservation bank credits purchased for these species would have 


been approved by USFWS. Through the approval process, any potential impacts on San Joaquin kit 


fox would have been addressed by the USFWS. However, depending on the location of the 


conservation bank, purchased credits may benefit the fox as the habitat types for these species 


overlap with that of the fox. Therefore, the purchase of mitigation or conservation bank credits for 


special-status species would not result in additional adverse effects to San Joaquin kit fox.  


 
  


As described in Appendix 6A, the project features evaluated in this section occur outside the primary construction 
locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road work areas 
included in Section 6.3.7, Access Roads, and Section 6.3.6, Bethany Complex, but the road work area described in this 
section occurs in a discreet location, outside a large project footprint.  
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6.3.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.3.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down” consultation when site-specific information becomes 


available.  


A non-bank site would create or restore, protect, enhance, and manage suitable vernal pool or alkali 


seasonal wetland habitat. If non-bank sites are used for vernal pool or alkaline wetland creation or 


enhancement (Appendix 3B, Section 3B.3.2.4, Vernal Pools and Alkaline Wetlands), these activities 


could overlap with the northernmost portion of the San Joaquin kit fox range. The habitat quality in 


this area is mixed but mostly low quality and San Joaquin kit fox are likely absent (U.S. Fish and 


Wildlife Service 2020:50). In addition, creation, protection, and enhancement activities that could 


adversely affect San Joaquin kit fox in short-term would be beneficial in the long-term. Therefore, 


the use of non-bank mitigation sites for special-status species is not expected to adversely affect San 


Joaquin kit fox. 


6.3.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (Wood and Martin 2016). There are no construction activities 


associated with implementation of site protection instruments. 


6.3.11.5 Channel Margin Enhancements 


Channel margin enhancements would take place in the northern portion of the Delta along the 


Sacramento River in areas that are outside of the San Joaquin kit fox’s range. Therefore, this activity 


is not expected to adversely affect San Joaquin kit fox. 


6.3.11.6 Tidal Perennial/Emergent Wetland Restoration 


Tidal wetland restoration would occur in the Cache Slough and Lower Yolo Bypass region of the 


Delta. These areas are outside of the current San Joaquin kit fox range. Therefore, this activity is not 


expected to adversely affect San Joaquin kit fox. 


6.3.12 Effects on Critical Habitat 


Critical habitat has not been designated for San Joaquin kit fox. 


6.3.13 Cumulative Effects 


Cumulative effects are defined under Section 7 of the ESA as the effects of future state, Tribal, local, 


or private actions that are reasonably certain to occur in the action area. Future federal actions are 


not addressed in a Section 7 cumulative effects analysis because they require separate consultation 


pursuant to Section 7 of the ESA. Projects that result in take of San Joaquin kit fox would require 


incidental take authorization pursuant to the ESA and therefore are not addressed in this cumulative 


effects analysis because they require a federal action. 
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However, non-federal actions and climate change have potential to affect San Joaquin kit fox in the 


action area when grassland and arid shrubland habitat degradation occurs without USFWS 


authorization. The most likely non-federal action to affect San Joaquin kit fox is conversion of 


grassland, vernal pool complex, and alkali seasonal wetland complex habitat to agriculture or urban 


development, particularly on lands surrounding the Bethany Reservoir. Land use conversion is 


unlikely due to local land use regulations (e.g., zoning ordinances, general plan designations) in the 


cities of Brentwood, Pittsburg, Oakley, and Clayton that are covered by the East Contra Costa County 


HCP/NCCP.  


Climate change threatens to modify annual weather patterns. Climate change scenarios have the 


potential to exacerbate drought, wildfire, and flooding events. Small, fragmented populations of San 


Joaquin kit fox are at higher risk of local extinction during extreme climatic events than are large 


populations on contiguous habitat (U.S. Fish and Wildlife Service 2020a:37). Climate change may 


result in a loss of San Joaquin kit fox and their prey, higher numbers of their predators, and 


increased exposure to parasites and disease. Drought is known to affect San Joaquin kit fox through 


changes in prey abundance, including giant kangaroo rat. Giant kangaroo rats are highly affected by 


changes in precipitation and vegetation growth (Germano and Saslaw 2017:1616). Changes in prey 


availability as a result of drought have been shown to affect kit fox reproduction (U.S. Fish and 


Wildlife Service 2020a:iv). 


Because the species has low potential to occur in the action area and there is relatively low 


development pressure in the part of the action area where modeled habitat occurs, cumulative 


effects in the action area are not expected to appreciably diminish the likelihood of the species’ long-


term survival and recovery. 


6.4 Effects on California Least Tern 
Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Section 4.4, Section 4.4.10.6, Suitable Habitat Definition, and Section 


4.4.10.7, Breeding and Foraging Habitat Suitability Model, define suitable habitat and describe the 


habitat model for California least tern. 


California least tern nest in the Delta between mid-April and late September but overwinter to the 


south, likely in Central and South America. As described in Section 4.4.10.2, Life History and Habitat 


Requirements, nesting colonies are on artificially or incidentally created habitat (Rigney and 


Granholm 2005:1–3; Marschalek 2008:14) such as gravel roads and debris piles in the Delta. 


Because these are artificial or incidentally created habitats, it is not possible to model nesting 


habitat. There are four California least tern nesting sites that occur in and near the action area, all of 


which continue to be used almost every year by at least one nesting pair: Pittsburg Power Plant, 


Napa-Sonoma Marshes Wildlife Area Green Unit, Bufferlands, and Montezuma Wetlands. The closest 


distance between a known nesting location is approximately one mile; this occurs between the 


Bufferlands nesting site and access road and SCADA facilities northeast of the north Delta intakes. 


Nesting terns have high site fidelity and colonies are assumed to be stable in location with low 


potential for a new colony to be established.  


During nesting, terns primarily forage within two miles of nesting locations (Atwood and Minsky 


1983:70). Foraging typically occurs in shallow estuaries or lagoons (Thompson et al. 2020; U.S. Fish 
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and Wildlife Service 2020b:19). All tidal and non-tidal aquatic features are included in the California 


least tern habitat model (as described in Section 4.4.10.7). Because future nest locations cannot be 


predicted (though the potential for new nests is low) and birds migrating in and out of the region 


could occur anywhere, foraging habitat is mapped throughout the action area. All modeled foraging 


habitat in the action area is of reasonably good quality and is “non-limiting.” That is, aquatic foraging 


habitat is abundant and is assumed to not limit the population in any way. Nesting habitat, however, 


is assumed to be limiting.  


Activities associated with field investigations, north Delta intakes, access roads, and electrical and 


SCADA facilities overlap with California least tern modeled foraging habitat and occur in proximity 


to known nesting occurrences. The locations of this overlap with modeled foraging habitat are 


described in the sections below. Construction projects will be designed to avoid loss of California 


least tern nesting colonies if construction will take place within 500 feet of a California least tern 


nest during the nesting season (April 15 to August 15, or extended as determined through surveys) 


as described in Chapter 3, Section 3.6.2.2, California Least Tern Avoidance and Minimization Measure. 


Figure 6.4-1 provides an overview of the locations of surface impacts relative to California least tern 


modeled foraging habitat. Figures 6.4-1 through 6.4-28 include overview as well as “zoomed-in” 


figures depicting overlap between the project footprint, modeled habitat, and CNDDB occurrences.  


There are 9,021.95 acres of modeled foraging habitat (open water) in the action area, 11.13 acres of 


which overlap with the project footprint (0.12% of total modeled habitat in the action area). Table 


6.4-1 summarizes the total acreage of California least tern modeled foraging habitat that overlaps 


with the construction footprint. Compensatory mitigation is not proposed for foraging habitat 


because foraging habitat is not limited in the action area and the small decrease attributed to the 


project would not result in any measurable effect on California least tern. With the nesting 


avoidance measure and the insignificant effects to foraging habitat, the project may affect but is not 


likely to adversely affect California least tern.  
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Table 6.4-1. Maximum Overlap between Project Features and Modeled Foraging Habitat for California Least Tern by Activity Type (Acres) 


Least 
Tern 


Modeled 
Habitat 


Total 
Modeled 


Habitat in 
the Action 


Area 


Permanent Modeled Habitat Loss from Construction a Temporary Modeled Habitat Disturbance from Construction b 
Total 


Affected 
Modeled 
Habitat 
(Acres) CCWD 


Access 
Road 


Bethany 
Complex 


North 
Delta 


Intakes 


Other 
Construction 


Support 
Facilities 


Electrical 
Facilities 


(Overhead and 
Underground) c RTM 


Tunnel 
Shaft 


Permanent 
subtotal 


Field 
Investigations CCWD 


Access 
Road 


Other 
Construction 


Support 
Facilities 


Electrical and 
SCADA Facilities 
(Overhead and 
Underground) 


Temporary 
Subtotal 


Foraging  9,021.95  - 0.58 0.27 5.82 - 0.29 - - 6.96 3.36 - 0.70 - 0.11 4.16 11.13 


Total 9,021.95 - 0.58 0.27 5.82 - 0.29 - - 6.96 3.36 - 0.70 - 0.11 4.16 11.13 


Notes: 
CCWD = Contra Costa Water District; RTM = reusable tunnel material; SCADA = supervisory control and data acquisition. 
a Permanent Habitat Loss includes potential permanent and long-term temporary impacts. Long-term temporary impacts are those impacts that would be restored to pre-project conditions, but not within 1 year from initial ground disturbance (as temporary impacts would be). 
b Temporary Habitat Loss includes potential temporary impacts from construction that would be restored to pre-disturbance conditions within 1 year of construction completion, as described in AMM-14: Construction Best Management Practices for Biological Resources (Appendix 


3A, General Avoidance and Minimization Measures). 
c Electrical Facilities include potential habitat loss as a result of the construction of overhead and underground power transmission lines. Potential habitat loss from the construction of electrical facilities (i.e., lines, substations, switchyards, and switching stations) that occur within 


larger facilities (e.g., Bethany Complex) is captured in the large facility impact acreage. 
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6.4.1 Field Investigations 


Field investigation actions described are for new proposed actions and have not been previously 


consulted upon. Field investigation actions are described and evaluated at the project or site level. 


Field investigations would occur after EIR approval and before and during construction. Some 


investigations would occur within the construction footprint (where suitable habitat is already 


assumed to be lost and thus no additional habitat loss from future field investigations would be 


incurred) and some would occur outside the construction footprint (which results in temporary 


habitat disturbance additional to that incurred by construction). Field investigations within 


proposed surface construction footprints (including portions of tunnel alignments), which include 


test trenches, CPTs, soil borings, electrical resistivity tomography, groundwater testing and 


monitoring, monument installation, agronomic testing, utility potholing, and pilot studies for 


settlement, would not result in habitat loss additional to those described in the relevant, associated 


activity type sections. Geotechnical investigations associated with tunnel alignment water 


crossings—which include test trenches, overwater and land-based CPTs, and soil borings—largely 


fall outside of surface construction footprints and it is these impacts that are discussed in this 


section.  


Field investigations include activities such as overland driving, equipment storage, pit digging, soil 


boring, trenching, temporary soil storage prior to backfilling trenches, and helicopter surveys to 


identify buried groundwater and natural gas wells. Ground disturbance for each field investigation 


site is not expected to exceed 0.84 acre and would not last more than 30 days. Field investigations 


would not require nighttime lighting. All surface ground disturbance for field investigations for the 


Bethany Reservoir Aqueduct tunnel would occur outside of the Bethany Conservation Easement. 


6.4.1.1 Habitat Loss and Fragmentation 


Field investigations could temporarily disturb up to an estimated 3.36 acres of California least tern 


modeled foraging habitat (0.04% of modeled foraging habitat in the action area) (Table 6.4-1). 


Overwater field investigations would not occur at all locations simultaneously, so the area of 


temporary disturbance at a given time would be very small relative to available habitat. This small, 


temporary effect on non-limiting foraging habitat would not adversely affect California least tern. 


6.4.1.2 Construction-Related Effects 


Overwater field investigations have potential to disrupt normal California least tern behavior. Heavy 


equipment, presence of humans, and use of helicopters would create noise, vibration, and visual 


disturbance within and adjacent to modeled California least tern foraging habitat and could alter 


typical foraging behaviors. Construction-related contaminants, such as gas, oil, or steering fluid, 


could accidentally be discharged into modeled foraging habitat and be consumed by a foraging tern.  


Nesting locations will be avoided as described in Chapter 3, Section 3.6.2.2. Because foraging habit is 


not limited and readily available, individual foraging birds are not expected to be affected by the 


temporary loss of this small area. Implementation of AMM-2: Develop and Implement Hazardous 


Materials Management Plan and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans (Appendix 3A) would minimize the potential for spills and contamination. 


Given these reasons, the potential for adverse effects on foraging California least terns are extremely 


unlikely to occur and therefore insignificant. 
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6.4.2 North Delta Intakes 


The north Delta intakes would be constructed on the east bank of the Sacramento River upstream 


and downstream of Hood. Two intakes would divert water from the Sacramento River and include 


cylindrical fish screens, intake structures, sedimentation basins, sediment drying lagoons, flow 


control structures, intake outlet channel and shaft, embankments, and other appurtenant structures. 


Intakes would also include construction support facilities (e.g., emergency facilities, fuel station), 


electrical substations, switchyards, and access roads that fall within the north Delta intake facility 


footprints. The north Delta intakes would and be surrounded by security fencing. The construction 


actions associated with the north Delta intakes are described and evaluated at the project level.  


Construction activities at each intake are described in Chapter 3, Section 3.2.2, North Delta Intakes. 


Intake construction would include ground clearing and grading, in-water and on-land pile driving; 


excavation; placement of fills, cutoff walls, structures; and drilling. These activities would require 


the use of loud, heavy equipment within the construction site as well as along the access roads to the 


site and limited nighttime work. Construction-related lighting would be downcast so as not to 


subject the immediate surroundings to light level extremes; however, these types of lights generate 


an ambient nighttime luminescence that is visible from a distance (Section 3.2.12). The duration of 


the activity would be approximately 7 years at each intake. Implementation of intake construction at 


each location would be staggered by approximately 1 year. Intake C, the southern intake, would 


begin construction first; approximately 1 year later, construction would begin at Intake B, the 


northern intake. The result is that construction would overlap at both sites for approximately 6 


years.  


6.4.2.1 Habitat Loss and Fragmentation 


The north Delta intakes would result in permanent removal of 5.82 acres of modeled foraging 


habitat (0.06% of modeled foraging habitat in the action area) (Table 6.4-1) (Figure 6.4-2). The 


small loss of non-limiting foraging habitat would not adversely affect California least tern. 


6.4.2.2 Construction-Related Effects 


The nearest nesting location, Bufferlands, is over four miles away and will not be affected. Pile 


driving would create noise and vibration effects, as well as visual disturbance, and could alter typical 


foraging behavior. Construction-related contaminants (e.g., gas, oil, and steering fluid) could 


accidentally be discharged into foraging habitat from pile driving or other near-water construction 


activities and be ingested by foraging terns.  


Because foraging habit is not limited and readily available, individual foraging birds are not 


expected to be affected by the loss of a small foraging area. Implementation of AMM-2: Develop and 


Implement Hazardous Materials Management Plan and AMM-3: Develop and Implement Spill 


Prevention, Control, and Countermeasure Plans (Appendix 3A) would minimize the potential for spills 


and contamination. Given these reasons, the potential for adverse effects on foraging California least 


terns are extremely unlikely to occur and therefore insignificant. 
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6.4.3 Tunnels 


Tunnels would be constructed using subsurface horizontal TBMs and would not result in any 


surface disturbance to California least tern modeled habitat; therefore, this activity would not have 


an adverse effect on the species. 


6.4.4 Tunnel Shafts  


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 


alignment, and at the Bethany Complex. California least tern modeled habitat does not overlap with 


any tunnel shaft locations (Figure 6.4-1). Activities for these facilities would not affect the species. 


6.4.5 Reusable Tunnel Material 


RTM areas do not overlap with California least tern modeled habitat. Activities for these facilities 


would not affect the species (Figure 6.4-1). 


6.4.6 Bethany Complex 


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and facilities within the Bethany Complex 


footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level.  


The Bethany Reservoir Aqueduct that connects the Bethany Reservoir Pumping Plant to the Bethany 


Reservoir Discharge Structure would be aboveground, except for two tunneled sections that would 


pass under the Jones Pumping Plant discharge pipelines and the Bethany Conservation Easement. 


The tunneled portion of the Bethany Aqueduct under the conservation easement would be 


constructed at a depth of 45–180 feet below ground surface, and entry and exit portals to the 


aqueduct would be outside of the conservation easement (Chapter 3, Section 3.2.6.3). All 


geotechnical, construction, and maintenance activities would avoid surface disturbance to the 


conservation easement. No surface facilities (e.g., roads, utilities, or other structures) would be 


located in the conservation easement.  


Construction activities at the Bethany Complex include vegetation clearing, grading, excavation, soil 


compaction, building of structures, and the use of construction-related vehicles. Sheet piles for 


construction of the discharge structure would be installed using vibratory pile driving methods. 


Construction of the Bethany Complex would take place over several years and may require night 


lighting. As described in Chapter 3, Section 3.2.12, all lights used during nighttime construction 


would be downcast, cut-off type fixtures with non-glare finishes, natural light qualities, and 


minimum intensity. 


6.4.6.1 Habitat Loss and Fragmentation 


Construction of the Bethany Reservoir Aqueduct would result in permanent loss of 0.27 acre of 


modeled California least tern foraging habitat (<0.01% of modeled foraging habitat within the Delta) 


(Figures 6.4-1 and 6.4-6) (Table 6.4-1). Modeled foraging habitat that would be removed from 
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construction of Bethany Complex facilities meets the description of suitable California least tern 


habitat, but this small loss of non-limiting foraging habitat would not adversely affect California least 


tern.  


6.4.6.2 Construction-Related Effects 


The nearest nesting location, east of Montezuma Slough, is over 25 miles away and will not be 


affected. Construction activities could create noise and vibration effects, as well as visual 


disturbance, and could alter typical foraging behavior. Construction-related contaminants (e.g., gas, 


oil, and steering fluid) could accidentally be discharged into foraging habitat near-water 


construction activities and be ingested by foraging terns. Ground disturbance could result in the 


injury, mortality, and disruption of normal behaviors of least tern if they nested within the 


construction area. 


Because foraging habitat is not limited and readily available, individual foraging birds are not 


expected to be affected by the loss of a small foraging area. Implementation of AMM-2: Develop and 


Implement Hazardous Materials Management Plan and AMM-3: Develop and Implement Spill 


Prevention, Control, and Countermeasure Plans (Appendix 3A) would minimize the potential for spills 


and contamination. Given these reasons, the potential for adverse effects on foraging California least 


tern is extremely unlikely to occur and therefore insignificant. 


6.4.7 Access Roads 


New access roads, a new access railroad spur on Lower Roberts Island, and improvements to 


existing public roads are necessary to support project construction and project facilities. In addition 


to these road and railroad features, impacts from levee improvements on Lower Roberts Island are 


also evaluated in this section (as the levee improvements would be adjacent to the access road, have 


similar impacts on species, and occur at roughly the same time). The construction actions associated 


with the access roads, access railroad spur, and Lower Roberts Island levee improvements are 


described and evaluated at the project level.  


New access roads are either gravel or paved and would be created to provide connections between 


existing roads and construction areas for project facilities. The new access railroad spur would 


transport materials and equipment to the tunnel launch shaft. Existing roads would be widened and 


improved to support the construction-related traffic. The access roads impacts discussed in this 


section are those that are in service to, but occur outside of, facilities at the north Delta intakes, King 


Island, and Lower Roberts Island. These access roads are described in Chapter 3, Section 3.2.7 and 


depicted in Figure 6.4-1. Impacts from access road construction within the north Delta intakes, 


tunnel shafts, and RTM areas are described above in Section 6.4.2, North Delta Intakes, Section 6.4.4, 


Tunnel Shafts, and Section 6.4.5, Reusable Tunnel Material, respectively. Access roads for all other 


facilities do not overlap with modeled California least tern habitat. 


Construction activities for access roads (which include the railroad spur and levee improvements on 


Lower Roberts Island) include clearing, grubbing, excavation, placement of fill, minor bridge 


construction, moving utilities, paving, and the use of construction vehicles. A new access railroad 


spur at Lower Roberts Island would be constructed adjacent to and concurrent with the access road 


at this location and would involve installing a bridge over Burns Cutoff, rail tracks, train use during 


construction, and the use of vehicles and heavy equipment to inspect and maintain the railroad 


right-of-way during project construction. Construction activities associated with new bridges and 
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improvements of an existing bridge include in-water construction and pile driving, excavation, and 


drilling. Construction of access roads would take place over several years during daylight hours.  


6.4.7.1 Habitat Loss and Fragmentation 


Access roads would result in permanent removal of up to 0.58 acre (0.01% of modeled foraging 


habitat in the action area) and temporary removal of 0.70 acre (0.01% of modeled habitat in the 


action area) of modeled foraging habitat (Table 6.4-1). The modeled foraging habitat that would be 


affected by access road construction is located at Burns Cutoff at Lower Roberts Island and is 


generally considered good quality.  


Temporary habitat loss would be restored to pre-disturbance conditions with implementation of 


AMM-14: Construction Best Management Practices for Biological Resources (Appendix 3A). The small 


loss of non-limiting foraging habitat would not adversely affect California least tern. 


6.4.7.2 Construction-Related Effects  


Construction-related contaminants, such as gas, oil, and steering fluid, could accidentally be 


discharged into foraging habitat from near-water construction activities. Pile driving would create 


noise and vibration effects in and adjacent to modeled foraging habitat, which could disrupt foraging 


behavior. Construction-related vehicles and equipment using access roads adjacent to modeled 


foraging habitat could increase the risk of injury or mortality due to collisions.  


The closest distance between an access road construction site (north Delta intakes) and a known 


nesting location (Bufferlands) is one mile; thus, nesting habitat will not be affected. Access road 


construction activities are unlikely to result in adverse effects on foraging California least terns 


because the species is unlikely to be present at most access road work areas. Implementation of 


AMM-2: Develop and Implement Hazardous Materials Management Plan and AMM-3: Develop and 


Implement Spill Prevention, Control, and Countermeasure Plans (Appendix 3A) would minimize the 


potential for spills and contamination. Given these reasons, the potential for adverse effects on 


foraging California least terns are extremely unlikely to occur and therefore insignificant. 


6.4.8 Electrical and SCADA Facilities 


The following discussion includes an analysis of electrical facility types (e.g., electrical powerlines, 


substation on Lower Roberts Island) where they occur outside one of the project feature footprints 


described in the above sections (e.g., north Delta intakes, Bethany Complex). Where the construction 


footprint of an electrical facility type (e.g., switching station, substation) falls within a larger facility 


construction footprint, such as Bethany Complex, the effects associated with that facility type are 


discussed in the relative sections. The construction actions associated with electrical and SCADA 


facilities are described and evaluated at the project level. 


Most of the power for project construction and operation would be supplied by existing power lines 


or new lines added to existing poles, but additional electrical facilities would be needed at all project 


facility locations. Power lines for the intakes and tunnel shafts would be placed underground while a 


new aboveground high-voltage power transmission line would be constructed to power the Bethany 


Complex. A new aboveground power line and substation would also be constructed at Lower 


Roberts Island. 
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Similar to power, new SCADA lines would be needed at the intakes, tunnel launch shafts, and the 


Bethany Complex. SCADA lines could be placed within existing telecommunications infrastructure 


corridors where possible, including on existing aboveground poles. Where existing infrastructure is 


not available, SCADA lines would be buried, primarily along existing roads and access routes. For 


more details about the activities associated with electrical and SCADA facilities, see Chapter 3, 


Section 3.2.10 and Section 3.2.11.  


Construction of electrical power and SCADA lines and the substation on Lower Roberts Island would 


require site preparation, tower or pole construction, and line stringing. Construction of 


underground power and SCADA lines would involve trenching and directional drilling and use of 


heavy equipment and would mostly occur concurrent with access road construction. Cranes would 


be used during the line-stringing phase.  


Underground power would mostly be installed alongside existing or new roads within the roadway 


right-of-way; however, there are a few short sections of line that move away from the road 


alignment into agricultural lands at Lower Roberts Island and the Twin Cities Complex. Construction 


of electrical and SCADA facilities would require vehicular access to each tower or pole location. 


Vehicular access routes to new tower or pole locations would use existing routes or new access 


routes as described in Section 6.4.7, Access Roads. The duration of construction and installation of 


new electrical and SCADA facilities would not be more than 1 year at any one location. See Appendix 


6A for additional details about the impact assessment method. 


6.4.8.1 Habitat Loss and Fragmentation 


Construction of new electrical and SCADA facilities would result in permanent loss of 0.29 acres of 


modeled foraging habitat and temporary disturbance of 0.11 acres of California least tern modeled 


foraging habitat (Table 6.4-1). Impacts to least tern modeled habitat would be greatly avoided 


because new electoral and SCADA facilities would be directionally bored under aquatic habitat 


features. The small loss of non-limiting foraging habit would not adversely affect California least 


tern. In addition, AMM-22: Electrical Power Line Support Placement (Appendix 3A) requires that the 


placement of power lines will avoid sensitive aquatic habitats to the maximum extent feasible.  


6.4.8.2 Construction-Related Effects 


Construction-related contaminants, such as gas, oil, steering fluid, and herbicides, could accidentally 


be discharged into foraging habitat from near-water construction activities. Tower or pole 


construction would create noise and vibration effects adjacent to modeled foraging habitat. 


Presence of construction vehicles, equipment, and personnel would create visual disturbances.  


Implementation of AMM-2: Develop and Implement Hazardous Materials Management Plan and 


AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans (described in 


Appendix 3B) would minimize the potential for spills and contamination. Individual foraging birds 


are not expected to be affected by the temporary activities occurring adjacent to foraging areas 


because foraging habit is not limited and readily available.  


New aboveground power lines are not expected to increase the risk of bird strike for California least 


tern because there are no new lines between nesting and foraging habitat where terns would be 


expected to be moving; terns are able to maneuver relatively quickly around an obstacle and are not 


at high risk strike (Bevanger 1998); AMM-22: Electrical Power Line Support Placement, described in 


Appendix 3A, would require minimizing impacts on sensitive resources, incorporating bird-safe 
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design, and using bird flight diverters. For these reasons, the potential for adverse effects on 


foraging California least terns from the construction of electrical facilities is extremely unlikely to 


occur and therefore insignificant.  


6.4.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:16 concrete and CLSM 


batch plants and park-and-ride lots. None of these features overlap with the California least tern 


modeled habitat, thus activities associated with these facilities are not expected to affect the species 


(Figure 6.4-1).  


6.4.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with California least tern 


modeled habitat. Activities in this area would not have an adverse effect on the species (Figure 6.4-


5).  


6.4.11 Compensatory Mitigation Plan 


Construction of habitat creation and enhancement at Bouldin Island and the I-5 ponds under the 


CMP would not overlap with modeled California least tern foraging habitat, and this activity would 


not have an adverse effect on the species (Figure 6.4-1). 


6.4.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


Construction of habitat creation and enhancement at Bouldin Island and the I-5 ponds under the 


CMP would not overlap with modeled California least tern foraging habitat and this activity would 


not have an adverse effect on the species (Figure 6.4-1).  


6.4.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. Lands protected for these species does not overlap with California least tern habitat 


and therefore the tern would not be adversely affected by implementation of this action. 


6.4.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.4.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down” consultation when site-specific information becomes 


available. A non-bank site would protect, enhance, and manage suitable vernal pool or alkali 


 
16 As described in Appendix 6A, Terrestrial Effects Analysis Methods, the project features evaluated in this section 
occur outside the primary construction locations, such as north Delta intakes and Bethany Complex. For example, 
there are impacts from road work areas included in Section 6.4.7, Access Roads, and Section 6.4.6, Bethany Complex, 
but the road work area described in this section occurs in a discreet location, outside a large project footprint.  
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seasonal wetland habitat. These habitat types do not provide habitat for California least tern so the 


tern would not be adversely affected by implementation of non-bank site protection. 


6.4.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands (e.g., 


grassland, vernal pool complex) that provide suitable habitat for species such as greater sandhill 


crane, Swainson’s hawk, and tricolored blackbird. As these habitat types do not overlap with 


California least tern, the implementation of site protection instruments would not affect the species. 


6.4.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids. While not the target of enhancement actions, California least tern also 


has the potential to benefit from the increase in shallow, slow-moving marsh habitat that would 


promote prey populations along levees in the central Delta. 


The locations for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for listed fish species that would benefit from 


enhancement actions.  


Enhancement would entail replacing armored or otherwise altered channel banks with more natural 


shoreline habitats that provide shallow, slow-velocity river margins, overhanging riparian 


vegetation, and future woody debris sources. To maintain the current extent of in-water habitat and 


level of flood protection, the existing levee would need to be reconstructed to be set back from the 


shoreline. Waterside and landside improvements would be implemented to create enhanced channel 


margin habitat and provide continued flood protection.  


Waterside improvements would entail degrading the existing levee to create gently sloping banks 


that gradually transition from tule marsh to riparian vegetation on the face of the new setback levee. 


While enhanced habitat will primarily be provided by native vegetation, ballasted large wood may 


be incorporated into the channel bank in some locations for enhanced complexity and refugia. While 


the heavily vegetated bank would provide some wave attenuation value, erosion protection may still 


be required along the waterside of the setback levee. Bio-technical bank treatments, which combine 


cobble and other erosion resistant materials with willows and other plantings, would be employed 


as much as possible. Following all grading, the site would be revegetated, through a combination of 


active and passive methods. Riparian and upland areas would be actively seeded, planted, and 


temporarily irrigated during the initial establishment period. Intertidal wetland areas would be 


revegetated through a combination of active planting and passive natural recruitment. 


Landside improvements would include the construction of a new setback levee behind and 


connected to the existing levee. The actual extent of earthmoving required for levee construction 


will vary significantly by site depending on the degree of land subsidence and the level of flood 


protection needed. It is anticipated that imported fill would be needed to construct some or all of the 


new setback levee. Material generated by degrading the existing levee would be reused in the new 


levee construction as much as feasible based on timing, soil suitability and other factors. 
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Channel margin enhancement would involve using the following equipment. 


• Large mechanized equipment (typically, a trackhoe) to remove riprap from channel margins. 


• Grading equipment such as trackhoes and bulldozers to modify the channel margin side of 


levees or setback levees to create low floodplain benches with variable surface elevations that 


create hydrodynamic complexity and support emergent vegetation. 


• Trackhoes, bulldozers, and cranes to install large woody material (e.g., tree trunks and stumps) 


into constructed low benches or into existing riprapped levees to provide physical complexity.  


Habitat Loss and Fragmentation 


While the exact location of the channel margin enhancement is not known, it is likely to be placed in 


the central Delta (e.g., Sacramento River between Freeport and Georgiana Slough, Mokelumne River 


near Bouldin Island). As California least tern forages in aquatic habitat, and channel margin 


enhancement will take place in nearshore areas and require some in-water work, it is assumed that 


channel margin enhancement would result in the temporary loss of a small amount of California 


least tern foraging habitat. Because aquatic foraging habitat is not limiting, the duration of the loss 


would be short, and the habitat would be improved in the long-term (e.g., greater potential for prey 


items); channel margin enhancement actions are not expected to adversely affect California least 


tern.  


Construction-Related Effects 


Although the locations of channel margin enhancement are not known, all potential sites are greater 


than one mile away from the nearest nesting location, Bufferlands, and therefore construction 


activity will not adversely affect nesting California least tern. Construction activities would create 


noise and visual disturbance and could alter typical foraging behavior. Construction-related 


contaminants (e.g., gas, oil, and steering fluid) could accidentally be discharged into foraging habitat 


and be ingested by foraging terns.  


Because foraging habit is not limited and readily available, individual foraging birds are not 


expected to be affected by the loss of a small foraging area. Implementation of AMM-2: Develop and 


Implement Hazardous Materials Management Plan and AMM-3: Develop and Implement Spill 


Prevention, Control, and Countermeasure Plans (Appendix 3A) would minimize the potential for spills 


and contamination. With these measures in place, adverse effects on foraging California least terns 


are not likely to occur. 


6.4.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent 


wetland habitats provide important foraging and refugia habitat for listed fish species. The 


restoration of tidal perennial and wetland habitat, particularly complex wetland systems containing 


dendritic channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 


biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


Complex will be prioritized as these areas would provide greater benefits for target fish species.  
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Tidal restoration will be achieved by reconnecting former wetland areas to adjacent tidal sloughs and 


rivers. Restoration would primarily occur through breaching or setback of levees, thereby restoring 


tidal fluctuation to land parcels currently isolated behind those levees. Where practicable and 


appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  


Typical actions required to create suitable tidal marsh habitat at these sites include grading, 


planting, and infrastructure modifications, such as protection, removal and/or relocation of existing 


utilities, pumping systems, and other water management structures. Earthwork often includes 


breaching an existing levee or berm to reintroduce tidal action to the site. Other grading may be 


performed prior to breaching to create wetland features that enhance habitat function, including 


tidal channels, tidal pannes and tidal ponds. At certain sites, more significant earthmoving may be 


required to raise subsided areas to intertidal elevations or to reinforce surrounding levees.  


Depending on the project location, it also may be necessary to construct an entirely new flood 


control levee along portions of the project perimeter to protect adjacent properties. The actual 


extent of earthmoving required can vary significantly depending on the existing topography of the 


site.  


Following earthwork and grading, the site would be revegetated, through a combination of active 


and passive methods. Any riparian and/or upland areas would be actively seeded, planted, and 


temporarily irrigated during the initial establishment period. Intertidal wetland areas may 


revegetate actively, be allowed to recolonize passively through natural recruitment, or experience a 


combination of the two.  


Levee breaching will require removing levee materials from within and adjacent to tidal and other 


aquatic habitats. Levee breaching will entail in-water work using construction equipment such as 


bulldozers, backhoes, and barges. Removed levee materials will be placed on the remaining levee 


sections, placed within the restoration area, or hauled to a disposal area. Typically work would be 


sequenced so that grading and infrastructure improvements occur first, followed by planting and 


finally breaching of the existing levee to reintroduce tidal action. 


Habitat Loss and Fragmentation 


Tidal restoration will result in the temporary disturbance of existing tidal channels that have 


potential to provide California least tern foraging habitat in the Cache Slough or Lower Yolo Bypass 


region. Because the loss of habitat would be temporary (construction is not expected to last more 


than 2 years) and the project would result in a long-term increase in tidal perennial habitat (i.e., 


least tern foraging habitat), tidal restoration is not expected to adversely affect California least tern.  


Construction-Related Effects 


The nearest nesting location to Cache Slough and Lower Yolo Bypass where tidal restoration may 


occur is the Bufferlands site over one mile away so tidal restoration would not adversely affect 


known nesting locations. However, there is some potential for foraging birds to be affected by noise 


and human presence during construction. Also, construction-related contaminants (e.g., gas, oil, and 


steering fluid) could accidentally be discharged into foraging habitat and be ingested by foraging 


terns.  
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Foraging habitat is not limited and readily available elsewhere and thus the temporary construction-


related disturbances are not expected to affect individual foraging birds. Implementation of AMM-2: 


Develop and Implement Hazardous Materials Management Plan and AMM-3: Develop and Implement 


Spill Prevention, Control, and Countermeasure Plans (Appendix 3A) would minimize the potential for 


spills and contamination. With this measure in place, adverse effects on foraging California least 


terns are not likely to occur.  


6.4.12 Effects on Critical Habitat 


Critical habitat has not been designated for the California least tern. 


6.4.13 Cumulative Effects 


Cumulative effects are defined under Section 7 of the Endangered Species Act as the effects of future 


state, Tribal, local, or private actions that are reasonably certain to occur in the action area. Future 


Federal actions are not addressed in a Section 7 cumulative effects analysis because they require 


separate consultation pursuant to Section 7 of the Endangered Species Act. Projects that result in 


take of California least tern would require incidental take authorization pursuant to the Endangered 


Species Act and therefore are not addressed in this cumulative effects analysis because they require 


a federal action. 


The likelihood that open-water habitat loss could reach a scale as to affect California least tern is 


extremely unlikely. However, nonfederal activities and climate change have the potential to affect 


California least tern in the action area when foraging habitat degradation occurs without USFWS 


authorization. The most likely activity to affect the quality of open-water habitat is unauthorized 


water pollution. Poor water quality may decrease prey species density or increase toxin loading 


such that nesting success and survivorship are affected.  


Climate change threatens to modify annual weather patterns. It may result in a decrease of 


California least tern prey density and an increase in the number of their predators, parasites, and 


disease. Since the habitat near the action area with the highest likelihood of supporting nesting 


California least terns is within the Suisun Marsh area where development is prohibited or highly 


restricted, cumulative effects in the action area are not expected to appreciably diminish the 


likelihood of the species’ long-term survival and recovery. 


6.5 Effects on Least Bell’s Vireo 
Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Section 4.4, Section 4.4.11.6, Suitable Habitat Definition, and Section 


4.4.11.7, Recolonization Habitat Suitability Model, define suitable habitat and describe the habitat 


model for least Bell’s vireo. 


The primary populations of least Bell’s vireo currently occur in Southern California, and the species 


is rarely observed in the Central Valley. While there are no known extant occurrences that overlap 


with the project footprint (California Department of Fish and Wildlife 2020b), there are relatively 


recent reports of individuals displaying nesting behavior or successfully nesting in the Delta (see 
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Section 4.4.11.4, Status of the Species in the Action Area/Environmental Baseline). These occurrences 


indicate the species is attempting to recolonize the Central Valley. 


Least Bell’s vireo modeled habitat is located throughout the action area. Activities associated with 


field investigations, north Delta intakes, tunnel shafts, RTM management, access roads, electrical 


facilities, SCADA facilities, Bethany Complex, and the CMP overlap with least Bell’s vireo modeled 


habitat and have the potential to affect least Bell’s vireo. Figures 6.5-1 through 6.5-29 include 


overview as well as “zoomed-in” figures depicting overlap between the project footprint, modeled 


habitat and CNDDB occurrences.  


There are 17,386.63 acres of modeled least Bell’s vireo recolonization habitat in the action area. An 


estimated 17.34 acres (0.10% of total modeled habitat in the action area) of modeled least Bell’s 


vireo habitat would be adversely affected by the project. Effects from these activities are described 


in the sections below. Table 6.5-1 summarizes the total estimated habitat loss of least Bell’s vireo 


modeled habitat and Table 6.5-2 summarizes the proposed acres of compensation.  
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Table 6.5-1. Maximum Habitat Loss of Modeled Habitat for Least Bell’s Vireo by Activity Type (Acres) 


Least 
Bell’s 
Vireo 
Modeled 
Habitat 


Total 
Modeled 


Habitat in 
the Action 


Area 


Permanent Modeled Habitat Loss from Construction a Temporary Modeled Habitat Disturbance from Construction b Total 
Affected 
Modeled 
Habitat 
(Acres) CCWD 


Access 
Road 


Bethany 
Complex 


North 
Delta 


Intakes 


Other 
Construction 


Support 
Facilities 


Electrical 
Facilities c 


(Overhead and 
Underground) RTM 


Tunnel 
Shaft 


Permanent 
subtotal 


Field 
Investigations CCWD 


Access 
Road 


Other 
Constructio
n Support 
Facilities 


Electrical and 
SCADA Facilities 
(Overhead and 
Underground) 


Temporary 
Subtotal 


Nesting 
and 
Migratory  


 17,386.63  - 2.77 0.22 6.35 - 0.11 - 0.23 9.68 0.71 - 2.04 - 4.92 7.67 17.34 


Total 17,386.63 - 2.77 0.22 6.35 - 0.11 - 0.23 9.68 0.71 - 2.04 - 4.92 7.67  17.34  


Notes: 
CCWD = Contra Costa Water District; RTM = reusable tunnel material; SCADA = supervisory control and data acquisition. 
a Permanent Habitat Loss includes potential permanent and long-term temporary impacts. Long-term temporary impacts are those impacts that would be restored to pre-project conditions, but not within 1 year from initial ground disturbance (as temporary impacts would be). 
b Temporary Habitat Loss includes potential temporary impacts from construction that would be restored to pre-disturbance conditions within 1 year of construction completion, as described in AMM-14: Construction Best Management Practices for Biological Resources (Appendix 


3A, General Avoidance and Minimization Measures). 
c Electrical Facilities include potential habitat loss as a result of the construction of overhead and underground power transmission lines. Potential habitat loss from the construction of electrical facilities (i.e., lines, substations, switchyards, and switching stations) that occur within 


larger facilities (e.g., Bethany Complex) is captured in the large facility impact acreage. 


Table 6.5-2. Maximum Habitat Loss and Compensation for Least Bell’s Vireo 


 Permanent Habit Loss (Acres) Maximum Compensation Commitment (Acres) With Full Implementation of the Compensatory Mitigation Plan c 


Total Maximum Habitat Loss (Acres) Restoration/Creation (Acres) a Creation and Enhancement b (Acres) 


Recolonization Total  9.68 19.36 204.79 


Notes: 
CMP = Compensatory Mitigation Plan. 
a See CMP-21 in Table 3B.1-3 of Attachment 3B.1, Compensatory Mitigation Design Parameters, for the full commitment to create or restore least Bell’s vireo riparian habitat. 
b See Table 3B-4 in Appendix 3B, Compensatory Mitigation Plan for Special-Status Species and Aquatic Resources, for the creation and enhancement commitment for least Bell’s vireo. 
c  This effect analysis assumes that existing, low-quality least Bell’s vireo habitat would be temporarily disturbed from implementation of the CMP enhancement and creation actions. The temporary disturbance is expected to convert existing, low-quality habitat to enhanced, high-


quality habitat. 
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6.5.1 Field Investigations 


Field investigation actions described are for new proposed actions and have not been previously 


consulted upon. Field investigation actions are described and evaluated at the project or site level. 


Field investigations would occur after EIR approval and before and during construction. Some 


investigations would occur within the construction footprint (where suitable habitat is already 


assumed to be lost, and thus no additional habitat loss from future field investigations would be 


incurred) and some would occur outside the construction footprint (which results in temporary 


habitat disturbance additional to that incurred by construction). Field investigations within 


proposed surface construction footprints (including portions of tunnel alignments), which include 


test trenches, CPTs), soil borings, electrical resistivity tomography, groundwater testing and 


monitoring, monument installation, agronomic testing, utility potholing, and pilot studies for 


settlement, would not result in habitat loss additional to the loss described in the relevant, 


associated activity type sections (e.g., Bethany Complex). Geotechnical investigations associated 


with tunnel alignment water crossings, West Tracy Fault, Bethany Fault, and the tunnel for the 


Bethany Reservoir Aqueduct, which include test trenches and overwater and land-based CPTs and 


soil borings, largely fall outside of surface construction footprints and it is these impacts that are 


discussed in this section.  


Field investigations include activities such as overland driving, equipment storage, pit digging, soil 


boring, trenching, temporary soil storage prior to backfilling trenches, and helicopter surveys to 


identify buried groundwater and natural gas wells. West Tracy Fault investigations would involve 


up to 6 test trenches, each 0.07 acre with a temporary work footprint of up to 4.59 acres. Excavation 


and backfilling of the test trenches would last up to 12 days. Bethany Fault investigations would take 


place above the Bethany Reservoir Aqueduct tunnel outside of the Bethany Conservation 


Easement and consist of a linear array of electrodes driven into the ground over several hundred 


feet; the electrodes would induce a low current into the ground and be removed upon completion of 


testing. Ground disturbance for other field investigations is not expected to exceed 0.84 acre and 


would not last more than 30 days. Field investigations would not require nighttime lighting.  


6.5.1.1 Habitat Loss and Fragmentation 


The West Tracy Fault and Bethany Fault investigations do not overlap with modeled least Bell’s 


vireo habitat. Geotechnical investigations associated with the tunnel alignment would overlap with 


modeled least Bell’s vireo habitat.  


An estimated 0.71 acre of modeled least Bell’s vireo recolonization habitat would be temporarily 


disturbed as a result of field investigations (<0.01% of all modeled recolonization habitat in the 


action area). Modeled recolonization habitat near field investigation footprints for the north Delta 


intakes and Twin Cities Complex is considered high- to moderate-quality because many riparian 


corridors in this region are relatively wide with continuous canopy. Habitat surrounding field 


investigation footprints west of Thornton and on Canal Ranch Tract, Terminous Tract, Lower 


Roberts Island, and Jones Tract follow established roadways, sloughs, or agricultural ditches and 


generally consists of narrow, linear patches of riparian habitat that are lower quality. Field 


investigations for the West Tracy Fault, Bethany Fault, and the Bethany Complex overlap with a few 


isolated patches that are unlikely to provide high-quality habitat. As the patches of lost habitat are 


very small and generally of lower quality, the incremental decrease in connectivity is not expected to 


result in additional, substantial fragmentation. The implementation of AMM-14: Construction Best 
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Management Practices for Biological Resources would ensure that temporarily disturbed areas are 


restored to pre-disturbance conditions within 1 year of construction completion (Appendix 3A). 


6.5.1.2 Construction-Related Effects 


Overland driving and ground disturbance could injure or kill vireos that are present near work 


locations. Ground disturbing activities (such as pile driving test methods), helicopters, and human 


presence would create noise, vibration, and visual disturbance and could disrupt normal behaviors 


of least Bell’s vireo if present in or near the work area. If least Bell’s vireo nest in or adjacent to field 


investigation work areas, construction-related noise and visual disturbances during the breeding 


season could mask calls, disrupt foraging and nesting behaviors, and reduce the quality of nesting 


habitat. Construction-related contaminants such as gas, oil, or steering fluid could accidentally be 


discharged into modeled recolonization habitat exposing vireos (and/or their prey items) to toxic 


materials, which could result in injury and mortality of individuals, as well as lead to habitat 


degradation and reduced reproductive success. While these impact mechanisms would exist at the 


field investigation sites, they are unlikely to result in adverse effects on nesting least Bell’s vireo 


because the species is unlikely to be present given the species rarely nests in the Central Valley, and 


the nearest known potential nesting location is approximately 12 miles west of the nearest field 


investigation area on Terminous Tract. 


To minimize injury and mortality during field investigations, the Least Bell’s Vireo Avoidance and 


Minimization Measure described in Chapter 3, Section 3.6.2.3 would require preconstruction 


surveys, consistent with a USFWS- or CDFW-approved survey protocol, in suitable least Bell’s vireo 


habitat where construction-related noise levels would exceed 60 dBA Leq (1 hour). If least Bell’s 


vireo is found, construction activities and vegetation removal would be conducted when the USFWS- 


and CDFW-approved biologist has confirmed that least Bell’s vireos are not present within 500 feet. 


In addition, construction activities would be limited such that sound would not exceed 60 dBA 


within 500 feet of the habitat being used by the vireo until the USFWS- and CDFW-approved 


biologist has confirmed that the bird has left the area. 


Implementation of AMM-1: Conduct Environmental Resources Worker Awareness Training and AMM-


14: Construction Best Management Practices for Biological Resources would further minimize 


potential for injury and mortality by training construction staff on the regulatory requirements for 


sensitive species, having a biological monitor present during ground disturbing activities, 


maintaining non-disturbance buffers, and delineating work areas (Appendix 3A). To reduce effects 


of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


be implemented. 


6.5.2 North Delta Intakes 


The north Delta intakes would be constructed on the east bank of the Sacramento River near the 


town of Hood. Two intakes would divert water from the Sacramento River and include cylindrical 


fish screens, intake structures, sedimentation basins, sediment drying lagoons, flow control 


structures, intake outlet channel and shaft, embankments, and other appurtenant structures. Intakes 


would also include construction support facilities (e.g., emergency facilities, fuel station), electrical 


substations, switchyards, and access roads that fall within the north Delta intake facility footprints. 


The north Delta Intakes would be surrounded by security fencing. The construction actions 


associated with the north Delta intakes are described and evaluated at the project level.  
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Construction activities at each intake are described in Chapter 3, Section 3.2.2. Intake construction 


would include ground clearing and grading; in-water and on-land pile driving; excavation; 


placement of fills, cutoff walls, and structures; and drilling. These activities would require the use of 


loud, heavy equipment within the construction site as well as along the access roads to the site and 


limited nighttime work. Construction-related lighting would be downcast so as not to subject the 


immediate surroundings to light level extremes; however, these types of light generate an ambient 


nighttime luminescence that is visible from a distance (Section 3.2.12). The duration of the activity 


would be approximately 7 years at each intake. Implementation of intake construction at each 


location would be staggered by approximately 1 year. Intake C, the southern intake, would begin 


construction first; approximately 1 year later, construction would begin at Intake B, the northern 


intake. The result is that construction would overlap at both sites for approximately 6 years. 


6.5.2.1 Habitat Loss and Fragmentation 


An estimated 6.35 acres of modeled recolonization habitat would be permanently lost as a result of 


north Delta intakes construction (<0.04% of modeled recolonization habitat within the action area). 


The effects to modeled habitat would occur where Intakes B and C be constructed on the 


Sacramento River’s east bank between Clarksburg and Courtland (Figures 6.5-2, 6.5-12, and 6.5-13). 


Modeled recolonization habitat near the north Delta intakes is made up of narrow, discontinuous 


strips of riparian corridor that is generally considered to be of low- to moderate- quality. Due to the 


degraded existing condition, an incremental decrease in riparian connectivity from intake 


construction is not likely to substantially increase fragmentation.  


To minimize permanent habitat loss, the Least Bell’s Vireo Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.3 would require suitable least Bell’s vireo habitat to be 


delineated and avoided to the greatest extent possible. Where suitable habitat cannot be avoided 


and is permanently lost, the lost habitat would be offset through mitigation. The CMP would create, 


enhance, and manage in perpetuity least Bell’s vireo habitat (Appendix 3B, Section 3B.4.1.4, and 


Attachment 3B.1, Table 3B.1-3, CMP-21: Least Bell’s Vireo). 


6.5.2.2 Construction-Related Effects 


Vegetation removal in advance of ground clearing and grading activities could result in the potential 


for injury and mortality. Pile driving, excavation, and drilling would require the use of loud, heavy 


equipment within the construction site and along the access roads to the site. Noise, vibration, and 


visual disturbance during the nesting season could alter typical foraging and nesting behaviors, such 


as advertisement calls and territorial singing, and reduce the functions of recolonization habitat for 


the species. Construction-related contaminants such as gas, oil, or steering fluid could accidentally 


be discharged into recolonization habitat and result in the injury or mortality of individuals and lead 


to the degradation of habitat. Construction-related night lighting may also have the potential to 


affect least Bell’s vireo through changes in nighttime behaviors or making vireos more vulnerable to 


night predators (e.g., owls, cats, racoons); however, night-lighting will only be used during concrete 


pouring and thus will be short in duration. 


To minimize injury and mortality during north Delta intake construction, the Least Bell’s Vireo 


Avoidance and Minimization Measure described in Chapter 3, Section 3.6.2.3 would require USFWS- 


or CDFW- approved survey protocol in all suitable least Bell’s vireo habitat prior to construction. If 


least Bell’s vireo is found, vegetation removal would not be conducted within 500 feet of the 


occupied habitat. In addition, construction activities would be limited such that sound would not 
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exceed 60 dBA within 500 feet of the habitat being used by the vireo until the USFWS- and CDFW-


approved biologist has confirmed that the bird has left the area. To meet this noise minimization 


requirement, measures may be put in place to minimize noise at the source, as described in AMM-


21: Develop and Implement Noise Abatement Plan (Appendix 3A).  


To reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would minimize the potential for spills and contamination. To minimize the 


effects of night lighting, all lights would be screened and directed away from least Bell’s vireo habitat 


as described in Least Bell’s Vireo Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.3). In 


addition, AMM-19: Minimize Fugitive Light from Portable Sources Used for Construction and AMM-20: 


Install Visual Barriers along Access Routes, Where Necessary, to Prevent Light Spill from Truck 


Headlights toward Residences would further minimize effects of night lighting (Appendix 3A). 


6.5.3 Tunnels 


Tunnels would be constructed using subsurface horizontal TBMs and would not result in any 


surface disturbance to least Bell’s vireo modeled habitat; therefore, this activity would not have an 


adverse effect on the species.  


6.5.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 


alignment, and at the Bethany Complex. Least Bell’s vireo modeled habitat overlaps with tunnel 


shaft work area at Twin Cities Complex (Figures 6.5-3 and 6.5-19). The construction actions 


associated with tunnel shafts are described and evaluated at the project level.  


Construction activities associated with tunnel and tunnel shaft activities are described in Chapter 3, 


Section 3.2.4, Tunnel Shafts, and would include vegetation clearing, grading, excavation, soil 


compaction, and the use of heavy construction equipment. Construction of the tunnel shafts would 


take multiple years. Construction activities would persist for 7 to 9 years at launch shafts and for 2 


years at reception and maintenance shafts. Construction would occur day and night. See Section 


3.2.4 for details on construction timing and duration. Construction-related lighting would be 


shielded and oriented in such a manner so as not to subject the immediate surroundings to extremes 


in the levels of light, however, these types of light generate an ambient nighttime luminescence that 


is visible from a distance (Section 3.2.12). See Section 3.2.8 for a complete description of 


construction activity and timing details. 


6.5.4.1 Habitat Loss and Fragmentation 


The Twin Cities Complex would result in permanent habitat loss of 0.23 acre of modeled least Bell’s 


vireo recolonization habitat (<0.01% of modeled habitat within the action area) (Table 6.5-1 and 


Figures 6.5-3 and 6.5-18). Modeled recolonization habitat at the Twin Cities Complex consists of 


isolated, narrow riparian strips along agricultural ditches and is likely considered lower quality due 


to lack of continuous riparian canopy. Due to the degraded nature of the riparian habitat and the 


small amount of loss, the small decrease in connectivity is not expected to result in a substantial 


increase in habitat fragmentation. 
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To minimize permanent habitat loss, the Least Bell’s Vireo Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.3 would require suitable least Bell’s vireo habitat to be 


delineated and avoided to the greatest extent possible. Where suitable habitat cannot be avoided 


and is permanently lost, the lost habitat would be offset through mitigation. The CMP would create, 


enhance, and manage in perpetuity least Bell’s vireo habitat (Appendix 3B, Section 3B.4.1.4, and 


Attachment 3B.1, Table 3B.1-3, CMP-21: Least Bell’s Vireo). 


6.5.4.2 Construction-Related Effects 


Vegetation clearing, ground disturbing activities (such as grading), vehicles, and heavy construction 


equipment could strike or crush individual least Bell’s vireos or nests, resulting in injury or 


mortality to birds or disturbance of nests. Construction would create noise, vibration, light, and 


visual disturbances that could affect normal least Bell’s vireo foraging and nesting behaviors. 


Construction-related contaminants such as gas, oil, or steering fluid could accidentally be discharged 


into modeled recolonization habitat exposing vireos (and/or their prey items) to toxic materials, 


which could result in injury and mortality of individuals.  


To minimize injury and mortality during tunnel shaft construction, the Least Bell’s Vireo Avoidance 


and Minimization Measure described in Chapter 3, Section 3.6.2.3 would require protocol surveys in 


all suitable least Bell’s vireo habitat. If least Bell’s vireo is found, vegetation removal would not be 


conducted within 500 feet of the occupied habitat. In addition, construction activities would be 


limited such that sound would not exceed 60 dBA within 500 feet of the habitat being used by the 


vireo until the USFWS- and CDFW-approved biologist has confirmed that the bird has left the area. 


To meet this noise minimization requirement, measures may be put in place to minimize noise at the 


source, as described in AMM-21: Develop and Implement Noise Abatement Plan (Appendix 3A).  


To reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would be put in place. To minimize the effects of night lighting, all lights 


would be screened and directed away from least Bell’s vireo habitat as described in Least Bell’s Vireo 


Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.3). In addition, AMM-19: Minimize 


Fugitive Light from Portable Sources Used for Construction and AMM-20: Install Visual Barriers along 


Access Routes, Where Necessary, to Prevent Light Spill from Truck Headlights toward Residences 


would further minimize effects of night lighting (Appendix 3A).  


6.5.5 Reusable Tunnel Material  


RTM areas do not overlap with least Bell’s vireo modeled habitat. Activities for these facilities would 


not affect the species (Figure 6.5-1) 


6.5.6 Bethany Complex  


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and facilities within the Bethany Complex 


footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level. 
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The Bethany Reservoir Aqueduct that connects the Bethany Reservoir Pumping Plant to the Bethany 


Reservoir Discharge Structure would be aboveground, except for two tunneled sections that would 


pass under the Jones Pumping Plant discharge pipelines and Bethany Conservation Easement. The 


tunneled portion of the Bethany Aqueduct under the conservation easement would be constructed 


at a depth of 45–180 feet below ground surface, and entry and exit portals to the aqueduct would be 


outside of the conservation easement (Chapter 3, Section 3.2.6.3). All geotechnical and construction 


activities would avoid surface disturbance to the conservation easement. No surface facilities (e.g., 


roads, utilities, or other structures) would be located on top of the conservation easement.  


Construction activities at the Bethany Complex include vegetation clearing, grading, excavation, soil 


compaction, building of structures, and the use of construction-related vehicles. Sheet piles for 


construction of the discharge structure would be installed using vibratory pile driving methods. 


Construction of the Bethany Complex would take place over several years and may require night 


lighting. As described in Chapter 3, Section 3.2.12, all lights used during nighttime construction 


would be downcast, cut-off type fixtures with non-glare finishes, natural light qualities, and 


minimum intensity. 


6.5.6.1 Habitat Loss and Fragmentation 


An estimated 0.22 acre of modeled least Bell’s vireo recolonization habitat would be permanently 


lost as a result of construction of the Bethany Complex (<0.01% of modeled recolonization habitat in 


the action area) (Table 6.5.-1). Modeled recolonization habitat surrounding the Bethany Complex is 


very sparse and consists of small, isolated patches of riparian vegetation that lacks a contiguous 


canopy. The modeled habitat that overlaps the Bethany Reservoir Discharge Structure (Figures 6.5-6 


and 6.5-29) is found along the eastern, riprapped bank of Bethany Reservoir, consists of sparse 


riparian shrubs, and is considered low quality. The loss of small patches of low-quality riparian 


habitat would not affect least Bell’s vireo connectivity.  


To minimize permanent habitat loss, the Least Bell’s Vireo Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.3 would require suitable least Bell’s vireo habitat to be 


delineated and avoided to the greatest extent possible. Where suitable habitat cannot be avoided 


and is permanently lost, the lost habitat would be offset through mitigation. The CMP would create, 


enhance, and manage in perpetuity least Bell’s vireo habitat (Appendix 3B, Section 3B.4.1.4, and 


Attachment 3B.1, Table 3B.1-3, CMP-21: Least Bell’s Vireo). 


6.5.6.2 Construction-Related Effects  


Vegetation clearing, ground disturbing activities (such as grading), vehicles, and heavy construction 


equipment could strike or crush individual least Bell’s vireos or nests, resulting in injury or 


mortality to birds or nests. Construction would create noise, vibration, light, and visual disturbances 


that could affect normal least Bell’s vireo foraging and nesting behaviors. Construction-related 


contaminants such as gas, oil, or steering fluid could accidentally be discharged into modeled 


recolonization habitat exposing vireos (and/or their prey items) to toxic materials, which could 


result in injury and mortality of individuals.  


To minimize injury and mortality during Bethany Complex construction, the Least Bell’s Vireo 


Avoidance and Minimization Measure described in Chapter 3, Section 3.6.2.3 would require protocol 


surveys in all suitable least Bell’s vireo habitat. If least Bell’s vireo is found, vegetation removal 


would not be conducted within 500 feet of the occupied habitat. In addition, construction activities 
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would be limited such that sound would not exceed 60 dBA within 500 feet of the habitat being used 


by the vireo until the USFWS- and CDFW-approved biologist has confirmed that the bird has left the 


area. To meet this noise minimization requirement, measures may be put in place to minimize noise 


at the source, as described in AMM-21: Develop and Implement Noise Abatement Plan (Appendix 3A).  


To reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would be put in place. To minimize the effects of night lighting, all lights 


would be screened and directed away from least Bell’s vireo habitat as described in the Least Bell’s 


Vireo Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.3). In addition, AMM-19: 


Minimize Fugitive Light from Portable Sources Used for Construction and AMM-20: Install Visual 


Barriers along Access Routes, Where Necessary, to Prevent Light Spill from Truck Headlights toward 


Residences would further minimize effects of night lighting (Appendix 3A).  


6.5.7 Access Roads 


New access roads, a new access railroad spur on Lower Roberts Island, and improvements to 


existing public roads are necessary to support project construction and project facilities. In addition 


to these road and railroad features, impacts from levee improvements on Lower Roberts Island are 


also evaluated in this section (as the levee improvements would be adjacent to the access road, have 


similar impacts on species, and occur at roughly the same time). The construction actions associated 


with the access roads, access railroad spur, and levee improvements on Lower Roberts Island are 


described and evaluated at the project level. New access roads would be either gravel or paved and 


would provide connections between existing roads and construction areas for project facilities. The 


new access railroad spur would transport materials and equipment to the tunnel launch shaft. 


Existing roads would be widened and improved to support the construction-related traffic. 


The access roads impacts discussed in this section are those that overlap with modeled least Bell’s 


vireo habitat and occur outside of facilities at the north Delta intakes, Twin Cities Complex, King 


Island, Lower Roberts Island, Union Island, and Bethany Complex. Three new sections of access 


roads would be constructed in service of the Bethany Complex: to the north of the Bethany Complex, 


between the complex and Byron Highway; between Mountain House Road and Bethany Reservoir; 


and to the south, a new road segment and intersection connecting Mountain House Road and to 


Grant Line Road. Access roads are described in Chapter 3, Section 3.2.7 and depicted in Figure 6.5-1. 


Impacts from access road construction within the north Delta intakes, tunnel shafts, RTM areas, and 


Bethany Complex are described above in Section 6.5.2, Section 6.5.4, Section 6.5.5, and in Section 


6.5.6, respectively. Access roads for all other facilities do not overlap with modeled least Bell’s vireo 


habitat. 


Construction activities for access roads (which include the railroad spur and levee improvements on 


Lower Roberts Island) include clearing, grubbing, excavation, placement of fill, minor bridge 


construction, moving utilities, paving, and the use of construction vehicles. A new access railroad 


spur at Lower Roberts Island would be constructed adjacent to and concurrent with the access road 


at this location and would involve installing a bridge over Burns Cutoff, rail tracks, train use during 


construction, and the use of vehicles and heavy equipment to inspect and maintain the railroad 


right-of-way during project construction. Construction of access roads would take place over several 


years during daylight hours, with the exception of the traffic bypass at Mountain House Road where 


construction would occur at night. All lights used during nighttime construction would be downcast, 


cut-off type fixtures with non-glare finishes, natural light qualities, and minimum intensity so as not 
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to subject the immediate surroundings to light level extremes; however, these types of lights 


generate an ambient nighttime luminescence that is visible from a distance ( Chapter 3, Section 


3.2.12). 


6.5.7.1 Habitat Loss and Fragmentation 


Access road construction would result in permanent removal of 2.77 acres of modeled 


recolonization habitat (0.02% of modeled recolonization habitat in the action area) and the 


temporary removal of 2.04 acres of modeled recolonization habitat (Table 6.5-1). These patches of 


migratory habitat follow established roadways, sloughs, or agricultural ditches and generally 


consists of narrow, linear patches of riparian habitat that vary in canopy coverage from sparse to 


dense. As with other activities, small, incremental increases in fragmentation are not expected to 


adversely affect the species.  


To minimize permanent habitat loss, the Least Bell’s Vireo Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.3 would require suitable least Bell’s vireo habitat to be 


delineated and avoided to the greatest extent possible. Where suitable habitat cannot be avoided 


and is permanently lost, the lost habitat would be offset through mitigation. The CMP would create, 


enhance, and manage in perpetuity least Bell’s vireo upland habitat (Appendix 3B, Section 3B.4.1.4, 


and Attachment 3B.1, Table 3B.1-3, CMP-21: Least Bell’s Vireo). Temporary habitat loss would be 


restored to pre-disturbance conditions with implementation of AMM-14: Construction Best 


Management Practices for Biological Resources, described in Appendix 3A.  


6.5.7.2 Construction-Related Effects 


Vegetation clearing, ground disturbing activities (such as grading), vehicles, and heavy construction 


equipment could strike or crush individual least Bell’s vireos or nests, resulting in injury or 


mortality to birds or nests. Construction would create noise, vibration, light, and visual disturbances 


that could affect normal least Bell’s vireo foraging and nesting behaviors. Construction-related 


contaminants such as gas, oil, or steering fluid could accidentally be discharged into modeled 


recolonization habitat exposing vireos (and/or their prey items) to toxic materials, which could 


result in injury and mortality of individuals.  


To minimize injury and mortality during tunnel shaft construction, the Least Bell’s Vireo Avoidance 


and Minimization Measure described in Chapter 3, Section 3.6.2.3 would require protocol surveys in 


all suitable least Bell’s vireo habitat. If least Bell’s vireo is found, vegetation removal would not be 


conducted within 500 feet of the occupied habitat. In addition, construction activities would be 


limited such that sound would not exceed 60 dBA within 500 feet of the habitat being used by the 


vireo until the USFWS- and CDFW-approved biologist has confirmed that the bird has left the area. 


To meet this noise minimization requirement, measures may be put in place to minimize noise at the 


source, as described in AMM-21: Develop and Implement Noise Abatement Plan (Appendix 3A).  


To reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would be put in place. To minimize the effects of night lighting, all lights 


would be downcast and directed away from least Bell’s vireo habitat as described in the Least Bell’s 


Vireo Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.3). In addition, AMM-19: 


Minimize Fugitive Light from Portable Sources Used for Construction and AMM-20: Install Visual 
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Barriers along Access Routes, Where Necessary, to Prevent Light Spill from Truck Headlights toward 


Residences would further minimize effects of night lighting (Appendix 3A).  


6.5.8 Electrical and SCADA Facilities 


The following discussion includes an analysis of electrical facility types (e.g., electrical powerlines, 


substation on Lower Roberts Island) where they occur outside one of the project feature footprints 


described in the above sections (e.g., north Delta intakes, Bethany Complex). Where the construction 


footprint of an electrical facility type (e.g., switching station, substation) falls within a larger facility 


construction footprint, such as Bethany Complex, the effects associated with that facility type are 


discussed in the relative sections. The construction actions associated with electrical and SCADA 


facilities are described and evaluated at the project level. 


Most of the power for project construction and operation would be supplied by existing power lines 


or new lines added to existing poles, but additional electrical facilities would be needed at all project 


facility locations. Power lines for the intakes and tunnel shafts would be placed underground while a 


new aboveground high-voltage power transmission line would be constructed to power the Bethany 


Complex. A new aboveground power line and substation would also be constructed at Lower 


Roberts Island. 


Similar to power, new SCADA lines would be needed at the intakes, tunnel launch shafts, and the 


Bethany Complex. SCADA lines could be placed within existing telecommunications infrastructure 


corridors where possible, including on existing aboveground poles. Where existing infrastructure is 


not available, SCADA lines would be buried, primarily along existing roads and access routes. For 


more details about the activities associated with electrical and SCADA facilities, see Chapter 3, 


Section 3.2.10 and Section 3.2.11.  


Construction of electrical power and SCADA lines and the substation on Lower Roberts Island would 


require site preparation, tower or pole construction, and line stringing. Construction of 


underground power and SCADA lines would involve trenching, directional drilling, and use of heavy 


equipment and would mostly occur concurrent with access road improvements and construction. 


Cranes would be used during the line-stringing phase.  


Underground power would mostly be installed alongside existing or new roads within the roadway 


right-of-way; however, there are a few short sections of line that move away from the road 


alignment into agricultural lands at Lower Roberts Island and the Twin Cities Complex. Construction 


of electrical and SCADA facilities would require vehicular access to each tower or pole location. 


Vehicular access routes to new tower or pole locations would use existing routes or new access 


routes as described in Section 6.5.7. The duration of construction and installation of new electrical 


and SCADA facilities would not be more than 1 year at any one location. See Appendix 6A for details 


about the impact assessment method.  


6.5.8.1 Habitat Loss and Fragmentation 


Construction of new electrical facilities would result in the permanent loss of 0.11 acre of least Bell’s 


vireo modeled recolonization habitat (<0.01% of modeled recolonization habitat within the action 


area). Construction of SCADA lines would result in temporary disturbance of 4.92 acres of least 


Bell’s vireo recolonization habitat (0.03% of modeled recolonization habitat within the action area). 


Mapped construction footprints for electrical facilities and SCADA lines overlap with modeled least 


Bell’s vireo recolonization habitat in several locations along the alignment (Figure 6.5-1).  
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Electrical and SCADA facilities overlap with modeled habitat at the Twin Cities Complex, New Hope 


Tract, Canal Ranch Tract, Terminous Tract, and Lower Roberts Island. The patches of lost riparian 


habitat occur along established roadways, sloughs, or agricultural ditches and are generally narrow 


with canopy coverage that varies from sparse to dense. The loss of these small, scattered patches of 


riparian habitat are not expected to adversely affect existing connectivity for least Bell’s vireo. 


To minimize permanent habitat loss, the Least Bell’s Vireo Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.3 would require suitable least Bell’s vireo habitat to be 


delineated and avoided to the greatest extent possible. Where suitable habitat cannot be avoided 


and is permanently lost, the lost habitat would be offset through mitigation. The CMP would create, 


enhance, and manage in perpetuity least Bell’s vireo habitat (Appendix 3B, Section 3B.4.1.4, and 


Attachment 3B.1, Table 3B.1-3, CMP-21: Least Bell’s Vireo). Temporary habitat loss would be 


restored to pre-disturbance conditions with implementation of AMM-14: Construction Best 


Management Practices for Biological Resources, described in Appendix 3A.  


6.5.8.2 Construction-Related Effects 


Site preparation for construction of new electrical or SCADA facilities would remove vegetation and 


could potentially result in the injury or mortality of least Bell’s vireo individuals or nest if present. 


Tower or pole construction and trenching work would create noise and vibration effects adjacent to 


modeled recolonization habitat. Construction-related contaminants such as gas, oil, and steering 


fluid could accidentally be discharged into recolonization habitat.  


To minimize injury and mortality, the Least Bell’s Vireo Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.3 would require protocol surveys in all suitable least Bell’s 


vireo habitat. If least Bell’s vireo is found, vegetation removal would not be conducted within 500 


feet of the occupied habitat. In addition, construction activities would be limited such that sound 


would not exceed 60 dBA within 500 feet of the habitat being used by the vireo until the USFWS- 


and CDFW-approved biologist has confirmed that the bird has left the area. To meet this noise 


minimization requirement, measures may be put in place to minimize noise at the source, as 


described in AMM-21: Develop and Implement Noise Abatement Plan (Appendix 3A). To reduce 


effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous Materials 


Management Plan, and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure 


Plans would be put in place.  


Aboveground power lines could contribute to increased risk for bird strikes. However, most new 


project lines would be placed on existing poles and towers and therefore would not substantially 


alter the existing landscape. Also, the species does not form flocks and generally remains at or below 


the riparian canopy. Therefore, it is highly unlikely that this species would experience an increased 


risk of bird strikes at project transmission lines. Nonetheless, implementation of AMM-22: Electrical 


Power Line Support Placement (described in Appendix 3A) would require designing and constructing 


power transmission and distribution lines to avoid sensitive habitats to the maximum extent 


feasible, incorporate bird-safe design, and use bird flight diverters.  
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6.5.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:17 concrete batch plants 


and park-and-ride lots. None of these features overlap with least Bell’s vireo modeled habitat, thus 


activities associated with these facilities are not expected to affect the species.  


6.5.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with least Bell’s vireo 


modeled habitat. Activities in this area are not expected to adversely affect the species.  


6.5.11 Compensatory Mitigation Plan 


The CMP would offset the permanent loss of sensitive natural communities and habitat for special-


status species, including least Bell’s vireo, by creating and enhancing habitat on Bouldin Island and 


the I-5 ponds, and tidal habitat restoration and managing these areas in perpetuity. The habitat 


creation and enhancement sites would overlap with modeled least Bell’s vireo recolonization habitat 


(Figures 6.5-1, 6.5-32, and 6.5-33).  


Construction of habitat creation and enhancement sites under the CMP would involve ground 


disturbance, grading, vegetation removal, the use of heavy equipment, and presence of personnel to 


enhance and restore habitats. Construction would take several years to construct and would not 


require night lighting.  


6.5.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


Riparian creation and enhancement at Bouldin Island would offset the permanent loss of sensitive 


natural communities and habitat for special-status species, including least Bell’s vireo. Site 


construction would include ground disturbance, grading, vegetation removal, the use of heavy 


equipment, and presence of personnel. Construction would take several years to construct and 


would not require night lighting.  


Habitat Loss and Fragmentation 


Habitat creation and enhancement at Bouldin Island and the I-5 ponds would affect 12.31 acres of 


modeled least Bell’s vireo recolonization habitat (0.07% of modeled recolonization habitat within 


the action area) but would create up to 156.91 acres of suitable habitat. The creation and 


enhancement actions are assumed to convert the existing, low-quality habitat to high-quality least 


Bell’s vireo habitat that will be protected and managed in perpetuity as described in CMP-21 Least 


Bell’s Vireo Habitat (See Table 3B.1-3). The creation and enhancement actions at Bouldin Island and 


the I-5 ponds are assumed to have a long-term benefit to the species.  


 
17 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations such as the north Delta intakes and Bethany Complex. For example, there are impacts from 
road work areas included in Section 6.5.7, Access Roads, and Section 6.5.6, but the road work area described in this 
section occurs in a discreet location, outside a large project footprint. 
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Construction-Related Effects 


Vegetation clearing, ground disturbing activities (such as grading), vehicles, and heavy construction 


equipment could strike or crush individual least Bell’s vireos or nests, resulting in injury or 


mortality to birds or nests. Construction would create noise, vibration, light, and visual disturbances 


that could affect normal least Bell’s vireo foraging and nesting behaviors. Construction-related 


contaminants such as gas, oil, or steering fluid could accidentally be discharged into modeled 


recolonization habitat exposing vireos (and/or their prey items) to toxic materials, which could 


result in injury and mortality of individuals.  


To minimize injury and mortality during construction of the Bouldin Island and DWR ponds initial 


mitigation sites, the Least Bell’s Vireo Avoidance and Minimization Measure described in Chapter 3, 


Section 3.6.2.3 would require protocol surveys in all suitable least Bell’s vireo habitat. If least Bell’s 


vireo is found, vegetation removal would not be conducted within 500 feet of the occupied habitat. 


In addition, construction activities would be limited such that sound would not exceed 60 dBA 


within 500 feet of the habitat being used by the vireo until the USFWS- and CDFW-approved 


biologist has confirmed that the bird has left the area. To meet this noise minimization requirement, 


measures may be put in place to minimize noise at the source, as described in AMM-21: Develop and 


Implement Noise Abatement Plan (Appendix 3A).  


To reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan, and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would be put in place. To minimize the effects of night lighting, all lights 


would be screened and directed away from least Bell’s vireo habitat as described in the Least Bell’s 


Vireo Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.3). In addition, AMM-19: 


Minimize Fugitive Light from Portable Sources Used for Construction and AMM-20: Install Visual 


Barriers along Access Routes, Where Necessary, to Prevent Light Spill from Truck Headlights toward 


Residences would further minimize effects of night lighting (Appendix 3A). With these measures in 


place, construction of the initial mitigation sites is not likely to adversely affect western least Bell’s 


vireo.  


6.5.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. The vernal pool, pond, and grassland communities that would be protected for these 


species does not overlap with least Bell’s vireo habitat and therefore the vireo would not be 


adversely affected by implementation of this action. 


6.5.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.5.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down” consultation when site-specific information becomes 


available. A non-bank site would protect, enhance, and manage suitable vernal pool or alkali 


seasonal wetland habitat. These habitat types do not overlap with least Bell’s vireo habitat so the 


species would not be adversely affected by implementation of non-bank site protection. 
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6.5.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (Wood and Martin 2016). There are no construction activities 


associated with implementation of site protection instruments. 


6.5.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP(Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for listed fish species that would benefit from 


enhancement actions.  


Habitat Loss and Fragmentation 


Potential channel margin enhancement areas would overlap with modeled least Bell’s vireo 


recolonization habitat and would likely result in the temporary disturbance of least Bell’s vireo 


habitat. However, modeled recolonization habitat in areas that would be targeted for channel 


margin enhancement are primarily made up of narrow, discontinuous strips of riparian corridor 


that is generally considered to be of low- to moderate- quality. In addition, channel margin 


enhancement activities would restore riparian areas and likely increase the quality and extent. The 


long-term benefit to riparian habitat at channel margin enhancement sites would offset any 


temporary habitat loss and benefit the species in the long-term. 


Construction-Related Effects 


Construction activities could include ground disturbance, require some vehicle traffic and use of 


heavy equipment. Noise, vibration, and visual disturbance during the nesting season could alter 


typical foraging and nesting behaviors, such as advertisement calls and territorial singing, and 


reduce the functions of recolonization habitat for the species. Use of contaminants such as fuels, oils, 


and herbicides, which could result in the injury, mortality, and disruption of normal behaviors of 


least Bell’s vireo, if the species is present.  


To minimize injury and mortality during channel margin enhancement construction, the Least Bell’s 


Vireo Avoidance and Minimization Measure described in Chapter 3, Section 3.6.2.3 would require 


USFWS- or CDFW- approved survey protocol in all suitable least Bell’s vireo habitat prior to 


construction. If least Bell’s vireo is found, vegetation removal would not be conducted within 500 


feet of the occupied habitat. In addition, construction activities would be limited such that sound 


would not exceed 60 dBA within 500 feet of the habitat being used by the vireo until the USFWS- 


and CDFW-approved biologist has confirmed that the bird has left the area. To meet this noise 


minimization requirement, measures may be put in place to minimize noise at the source, as 


described in AMM-21: Develop and Implement Noise Abatement Plan (Appendix 3A). To reduce 
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effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous Materials 


Management Plan and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure 


Plans would be implemented. With these measures in place, adverse effects to least Bell’s vireo from 


channel margin enhancement is not likely to occur.  


6.5.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent 


wetland habitats provide important foraging and refugia habitat for listed fish species. The 


restoration of tidal perennial and wetland habitat, particularly complex wetland systems containing 


dendritic channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 


biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


Complex will be prioritized as these areas would provide greater benefits for target fish species.  


Tidal restoration will be achieved by reconnecting former wetland areas to adjacent tidal sloughs and 


rivers. Restoration would primarily occur through breaching or setback of levees, thereby restoring 


tidal fluctuation to land parcels currently isolated behind those levees. Where practicable and 


appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  


Typical actions required to create suitable tidal marsh habitat at these sites include grading, 


planting, and infrastructure modifications, such as protection, removal and/or relocation of existing 


utilities, pumping systems, and other water management structures. Earthwork often includes 


breaching an existing levee or berm to reintroduce tidal action to the site. Other grading may be 


performed prior to breaching to create wetland features that enhance habitat function, including 


tidal channels, tidal pannes and tidal ponds. At certain sites, more significant earthmoving may be 


required to raise subsided areas to intertidal elevations or to reinforce surrounding levees.  


Depending on the project location, it also may be necessary to construct an entirely new flood 


control levee along portions of the project perimeter to protect adjacent properties. The actual 


extent of earthmoving required can vary significantly depending on the existing topography of the 


site.  


Following earthwork and grading, the site would be revegetated, through a combination of active 


and passive methods. Any riparian and/or upland areas would be actively seeded, planted, and 


temporarily irrigated during the initial establishment period. Intertidal wetland areas may 


revegetate actively, be allowed to recolonize passively through natural recruitment, or experience a 


combination of the two.  


Levee breaching will require removing levee materials from within and adjacent to tidal and other 


aquatic habitats. Levee breaching will entail in-water work using construction equipment such as 


bulldozers, backhoes, and barges. Removed levee materials will be placed on the remaining levee 


sections, placed within the restoration area, or hauled to a disposal area. Typically work would be 


sequenced so that grading and infrastructure improvements occur first, followed by planting and 


finally breaching of the existing levee to reintroduce tidal action. 
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Habitat Loss and Fragmentation 


There is potential for tidal wetland restoration in lower Yolo Bypass or Cache Slough Complex to 


result in the temporary loss of least Bell’s vireo habitat. This loss could occur where there are 


riparian sections along the portions of removed levees. All other riparian habitat that may occur on 


the site would not be expected to be affected by the restoration. This is because this habitat typically 


occurs around the edges of the agricultural plots that are restored in this region. And other than 


those sections of the levee that are removed to allow for the restoration of tidal flows onto the 


property, these existing riparian areas are expected to be protected and enhanced and more than 


offset any loss associated with levee breaching. This assumption is supported by the USFWS’s 


concurrence that the Yolo Flyway Farms and Lookout Slough tidal restoration projects were “not 


likely to adversely affect” least Bell’s vireo (U.S. Fish and Wildlife Service 2017b, 2020c) and further 


supported by the “no effect” determination for the Lower Yolo and Lookout Slough restoration 


project (U.S. Fish and Wildlife Service 2019b; ); all tidal restoration projects in the Cache 


Slough/lower Yolo Bypass part of the Delta. With this information, tidal restoration associated with 


the proposed action is not likely to adversely affect least Bell’s vireo. 


Construction-Related Effects 


Tidal wetland restoration areas could occur adjacent to suitable least Bell’s vireo habitat within the 


action area. Construction activities could include ground disturbance, require some vehicle traffic 


and use of heavy equipment, and use of contaminants such as fuels, oils, and herbicides, which could 


result in the injury, mortality, and disruption of normal behaviors of least Bell’s vireo, if the species 


is present. Noise, vibration, and visual disturbance during the nesting season could alter typical 


foraging and nesting behaviors, such as advertisement calls and territorial singing, and reduce the 


functions of recolonization habitat for the species. Use of contaminants such as fuels, oils, and 


herbicides, which could result in the injury, mortality, and disruption of normal behaviors of least 


Bell’s vireo, if the species is present.  


To minimize injury and mortality during tidal wetland restoration construction, the Least Bell’s Vireo 


Avoidance and Minimization Measure described in Chapter 3, Section 3.6.2.3 would require USFWS- 


or CDFW- approved survey protocol in all suitable least Bell’s vireo habitat prior to construction. If 


least Bell’s vireo is found, vegetation removal would not be conducted within 500 feet of the 


occupied habitat. In addition, construction activities would be limited such that sound would not 


exceed 60 dBA within 500 feet of the habitat being used by the vireo until the USFWS- and CDFW-


approved biologist has confirmed that the bird has left the area. To meet this noise minimization 


requirement, measures may be put in place to minimize noise at the source, as described in AMM-


21: Develop and Implement Noise Abatement Plan (Appendix 3A).  


To reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would minimize the potential for spills and contamination. To minimize the 


effects of night lighting, all lights would be screened and directed away from least Bell’s vireo habitat 


as described in the Least Bell’s Vireo Avoidance and Minimization Measure (Chapter 3, Section 


3.6.2.3). In addition, AMM-19: Minimize Fugitive Light from Portable Sources Used for Construction 


and AMM-20: Install Visual Barriers along Access Routes, Where Necessary, to Prevent Light Spill from 


Truck Headlights toward Residences would further minimize effects of night lighting (Appendix 3A). 


With these measures in place, adverse effects to least Bell’s vireo from tidal restoration construction 


is not likely to occur.  
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6.5.12 Effects on Critical Habitat 


There is no designated critical habitat for least Bell’s vireo in the action area. 


6.5.13 Cumulative Effects 


Cumulative effects are defined under Section 7 of the Endangered Species Act as the effects of future 


state, Tribal, local, or private actions that are reasonably certain to occur in the action area. Future 


federal actions are not addressed in a Section 7 cumulative effects analysis because they require 


separate consultation pursuant to Section 7 of the Endangered Species Act. Projects that result in 


take of least Bell’s vireo would require incidental take authorization pursuant to the Endangered 


Species Act and therefore are not addressed in this cumulative effects analysis because they require 


a federal action. 


However, non-federal activities and climate change have potential to affect least Bell’s vireo in the 


action area when recolonization habitat degradation occurs without USFWS authorization. The most 


likely activity to affect the quality of early successional riparian habitat is conversion of riparian 


habitat to agriculture or urban development. Although land use conversion is unlikely due to land 


use controls, if agricultural and/or urban development is proposed in or near least Bell’s vireo 


occupied habitat, it could contribute to a cumulative adverse effect on least Bell’s vireo in the action 


area. Loss of and degradation of riparian habitat may decrease availability of suitable nesting sites, 


decrease prey species density, and increase habitat fragmentation such that reproductive success 


and survivorship are affected. Additionally, agricultural habitats also provide habitat for brown-


headed cowbirds, a brood parasite on least Bell’s vireo, which would contribute to negative effects 


on least Bell’s vireo.  


Climate change threatens to modify annual weather patterns. Predicted drier weather may decrease 


the availability of precipitation and groundwater that supports riparian habitat. Increased potential 


for wildfire as warming increases threatens habitat and, if burned repeatedly, would prevent it from 


recovering. Spring heat waves also endanger young birds in the nest. Since the habitat within the 


action area with the highest likelihood of supporting nesting least Bell’s vireo is Bouldin Island, 


where the CMP would offset the loss of nesting and foraging habitat for special-status birds by 


creating and protecting riparian habitat, cumulative effects in the action area are not expected to 


appreciably diminish the likelihood of the species’ long-term survival and recovery. 


6.6 Effects on Western Yellow-Billed Cuckoo 
Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Section 4.4, Section 4.4.12.6, Suitable Habitat Definition, and Section 


4.4.12.7, Migratory Habitat Suitability Model, define suitable habitat and describe the habitat model 


for western yellow-billed cuckoo. 


Current nesting populations (areas which have consistently supported numerous nesting pairs) in 


California are found at three locations: Sacramento River, Kern River, and the California side of the 


lower Colorado River (U.S. Fish and Wildlife Service 2019c:7). Riparian forest patch size was found 


to be the most important habitat variable to predict presence of western yellow-billed cuckoos on 


the Sacramento River (Girvetz and Greco 2009:10). There are no known western yellow-billed 
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cuckoo breeding pairs in the action area; individuals detected in the action area are presumed to be 


migratory (Section 4.4). Western yellow-billed cuckoo is migratory, and most individuals migrate to 


California breeding grounds between May and July and migrate away from breeding grounds 


between late July to mid-September (Laymon 1998; Hughes 2020) to winter in South America. 


Section 4.4.12.2, Life History and Habitat Requirements, describes the western yellow-billed cuckoo 


migratory habitat, which primarily consists of willow-cottonwood riparian forests.  


Western yellow-billed cuckoo modeled habitat is located throughout the action area, where willow-


riparian cottonwood forest is modeled. Activities associated with field investigations, north Delta 


intakes, tunnel shafts, RTM, access roads, electrical and supervisory and data acquisition (SCADA) 


facilities, Bethany Complex, and the CMP overlap with western yellow-billed cuckoo modeled 


habitat, occur in proximity to known occurrences, and, as such, have the potential to affect western 


yellow-billed cuckoo. Figures 6.6-1 through 6.6-29 include overview as well as “zoomed-in” figures 


depicting overlap between the project footprint, modeled habitat, and CNDDB occurrences.  


There are 17,296.15 acres of modeled western yellow-billed cuckoo migratory habitat in the action 


area. An estimated 17.34 acres (0.10% of total modeled habitat in the action area) of modeled 


western yellow-billed cuckoo habitat would be adversely affected by the project. Effects from these 


activities are described in the sections below. Table 6.6-1 summarizes the total estimated habitat 


loss of western yellow-billed cuckoo modeled habitat and Table 6.6-2 summarizes the proposed 


acres of compensation. 
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Table 6.6-1. Maximum Habitat Loss of Modeled Habitat for Western Yellow-Billed Cuckoo by Activity Type (Acres) 


Western 
Yellow-
Billed 


Cuckoo 
Modeled 
Habitat 


Total 
Modeled 


Habitat in 
the Action 


Area 


Permanent Modeled Habitat Loss from Construction a Temporary Modeled Habitat Disturbance from Construction b 
Total 


Affected 
Modeled 
Habitat 
(Acres) CCWD 


Access 
Road 


Bethany 
Complex 


North 
Delta 


Intakes 


Other 
Construction 


Support 
Facilities 


Electrical 
Facilities c 


(Overhead and 
Underground) RTM 


Tunnel 
Shaft 


Permanent 
subtotal 


Field 
Investigations CCWD 


Access 
Road 


Other 
Construction 


Support 
Facilities 


Electrical and 
SCADA Facilities 
(Overhead and 
Underground) 


Temporary 
Subtotal 


Migratory   17,296.15  - 2.77 0.22 6.35 - 0.11 - 0.23 9.68 0.71 - 2.04 - 4.92 7.67  17.34  


Total 17,296.15 - 2.77 0.22 6.35 - 0.11 - 0.23 9.68 0.71 - 2.04 - 4.92 7.67 17.34 


Notes: 
CCWD = Contra Costa Water District; RTM = reusable tunnel material; SCADA = supervisory control and data acquisition. 
a Permanent Habitat Loss includes potential permanent and long-term temporary impacts. Long-term temporary impacts are those impacts that would be restored to pre-project conditions, but not within 1 year from initial ground disturbance (as temporary impacts would be). 
b Temporary Habitat Loss includes potential temporary impacts from construction that would be restored to pre-disturbance conditions within 1 year of construction completion, as described in AMM-14: Construction Best Management Practices for Biological Resources (Appendix 


3A, General Avoidance and Minimization Measures). 
c Electrical Facilities include potential habitat loss as a result of the construction of overhead and underground power transmission lines. Potential habitat loss from the construction of electrical facilities (i.e., lines, substations, switchyards, and switching stations) that occur within 


larger facilities (e.g., Bethany Complex) is captured in the large facility impact acreage. 
 
 


Table 6.6-2 Maximum Habitat Loss and Compensation for Western Yellow-Billed Cuckoo 


 
Permanent Habit Loss (Acres) Maximum Compensation Commitment (Acres) 


With Full Implementation of the Compensatory Mitigation 
Plan 


Total Maximum Habitat Loss (Acres) Restoration/Creation (Acres) a Creation and Enhancement b (Acres) 


Migratory Total  9.68 19.36 204.79 


a See CMP-16 in Table 3B.1-3 of Attachment 3B.1, Compensatory Mitigation Design Parameters, for the full commitment to create or restore western yellow-billed cuckoo riparian habitat. 
b See Table 3B-4 in Appendix 3B, Compensatory Mitigation Plan for Special-Status Species and Aquatic Resources, for the creation and enhancement commitment for western yellow-billed cuckoo. 
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6.6.1 Field Investigations 


Field investigation actions described are for new proposed actions and have not been previously 


consulted upon. Field investigation actions are described and evaluated at the project or site level. 


Field investigations would occur after EIR approval and before and during construction. Some 


investigations would occur within the construction footprint (where suitable habitat is already 


assumed lost and thus no additional habitat loss from future field investigations would be incurred) 


and some would occur outside the construction footprint (which results in temporary habitat 


disturbance additional to that incurred by construction). Field investigations within proposed 


surface construction footprints (including portions of tunnel alignments), which include test 


trenches, CPTs, soil borings, electrical resistivity tomography, groundwater testing and monitoring, 


monument installation, agronomic testing, utility potholing, and pilot studies for settlement, would 


not result in habitat loss additional to the loss described in the relevant, associated activity type 


sections (e.g. Bethany Complex).  


Geotechnical investigations associated with tunnel alignment water crossings, West Tracy Fault, 


Bethany Fault, and the tunnel for the Bethany Reservoir Aqueduct, which include test trenches and 


overwater and land-based CPTs and soil borings, largely fall outside of surface construction 


footprints and it is these impacts that are discussed in this section. All surface ground disturbance 


for field investigations for the Bethany Reservoir Aqueduct tunnel would occur outside of the 


Bethany Conservation Easement. 


Field investigations include activities such as overland driving, equipment storage, pit digging, soil 


boring, trenching, and temporary soil storage prior to backfilling trenches. West Tracy Fault 


investigations would involve up to 6 test trenches, each 0.07 acre with a temporary work footprint 


of up to 4.59 acres. Excavation and backfilling of the test trenches would last up to 12 days. Bethany 


Fault investigations would take place above the Bethany Reservoir Aqueduct tunnel outside of the 


Bethany Conservation Easement and consist of a linear array of electrodes driven into the ground 


over several hundred feet; the electrodes would induce a low current into the ground and be 


removed upon completion of testing. Ground disturbance for other field investigations is not 


expected to exceed 0.84 acre and would not last more than 30 days. Field investigations would not 


require nighttime lighting.  


6.6.1.1 Habitat Loss and Fragmentation 


The West Tracy Fault and the Bethany Fault investigations do not overlap with modeled western 


yellow-billed cuckoo habitat. Geotechnical investigations associated with the tunnel alignment 


would overlap with western yellow-billed cuckoo habitat.  


An estimated 0.71 acre of modeled western yellow-billed cuckoo habitat would be temporarily 


disturbed as a result of field investigations (<0.01% of all modeled migratory habitat in the action 


area). Modeled migratory habitat near field investigation footprints for the north Delta intakes and 


Twin Cities Complex is considered high- to moderate-quality because many riparian corridors in 


this region are relatively wide with continuous canopy. Habitat surrounding field investigation 


footprints west of Thornton and on Canal Ranch Tract, Terminous Tract, Roberts Island, and Jones 


Tract follow established roadways, sloughs, or agricultural ditches and generally consists of narrow, 


linear patches of riparian habitat that are lower quality. Field investigations for the West Tracy 


Fault, Bethany Fault, and the Bethany Complex overlap with a few isolated patches that are unlikely 


to provide high-quality habitat. As the patches of lost habitat are very small and generally of lower 
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quality, the incremental decrease in connectivity is not expected to result in additional, substantial 


fragmentation. The implementation of AMM-14: Construction Best Management Practices for 


Biological Resources would ensure that temporarily disturbed areas are restored to pre-disturbance 


conditions within 1 year of construction completion (Appendix 3A). 


6.6.1.2 Construction-Related Effects 


Overland driving and ground disturbance could injure or kill western yellow-billed cuckoos that are 


migrating through the action area or are near work areas. Ground disturbing activities, helicopters, 


and human presence would create noise, vibration, and visual disturbance and could disrupt normal 


behaviors of cuckoos and reduce the functions of migratory habitat if present in or near the work 


area. Construction-related contaminants, such as gas, oil, or steering fluid, could accidentally be 


discharged into modeled migratory habitat, exposing western yellow-billed cuckoos (and/or their 


prey items) to toxic materials, which could result in injury and mortality of individuals, as well as 


lead to habitat degradation. 


To minimize injury and mortality during field investigations, implementation of Western Yellow-


Billed Cuckoo Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.4 would require 


preconstruction surveys, consistent with a USFWS- or CDFW-approved survey protocol (e.g., 


Halterman et al. 2015:9-42, or more current guidance), in suitable habitat where construction-


related noise levels could exceed 60 dBA Leq (1 hour). If surveys find western yellow-billed cuckoo 


in the area where vegetation would be removed, vegetation removal would be done when the birds 


are not present within 500 feet of vegetation removal activities.  


Implementation of AMM-1: Conduct Environmental Resources Worker Awareness Training and AMM-


14: Construction Best Management Practices for Species would further reduce the potential injury or 


mortality by training construction staff on the regulatory requirements for sensitive species, having 


a biological monitor present during ground disturbing activities, maintaining non-disturbance 


buffers, and delineating work areas (Appendix 3A).  


To further minimize effects of noise on yellow-billed cuckoos, implementation of AMM-21: Develop 


and Implement Noise Abatement Plan (Appendix 3A) would require site-specific measures to avoid 


or reduce noise impacts related to construction and would include measures such as restrictions on 


use of construction equipment, use of noise reducing technologies, and installation of noise barriers. 


Avoidance of effects on yellow-billed cuckoo from construction contaminants such as fuel or oil 


would be minimized with implementation of AMM-2: Develop and Implement Hazardous Materials 


Management Plans and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans by implementing spill prevention and control plans and with implementation 


of the Western Yellow-billed Cuckoo Avoidance and Minimization Measure, by locating, storing, and 


maintaining portable and stationary equipment as far as possible, with a minimum distance of 500 


feet, from suitable western yellow-billed cuckoo habitat. To minimize the potential effects of dust on 


cuckoo, implementation of AMM-11: Fugitive Dust Control and AMM-14: Construction Best 


Management Practices for Biological Resources (Appendix 3A) would minimize this potential 


disturbance by having a biological monitor present and reducing the potential for discharge of 


construction-related dust in potential habitat.  
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6.6.2 North Delta Intakes 


The north Delta intakes would be constructed on the east bank of the Sacramento River near the 


town of Hood. Two intakes would divert water from the Sacramento River and include cylindrical 


fish screens, intake structures, sedimentation basins, sediment drying lagoons, flow control 


structures, intake outlet channel and shaft, embankments, and other appurtenant structures. Intakes 


would also include construction support facilities (e.g., emergency facilities, fuel station), electrical 


substations, switchyards, and access roads that fall within the north Delta intake facility footprints. 


The north Delta intakes would be surrounded by security fencing. The construction actions 


associated with the north Delta intakes are described and evaluated at the project level. 


Construction activities at each intake are described in Chapter 3, Section 3.2.2. Intake construction 


would include ground clearing and grading; in-water and on-land pile driving; excavation; 


placement of fills, cutoff walls, and structures; and drilling. These activities would require the use of 


loud, heavy equipment within the construction site as well as along the access roads to the site and 


limited nighttime work. Construction-related lighting would be downcast so as not to subject the 


immediate surroundings to light level extremes; however, these types of lights generate an ambient 


nighttime luminescence that is visible from a distance (Section 3.2.12). The duration of the activity 


would be approximately 7 years at each intake. Implementation of intake construction at each 


location would be staggered by approximately 1 year. Intake C, the southern intake, would begin 


construction first; approximately 1 year later, construction would begin at Intake B, the northern 


intake; The result is that construction would overlap at both sites for approximately 6 years. 


6.6.2.1 Habitat Loss and Fragmentation 


An estimated 6.35 acres of modeled migratory habitat would be permanently lost as a result of north 


Delta intakes construction (<0.04% of modeled migratory habitat within the action area) (Table 


6.6-1). The effects on modeled habitat would occur where Intakes B and C would be constructed on 


the Sacramento River’s east bank between Clarksburg and Courtland (Figures 6.6-2, 6.6-12, and 6.6-


13). The modeled habitat that would be permanently lost as a result of construction of the north 


Delta intakes is found along the Sacramento River, sloughs, agricultural ditches, and Stone Lakes 


National Wildlife Refuge; some habitat consists of narrow, linear riparian patches that are 


unsuitable for nesting cuckoo, and other patches are relatively wide with dense, contiguous canopy. 


The vegetation provides suitable foraging habitat and could be used by migrating individuals. Due to 


the degraded existing condition, an incremental decrease in riparian connectivity from intake 


construction is not likely to substantially increase fragmentation. 


To minimize permanent and temporary habitat loss, the Western Yellow-billed Cuckoo Avoidance and 


Minimization Measure detailed in Chapter 3, Section 3.6.2.4 commits to preconstruction surveys in 


all suitable western yellow-billed cuckoo habitat in the construction area, with surveys performed in 


accordance with any required USFWS or CDFW survey protocols and permits applicable at the time 


of construction. If surveys find western yellow-billed cuckoo in the area where vegetation would be 


removed, vegetation removal would be done when the birds are not present within 500 feet of 


vegetation removal activities. Where suitable habitat cannot be avoided and is permanently lost, the 


lost habitat would be offset through mitigation. The CMP would create, enhance, and manage in 


perpetuity western yellow-billed cuckoo aquatic and upland habitat (Appendix 3B, Section 3B.4.1.4, 


and Attachment 3B.1, Table 3B.1-3, CMP-16: Western Yellow-billed Cuckoo Habitat). Temporary 


habitat loss would be restored to pre-disturbance conditions with implementation of AMM-14: 


Construction Best Management Practices for Biological Resources (Appendix 3A) 
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6.6.2.2 Construction-Related Effects 


Vegetation removal in advance of ground clearing and grading activities would result in the 


potential for injury and mortality. Pile driving, excavation, and drilling would require the use of loud, 


heavy equipment within the construction site and along the access roads to the site. Noise, vibration, 


and visual disturbance during the migratory season could alter typical foraging and movement 


behaviors, such as contact calls and predator avoidance, as well as reduce the functions of foraging 


habitat for the species. Construction-related night lighting may also have the potential to affect 


western yellow-billed cuckoo through changes in nighttime behaviors, foraging behavior, or making 


cuckoos more vulnerable to night predators (e.g., owls, cats, racoons) (Hughes 2020); however, 


night-lighting will only be used during concrete pouring and thus will be short in duration. 


Construction-related contaminants, such as gas, oil, or steering fluid, could accidentally be 


discharged into migratory habitat and result in the injury or mortality of individuals and lead to the 


degradation of habitat.  


To minimize injury and mortality during north Delta intake construction, the Western Yellow-Billed 


Cuckoo Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.4) would require USFWS- or 


CDFW- approved survey protocol in all suitable western yellow-billed cuckoo habitat prior to 


construction. If western yellow-billed cuckoo is found, vegetation removal would not be conducted 


within 500 feet of the occupied habitat. In addition, construction activities would be limited such 


that sound would not exceed 60 dBA within 500 feet of the habitat being used by the cuckoo until 


the USFWS- and CDFW-approved biologist has confirmed that the bird has left the area. To meet this 


noise minimization requirement, measures may be put in place to minimize noise at the source, as 


described in AMM-21: Develop and Implement Noise Abatement Plan (Appendix 3A).  


To reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan, and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would minimize the potential for spills and contamination. To minimize the 


effects of night lighting, all lights would be screened and directed away from western yellow-billed 


cuckoo habitat as described in Western Yellow-Billed Cuckoo Avoidance and Minimization Measure 


(Chapter 3, Section 3.6.2.4). In addition, AMM-19: Minimize Fugitive Light from Portable Sources Used 


for Construction and AMM-20: Install Visual Barriers along Access Routes, Where Necessary, to 


Prevent Light Spill from Truck Headlights toward Residences would further minimize effects of night 


lighting (Appendix 3A). 


Implementation of AMM-1: Conduct Environmental Resources Worker Awareness Training and AMM-


14: Construction Best Management Practices for Biological Resources would further minimize 


potential for injury and mortality by training construction staff on the regulatory requirements for 


sensitive species having a biological monitor present during ground disturbing activities, 


maintaining non-disturbance buffers, and delineating work areas (Appendix 3A).  


6.6.3 Tunnels 


Tunnels would be constructed using subsurface horizontal TBMs and would not result in any 


surface disturbance to western yellow-billed cuckoo modeled habitat; therefore, this activity would 


not have an adverse effect on the species.  
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6.6.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 


alignment, and at the Bethany Complex. Western yellow-billed cuckoo modeled habitat overlaps 


with tunnel shaft work areas at Twin Cities Complex (Figures 6.6-3 and 6.6-19). Tunnel shaft 


construction at the north Delta intakes, Twin Cities Complex, New Hope Tract, and Canal Ranch 


Tract are within 1,200 feet of modeled western yellow-billed cuckoo migratory habitat. The 


construction actions associated with tunnel shafts are described and evaluated at the project level. 


Construction activities associated with tunnel and tunnel shaft activities are described in Chapter 3, 


Section 3.2.4 and would include vegetation clearing, grading, excavation, soil compaction, and the 


use of heavy construction equipment. Construction of the tunnel shafts would take multiple years. 


Construction activities would persist for 7 to 9 years at launch shafts and for 2 years at reception 


and maintenance shafts. Construction would occur day and night. See Section 3.2.4 for details on 


construction timing and duration. Construction-related lighting would be shielded and oriented in 


such a manner so as not to subject the immediate surroundings to extremes in the levels of light, 


however, these types of light generate an ambient nighttime luminescence that is visible from a 


distance (Section 3.2.12). See Section 3.2.8 for a complete description of construction activity and 


timing details. 


6.6.4.1 Habitat Loss and Fragmentation 


The Twin Cities tunnel shaft complex would result in permanent habitat loss of 0.23 acre of modeled 


western yellow-billed cuckoo migratory habitat (0.001% of modeled habitat within the action area) 


(Figure 6.6-19). The quality of modeled habitat that would be temporarily disturbed from tunnel 


shaft consists of small, narrow, linear riparian patches lacking continuous canopy that are 


considered low quality migratory habitat. Habitat fragmentation from habitat loss due to 


construction of tunnel shafts is not expected to affect migratory western yellow-billed cuckoos in 


this area because migratory habitat is not limited in the area and migrating birds could use small 


habitat patches and easily move from one location to the next during migration.  


To minimize permanent habitat loss, the Western Yellow-Billed Cuckoo Avoidance and Minimization 


Measure described in Chapter 3, Section 3.6.2.4 would require suitable western yellow-billed cuckoo 


habitat to be delineated and avoided to the greatest extent possible. Where suitable habitat cannot 


be avoided and is permanently lost, the lost habitat would be offset through mitigation. The CMP 


would create, enhance, and manage in perpetuity western yellow-billed cuckoo habitat (Appendix 


3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-16: Western Yellow-billed Cuckoo 


Habitat). 


Temporary habitat loss would be restored to pre-disturbance conditions with implementation of 


AMM-14: Construction Best Management Practices for Biological Resources, described in Appendix 


3A. 


6.6.4.2 Construction-Related Effects 


Vegetation clearing, ground disturbing activities (such as grading), vehicles, and heavy construction 


equipment could strike or crush individual western yellow-billed cuckoos, resulting in injury or 


mortality to birds or disturbance of nests that are present within the tunnel shaft construction 
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footprint. Construction would create noise, vibration, and visual disturbances that could affect 


normal western yellow-billed cuckoo foraging and migratory behaviors. Construction-related 


contaminants such as gas, oil, or steering fluid could accidentally be discharged into modeled 


migratory habitat exposing cuckoos (and/or their prey items) to toxic materials, which could result 


in injury and mortality of individuals.  


To minimize injury and mortality during tunnel shaft construction, the Western Yellow-Billed Cuckoo 


Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.4) would require protocol surveys in 


all suitable western yellow-billed cuckoo habitat. If western yellow-billed cuckoo is found, 


vegetation removal would not be conducted within 500 feet of the occupied habitat. In addition, 


construction activities would be limited such that sound would not exceed 60 dBA within 500 feet of 


the habitat being used by the cuckoo until the USFWS- and CDFW-approved biologist has confirmed 


that the bird has left the area. To meet this noise minimization requirement, measures may be put in 


place to minimize noise at the source, as described in AMM-21: Develop and Implement Noise 


Abatement Plan (Appendix 3A).  


To reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan, and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would be put in place. To minimize the effects of night lighting, all lights 


would be screened and directed away from western yellow-billed cuckoo habitat as described in 


Western Yellow-Billed Cuckoo Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.4). In 


addition, AMM-19: Minimize Fugitive Light from Portable Sources Used for Construction and AMM-20: 


Install Visual Barriers along Access Routes, Where Necessary, to Prevent Light Spill from Truck 


Headlights toward Residences would further minimize effects of night lighting (Appendix 3A).  


AMM-1: Conduct Environmental Resources Worker Awareness Training and AMM-14: Construction 


Best Management Practices for Biological Resources would minimize potential construction-related 


disturbance by training construction staff on the regulatory requirements for sensitive species, 


having a biological monitor present during ground disturbing activities, maintaining non-


disturbance buffers, and delineating work areas (Appendix 3A).  


6.6.5 Reusable Tunnel Material  


RTM areas do not overlap with western yellow-billed cuckoo modeled habitat. Activities for these 


facilities would not affect the species (Figure 6.6-1)  


6.6.6 Bethany Complex  


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and facilities within the Bethany Complex 


footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level. 


The Bethany Reservoir Aqueduct that connects the Bethany Reservoir Pumping Plant to the Bethany 


Reservoir Discharge Structure would be aboveground, except for two tunneled sections that would 


pass under the Jones Pumping Plant discharge pipelines and Bethany Conservation Easement. The 


tunneled portion of the Bethany Aqueduct under the conservation easement would be constructed 


at a depth of 45–180 feet below ground surface, and entry and exit portals to the aqueduct would be 
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outside of the conservation easement (Chapter 3, Section 3.2.6.3). All geotechnical and construction 


activities, such as mowing or vegetation clearing, would avoid surface disturbance to the 


conservation easement. No surface facilities (e.g., roads, utilities, or other structures) would be 


located on top of the conservation easement.  


Construction activities at the Bethany Complex include vegetation clearing, grading, excavation, soil 


compaction, building of structures, and the use of construction-related vehicles. Sheet piles for 


construction of the discharge structure would be installed using vibratory pile driving methods. 


Construction of the Bethany Complex would take place over several years and may require night 


lighting. As described in Chapter 3, Section 3.2.12, Fencing and Lighting, all lights used during 


nighttime construction would be downcast, cut-off type fixtures with non-glare finishes, natural 


light qualities, and minimum intensity. 


6.6.6.1 Habitat Loss and Fragmentation 


An estimated 0.22 acre of modeled western yellow-billed cuckoo migratory habitat (0.001% of 


modeled migratory habitat in the action area) would be permanently lost as a result of construction 


of the Bethany Complex (Table 6.6-1). Modeled migratory habitat surrounding the Bethany Complex 


is very sparse and consists of small, isolated patches of riparian vegetation that lacks a contiguous 


canopy. The modeled habitat that overlaps the Bethany Reservoir Discharge Structure (Figures 6.6-6 


and 6.6-29) is found along the eastern, riprapped bank of Bethany Reservoir, consists of sparse 


riparian shrubs lacking tall overstory, and is considered poor quality. The loss of small patches of 


low-quality riparian habitat would not affect western yellow-billed cuckoo connectivity. 


To minimize permanent habitat loss, the Western Yellow-Billed Cuckoo Avoidance and Minimization 


Measure described in Chapter 3, Section 3.6.2.4 would require suitable western yellow-billed cuckoo 


habitat to be delineated and avoided to the greatest extent possible. Where suitable habitat cannot 


be avoided and is permanently lost, the lost habitat would be offset through mitigation. The CMP 


would create, enhance, and manage in perpetuity western yellow-billed cuckoo habitat (Appendix 


3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-16: Western Yellow-billed Cuckoo 


Habitat). 


6.6.6.2 Construction-Related Effects  


Although most of the construction footprint of the Bethany Complex does not overlap with modeled 


western yellow-billed cuckoo migratory habitat, and the portion that does overlap contains poor 


quality habitat, there is potential for indirect effects because modeled migratory habitat occurs in 


the vicinity of construction. Vegetation clearing, ground disturbing activities (such as grading), 


vehicles, and heavy construction equipment could strike or crush individual western yellow-billed 


cuckoo, resulting in injury or mortality. Construction would create noise, vibration, light, and visual 


disturbances that could affect normal western yellow-billed cuckoo migratory behaviors. 


Construction-related contaminants such as gas, oil, or steering fluid could accidentally be discharged 


into modeled migratory habitat exposing cuckoos (and/or their prey items) to toxic materials, which 


could result in injury and mortality of individuals.  


To minimize injury and mortality during Bethany Complex construction, the Western Yellow-Billed 


Cuckoo Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.4) would require protocol 


surveys in all suitable western yellow-billed cuckoo habitat. If western yellow-billed cuckoo is 


found, vegetation removal would not be conducted within 500 feet of the occupied habitat. In 
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addition, construction activities would be limited such that sound would not exceed 60 dBA within 


500 feet of the habitat being used by the cuckoo until the USFWS- and CDFW-approved biologist has 


confirmed that the bird has left the area. To meet this noise minimization requirement, measures 


may be put in place to minimize noise at the source, as described in AMM-21: Develop and 


Implement Noise Abatement Plan (Appendix 3A).  


To reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan, and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would be put in place. To minimize the effects of night lighting, all lights 


would be screened and directed away from western yellow-billed cuckoo habitat as described in 


Western Yellow-Billed Cuckoo Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.4). In 


addition, AMM-19: Minimize Fugitive Light from Portable Sources Used for Construction and AMM-20: 


Install Visual Barriers along Access Routes, Where Necessary, to Prevent Light Spill from Truck 


Headlights toward Residences would further minimize effects of night lighting (Appendix 3A). 


6.6.7 Access Roads 


New access roads, a new access railroad spur on Lower Roberts Island, and improvements to 


existing public roads are necessary to support project construction and project facilities. In addition 


to these road and railroad features, impacts from levee improvements on Lower Roberts Island are 


also evaluated in this section (as the levee improvements would be adjacent to the access road, have 


similar impacts on species, and occur at roughly the same time). The construction actions associated 


with access roads, access railroad spur and levee improvements on Lower Roberts Island are 


described and evaluated at the project level. 


New access roads would be either gravel or paved and would provide connections between existing 


roads and construction areas for project facilities. The new access railroad spur would transport 


materials and equipment to the tunnel launch shaft. Existing roads would be widened and improved 


to support the construction-related traffic.  


The access roads impacts discussed in this section are those that are in service to, but occur outside 


of, facilities at the north Delta intakes, Twin Cities Complex, King Island, Lower Roberts Island, 


Union Island, and Bethany Complex. Three new sections of access roads would be constructed in 


service of the Bethany Complex: to the north of the Bethany Complex, between the complex and 


Byron Highway; between Mountain House Road and Bethany Reservoir; and to the south, a new 


road segment and intersection connecting Mountain House Road and to Grant Line Road. Access 


roads are described in Chapter 3, Section 3.2.7 and depicted in Figure 6.6-1. Impacts from access 


road construction within the north Delta intakes, tunnel shafts, RTM areas, and Bethany Complex 


are described above in Section 6.6.2, Section 6.6.4, Section 6.6.5, and Section 6.6.6. Access roads for 


all other facilities do not overlap with modeled western yellow-billed cuckoo habitat. 


Construction activities for access roads (which include the railroad spur and levee improvements on 


Lower Roberts Island) include clearing, grubbing, excavation, placement of fill, minor bridge 


construction, moving utilities, paving, and the use of construction vehicles. A new access railroad 


spur at Lower Roberts Island would be constructed adjacent to and concurrent with the access road 


at this location and would involve installing a bridge over Burns Cutoff, rail tracks, train use during 


construction, and the use of vehicles and heavy equipment to inspect and maintain the railroad 


right-of-way during project construction. Construction of access roads would take place over several 


years during daylight hours, with the exception of the traffic bypass at Mountain House Road where 
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construction would occur at night. All lights used during nighttime construction would be downcast, 


cut-off type fixtures with non-glare finishes, natural light qualities, and minimum intensity so as not 


to subject the immediate surroundings to light level extremes; however, these types of lights 


generate an ambient nighttime luminescence that is visible from a distance ( Chapter 3, Section 


3.2.12). 


6.6.7.1 Habitat Loss and Fragmentation 


Access roads would result in permanent removal of 2.77 acres of modeled migratory habitat (0.02% 


of modeled migratory habitat in the action area) (Table 6.6-1). Temporary removal of 2.04 acres of 


modeled migratory habitat (Table 6.6-1) would occur for temporary access road work areas. These 


patches of migratory habitat follow established roadways, sloughs, or agricultural ditches and 


generally consists of narrow, linear patches of riparian habitat that vary in canopy coverage from 


sparse to dense. As with other activities, small, incremental increases in fragmentation are not 


expected to adversely affect the species. 


To minimize permanent habitat loss, the Western Yellow-Billed Cuckoo Avoidance and Minimization 


Measure described in Chapter 3, Section 3.6.2.4 would require suitable western yellow-billed cuckoo 


habitat to be delineated and avoided to the greatest extent possible. Where suitable habitat cannot 


be avoided and is permanently lost, the lost habitat would be offset through mitigation. The CMP 


would create, enhance, and manage in perpetuity western yellow-billed cuckoo habitat (Appendix 


3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-16: Western Yellow-billed Cuckoo 


Habitat). Temporary habitat loss would be restored to pre-disturbance conditions with 


implementation of AMM-14: Construction Best Management Practices for Biological Resources, 


described in Appendix 3A.  


6.6.7.2 Construction-Related Effects 


Vegetation clearing, ground disturbing activities (such as grading), vehicles, and heavy construction 


equipment could strike or crush individual western yellow-billed cuckoo, resulting in injury or 


mortality. Construction would create noise, vibration, light, and visual disturbances that could affect 


normal western yellow-billed cuckoo migratory behaviors. Construction-related contaminants such 


as gas, oil, or steering fluid could accidentally be discharged into modeled migratory habitat 


exposing cuckoos (and/or their prey items) to toxic materials, which could result in injury and 


mortality of individuals.  


To minimize injury and mortality during tunnel shaft construction, the Western Yellow-Billed Cuckoo 


Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.4) would require protocol surveys in 


all suitable western yellow-billed cuckoo habitat. If western yellow-billed cuckoo is found, 


vegetation removal would not be conducted within 500 feet of the occupied habitat. In addition, 


construction activities would be limited such that sound would not exceed 60 dBA within 500 feet of 


the habitat being used by the cuckoo until the USFWS- and CDFW-approved biologist has confirmed 


that the bird has left the area. To meet this noise minimization requirement, measures may be put in 


place to minimize noise at the source, as described in AMM-21: Develop and Implement Noise 


Abatement Plan (Appendix 3A).  


To reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would be put in place. To minimize the effects of night lighting, all lights 
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would be downcast and directed away from western yellow-billed cuckoo habitat as described in the 


Western Yellow-Billed Cuckoo Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.4). In 


addition, AMM-19: Minimize Fugitive Light from Portable Sources Used for Construction; and AMM-


20: Install Visual Barriers along Access Routes, Where Necessary, to Prevent Light Spill from Truck 


Headlights toward Residences would further minimize effects of night lighting (Appendix 3A). 


6.6.8 Electrical and SCADA Facilities 


The following discussion includes an analysis of electrical facility types (e.g., electrical powerlines, 


substation on Lower Roberts Island) where they occur outside one of the project feature footprints 


described in the above sections (e.g., north Delta intakes, Bethany Complex). Where the construction 


footprint of an electrical facility type (e.g., switching station, substation) falls within a larger facility 


construction footprint, such as Bethany Complex, the effects associated with that facility type are 


discussed in the relative sections. The construction actions associated with electrical and SCADA 


facilities are described and evaluated at the project level.  


Most of the power for project construction and operation would be supplied by existing power lines 


or new lines added to existing poles, but additional electrical facilities would be needed at all project 


facility locations. Power lines for the intakes and tunnel shafts would be placed underground while a 


new aboveground high-voltage power transmission line would be constructed to power the Bethany 


Complex. A new aboveground power line would also be constructed at Lower Roberts Island. 


Similar to power, new SCADA lines would be needed at the intakes, tunnel launch shafts, and the 


Bethany Complex. SCADA lines could be placed within existing telecommunications infrastructure 


corridors where possible, including on existing aboveground poles. Where existing infrastructure is 


not available, SCADA lines would be buried, primarily along existing roads and access routes. For 


more details about the activities associated with electrical and SCADA facilities, see Chapter 3, 


Section 3.2.10 and Section 3.2.11.  


Construction of electrical power and SCADA lines and the substation on Lower Roberts Island would 


require site preparation, tower or pole construction, and line stringing. Construction of 


underground power and SCADA lines would involve trenching, directional drilling, and use of heavy 


equipment and would mostly occur concurrent with access road improvements and construction. 


Cranes would be used during the line-stringing phase.  


Underground power would mostly be installed alongside existing or new roads within the roadway 


right-of-way; however, there are a few short sections of line that move away from the road 


alignment into agricultural lands at Lower Roberts Island and the Twin Cities Complex. Construction 


of electrical and SCADA facilities would require vehicular access to each tower or pole location. 


Vehicular access routes to new tower or pole locations would use existing routes or new access 


routes as described in Section 6.4.7. The duration of construction and installation of new electrical 


and SCADA facilities would not be more than 1 year at any one location. See Appendix 6A for details 


about the impact assessment method.  


6.6.8.1 Habitat Loss and Fragmentation 


Construction of new electrical facilities would result in the permanent loss of 0.11 acre of western 


yellow-billed cuckoo modeled migratory habitat (<0.01% of modeled migratory habitat within the 


action area). Construction of SCADA lines would result in temporary disturbance of 4.92 acres of 


western yellow-billed cuckoo migratory habitat (0.03% of modeled migratory habitat within the 
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action area). Mapped construction footprints for electric power and SCADA lines overlap with 


modeled western yellow-billed cuckoo migratory habitat in several locations along the alignment 


(Figure 6.6-1).  


Electrical and SCADA facilities overlap with modeled habitat at the Twin Cities Complex, New Hope 


Tract, Canal Ranch Tract, Terminous Tract, and Lower Roberts Island. The patches of lost riparian 


habitat occur along established roadways, sloughs, or agricultural ditches and are generally narrow 


with canopy coverage that varies from sparse to dense. The loss of these small, scattered patches of 


riparian habitat are not expected to adversely affect existing connectivity for western yellow-billed 


cuckoo. 


To minimize permanent habitat loss, the Western Yellow-Billed Cuckoo Avoidance and Minimization 


Measure described in Chapter 3, Section 3.6.2.4 would require suitable western yellow-billed cuckoo 


habitat to be delineated and avoided to the greatest extent possible. Where suitable habitat cannot 


be avoided and is permanently lost, the lost habitat would be offset through mitigation. The CMP 


would create, enhance, and manage in perpetuity western yellow-billed cuckoo habitat (Appendix 


3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-16: Western Yellow-billed Cuckoo 


Habitat). Temporary habitat loss would be restored to pre-disturbance conditions with 


implementation of AMM-14: Construction Best Management Practices for Biological Resources, 


described in Appendix 3A.  


6.6.8.2 Construction-Related Effects 


Site preparation for construction of new electrical and SCADA facilities would remove vegetation 


and could potentially result in the injury or mortality of western yellow-billed cuckoo individuals if 


present. Tower or pole construction and trenching work would create noise and vibration effects 


adjacent to modeled migratory habitat. Construction-related contaminants such as gas, oil, and 


steering fluid could accidentally be discharged into migratory habitat.  


To minimize injury and mortality, the Western Yellow-Billed Cuckoo Avoidance and Minimization 


Measure (Chapter 3, Section 3.6.2.4) would require protocol surveys in all suitable western yellow-


billed cuckoo habitat. If western yellow-billed cuckoo is found, vegetation removal would not be 


conducted within 500 feet of the occupied habitat. In addition, construction activities would be 


limited such that sound would not exceed 60 dBA within 500 feet of the habitat being used by the 


cuckoo until the USFWS- and CDFW-approved biologist has confirmed that the bird has left the area. 


To meet this noise minimization requirement, measures may be put in place to minimize noise at the 


source, as described in AMM-21: Develop and Implement Noise Abatement Plan (Appendix 3A). To 


reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan, and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would be implemented.  


Aboveground power lines could contribute to increased risk for bird strikes. However, most new 


project lines would be placed on existing poles and towers and therefore would not substantially 


alter the existing landscape. Also, the species does not form flocks and generally remains at or below 


the riparian canopy. Therefore, it is highly unlikely that this species would experience an increased 


risk of bird strikes at project transmission lines. Nonetheless, implementation of AMM-22: Electrical 


Power Line Support Placement (Appendix 3A) would require designing and constructing power 


supply and distribution lines to avoid sensitive habitats to the maximum extent feasible, incorporate 


bird-safe design, and use bird flight diverters. 
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6.6.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:18 concrete and CLSM 


batch plants and park-and-ride lots. None of these features overlap with western yellow-billed 


cuckoo modeled habitat, thus activities associated with these facilities are not expected to affect the 


species. 


6.6.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with western yellow-billed 


cuckoo modeled habitat. Activities in this area would not adversely affect the species.  


6.6.11 Compensatory Mitigation Plan 


The CMP would offset the loss of sensitive natural communities and habitat for special-status 


species, including western yellow-billed cuckoo, by creating and enhancing habitat on Bouldin 


Island and the I-5 ponds, and tidal habitat restoration and managing these areas in perpetuity. The 


habitat creation and enhancement sites would overlap with modeled western yellow-billed cuckoo 


habitat (Figures 6.6-1, 6.6-32, and 6.6-33).  


Construction of habitat creation and enhancement sites under the CMP would involve ground 


disturbance, grading, vegetation removal, the use of heavy equipment, and presence of personnel to 


enhance and restore habitats. Construction would take several years to construct and would not 


require night lighting.  


6.6.11.1 Initial Mitigation Sites: Bouldin Island and the I-5 Ponds 


Riparian creation and enhancement at Bouldin Island would offset the permanent loss of sensitive 


natural communities and habitat for special-status species, including western yellow-billed cuckoo. 


Site construction would include ground disturbance, grading, vegetation removal, the use of heavy 


equipment, and presence of personnel. Construction would take several years to construct and 


would not require night lighting.  


Habitat Loss and Fragmentation 


Habitat creation and enhancement at Bouldin Island and the I-5 ponds would affect 12.31 acres of 


modeled western yellow-billed cuckoo migratory habitat (0.07% of modeled migratory habitat 


within the action area). The creation and enhancement actions are assumed to convert the existing, 


low-quality habitat to high-quality western yellow-billed cuckoo habitat that will be protected and 


managed in perpetuity as described in CMP-16: Western Yellow-Billed Cuckoo Habitat (Table 3B.1-3). 


The creation and enhancement actions at Bouldin Island and the I-5 ponds are assumed to have a 


long-term benefit to the species. 


 
18 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road 
work areas included in Section 6.4.7, Access Roads, and Section 6.4.6, Bethany Complex, but the road work area 
described in this section occurs in a discreet location, outside a large project footprint.  
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Construction-Related Effects 


Vegetation clearing, ground disturbing activities (such as grading), vehicles, and heavy construction 


equipment could strike or crush individual western yellow-billed cuckoo, resulting in injury or 


mortality. Construction would create noise, vibration, light, and visual disturbances that could affect 


normal western yellow-billed cuckoo migratory behaviors. Construction-related contaminants such 


as gas, oil, or steering fluid could accidentally be discharged into modeled migratory habitat 


exposing cuckoos (and/or their prey items) to toxic materials, which could result in injury and 


mortality of individuals.  


To minimize injury and mortality during CMP construction, the Western Yellow-Billed Cuckoo 


Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.4) would require protocol surveys in 


all suitable western yellow-billed cuckoo habitat. If western yellow-billed cuckoo is found, 


vegetation removal would not be conducted within 500 feet of the occupied habitat. In addition, 


construction activities would be limited such that sound would not exceed 60 dBA within 500 feet of 


the habitat being used by the cuckoo until the USFWS- and CDFW-approved biologist has confirmed 


that the bird has left the area. To meet this noise minimization requirement, measures may be put in 


place to minimize noise at the source, as described in AMM-21: Develop and Implement Noise 


Abatement Plan (Appendix 3A).  


To reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan, and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would be put in place. To minimize the effects of night lighting, all lights 


would be screened and directed away from western yellow-billed cuckoo habitat as described in 


Western Yellow-Billed Cuckoo Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.4). In 


addition, AMM-19: Minimize Fugitive Light from Portable Sources Used for Construction and AMM-20: 


Install Visual Barriers along Access Routes, Where Necessary, to Prevent Light Spill from Truck 


Headlights toward Residences would further minimize effects of night lighting (Appendix 3A). 


6.6.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. The vernal pool, pond, and grassland communities that would be protected for these 


species do not overlap with western yellow-billed cuckoo habitat and therefore the cuckoo would 


not be adversely affected by implementation of this action. 


6.6.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.6.11.5, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to further, “step down” consultation when site-specific information becomes 


available. A non-bank site would protect, enhance, and manage suitable vernal pool or alkali 


seasonal wetland habitat. These habitat types do not overlap with western yellow-billed cuckoo 


habitat so the species would not be adversely affected by implementation of non-bank site 


protection. 
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6.6.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (Wood and Martin 2016). No construction activities would occur 


for site protection instruments.  


6.6.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP(Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids. While not the target of enhancement actions, western yellow-billed 


cuckoo also has the potential to benefit from the increase in riparian habitat along levees in the 


central Delta. 


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for listed fish species that would benefit from 


enhancement actions.  


Habitat Loss and Fragmentation 


Potential channel margin enhancement areas would likely result in the temporary disturbance of 


western yellow-billed cuckoo habitat. However, modeled migratory habitat in areas that would be 


targeted for channel margin enhancement are primarily made up of narrow, discontinuous strips of 


riparian corridor that is generally considered to be of low- to moderate- quality. In addition, channel 


margin enhancement activities would restore riparian areas and likely increase the quality and 


extent of the habitat. The long-term benefit to riparian habitat at channel margin enhancement sites 


would offset any temporary habitat loss and benefit the species in the long-term. 


Construction-Related Effects 


Construction activities could include ground disturbance, require some vehicle traffic and use of 


heavy equipment. Noise, vibration, and visual disturbance during the nesting season could alter 


typical foraging and nesting behaviors, such as advertisement calls and territorial singing, and 


reduce the functions of migratory habitat for the species. Use of contaminants such as fuels, oils, and 


herbicides, which could result in the injury, mortality, and disruption of normal behaviors of 


western yellow-billed cuckoo, if the species is present.  


To minimize injury and mortality during channel margin enhancement construction, the Western 


Yellow-Billed Cuckoo Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.4) would require 


USFWS- or CDFW- approved survey protocol in all suitable western yellow-billed cuckoo habitat 


prior to construction. If western yellow-billed cuckoo is found, vegetation removal would not be 


conducted within 500 feet of the occupied habitat. In addition, construction activities would be 


limited such that sound would not exceed 60 dBA within 500 feet of the habitat being used by the 


cuckoo until the USFWS- and CDFW-approved biologist has confirmed that the bird has left the area. 
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To meet this noise minimization requirement, measures may be put in place to minimize noise at the 


source, as described in AMM-21: Develop and Implement Noise Abatement Plan (Appendix 3A).  


To reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan, and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would minimize the potential for spills and contamination. Implementation of 


AMM-1: Conduct Environmental Resources Worker Awareness Training and AMM-14: Construction 


Best Management Practices for Biological Resources would further minimize potential for injury and 


mortality by training construction staff on the regulatory requirements for sensitive species having 


a biological monitor present during ground disturbing activities, maintaining non-disturbance 


buffers, and delineating work areas (Appendix 3A). With these measures in place, adverse effects to 


western yellow-billed cuckoo from channel margin enhancement are not likely to occur.  


6.6.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent wetland 


habitats provide important foraging and refugia habitat for listed fish species. The restoration of 


tidal perennial and wetland habitat, particularly complex wetland systems containing dendritic 


channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 


biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


Complex will be prioritized as these areas would provide greater benefits for target fish species.  


Tidal restoration will generally be achieved by reconnecting former wetland areas to adjacent tidal 


sloughs and rivers. Restoration would primarily occur through breaching or setback of levees, thereby 


restoring tidal fluctuation to land parcels currently isolated behind those levees. Where practicable 


and appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  


Typical actions required to create suitable tidal marsh habitat at these sites include grading, 


planting, and infrastructure modifications, such as protection, removal and/or relocation of existing 


utilities, pumping systems, and other water management structures. Earthwork often includes 


breaching an existing levee or berm to reintroduce tidal action to the site. Other grading may be 


performed prior to breaching to create wetland features that enhance habitat function, including 


tidal channels, tidal pannes and tidal ponds. At certain sites, more significant earthmoving may be 


required to raise subsided areas to intertidal elevations or to reinforce surrounding levees.  


Depending on the project location, it also may be necessary to construct an entirely new flood 


control levee along portions of the project perimeter to protect adjacent properties. The actual 


extent of earthmoving required can vary significantly depending on the existing topography of the 


site.  


Following earthwork and grading, the site would be revegetated, likely through a combination of 


active and passive methods. Any riparian and/or upland areas would be actively seeded, planted, 


and temporarily irrigated during the initial establishment period. Intertidal wetland areas may 


revegetate actively, be allowed to recolonize passively through natural recruitment, or experience a 


combination of the two.  
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Levee breaching will require removing levee materials from within and adjacent to tidal and other 


aquatic habitats. Levee breaching will entail in-water work using construction equipment such as 


bulldozers, backhoes, and barges. Removed levee materials will be placed on the remaining levee 


sections, placed within the restoration area, or hauled to a disposal area. Typically work would be 


sequenced so that grading and infrastructure improvements occur first, followed by planting and 


finally breaching of the existing levee to reintroduce tidal action. 


Habitat Loss and Fragmentation 


There is potential for tidal wetland restoration in lower Yolo Bypass or Cache Slough Complex to 


result in the temporary loss of western yellow-billed cuckoo habitat. This loss could occur where 


there are riparian sections along the portions of removed levees. All other riparian habitat that may 


occur on the site would not be expected to be affected by the restoration. This is because this habitat 


typically occurs around the edges of the agricultural plots that are restored in this region. And other 


than those sections of the levee that are removed to allow for the restoration of tidal flows onto the 


property, these existing riparian areas are expected to be protected and enhanced and more than 


offset any loss associated with levee breaching. This assumption is supported by the “no effect” 


determinations for the Yolo Flyway Farms and Lower Yolo tidal restoration projects (U.S. Fish and 


Wildlife Service 2017b; U.S. Fish and Wildlife Service 2019b); both of which are tidal restoration 


projects in the Cache Slough/lower Yolo Bypass part of the Delta. With this information, tidal 


restoration associated with the proposed action is not likely to adversely affect western yellow-


billed cuckoo. 


Construction-Related Effects 


Tidal wetland restoration areas could occur adjacent to suitable western yellow-billed cuckoo 


habitat within the action area. Construction activities could include ground disturbance, require 


some vehicle traffic and use of heavy equipment. Noise, vibration, and visual disturbance during the 


migratory season could alter typical foraging and movement behaviors, such as contact calls and 


predator avoidance, as well as reduce the functions of foraging habitat for the species. Use of 


contaminants such as fuels, oils, and herbicides could result in the injury, mortality, and disruption 


of normal behaviors of western yellow-billed cuckoo, if the species is present.  


To minimize injury and mortality during tidal wetland restoration construction, the Western Yellow-


Billed Cuckoo Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.4) would require 


USFWS- or CDFW- approved survey protocol in all suitable western yellow-billed cuckoo habitat 


prior to construction. If western yellow-billed cuckoo is found, vegetation removal would not be 


conducted within 500 feet of the occupied habitat. In addition, construction activities would be 


limited such that sound would not exceed 60 dBA within 500 feet of the habitat being used by the 


cuckoo until the USFWS- and CDFW-approved biologist has confirmed that the bird has left the area. 


To meet this noise minimization requirement, measures may be put in place to minimize noise at the 


source, as described in AMM21: Develop and Implement Noise Abatement Plan (Appendix 3A).  


To reduce effects of contamination from fuel or oil, AMM-2: Develop and Implement Hazardous 


Materials Management Plan, and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would minimize the potential for spills and contamination. Implementation of 


AMM-1: Conduct Environmental Resources Worker Awareness Training and AMM-14: Construction 


Best Management Practices for Biological Resources would further minimize potential for injury and 


mortality by training construction staff on the regulatory requirements for sensitive species having 
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a biological monitor present during ground disturbing activities, maintaining non-disturbance 


buffers, and delineating work areas (Appendix 3A). With these measures in place, adverse effects to 


western yellow-billed cuckoo from tidal restoration construction is not likely to occur. 


6.6.12 Effects on Critical Habitat 


There is no designated critical habitat for western yellow-billed cuckoo in the action area. 


6.6.13 Cumulative Effects 


Cumulative effects are defined under Section 7 of the Endangered Species Act as the effects of future 


state, Tribal, local, or private actions that are reasonably certain to occur in the action area. Future 


federal actions are not addressed in a Section 7 cumulative effects analysis because they require 


separate consultation pursuant to Section 7 of the Endangered Species Act. Projects that result in 


take of western yellow-billed cuckoo would require incidental take authorization pursuant to the 


Endangered Species Act and therefore are not addressed in this cumulative effects analysis because 


they require a federal action. 


However, non-federal activities and climate change have potential to affect western yellow-billed 


cuckoo in the action area where migratory habitat degradation occurs without USFWS 


authorization. The most likely activity to affect the quality of migratory habitat is conversion of 


willow-cottonwood riparian forest to agricultural or other uses such as urban expansion, river flow 


management, stream channelization, and livestock grazing (U.S. Fish and Wildlife Service 2007a). 


Urbanization along edges of watercourses, agricultural activities, and river management that alter 


flows and sediment regimes contribute to loss of cuckoo habitat. Nesting cuckoos are also sensitive 


to habitat fragmentation that reduces patch size (Dobkin 1994; Hughes 1999:3, 5, 11, 20, Hughes 


2020). Pesticide use associated with agricultural practices may affect behavior and cause death or 


potentially affect prey populations (Hughes 2020). The decline of prey populations has been found 


to effect nesting success, and breeding cuckoos may forego nesting if local food supply is inadequate 


on breeding grounds following spring migration (78 FR 61660). Predation may account for a 


significant source of nest failures, which have been recorded at 80% in some areas (Nolan 1963; 


Nolan and Thompson 1975); some predation has been attributed to human-adaptive avian 


predators that frequent agricultural areas and can exploit nests in vegetation that lacks height, 


structure, and complexity of mature riparian habitat (78 FR 61655). Fragmentation of occupied 


habitats could make nest sites more accessible and more vulnerable to predation. Although land use 


conversion is unlikely due to land use controls if agricultural and/or urban development is proposed 


in or near western yellow-billed cuckoo occupied habitat, it could contribute to a cumulative 


adverse effect on yellow-billed cuckoo in the action area. Loss of and degradation of riparian habitat 


may decrease availability of suitable nesting sites, decrease prey species density, and increase 


habitat fragmentation such that reproductive success and survivorship are affected. Additionally, 


overuse of riparian habitat by livestock has been another major factor in the degradation and 


modification of riparian habitats in the Western United States. The effects include changes in plant 


community structure and species composition and relative abundance of species and plant density 


(Wiggins 2005:3). 


Climate change threatens to modify annual weather patterns and contribute to additional declines in 


population numbers (Anders and Post 2006). Predicted drier weather may decrease the availability 


of precipitation and groundwater that supports riparian habitat. Increased potential for wildfire as 


warming increases threatens habitat and, if burned repeatedly, would prevent it from recovering. 
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Spring heat waves also endanger young birds in the nest. Climate change may also contribute to the 


conversion of native habitat to predominately nonnative vegetation. 


6.7 Effects on California Red-Legged Frog 
Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Section 4.4, Section 4.4.13.6, Suitable Habitat Definition, and Section 


4.4.13.7, Habitat Suitability Model, define suitable habitat and describe the habitat model for 


California red-legged frog.  


California red-legged frog modeled habitat is located in the southwestern part of the action area 


near Clifton Court Forebay. There are multiple occurrences in this region, including extant 


populations in and adjacent to Italian Slough, Byron-Bethany Irrigation District Canal, and along the 


northeast border of Bethany Reservoir (California Department of Fish and Wildlife 2020b). Byron 


Highway, which runs northwest to southeast along the southwest border of Clifton Court Forebay, is 


considered a somewhat permeable barrier to California red-legged frog movement. Also, habitat 


quality is assumed to decrease west to east, between Bethany Reservoir and Clifton Court Forebay, 


as the density of artificial water conveyance infrastructure and agricultural land cover types 


increase, and occurrences decrease.  


Activities associated with field investigations, access roads, electrical facilities, SCADA facilities, and 


the Bethany Complex have the potential to affect California red-legged frog. Figures 6.7-1 through 


6.7-18 include overview as well as “zoomed-in” figures depicting overlap between the project 


footprint, modeled habitat, critical habitat, and CNDDB occurrences.  


Modeled California red-legged frog habitat occurs in the southwestern part of the action area near 


Clifton Court Forebay, including 148 acres of aquatic and 668 acres of modeled upland habitat. 


Excluding dispersal habitat, an estimated 10.12 acres (1.2% of total modeled habitat in action area) 


of California red-legged frog modeled habitat would be adversely affected by the project, which 


includes 0.34 acre of aquatic habitat (0.2% of modeled aquatic habitat in the action area) and 9.78 


acres of modeled upland habitat (1.5% of modeled upland habitat in the action area). Effects from 


these activities are described in the sections below. Table 6.7-1 summarizes the maximum affected 


acreage of California red-legged frog modeled habitat and Table 6.7-2 summarizes the proposed 


acres of compensation. Dispersal habitat was modeled to evaluate barriers to movement.  
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Table 6.7-1. Maximum Habitat Loss of Modeled Habitat for California Red-Legged Frog by Activity Type (Acres) 


California 
Red-Legged 


Frog 
Modeled 
Habitat 


Total 
Modeled 


Habitat in the 
Action Area 


Permanent Modeled Habitat Loss from Construction a Temporary Modeled Habitat Disturbance from Construction b Total 
Affected 
Modeled 
Habitat 
(Acres) CCWD 


Access 
Road 


Bethany 
Complex 


North 
Delta 


Intakes 


Other 
Construction 


Support 
Facilities 


Electrical 
Facilities c 


(Overhead and 
Underground) RTM 


Tunnel 
Shaft 


Permanent 
subtotal 


Field 
Investigations CCWD 


Access 
Road 


Other 
Construction 


Support 
Facilities 


Electrical and 
SCADA Facilities 
(Overhead and 
Underground) 


Temporary 
Subtotal 


Aquatic 148 - 0.21 - - - - - - 0.21 - - 0.12 - - 0.12 0.34 


Upland  668 - 3.79 3.21 - 0.02 0.05 - - 7.06 - - 2.11 0.01 0.60 2.72 9.78 


Dispersal d 21,580 - 47.29 315.55 - - 0.64 - - 363.48 21.03 - 25.47 0.01 1.46 47.97 411.45 


Total e 22,396 - 51.29 318.76 - 0.02 0.69 - - 370.75 21.03 - 27.70 0.02 2.06 50.81 421.57 


Notes: 
CCWD = Contra Costa Water District; RTM = reusable tunnel material; SCADA = supervisory control and data acquisition. 
a Permanent Habitat Loss includes potential permanent and long-term temporary impacts. Long-term temporary impacts are those impacts that would be restored to pre-project conditions, but not within 1 year from initial ground disturbance (as temporary impacts would be). 
b Temporary Habitat Loss includes potential temporary impacts from construction that would be restored to pre-disturbance conditions within 1 year of construction completion, as described in AMM-14: Construction Best Management Practices for Biological Resources (Appendix 


3A, General Avoidance and Minimization Measures). 
c Electrical Facilities include potential habitat loss as a result of the construction of overhead and underground power transmission lines. Potential habitat loss from the construction of electrical facilities (i.e., lines, substations, switchyards, and switching stations) that occur within 


larger facilities (e.g., Bethany Complex) is captured in the large facility impact acreage. 
d Overlap between the project footprint and dispersal habitat is described here to inform the impact discussion on movement.  
e Total is of aquatic and upland habitat. Dispersal habitat is not counted as total habitat loss or disturbance.  
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Table 6.7-2. Maximum Habitat Loss and Compensation for California Red-Legged Frog 


 


Permanent Habit Loss 
Maximum Compensation 


Commitment (Acres) 


Total Maximum Habitat Loss (Acres) Protection or Restoration a 


Aquatic 0.21 0.63 


Upland  7.06 7.06 


Total 7.27 7.69 
a See CMP-14: California Red-Legged Frog Habitat, described in Attachment 3B.1, Compensatory Mitigation Design 
Parameters, for details about the protection and restoration commitments for California red-legged frog. 


6.7.1 Field Investigations 


Field investigation actions described are for new proposed actions and have not been previously 


consulted upon. Field investigation actions are described and evaluated at the project or site level. 


Field investigations would occur after EIR approval and before and during construction. Some 


investigations would occur within the construction footprint (where suitable habitat is already 


assumed to be lost and thus no additional habitat loss from future field investigations would be 


incurred) and some would occur outside the construction footprint (which results in temporary 


habitat disturbance additional to that incurred by construction). Agronomic testing, utility 


potholing, and pilot studies for settlement would occur within the existing project footprints and 


would therefore not result in habitat loss additional to the loss described in the relevant, associated 


activity type sections (e.g., Bethany Complex). Geotechnical investigations associated with the West 


Tracy Fault, Bethany Fault, and the tunnel for the Bethany Reservoir Aqueduct, which include test 


trenches, CPTs, and soil borings, largely fall outside of surface construction footprints and it is these 


impacts that are discussed in this section.  


Field investigations include activities such as overland driving, equipment storage, pit digging, soil 


boring, trenching, and temporary soil storage prior to backfilling trenches. West Tracy Fault 


investigations would involve up to 6 test trenches, each 0.07 acre with a temporary work footprint 


of up to 4.59 acres. Excavation and backfilling of the test trenches would last up to 12 days. Bethany 


Fault investigations would take place above the Bethany Reservoir Aqueduct tunnel outside of the 


Bethany Conservation Easement and consist of a linear array of electrodes driven into the ground 


over several hundred feet; the electrodes would induce a low current into the ground and be 


removed upon completion of testing. Ground disturbance for other field investigations is not 


expected to exceed 0.84 acre and would not last more than 30 days. Field investigations would not 


require nighttime lighting.  


6.7.1.1 Habitat Loss and Fragmentation 


Field investigations do not overlap with modeled California red-legged frog aquatic and upland 


habitat (Figures 6.7-7, 6.7-10, and 6.7-11). Field investigations do overlap with dispersal habitat, but 


because field investigations are temporary activities that last no more than 30 days, fragmentation 


of habitat is not a concern.  
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6.7.1.2 Construction-Related Effects 


Field investigation locations overlap with dispersal habitat, and thus have potential to affect 


dispersing individuals, in two locations: northeast of Bethany Reservoir and to the south and 


southeast of Clifton Court Forebay. Ground disturbance within this dispersal habitat could injure or 


kill individuals either moving between locations or seeking refuge in a burrow or soil crevice or 


under leaf litter. California red-legged frog could also be trapped in open trenches or other 


excavations and become vulnerable to desiccation and predation. Construction activities could also 


result in the exposure of California red-legged frog to construction-related fluids, such as fuels and 


oils, which could result in the injury and mortality of dispersing individuals.  


The potential for field investigations to affect individuals would be minimized by isolating activities 


to the dry season to the extent practicable, along with other measures described in Chapter 3, 


Section 3.6.2.5, California Red-Legged Frog Avoidance and Minimization Measure. In addition, AMM-


1: Conduct Environmental Resources Worker Awareness Training requires training construction staff 


on the regulatory requirements for sensitive species. AMM-14: Construction Best Management 


Practices for Biological Resources requires a construction monitoring plan be prepared, a relocation 


plan be approved by USFWS prior to ground disturbance and requires speed limits on all non-public, 


project-related access roads. AMM-14 also requires all excavated, steep-walled holes or trenches 


more than 6 inches deep to be covered with plywood or similar material at the close of each working 


day and/or to be provided with one or more escape ramps constructed of earth fill or wooden 


planks. Before such holes or trenches are filled, they would be thoroughly inspected for trapped 


animals.  


Avoidance of impacts on California red-legged frog from vehicle-related contaminants such as fuel 


or oil would be minimized with implementation of AMM-2: Develop and Implement Hazardous 


Materials Management Plans and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans, by implementing spill prevention and control plans. Disruptions to frog 


behavior and movement from noise and vibration are not expected to be measurable given the short 


duration and small extent of ground disturbance. Where disruptions do occur, implementation of 


the minimization measure detailed in Chapter 3, Section 3.6.2.5 and AMM-14: Construction Best 


Management Practices for Biological Resources are expected to minimize the effect with pre-


disturbance detection, work stoppage (if detected), and relocation if needed. However, the threshold 


at which disruption of normal behaviors would occur is unknown. 


6.7.2 North Delta Intakes  


The north Delta intake construction area does not overlap with California red-legged frog modeled 


habitat and this activity would not have an adverse effect on the species (Figure 6.7-2).  


6.7.3 Tunnels 
The tunnel alignment from the north Delta intakes to the Bethany Complex does not overlap with 


California red-legged frog modeled aquatic or upland habitat. There is a small amount of overlap 


between the subsurface tunnel feature and dispersal habitat. Because the tunnel is below the 


surface, there are no direct effects from tunneling. However, the tunnel boring machine creates 


vibrations that reach the surface and could affect the behavior of amphibians such as the California 


red-legged frog. Because the tunnel alignment overlaps with dispersal habitat (and not aquatic or 


upland habitat) at the eastern edge of the species’ range, vibration from tunneling is not expected to 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-111 


May 2024 
ICF 103653  


 


adversely affect the species (Figure 6.7-1). However, the threshold at which disruption of normal 


behaviors would occur is unknown. 


6.7.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 


alignment, and at the Bethany Complex. One reception shaft within the Bethany Reservoir surge 


basin overlaps with modeled California red-legged frog dispersal habitat. That impact is discussed 


along with other construction-related impacts under Section 6.7.6, Bethany Complex, below.  


6.7.5 Reusable Tunnel Material  


RTM areas would not overlap with California red-legged frog modeled habitat; thus, RTM area 


construction would not affect California red-legged frog (Figure 6.7-1). 


6.7.6 Bethany Complex 


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and operations within the Bethany 


Complex footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level. 


The Bethany Reservoir Aqueduct that connects the Bethany Reservoir Pumping Plant to the Bethany 


Reservoir Discharge Structure would be aboveground, except for two tunneled sections that would 


pass under the Jones Pumping Plant discharge pipelines and Bethany Conservation Easement. The 


tunneled portion of the Bethany Aqueduct under the conservation easement would be constructed 


at a depth of 45–180 feet below ground surface, and entry and exit portals to the aqueduct would be 


outside of the conservation easement (Chapter 3, Section 3.2.6.3). All geotechnical and construction 


activities would avoid surface disturbance to the conservation easement. No surface facilities (e.g., 


roads, utilities, or other structures) would be located on top of the conservation easement.  


Construction activities at the Bethany Complex include vegetation clearing, grading, excavation, soil 


compaction, building of structures, and the use of construction-related vehicles. Sheet piles for 


construction of the discharge structure would be installed using vibratory pile driving methods. 


Construction of the Bethany Complex would take place over several years and may require night 


lighting. As described in Chapter 3, Section 3.2.12, Fencing and Lighting, all lights used during 


nighttime construction would be downcast, cut-off type fixtures with non-glare finishes, natural 


light qualities, and minimum intensity. 


6.7.6.1 Habitat Loss and Fragmentation 


With the exception of impacts on aquatic habitat as a result of electrical and SCADA facilities and 


access road construction that occurs outside the main Bethany Complex (as described in Sections 


6.7.8 and 6.7.7, respectively), no aquatic habitat would be affected by the Bethany Complex (Figures 


6.7-6, 6.7-14 through 6.7-16). An estimated 3.21 acres of modeled upland habitat (0.5% of modeled 


upland habitat in the action area) and 315.55 acres of modeled dispersal habitat (1.5% of modeled 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-112 


May 2024 
ICF 103653  


 


dispersal habitat in the action area) would be permanently lost as a result of construction of the 


Bethany Complex (Table 6.7-1).  


Lost habitat from Bethany Complex construction is a mix of low-quality habitat near Byron Highway 


and higher quality habitat near Bethany Reservoir. The Bethany Reservoir Pumping Plant and Surge 


Basin footprint are located southwest of Clifton Court Forebay in primarily agricultural lands with 


lower upland and dispersal habitat value. The discharge structure is just to the east of Bethany 


Reservoir where the habitat value is considered higher because the primary land cover type is 


grassland and there are known, extant occurrences in the region (e.g., occurrences #28, #100) 


(California Department of Fish and Wildlife 2020b). In addition to habitat loss, the construction of 


the Bethany Complex would result in further fragmentation of modeled dispersal habitat and create 


additional barriers to movement.  


Chapter 3, Section 3.6.2.5 commits to delineating and avoiding suitable California red-legged frog 


habitat to the greatest extent possible. Where delineated suitable habitat cannot be avoided and is 


permanently lost, 0.63 acre of aquatic habitat and 21.00 acres of upland habitat would be protected 


or restored, or the equivalent amount of agency-approved mitigation bank credits or other site 


protection instruments would be purchased, as described in CMP-14: California Red-Legged Habitat 


(Table 3B.1-3). The measure would require protection of suitable habitat prioritized in the East San 


Francisco Bay core recovery area, which is one of the core recovery areas identified in the Recovery 


Plan for the California Red-Legged Frog (Rana aurora draytonii) (U.S. Fish and Wildlife Service 2002), 


at a location subject to USFWS approval.  


6.7.6.2 Construction-Related Effects  


Construction of the Bethany Complex has potential to result in California red-legged frog injury and 


mortality. Construction-related contaminants such as gas, oil, steering fluid, and cement could 


accidentally be discharged into California red-legged frog habitat. Vehicles and heavy equipment 


used at the construction site could crush individuals if present within the construction footprint. 


California red-legged frog could also be trapped in open trenches or other excavations or become 


entangled in erosion control materials. Light and vibration could disrupt normal behaviors and 


increase susceptibility to predation. However, the threshold at which disruption of normal 


behaviors would occur is unknown. 


To reduce the potential effects of contamination from spills, AMM-2: Develop and Implement 


Hazardous Materials Management Plans, and AMM-3: Develop and Implement Spill Prevention, 


Control, and Countermeasure Plans would require spill prevention and control plans be created and 


implemented. AMM-1: Conduct Environmental Resources Worker Awareness Training and AMM-14: 


Construction Best Management Practices for Biological Resources would reduce the potential of injury 


or mortality from construction equipment by training construction staff on the regulatory 


requirements for sensitive species; instituting speed limits; requiring the presence of a biological 


monitor; covering steep-walled holes or trenches more than 6 inches deep or providing an escape 


ramp; prohibiting plastic monofilament netting or similar material for erosion control; capping ends 


of stored pipes and culverts; and implementing non-disturbance buffers using construction fencing, 


where applicable.  


Chapter 3, Section 3.6.2.5 would minimize impacts by requiring preconstruction surveys, requiring 


the presence of a qualified biological monitor, minimizing ground disturbing activities, minimizing 


nighttime construction, avoiding initial ground disturbance work during periods of rainfall, 
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implementing a relocation plan, installing exclusion fencing 14 days prior to construction where 


California red-legged frog habitat is within 300 feet to reduce effects of construction, and directing 


night lighting away from California red-legged frog habitat outside of the construction area. As 


described in Section 3.2.12, all lights used during nighttime construction would be downcast, cut-off 


type fixtures with non-glare finishes, natural light qualities, and minimum intensity. AMM-19: 


Minimize Fugitive Light from Portable Sources Used for Construction would further minimize effects 


of night lighting.  


6.7.7 Access Roads 


The construction of new roads and improvements to existing roads are necessary to support project 


construction. New access roads would be either gravel or paved and would be built to connect 


existing roads to construction areas. Existing roads would be widened and improved to support the 


construction-related traffic. The access roads that overlap with California red-legged frog modeled 


habitat are those that are in service to, but occur outside of, the Bethany Complex. Impacts from 


access road construction within the Bethany Complex are described above in Section 6.7.6. The 


construction actions associated with access roads are described and evaluated at the project level.  


There are three regions where new access roads would be constructed and existing access roads 


would be improved in service of the Bethany Complex: to the northeast of the Bethany Complex, 


connecting Mountain House Road to Byron Highway; between Mountain House Road and the 


Bethany discharge structure; and to the south of the Bethany Complex, connecting Mountain House 


Road to Grant Line Road (Figures 6.7-17 and 6.7-18). All access roads described in this section occur 


west of Byron Highway. For more information about access roads see Chapter 3, Section 3.2.7.  


Construction activities for new and widened access roads include clearing, grubbing, moving 


utilities, paving, and the use of construction vehicles. Construction of access roads to the Bethany 


Complex would take place over several years during daylight hours, with the exception of the traffic 


bypass at Mountain House Road where construction would occur at night. All lights used during 


nighttime construction would be downcast, cut-off type fixtures with non-glare finishes, natural 


light qualities, and minimum intensity. Construction-related lighting would be downcast and 


motion-activated so as not to subject the immediate surroundings to light level extremes; however, 


these types of lights generate an ambient nighttime luminescence that is visible from a distance 


(Chapter 3, Section 3.2.12). 


6.7.7.1 Habitat Loss and Fragmentation 


Access roads would result in the permanent loss of 0.21 acre of modeled aquatic habitat and 3.79 


acres of modeled upland habitat. There is also a temporary loss of 0.12 acre of modeled aquatic 


habitat and 2.11 acres of modeled upland habitat. Table 6.7-1 details the acres of habitat lost due to 


access roads.  


The access roads being constructed in this area affect a combination of lower quality habitat that 


occurs within agricultural lands and higher quality grazed grasslands interspersed with stock ponds, 


drainage ditches, water infrastructure, and natural creeks and drainages. Several known 


occurrences of California red-legged frog are recorded in the area east and south of Bethany 


Reservoir where several access roads would be constructed (California Department of Fish and 


Wildlife 2020b).  







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-114 


May 2024 
ICF 103653  


 


Three new access road segments and the widening of existing public roads in service to the Bethany 


Complex would incrementally increase habitat fragmentation and decrease connectivity because 


these roads occur adjacent to aquatic habitat, between aquatic and upland habitat, or in proximity 


(< 300 feet) to a known CNDDB occurrence (California Department of Fish and Wildlife 2020b). The 


access roads that would incrementally increase fragmentation are as follows. 


• Widened portions of Mountain House Road (Figure 6.7-15) 


• Improvements to the intersection of Mountain House Road and Grant Line Road, including a 


new paved road extension of Mountain House Road, new bridge over Mountain House Creek, 


new intersection with Grant Line Road, and widened merge lane on Grant Line Road (Figure 6.7-


16) 


• New intersection of Byron Highway and Lindeman Road (Figures 6.7-6 and 6.7-16) 


• New DWR access road from the Bethany Reservoir Discharge Structure to Mountain House Road 


(Figure 6.7-15) 


There is some potential for an increase in injury and mortality as a result of an increase in traffic 


volume during construction. These impacts are discussed in the section directly below.  


To minimize permanent and temporary habitat loss, the California Red-Legged Frog Avoidance and 


Minimization Measure detailed in Chapter 3, Section 3.6.2.5 commits to delineating and avoiding 


suitable habitat to the greatest extent possible. Where delineated suitable habitat cannot be avoided 


and is permanently lost, the lost habitat would be offset as described in CMP-14: California Red-


Legged Frog Habitat (Table 3B.1-3). To minimize the incremental decrease in California red-legged 


frog habitat connectivity from the construction of access roads, AMM-25: Minimize Access Road 


Impacts on Listed Amphibian Connectivity would require new and widened roads to be designed to 


reduce barriers to movement. Temporary habitat loss would be restored to pre-disturbance 


conditions with implementation of AMM-14: Construction Best Management Practices for Biological 


Resources, described in Appendix 3A.  


6.7.7.2 Construction-Related Effects  


Access road construction has potential to result in injury or mortality of California red-legged frogs. 


Construction-related contaminants such as gas, oil, steering fluid, and cement could accidentally be 


discharged into California red-legged frog habitat. Individuals could be crushed by heavy equipment 


constructing the roads or by the increased construction traffic using the new and improved roads, 


especially during the wet season. California red-legged frogs could be trapped in open trenches or 


other excavations or become entangled in erosion control materials. Noise, vibration, and light could 


disrupt normal behaviors or movement patterns or make individuals more vulnerable to predation. 


However, the threshold at which disruption of normal behaviors would occur is unknown. 


The primary method by which injury and mortality would be minimized is the application of 


measures outlined in Chapter 3, Section 3.6.2.5. This measure requires delineation of suitable 


habitat by an USFWS approved biologist prior to construction. If suitable habitat is present, 


presence/absence surveys would be conducted prior to ground disturbance or occupancy would be 


assumed. If presence is detected or the species is assumed to be present, occupied habitat would be 


delineated and avoided, if feasible. If avoidance of occupied habitat is not feasible, construction 


initiation in these areas would be restricted to periods outside of the wet season or to days of low or 


no rain as specifically defined in detail in Section 3.6.2.5. The measure would also require presence 
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of a qualified biological monitor, creation of a relocation plan, installation of exclusion fencing 14 


days prior to construction where California red-legged frog habitat is within 300 feet, and the 


directing of night lighting away from California red-legged frog habitat outside of the construction 


area.  


To reduce the potential effects of contamination, management and spill prevention plans would be 


developed under AMM-2: Develop and Implement Hazardous Materials Management Plans, and 


AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans. AMM-1: Conduct 


Environmental Resources Worker Awareness Training and AMM-14: Construction Best Management 


Practices for Biological Resources would reduce the potential of injury or mortality from 


construction equipment by requiring training construction staff on the regulatory requirements for 


sensitive species, setting speed limits, requiring posted wildlife crossing signs, having a biological 


monitor present, restricting ingress/egress at the project site to routes identified in project plans, 


limiting vehicle parking to established areas, covering steep-walled holes or trenches more than 6 


inches deep or providing an escape ramp, prohibiting plastic monofilament netting or similar 


material for erosion control, capping ends of stored pipes and culverts, and implementing non-


disturbance buffers using construction fencing, where applicable. 


6.7.8 Electrical and SCADA Facilities 


The following discussion includes an analysis of electrical facility types (e.g., electrical powerlines, 


substation on Lower Roberts Island) where they occur outside one of the project feature footprints 


described in the above sections (e.g., north Delta intakes, Bethany Complex). Where the construction 


footprint of an electrical facility type (e.g., switching station, substation) falls within a larger facility 


construction footprint, such as Bethany Complex, the effects associated with that facility type are 


discussed in the relative sections. The construction actions associated with electrical and SCADA 


facilities are described and evaluated at the project level. 


Most of the power for project construction and operation would be supplied by existing power lines 


or new lines added to existing poles, but additional electrical facilities would be needed at all project 


facility locations. Power lines for the intake and tunnel shafts would be placed underground while a 


new aboveground high-voltage power transmission line would be constructed to power the Bethany 


Complex. A new aboveground power line and substation would also be constructed at Lower 


Roberts Island.  


Similar to power, new SCADA lines would be needed at the intakes, tunnel launch shafts, and the 


Bethany Complex. SCADA lines could be placed within existing telecommunications infrastructure 


corridors where possible, including on existing aboveground poles. Where existing infrastructure is 


not available, SCADA lines would be buried, primarily along existing roads and access routes. For 


more details about the activities associated with electrical and SCADA facilities, see Chapter 3, 


Section 3.2.10 and Section 3.2.11.  


Underground power would mostly be installed alongside existing or new roads within the roadway 


right-of-way; however, there are a few short sections of line that move away from the road 


alignment into agricultural lands at Lower Roberts Island and the Twin Cities Complex. Construction 


of electrical and SCADA facilities would require vehicular access to each tower or pole location. 


Vehicular access routes to new tower or pole locations would use existing routes or new access 


routes as described in Section 6.7.7. The duration of construction and installation of new electrical 
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and SCADA facilities would not be more than 1 year at any one location. See Appendix 6A for details 


about the impact assessment method.  


6.7.8.1 Habitat Loss and Fragmentation 


Electrical and SCADA facilities serving the Bethany Complex overlap with modeled California red-


legged frog habitat. Construction of electrical and SCADA facilities would result in the permanent 


loss of 0.05 acre of upland habitat (<0.01% of all modeled upland habitat in the action area) and 


0.64 acre of dispersal habitat (<0.01% of all modeled dispersal habitat in the action area) and 


temporary removal of 0.60 acre of modeled upland habitat (0.09% of all modeled upland habitat in 


the action area) and 1.46 acres of modeled dispersal habitat (<0.01% of all modeled dispersal 


habitat in the action area). See Table 6.7-1 and Figures 6.7-7, 6.7-12 through 6.7-17.  


Bethany Complex power and SCADA facilities are located west of Byron Highway. As described in 


Section 6.7.7, modeled upland and dispersal habitat in this region is a combination of high- and low-


quality habitat with several known occurrences in the area east and south of Bethany Reservoir 


(California Department of Fish and Wildlife 2020b). Because the patches of permanent and 


temporary habitat loss are small, construction activities associated with the electrical facilities are 


not likely to have a substantial effect on California red-legged frog. In addition, the measure detailed 


in Chapter 3, Section 3.6.2.5 commits to delineating and avoiding suitable California red-legged frog 


habitat to the greatest extent possible. Where delineated suitable habitat cannot be avoided, the loss 


of upland habitat would be offset through implementation of CMP-14: California Red-Legged Frog 


Habitat, described in Attachment 3B.1. The measure would require protection of suitable habitat 


prioritized in the East San Francisco Bay core recovery area, which is one of the core recovery areas 


identified in the Recovery Plan for the California Red-Legged Frog (Rana aurora draytonii) (U.S. Fish 


and Wildlife Service 2002), at a location subject to USFWS approval. Temporary habitat loss would 


be restored to pre-disturbance conditions with implementation of AMM-14: Construction Best 


Management Practices for Biological Resources, as described in Appendix 3A. 


6.7.8.2 Construction-Related Effects 


Vehicles and heavy equipment associated with power and SCADA facilities construction could injure 


or kill California red-legged frog if individuals are present within the construction footprint. 


Construction-related contaminants such as gas, oil, and steering fluid could accidentally be 


discharged into California red-legged frog habitat. California red-legged frog could also be trapped in 


open trenches or become entangled in erosion control materials. Construction of electrical and 


SCADA facilities could generate light and vibrations, which could disrupt normal behaviors and 


cause California red-legged frog to be more visible at night and make them vulnerable to predation 


or result in increased energy expenditures those these effects would be limited due to the short 


duration of power and SCADA facilities construction. However, the threshold at which disruption of 


normal behaviors would occur is unknown. 


To reduce the potential effects of contamination from spills, AMM-2: Develop and Implement 


Hazardous Materials Management Plans, and AMM-3: Develop and Implement Spill Prevention, 


Control, and Countermeasure Plans would implement spill prevention and control plans. AMM-1: 


Conduct Environmental Resources Worker Awareness Training and AMM-14: Construction Best 


Management Practices for Biological Resources would reduce the potential of injury or mortality 


from construction equipment by requiring training construction staff on the regulatory 


requirements for sensitive species, speed limits, a biological monitor present, and non-disturbance 
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buffers. In addition, Chapter 3, Section 3.6.2.5 would require presence/absence surveys would be 


conducted prior to ground disturbance if suitable habitat is present (or occupancy would be 


assumed). If presence is detected or the species is assumed to be present, occupied habitat would be 


delineated and avoided, if feasible. If avoidance is not feasible, construction initiation in these areas 


would be restricted to periods outside of the wet season as specifically described in the measure. 


The measures would also require presence of a qualified biological monitor, minimization of ground 


disturbing activities, minimization of construction, implementation of a relocation plan, installation 


of exclusion fencing 14 days prior to construction to reduce effects of construction where California 


red-legged frog habitat is within 300 feet, and the directing of night lighting away from California 


red-legged frog habitat outside of the construction area.  


6.7.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:19 concrete and CLSM 


batch plants and park-and-ride lots. None of these features overlap with the California red-legged 


frog modeled habitat. 


Construction of a metering area off of Christensen Road would result in 0.02 acres of permanent 


impacts to California red-legged frog modeled upland habitat (<0.01% of all modeled upland habitat 


in the action area) and 0.01 acres of temporary habitat disturbance (<0.01% of all modeled upland 


habitat in the action area). The metering area would support new overhead power lines. The small 


permanent loss of modeled habitat would not result in habitat fragmentation. Impacts to habitat and 


California red-legged frog would be minimized as described in Section 6.7.8.1. 


6.7.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with California red-legged 


frog modeled habitat. Activities in this area would not have an adverse effect on the species (Figure 


6.7-5).  


6.7.11 Compensatory Mitigation Plan 


The wetland creation and enhancement sites under the CMP do not overlap with California red-


legged frog modeled habitat; therefore, these activities would not have an adverse effect on the 


species (Figure 6.7-1).  


6.7.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


The Bouldin Island and I-5 pond creation and enhancement sites do not overlap with California red-


legged frog modeled habitat (Figure 6.7-1); therefore, these activities would have no effect on the 


species.  


 
19 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, e.g., north Delta intakes, Bethany Complex, etc. For example, there are impacts from road 
work areas included in Section 6.7.7., Access Roads, and Section 6.7.6, Bethany Complex, but the road work area 
described in this section occurs in a discreet location, outside those primary construction locations.  
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6.7.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. Mitigation or conservation bank credits purchased for these species would be 


purchased at banks that have been approved by USFWS. Through the approval process, any 


potential impacts on California red-legged frog from restoration, creation, enhancement, 


management, maintenance, or monitoring would have been addressed by the USFWS through credit 


approval process. Because the approved bank would provide bank credits for California red-legged 


frog, the purchase is assumed to be beneficial for the species.  


6.7.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.7.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down” consultation when site-specific information becomes 


available. A non-bank site would create or restore, protect, enhance, and manage suitable vernal 


pool or alkali seasonal wetland habitat. If non-bank sites are used for vernal pool or alkaline wetland 


creation or enhancement (Appendix 3B, Section 3B.3.2.4), these activities could occur in areas 


where California red-legged have potential to occur.  


Construction and management activities could include ground disturbance, require some vehicle 


traffic and use of heavy equipment, and use of contaminants such as fuels, oils, and herbicides, which 


could result in the injury, mortality, and disruption of normal behaviors of California red-legged 


frog. Chapter 3, Section 3.6.2.5 would minimize impacts by requiring preconstruction surveys, 


requiring the presence of a qualified biological monitor, minimizing ground disturbing activities, 


minimizing nighttime construction, and avoiding initial ground disturbance work during periods of 


rainfall, implementing a relocation plan, installing exclusion fencing 14 days prior to construction to 


reduce effects of construction where California red-legged frog habitat is within 300 feet of 


construction activities. To reduce the potential effects of contamination from spills, AMM-2: Develop 


and Implement Hazardous Materials Management Plans, and AMM-3: Develop and Implement Spill 


Prevention, Control, and Countermeasure Plans (Appendix 3A) would require spill prevention and 


control plans be created and implemented. With these measures in place, and the long-term benefits 


associated with protection and long-term management of California red-legged frog habitat, 


implementation of non-bank sites is not expected to adversely affect the species.  


6.7.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (Wood and Martin 2016). No construction activities would occur 


for site protection instruments.  
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6.7.11.5 Channel Margin Enhancements 


Channel margin enhancements would take place in areas that do not provide habitat for California 


red-legged frog and would be outside of the species’ current range. Therefore, this activity would 


have no effect on California red-legged frog. 


6.7.11.6 Tidal Perennial/Emergent Wetland Restoration 


Tidal wetland restoration would take place in areas outside of the current California red-legged frog 


range. Therefore, this activity would have no effect on California red-legged frog. 


6.7.12 Effects on Critical Habitat 


There are over 1.6 million acres of designated critical habitat for California red-legged frog, and 


approximately 44,470 acres of critical habitat in Unit CCS-2B (50 CFR Part 17, 12816–12959). 


Approximately 1,946 acres of critical habitat unit CCS-2B overlaps with the action area to the west of 


Clifton Court Forebay (Figures 6.7-1, 6.7-6, and 6.7-7). The Primary Constituent Elements (PCEs) for 


California red-legged frog are defined below (50 CFR Part 17, 12816–12959). 


1. Aquatic Breeding Habitat. Standing bodies of fresh water (with salinities less than 4.5 parts per 


thousand), including natural and manmade (e.g., stock) ponds, slow-moving streams or pools 


within streams, and other ephemeral or permanent water bodies that typically become 


inundated during winter rains and hold water for a minimum of 20 weeks in all but the driest of 


years. 


2. Non-Breeding Aquatic Habitat. Freshwater pond and stream habitats, as described above, that 


may not hold water long enough for the species to complete its aquatic life cycle, but which 


provide for shelter, foraging, predator avoidance, and aquatic dispersal of juvenile and adult 


California red-legged frogs. Other wetland habitats considered to meet these criteria include but 


are not limited to: plunge pools within intermittent creeks, seeps, quiet water refugia within 


streams during high water flows, and springs of sufficient flow to withstand short-term dry 


periods.  


3. Upland Habitat. Upland areas adjacent to or surrounding breeding and non-breeding aquatic 


and riparian habitat up to a distance of 1 mile in most cases (i.e., depending on surrounding 


landscape and dispersal barriers) including various vegetational types such as grassland, 


woodland, forest, wetland, or riparian areas that provide shelter, forage, and predator avoidance 


for the California red-legged frog. Upland features are also essential in that they are needed to 


maintain the hydrologic, geographic, topographic, ecological, and edaphic features that support 


and surround the aquatic, wetland, or riparian habitat. These upland features contribute to: (1) 


Filling of aquatic, wetland, or riparian habitats; (2) maintaining suitable periods of pool 


inundation for larval frogs and their food sources; and (3) providing nonbreeding, feeding, and 


sheltering habitat for juvenile and adult frogs (e.g., shelter, shade, moisture, cooler 


temperatures, a prey base, foraging opportunities, and areas for predator avoidance). Upland 


habitat should include structural features such as boulders, rocks and organic debris (e.g., 


downed trees, logs), small mammal burrows, or moist leaf litter. 


4. Dispersal Habitat. Accessible upland or riparian habitat within and between occupied or 


previously occupied sites that are located within 1 mile of each other, and that support 


movement between such sites. Dispersal habitat includes various natural habitats, and altered 
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habitats such as agricultural fields, that do not contain barriers (e.g., heavily traveled roads 


without bridges or culverts) to dispersal. Dispersal habitat does not include moderate- to high-


density urban or industrial developments with large expanses of asphalt or concrete, nor does it 


include large lakes or reservoirs over 50 acres (20 hectares) in size, or other areas that do not 


contain those features identified in PCE 1, 2, or 3 as essential to the conservation of the species. 


The Bethany Reservoir Aqueduct, Bethany Reservoir Discharge Structure, access road to the 


Bethany Reservoir Discharge Structure, and underground SCADA fiber routes overlap with critical 


habitat unit CCS-2B for California red-legged frog (50 CFR Part 17, 12816–12959) (Figures 6.7-1, 


6.7-5, and 6.7-6). The proposed action would permanently remove 0.01 acre of modeled aquatic 


habitat (which is assumed to meet the criteria of PCE 1 and PCE 2); 1.65 acres of modeled upland 


habitat (which partially meets the criteria for PCE 3), and 43.61 acres of modeled dispersal habitat 


(which meets the criteria for PCE 3 and PCE 4) within this unit. This is less than 0.01% of total 


California red-legged frog designated critical habitat, and 0.10% of California red-legged frog critical 


habit in Unit CCS-2B (50 CFR Part 17, 12816–12959). Permanent and temporary habitat loss due to 


the proposed action would result in fragmentation and isolation of habitat within this critical habitat 


unit, but this effect would be small because the access road would not be heavily traveled, and the 


Bethany Reservoir Discharge Structure is located adjacent to the edge of Bethany Reservoir (and 


therefore does not pose a new, substantial barrier to movement).  


Effects would be avoided and minimized through implementation of measures such as AMM-1: 


Conduct Environmental Resources Worker Awareness Training; AMM-2: Develop and Implement 


Hazardous Materials Management Plans; AMM-3: Develop and Implement Spill Prevention, Control, 


and Countermeasure Plans; AMM-14: Construction Best Management Practices for Biological 


Resources; and AMM-17: Avoid and Minimize Impacts on Terrestrial Biological Resources from 


Maintenance Activities (Appendix 3A). In addition, the measures presented in Chapter 3, Section 


3.6.2.5 would implement measures such as delineating suitable habitat and minimizing ground 


disturbing activities within suitable habitat.  


Where delineated suitable habitat cannot be avoided and is permanently lost, the loss of habitat 


would be offset through implementation of CMP-14: California Red-Legged Frog Habitat, described 


in Attachment 3B.1. The measure would require protection of suitable habitat prioritized in the East 


San Francisco Bay core recovery area, which is one of the core recovery areas identified in the 


Recovery Plan for the California Red-Legged Frog (Rana aurora draytonii) (U.S. Fish and Wildlife 


Service 2002), at a location subject to USFWS approval. Temporary habitat loss would be restored to 


pre-disturbance conditions with implementation of AMM-14: Construction Best Management 


Practices for Biological Resources, described in Appendix 3A.  


The proposed action would not appreciably reduce the conservation value of critical habitat for 


California red-legged frog because the impact is to a small percentage of designated critical habitat; 


the impact occurs in a very small portion at the northeastern edge of designated critical habitat in an 


area that is already highly fragmented with water conveyance facilities and roads; avoidance and 


minimization measures would be implemented; and compensation would protect California red-


legged frog habitat in perpetuity. 


6.7.13 Cumulative Effects 


Cumulative effects are defined under Section 7 of the Endangered Species Act as the effects of future 


state, Tribal, local, or private actions that are reasonably certain to occur in the action area. Future 
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federal actions are not addressed in a Section 7 cumulative effects analysis because they require 


separate consultation pursuant to Section 7 of the Endangered Species Act. Projects that result in 


take of California red-legged frog would require incidental take authorization pursuant to the 


Endangered Species Act and therefore are not addressed in this cumulative effects analysis because 


they require a federal action. 


Non-federal activities could affect California red-legged frog in the action area when habitat loss and 


degradation occur without USFWS authorization. The most likely activity of this type is conversion 


of rangeland to urban uses. Unauthorized take as a result of urbanization is unlikely where most of 


the habitat occurs west of Clifton Court Forebay because urbanization within the cities of 


Brentwood, Pittsburg, Oakley, and Clayton is covered by the East Contra Costa County Habitat 


Conservation Plan (HCP)/Natural Community Conservation Plan (NCCP). Urban development 


outside these incorporated cities (i.e., in the jurisdiction of Contra Costa County) is not covered by 


the East Contra Costa County HCP/NCCP. Although unlikely to occur due to land use controls, if 


urban development were proposed in or near the community of Byron it could contribute to a 


cumulative adverse effect on California red-legged frog in the action area. 


Climate change also threatens to modify annual weather patterns. Climate change may result in a 


loss of California red-legged frog and/or prey and/or increased numbers of their predators, 


parasites, and disease. Since the habitat in the action area with the highest likelihood of supporting 


California red-legged frog is within the East Contra Costa County HCP/NCCP and East Alameda 


County Conservation Strategy, where large scale conservation efforts would be implemented, 


cumulative effects in the action area are not expected to appreciably diminish the likelihood of the 


species’ long-term survival and recovery. 


6.8 Effects on California Tiger Salamander 
Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Section 4.4, Section 4.4.14.6, Suitable Habitat Definition, and Section 


4.4.14.7, Habitat Suitability Model, define suitable habitat and describe the habitat model for 


California tiger salamander. 


Section 4.4.14.2, Life History and Habitat Requirements, describes the California tiger salamander 


upland and aquatic habitat. The species is found in annual grassland, vernal pool complexes, open 


mixed woodland, and oak savanna communities in lowland and foothill regions of central California 


where suitable aquatic sites, such as vernal pools, seasonal ponds or constructed ponds, are 


available for breeding (U.S. Fish and Wildlife Service 2017c:I-2, I-6–I-7). The suitability of California 


tiger salamander habitat is proportional to the abundance of upland refuge sites (e.g., small mammal 


burrows) near aquatic breeding sites. 


California tiger salamander modeled habitat is located in the northern (northwest of Clarksburg), 


west-central (north of Rio Vista and south of Birds Landing), and southwestern (surrounding Byron 


and west and southwest of Clifton Court Forebay) portions of the action area, all of which have 


extant or historical occurrences in the vicinity (California Department of Fish and Wildlife 2020b). 


However, the project footprint only overlaps with modeled habitat in the southwestern part of the 


action area, west, south, and southwest of Clifton Court Forebay, where there are known, extant 
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occurrences (California Department of Fish and Wildlife 2020b; Delta Habitat Conservation and 


Conveyance Program 2011:6-25).  


Activities associated with field investigations, access roads, electrical facilities, SCADA facilities, and 


Bethany Complex overlap with California tiger salamander modeled habitat, and occur in proximity 


to known occurrences, and, as such, have the potential to affect California tiger salamander. Figures 


6.8-1 through 6.8-17 include overview as well as “zoomed-in” figures depicting overlap between the 


project footprint, modeled habitat and CNDDB occurrences.  


There are 16,728.99 acres of modeled California tiger salamander habitat in the action area, 


9,326.57 acres of which are aquatic habitat20 and 7,402.42 acres of which are upland habitat. An 


estimated 79.49 acres (0.48% of total modeled habitat in action area) of modeled California tiger 


salamander habitat would be adversely affected by the project, 0.2 acre of which is modeled aquatic 


habitat (<0.1% of modeled aquatic habitat in action area) and 79.29 acres of which are modeled 


upland habitat (1.07% of modeled upland habitat in action area). Effects from these activities are 


described in the sections below. Table 6.8-1 summarizes the total estimated habitat loss of 


California tiger salamander modeled habitat and Table 6.8-2 summarizes the proposed acres of 


compensation.  


 


 
20 Aquatic habitat for California tiger salamander is mapped primarily using a vernal pool complex data layer. 
Because vernal pool complex is primarily grassland land cover with seasonal wetted pools distributed throughout, 
the aquatic model is primarily made up of grassland habitat. This approach was necessary as there are no publicly 
available data layers that include just the wetted pool features. For this reason, the aquatic habitat model most 
likely overestimates the acreage of impacted to wetted pool features.  
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Table 6.8-1. Maximum Habitat Loss of Modeled Habitat for California Tiger Salamander by Activity Type (Acres) 


California 
Tiger 


Salamander 
Modeled 
Habitat 


Total 
Modeled 


Habitat in the 
Action Area 


Permanent Modeled Habitat Loss from Construction a Temporary Modeled Habitat Disturbance from Construction b 
Total 


Affected 
Modeled 
Habitat 
(Acres) CCWD 


Access 
Road 


Bethany 
Complex 


North 
Delta 


Intakes 


Other 
Construction 


Support 
Facilities 


Electrical 
Facilities c 


(Overhead and 
Underground) RTM 


Tunnel 
Shaft 


Permanent 
subtotal 


Field 
Investigations CCWD 


Access 
Road 


Other 
Construction 


Support 
Facilities 


Electrical and 
SCADA Facilities 
(Overhead and 
Underground) 


Temporary 
Subtotal 


Aquatic d 9,326.57 - - 0.20 - - - - - 0.20 - - - - - - 0.20 


Upland  7,402.42 - 12.55 47.03 - 0.02 0.61 - - 60.20 4.92 - 12.58 0.02 1.56 19.08 79.29 


Total 16,728.99 - 12.55 47.23 - 0.02 0.61 - - 60.40 4.92 - 12.58 0.02 1.56 19.08 79.49 


Notes: 
CCWD = Contra Costa Water District; RTM = reusable tunnel material; SCADA = supervisory control and data acquisition. 
a Permanent Habitat Loss includes potential permanent and long-term temporary impacts. Long-term temporary impacts are those impacts that would be restored to pre-project conditions, but not within 1 year from initial ground disturbance (as temporary impacts would be). 
b Temporary Habitat Loss includes potential temporary impacts from construction that would be restored to pre-disturbance conditions within 1 year of construction completion, as described in AMM-14: Construction Best Management Practices for Biological Resources (Appendix 


3A, General Avoidance and Minimization Measures). 
c Electrical Facilities include potential habitat loss as a result of the construction of overhead and underground power transmission lines. Potential habitat loss from the construction of electrical facilities (i.e., lines, substations, switchyards, and switching stations) that occur 


within larger facilities (e.g., Bethany Complex) is captured in the large facility impact acreage. 
d The aquatic habitat model for California tiger salamander includes vernal pool complex, a natural community made up of pool features in a grassland matrix. As a result, the acres of modeled habitat represent mostly upland acres (rather than aquatic acres). Therefore, this 


number overestimates available habitat and impacts. 


  







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-124 


May 2024 
ICF 103653  


 


 


This page was intentionally left blank. 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-125 


May 2024 
ICF 103653  


 


Table 6.8-2. Maximum Habitat Loss and Compensation for California Tiger Salamander 


California Tiger Salamander Modeled 
Habitat 


Permanent Habit Loss 
(Acres) 


Maximum Compensation 
Commitment (Acres) 


Total Maximum Habitat 
Loss (Acres) 


Protection/ Restoration 
(Acres) a 


Aquatic 0.20 0.60 


Upland  60.20 180.60 


Total 60.40 181.20 
a See CMP-13 in Table 3B.1-3 of Attachment 3B.1, Compensatory Mitigation Design Parameters, for the full 


commitment to protect or restore California tiger salamander habitat.  


6.8.1 Field Investigations 


Field investigation actions described are for new proposed actions and have not been previously 


consulted upon. Field investigation actions are described and evaluated at the project or site level. 


Field investigations would occur after EIR approval and before and during construction. Some 


investigations would occur within the construction footprint (where suitable habitat is already 


assumed to be lost, and thus no additional habitat loss from future field investigations would be 


incurred) and some would occur outside the construction footprint (which results in temporary 


habitat disturbance additional to that incurred by construction). Agronomic testing, utility 


potholing, and pilot studies for settlement would occur within the existing project footprints and 


would therefore not result in habitat loss additional to the loss described in the relevant, associated 


activity type sections (e.g., Bethany Complex).  


Geotechnical investigations associated with the West Tracy Fault, Bethany Fault, and the tunnel for 


the Bethany Reservoir Aqueduct, which include test trenches, CPTs, and soil borings, largely fall 


outside of surface construction footprints and it is these impacts that are discussed in this section. 


All surface ground disturbance for field investigations for the Bethany Reservoir Aqueduct tunnel 


would occur outside of the Bethany Conservation Easement. 


Field investigations include activities such as overland driving, equipment storage, pit digging, soil 


boring, trenching, and temporary soil storage prior to backfilling trenches. West Tracy Fault 


investigations would involve up to 6 test trenches, each 0.07 acre with a temporary work footprint 


of up to 4.59 acres. Excavation and backfilling of the test trenches would last up to 12 days. Bethany 


Fault investigations would take place above the Bethany Reservoir Aqueduct tunnel outside of the 


Bethany Conservation Easement and consist of a linear array of electrodes driven into the ground 


over several hundred feet; the electrodes would induce a low current into the ground and be 


removed upon completion of testing. Ground disturbance for other field investigations is not 


expected to exceed 0.84 acre and would not last more than 30 days. Field investigations would not 


require nighttime lighting.  


6.8.1.1 Habitat Loss and Fragmentation 


An estimated 4.92 acres of modeled upland habitat would be temporarily disturbed as a result of 


field investigations (0.07% of all modeled upland habitat in the action area) (Figure 6.8-6). The field 


investigations include geotechnical exploration in the Bethany Complex (west of Byron Highway) 


and trench work at the West Tracy Fault (east of Byron Highway) and Bethany Fault. Modeled 
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upland habitat surrounding geotechnical sites at the Bethany Complex is of higher quality as it 


consists of lightly grazed rolling hills of nonnative annual grassland with several known occurrences 


of California tiger salamander within one mile. Modeled upland habitat that overlaps with the West 


Tracy Fault site is considered lower quality, as the primary land cover type is agriculture, and the 


parcel sizes are smaller. Because of the small footprint of the Bethany Fault investigations and the 


short (1 day) duration of the disturbance, impacts on modeled habitat are not quantified and are 


considered negligible. The implementation of AMM-14: Construction Best Management Practices for 


Biological Resources would ensure that temporarily disturbed areas are restored to pre-disturbance 


conditions within 1 year of construction completion (Appendix 3A). 


6.8.1.2 Construction-Related Effects 


Overland driving or ground disturbance could injure or kill California tiger salamander if individuals 


are present aboveground within field investigation work areas. California tiger salamander could 


also be trapped in open trenches or other excavation pits/trenches and become vulnerable to 


desiccation and predation. Field investigations have the potential to produce subsurface vibrations, 


which could be detectible by California tiger salamander. The threshold at which disruption of 


normal behaviors would occur is unknown; however, subsurface vibrations from field investigations 


would not be anticipated to exceed those experienced under existing conditions. Construction-


related contaminants, such as fuels, cement, and oils, could be accidentally discharged or spilled into 


modeled upland habitat exposing salamanders to toxic materials, which could result in the injury 


and mortality, as well as lead to habitat degradation.  


To minimize injury and mortality during field investigations, the California Tiger Salamander 


Avoidance and Minimization Measure described in Chapter 3, Section 3.6.2.6 would require 


delineation of California tiger salamander habitat at each project site. If suitable habitat is present, 


the measure requires an approved biologist to perform presence/absence surveys or assume 


presence. If presence is detected or the species is assumed to be present, occupied habitat would be 


avoided to the greatest extent possible. If avoidance is not possible, wildlife exclusion fencing may 


be erected around some field investigation activity sites (e.g., boring) where California tiger 


salamander habitat is within 300 feet, and a biological monitor would conduct daily clearance 


inspections prior to commencement of activities. Additionally, the measure specifies that initial 


ground disturbance does not occur between November 1 and March 31 (extended to April 30 during 


wet years), to the extent feasible; disturbance to rodent burrows be avoided to the extent feasible; 


and ground disturbance and vegetation removal be conducted during periods of no to low rainfall.  


Implementation of AMM-14: Construction Best Management Practices for Biological Resources, 


detailed in Appendix 3A, would further reduce the potential for injury or mortality from 


construction vehicles by setting speed limits. AMM-14 would also require covering steep-walled 


holes or trenches more than 6 inches deep or providing an escape ramp, capping ends of stored 


pipes and culverts, and disallowing plastic monofilament netting or similar material for erosion 


control. Before such holes or trenches are filled, they would be thoroughly inspected for trapped 


animals.  


Disruptions to California tiger salamander behavior and movement from noise and vibration are not 


expected given field investigations would not cause noise and vibrations exceeding those 


experienced under existing conditions, and activities would be short in duration and require a small 


extent of ground disturbance that field investigations would cause. Where disruptions do occur, 


implementation of the avoidance and minimization measure in Chapter 3, Section 3.6.2.6 and AMM-
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14: Construction Best Management Practices for Biological Resources (Appendix 3A) would minimize 


the effect with pre-disturbance detection, require work stoppage if an individual is detected, and 


relocation (if needed). To reduce the potential effects of contamination from spills such as fuel or oil, 


AMM-2: Develop and Implement Hazardous Materials Management Plans and AMM-3: Develop and 


Implement Spill Prevention, Control, and Countermeasure Plans would implement spill prevention 


and control plans (Appendix 3A).  


6.8.2 North Delta Intakes 


The north Delta intake construction area does not overlap with California tiger salamander modeled 


habitat. Activities in this area would not affect the species (Figures 6.8-1 and 6.8-2).  


6.8.3 Tunnels  


The tunnel alignment from the north Delta intakes to the Bethany Complex does not overlap with 


California tiger salamander modeled habitat. Activities in this area would not affect the species 


(Figure 6.8-1).  


6.8.4 Tunnel Shafts  


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove tunnel boring machines at the 


intakes, along the tunnel alignment, and at the Bethany Complex. California tiger salamander 


modeled habitat does not overlap with any tunnel shaft locations (Figure 6.8-1).  


6.8.5 Reusable Tunnel Material  


RTM areas do not overlap with California tiger salamander modeled habitat. Activities for these 


facilities would not affect the species (Figure 6.8-1). 


6.8.6 Bethany Complex 


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and facilities within the Bethany Complex 


footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level. 


The Bethany Reservoir Aqueduct that connects the Bethany Reservoir Pumping Plant to the Bethany 


Reservoir Discharge Structure would be aboveground, except for two tunneled sections that would 


pass under the Jones Pumping Plant discharge pipelines and Bethany Conservation Easement. The 


tunneled portion of the Bethany Aqueduct under the conservation easement would be constructed 


at a depth of 45–180 feet below ground surface, and entry and exit portals to the aqueduct would be 


outside of the conservation easement (Chapter 3, Section 3.2.6.3). All geotechnical and construction 


activities, such as mowing or vegetation clearing, would avoid surface disturbance to the 


conservation easement. No surface facilities (e.g., roads, utilities, or other structures) would be 


located on top of the conservation easement.  
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Construction activities at the Bethany Complex include vegetation clearing, grading, excavation, soil 


compaction, building of structures, and the use of construction-related vehicles. Sheet piles for 


construction of the discharge structure would be installed using vibratory pile driving methods. 


Construction of the Bethany Complex would take place over several years and may require night 


lighting. As described in Chapter 3, Section 3.2.12, Fencing and Lighting, all lights used during 


nighttime construction would be downcast, cut-off type fixtures with non-glare finishes, natural 


light qualities, and minimum intensity. 


6.8.6.1 Habitat Loss and Fragmentation 


An estimated 0.2 acre of aquatic habitat (<0.01% of modeled habitat in the action area) and 47.03 


acres of upland habitat (0.64% of the modeled upland habitat in the action area) would be 


permanently lost as a result of construction at the Bethany Complex (Table 6.8-1, Figures 6.8-6). 


Modeled California tiger salamander habitat in the vicinity of the Bethany Complex is a mix of low-


quality, agricultural habitat near Byron Highway and higher quality grassland habitat near Bethany 


Reservoir. Construction of the Bethany Complex is likely to incrementally increase habitat 


fragmentation in the region, but this impact is not considered substantial as the overall quality of the 


habitat would still be relatively high.  


The California Tiger Salamander Avoidance and Minimization Measure detailed in Chapter 3, Section 


3.6.2.6 requires suitable habitat be avoided to the greatest extent possible. Where suitable habitat 


cannot be avoided, habitat would be protected or restored, or the equivalent amount of agency-


approved mitigation bank credits or other site protection instruments would be purchased, as 


described in CMP-13: California Tiger Salamander Habitat (Table 3B.1-3). In addition, 


implementation AMM-14: Construction Best Management Practices for Biological Resources would 


ensure that temporarily disturbed areas are restored to pre-disturbance conditions within 1 year of 


construction (Appendix 3A). 


6.8.6.2 Construction-Related Effects 


Use of construction vehicles and heavy equipment could injure or kill California tiger salamander. 


Open trenches or other excavation pits have the potential to entrap California tiger salamander 


should they fall in and not be able to climb out. Salamanders could become entangled in erosion 


control materials. Most ground squirrel burrows are found within 2 to 3 feet below the ground 


surface, occasionally up to 6 feet or more (Quinn et al. 2018); therefore, horizontal directional 


drilling of the Bethany Reservoir Aqueduct is not likely to result in injury or mortality of individuals. 


Construction activities have the potential to produce subsurface vibrations, which could be 


detectable by California tiger salamander and disrupt normal behaviors and cause individuals to 


emerge aboveground at inappropriate times (e.g., during the day, during dry periods). However, the 


threshold at which disruption of normal behaviors would occur is unknown. Construction-related 


contaminants, such as gas, oil, and cement, or erosion and sedimentation could accidentally be 


discharged into California tiger salamander habitat and cause injury or mortality or degrade habitat. 


Nighttime lighting used during Bethany Complex construction could illuminate adjacent suitable 


salamander habitat and has the potential to disrupt normal behaviors and make individuals more 


visible and vulnerable to predators (e.g., owls, foxes, racoons).  


To reduce the potential for injury and mortality during construction of the Bethany Complex, the 


California Tiger Salamander Avoidance and Minimization Measure described in Chapter 3, Section 


3.6.2.6 requires avoidance of occupied habitat to the greatest extent possible. If avoidance is not 
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possible, wildlife exclusion fencing would be erected along the perimeter of construction sites where 


California tiger salamander habitat is within 300 feet of construction activities, and a biological 


monitor would conduct daily clearance inspections prior to commencement of activities. 


Additionally, initial ground disturbance would be avoided between November 1 and March 31 


(extended to April 30 during wet years) to the extent feasible; disturbance to rodent burrows would 


be avoided to the extent feasible; and initial ground disturbance and vegetation removal would be 


conducted during periods of no to low rainfall.  


Implementation of AMM-14: Construction Best Management Practices for Biological Resources would 


further reduce the potential for injury or mortality from construction vehicles by setting speed 


limits; requiring steep-walled holes or trenches more than 6 inches deep be covered or an escape 


ramp be provided; capping ends of stored pipes and culverts; and prohibiting plastic monofilament 


netting or similar material for erosion control (Appendix 3A). To reduce the potential effects of 


contamination from spills, AMM-2: Develop and Implement Hazardous Materials Management Plans 


and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


require spill prevention and control plans be written and implemented. AMM-19: Minimize Fugitive 


Light from Portable Sources Used for Construction would require construction-related light and glare 


to be minimized to the maximum extent feasible, given safety considerations, by using the lowest 


feasible wattage and height, screening and directing down toward work activities, and minimizing 


the number of nighttime lights used (Appendix 3A). The California Tiger Salamander Avoidance and 


Minimization Measure Mitigation Measure would also require night lighting within 300 feet of 


California tiger salamander habitat be directed away and shielded from California tiger salamander 


habitat outside the construction area to minimize light spillover to the greatest extent feasible 


(Chapter 3, Section 3.6.2.6). 


6.8.7 Access Roads 


The construction of new access roads and improvements to existing roads are necessary to support 


project construction and project facilities. New access roads would be either gravel or paved and 


would be built to connect existing roads to construction areas and project facilities. Existing roads 


would be widened and improved to support the construction-related traffic. The construction 


actions associated with access roads are described and evaluated at the project level. 


The access roads impacts discussed in this section are those that are in service to, but occur outside 


of, the Bethany Complex. Impacts from access road construction within the Bethany Complex are 


described above in Section 6.8.6, Bethany Complex. Three new sections of access roads would be 


constructed in service of the Bethany Complex: to the north of the Bethany Complex, between the 


complex and Byron Highway; between Mountain House Road and Bethany Reservoir; and to the 


south, a new road segment and intersection connecting Mountain House Road and to Grant Line 


Road. All access roads described in this section occur west of Byron Highway. These access roads are 


described in Chapter 3, Section 3.2.7 and depicted in Figures 6.8-1 and 6.8-17.  


Construction activities for new and widened access roads include clearing, grubbing, moving 


utilities, paving, and the use of construction-related vehicles. Construction of access roads to the 


Bethany Complex would take place over several years during daylight hours, with the exception of 


the traffic bypass at Mountain House Road, where construction would occur at night. All lights used 


during nighttime construction would be downcast, cut-off type fixtures with non-glare finishes, 


natural light qualities, and minimum intensity. Construction-related lighting would be shielded and 


oriented in such a manner so as not to subject the immediate surroundings to light level extremes, 
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however, these types of lights generate an ambient nighttime luminescence that is visible from a 


distance (Chapter 3, Section 3.2.12). 


6.8.7.1 Habitat Loss and Fragmentation 


Access roads would result in permanent removal of 12.55 acres of modeled upland habitat (0.16% 


of modeled upland habitat in the action area) and temporary removal of 12.58 acres of modeled 


upland habitat (0.01% of modeled upland habitat in the action area) (Table 6.8-1). Access roads 


would not result in loss of modeled aquatic habitat. The modeled upland habitat in this region is 


considered to be of higher quality given the large parcels sizes, primary land cover type (grazed 


grasslands), and the presence of California tiger salamander (California Department of Fish and 


Wildlife 2021).  


Three new access road segments and the widening of existing public roads in service to the Bethany 


Complex would incrementally increase habitat fragmentation and decrease connectivity because 


these roads occur within upland habitat or in proximity (<1.24 miles) to aquatic habitat or a known 


CNDDB occurrence (California Department of Fish and Wildlife 2020b). The access roads that would 


incrementally increase fragmentation are as follows. 


• Widened portions of Mountain House Road (Figures 6.8-16 and 6.8-17) 


• New DWR access road from the Bethany Reservoir Discharge Structure to Mountain House Road 


(Figure 6.8-16) 


There is some potential for an increase in injury and mortality as a result of an increase in traffic 


volume during construction. These impacts are discussed in the section directly below.  


To minimize permanent and temporary habitat loss, the California Tiger Salamander Avoidance and 


Minimization Measure detailed in Chapter 3, Section 3.6.2.6 commits to delineating and avoiding 


suitable habitat to the greatest extent possible. Where delineated suitable habitat cannot be avoided 


and is permanently lost, the lost habitat would be offset as described in CMP-13, California Tiger 


Salamander Habitat (Table 3B.1-3). To minimize the incremental decrease in California tiger 


salamander habitat connectivity from the construction of access roads, AMM-25: Minimize Access 


Road Impacts on Listed Amphibian Connectivity would require new and widened roads to be 


designed to reduce barriers to movement. Temporary habitat loss would be restored to pre-


disturbance conditions with implementation of AMM-14: Construction Best Management Practices 


for Biological Resources, described in Appendix 3A.  


6.8.7.2 Construction-Related Effects 


Use of construction vehicles and heavy equipment could injure or kill California tiger salamander. 


Open trenches or other excavation pits have the potential to entrap California tiger salamander 


should they fall in and not be able to climb out. Salamanders could become entangled in erosion 


control materials. Subsurface vibrations from construction could be detectible by California tiger 


salamander and disrupt normal behaviors and cause individuals to emerge aboveground at 


inappropriate times (e.g., during the day, during dry periods). However, the threshold at which 


disruption of normal behaviors would occur is unknown. Nighttime lighting has the potential to 


disrupt normal behaviors or make individuals more vulnerable to predators (e.g., owls, foxes, 


racoons). Construction-related contaminants, such as gas, oil, and cement, or erosion and 
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sedimentation could accidentally be discharged into California tiger salamander habitat and cause 


injury or mortality or degrade habitat.  


To reduce the potential for injury and mortality during access road construction, implementation of 


the California Tiger Salamander Avoidance and Minimization Measure described in Chapter 3, Section 


3.6.2.6 would require the determination of suitable habitat. If suitable habitat is present, 


presence/absence surveys would be performed, or presence assumed. If presence is detected or the 


species is assumed to be present, occupied habitat would be avoided if possible. If avoidance is not 


possible, wildlife exclusion fencing would be erected around the perimeter of construction sites 


where California tiger salamander habitat is within 300 feet, and a biological monitor would conduct 


daily clearance inspections prior to commencement of activities. Additionally, the avoidance 


measure requires initial ground disturbance be avoided between November 1 and March 31 


(extended to April 30 during wet years), to the extent feasible; disturbance to rodent burrows be 


avoided to the extent feasible; and initial ground disturbance and vegetation removal be conducted 


during periods of no to low rainfall.  


Implementation of AMM-1: Conduct Environmental Resources Worker Awareness Training and AMM-


14: Construction Best Management Practices for Biological Resources would further reduce the 


potential for injury or mortality from construction vehicles by training construction staff on the 


regulatory requirements for sensitive species; setting speed limits; requiring posted wildlife 


crossing signs; requiring steep-walled holes or trenches more than 6 inches deep be covered or 


provided an escape ramp to the extent feasible; ends of stored pipes and culverts be capped; and 


plastic monofilament netting or similar material for erosion control by prohibited. To reduce the 


potential effects of contamination from spills, AMM-2: Develop and Implement Hazardous Materials 


Management Plans and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would require spill prevention and control plans be written and implemented 


(Appendix 3A).  


6.8.8 Electrical and SCADA Facilities 


The following discussion includes an analysis of electrical facility types (e.g., electrical powerlines, 


substation on Lower Roberts Island) where they occur outside one of the project feature footprints 


described in the above sections (e.g., north Delta intakes, Bethany Complex). Where the construction 


footprint of an electrical facility type (e.g., switching station, substation) falls within a larger facility 


construction footprint, such as Bethany Complex, the effects associated with that facility type are 


discussed in the relative sections. The construction actions associated with electrical and SCADA 


facilities are described and evaluated at the project level. 


Most of the power for project construction and operation would be supplied by existing power lines 


or new lines added to existing poles, but additional electrical facilities would be needed to extend 


power supplies at all project facility locations. A new aboveground high-voltage power transmission 


line would be constructed to power the Bethany Complex. A new aboveground power line and 


substation would also be constructed at Lower Roberts Island. 


Similar to power, new SCADA lines would be needed at the Bethany Complex. SCADA lines would be 


placed within existing roadway and telecommunications infrastructure corridors where possible, 


including on existing aboveground poles. Where existing infrastructure is not available, SCADA lines 


would be buried, primarily along existing roads and access routes. For more details about the 
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activities associated with electrical and SCADA facilities, see Chapter 3, Section 3.2.10 and Section 


3.2.11.  


Construction of new above ground electrical facilities would require site preparation, tower or pole 


construction, and line stringing. Construction of underground power and SCADA lines would involve 


trenching and directional drilling and use of heavy equipment and would mostly occur concurrent 


with access road improvements and construction. Cranes would be used during the line-stringing 


phase.  


Underground power would mostly be installed alongside existing or new roads within the roadway 


right-of-way; however, there are a few short sections of line that move away from the road 


alignment into agricultural lands at Lower Roberts Island and the Twin Cities Complex. Construction 


of electrical and SCADA facilities would require vehicular access to each tower or pole location. 


Vehicular access routes to new tower or pole locations would use existing routes or new access 


routes as described in Section 6.8.7, Access Roads. The duration of construction and installation of 


new electrical and SCADA facilities would not be more than 1 year at any one location. See Appendix 


6A for additional details about the impact assessment method.  


6.8.8.1 Habitat Loss and Fragmentation 


Construction footprints for electrical and SCADA facilities overlap with modeled California tiger 


salamander habitat near the Bethany Complex and the existing Banks Pumping Plant and Jones 


Pumping Plant (Figures 6.8-1 and 6.8-14). Construction of the electrical facilities would result in the 


permanent loss of 0.61 acre of modeled upland habitat (<0.01% of all modeled upland habitat in the 


action area). Construction of the SCADA facilities would result in the temporary loss of 1.56 acres of 


upland habitat (Table 6.8-1, Figures 6.8-14). The lost habitat is located west of Byron Highway. This 


area is dominated by annual grassland habitats and generally considered to be higher quality for 


California tiger salamander due to the large patch size, grassland land cover, and low road density.  


The California Tiger Salamander Avoidance and Minimization Measure described in Chapter 3, 


Section 3.6.2.6 requires avoiding suitable California tiger salamander habitat to the greatest extent 


possible. Where delineated suitable habitat cannot be avoided, CMP-13: California Tiger Salamander 


Habitat, requires lost habitat be offset through the purchase of agency-approved mitigation bank 


credits or other site protection instruments (as described in Table 3B.1-3). AMM-14: Construction 


Best Management Practices for Biological Resources, described in Appendix 3A, would ensure that 


temporarily disturbed areas are restored to pre-disturbance conditions within 1 year of 


construction. 


6.8.8.2 Construction-Related Effects 


Use of construction vehicles and heavy equipment could injure or kill California tiger salamander. 


Open trenches have the potential to entrap California tiger salamander should they fall in and not be 


able to climb out. Salamanders could become entangled in erosion control materials. Construction 


activities have the potential to produce subsurface vibrations, which could be detected by California 


tiger salamander and disrupt normal behaviors and cause individuals to emerge aboveground at 


inappropriate times (e.g., during the day, during dry periods). However, the threshold at which 


disruption of normal behaviors would occur is unknown. Construction-related contaminants, such 


as gas, oil, and cement, or erosion and sedimentation could accidentally be discharged into 


California tiger salamander habitat and cause injury or mortality or degrade habitat.  
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To reduce the potential for injury and mortality during construction, California Tiger Salamander 


Avoidance and Minimization Measure described in (Chapter 3, Section 3.6.2.6) requires delineation of 


suitable habitat and the determination of presence. If presence is detected or if the species is 


assumed to be present, occupied habitat would be avoided if possible. If avoidance is not possible, 


wildlife exclusion fencing would be erected around the perimeter of construction sites where 


California tiger salamander habitat is within 300 feet, and a biological monitor would conduct daily 


clearance inspections prior to commencement of activities. The measure also requires initial ground 


disturbance be avoided between November 1 and March 31 (extended to April 30 during wet years) 


to the extent feasible; disturbance to rodent burrows be avoided to the extent feasible; and ground 


disturbance and vegetation removal be conducted during periods of no to low rainfall. AMM-14: 


Construction Best Management Practices for Biological Resources would further reduce the potential 


for injury or mortality from construction vehicles by setting speed limits Appendix 3A). 


Implementation of AMM-14 would also require covering steep-walled holes or trenches more than 6 


inches deep or providing an escape ramp; capping ends of stored pipes and culverts; and 


disallowing plastic monofilament netting or similar material for erosion control. Additionally, AMM-


3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would require each 


project contractor to develop and implement a spill prevention, control, and countermeasure plan 


for each project site; these plans would ensure prevention of and preparedness for responding to 


potential hazardous spills and chemical discharges at project sites. 


6.8.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:21 concrete and CLSM 


batch plants and park-and-ride lots. None of these features overlap with the California tiger 


salamander modeled habitat; thus, activities associated with these facilities are not expected to 


affect the species.  


Construction of a metering area off of Christensen Road would result in 0.02 acres of permanent 


impacts (<0.01% of all modeled upland habitat in the action area) and 0.02 acres of temporary 


habitat disturbance (<0.01% of all modeled upland habitat in the action area) to California tiger 


salamander modeled upland habitat. The metering area would support new overhead power lines. 


The small permanent loss of modeled habitat would not result in habitat fragmentation. Impacts to 


habitat and California tiger salamander would be minimized as described in Section 6.8.8.1. 


6.8.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with California tiger 


salamander modeled habitat. Activities in this area would not adversely affect the species.  


 
21 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road 
work areas included in Section 6.8.7, Access Roads, and Section 6.8.6, Bethany Complex, but the road work area 
described in this section occurs in a discreet location, outside a large project footprint.  
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6.8.11 Compensatory Mitigation 


The wetland creation and enhancement sites under the CMP do not overlap with California tiger 


salamander modeled habitat. Activities in this area would not adversely affect the species (Figure 


6.8-1).  


6.8.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


The Bouldin Island and I-5 pond creation and enhancement sites do not overlap with California tiger 


salamander modeled habitat (Figure 6.8-1); therefore, these activities would have no effect on the 


species.  


6.8.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. Mitigation or conservation bank credits purchased for these species would be 


purchased at banks that have been approved by USFWS. Through the approval process, any 


potential impacts on California tiger salamander from restoration, creation, enhancement, 


management, maintenance, or monitoring would have been addressed by the USFWS through credit 


approval process. Because the approved bank would provide bank credits for California tiger 


salamander, the purchase is assumed to be beneficial to the species.  


6.8.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.8.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down” consultation when site-specific information becomes 


available. A non-bank site would create or restore, protect, enhance, and manage suitable vernal 


pool or alkali seasonal wetland habitat. If non-bank sites are used for vernal pool or alkaline wetland 


creation or enhancement (Appendix 3B, Section 3B.3.2.4), these activities could occur in areas 


where California tiger salamander have potential to occur.  


Construction and management activities could include ground disturbance, require some vehicle 


traffic and use of heavy equipment, and use of contaminants such as fuels, oils, and herbicides, which 


could result in the injury, mortality, and disruption of normal behaviors of California tiger 


salamander. Chapter 3, Section 3.6.2.6 would minimize impacts by requiring preconstruction 


surveys, requiring the presence of a qualified biological monitor, minimizing ground disturbing 


activities, minimizing nighttime construction, avoiding initial ground disturbance work during 


periods of rainfall, implementing a relocation plan, and installing exclusion fencing around the 


perimeter of construction sites where California tiger salamander habitat is within 300 feet of 


construction activities 14 days prior to construction to reduce effects of construction. To reduce the 


potential effects of contamination from spills, AMM-2: Develop and Implement Hazardous Materials 


Management Plans, and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would require spill prevention and control plans be created and implemented 


(Appendix 3A). With these measures in place, and the long-term benefits associated with protection 


and long-term management of California tiger salamander habitat, implementation of non-bank sites 


is not expected to adversely affect the species.  
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6.8.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (Wood and Martin 2016). No construction activities would occur 


for site protection instruments.  


6.8.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the waterside of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


The location(s) for channel margin enhancement is not known; however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for migrating salmonids that would benefit from 


enhancement actions.  


Enhancement would entail replacing armored or otherwise altered channel banks with more natural 


shoreline habitats that provide shallow, slow-velocity river margins, overhanging riparian 


vegetation, and future woody debris sources. To maintain the current extent of in-water habitat and 


level of flood protection, the existing levee would need to be reconstructed to be set back from the 


shoreline. Waterside and landside improvements would be implemented to create enhanced channel 


margin habitat and provide continued flood protection.  


Waterside improvements would entail degrading the existing levee to create gently sloping banks 


that gradually transition from tule marsh to riparian vegetation on the face of the new setback levee. 


While enhanced habitat would primarily be provided by native vegetation, ballasted large wood may 


be incorporated into the channel bank in some locations for enhanced complexity and refugia. While 


the heavily vegetated bank would provide some wave attenuation value, erosion protection may still 


be required along the waterside of the setback levee. Bio-technical bank treatments, which combine 


cobble and other erosion-resistant materials with willows and other plantings, would be employed 


as much as possible. Following all grading, the site would be revegetated, through a combination of 


active and passive methods. Riparian and upland areas would be actively seeded, planted, and 


temporarily irrigated during the initial establishment period. Intertidal wetland areas would be 


revegetated through a combination of active planting and passive natural recruitment. 


Landside improvements would include the construction of a new setback levee behind and 


connected to the existing levee. The actual extent of earthmoving required for levee construction 


would vary significantly by site depending on the degree of land subsidence and the level of flood 


protection needed. It is anticipated that imported fill would be needed to construct some or all of the 


new setback levee. Material generated by degrading the existing levee would be reused in the new 


levee construction as much as feasible based on timing, soil suitability, and other factors. 


Channel margin enhancement would involve using the following equipment. 


• Large mechanized equipment (typically, a trackhoe) to remove riprap from channel 


margins. 
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• Grading equipment such as trackhoes and bulldozers to modify the channel margin side of 


levees or setback levees to create low floodplain benches with variable surface elevations 


that create hydrodynamic complexity and support emergent vegetation. 


• Trackhoes, bulldozers, and cranes to install large woody material (e.g., tree trunks and 


stumps) into constructed low benches or into existing riprapped levees to provide physical 


complexity. 


Habitat Loss and Fragmentation 


Channel margin enhancement has the potential to result in a loss of modeled California tiger 


salamander habitat; however, because the project would occur along existing levees of agricultural 


properties, impacts on modeled habitat are unlikely, and only a relatively small amount of habitat 


has the potential to be affected. To minimize permanent habitat loss, the California Tiger Salamander 


Take Minimization Measure (Chapter 3, Section 3.6.2.6) requires avoidance of suitable California 


tiger salamander habitat to the greatest extent possible. Where suitable habitat cannot be avoided 


and is permanently lost, the lost suitable habitat would be offset through mitigation determined by 


site-specific permitting and the CMP (Appendix 3B, Section 3B.1, Introduction, Section 3B.2.4, 


Mitigation Design Parameters, and Attachment 3B.1, Table 3B.1-2, CMP-0: General Design Guidelines 


and, Table 3B.1-3, CMP-13: California Tiger Salamander Habitat). 


Construction-Related Effects 


Use of construction vehicles and heavy equipment could injure or kill California tiger salamander. 


Open trenches or other excavation pits have the potential to entrap California tiger salamander if 


they should fall in and not be able to climb out. Salamanders could become entangled in erosion-


control materials. Construction activities have the potential to produce subsurface vibrations, which 


could be detectible by California tiger salamander and disrupt normal behaviors and cause 


individuals to emerge aboveground at inappropriate times (e.g., during the day, during dry periods). 


However, the threshold at which disruption of normal behaviors would occur is unknown. 


Construction-related contaminants, such as gas, oil, and cement, or erosion and sedimentation could 


accidentally be discharged into California tiger salamander habitat and cause injury or mortality or 


degrade habitat.  


To reduce the potential for injury and mortality during construction of channel margin 


enhancement sites, the California Tiger Salamander Take Minimization Measure (Chapter 3, Section 


3.6.2.6) requires avoidance of occupied habitat to the greatest extent possible. If avoidance is not 


possible, wildlife exclusion fencing would be erected around the perimeter of construction sites 


where California tiger salamander habitat is within 300 feet, and a biological monitor would conduct 


daily clearance inspections prior to commencement of activities. Additionally, initial ground 


disturbance would be avoided between November 1 and March 31 (extended to April 30 during wet 


years) to the extent feasible; disturbance to rodent burrows would be avoided to the extent feasible; 


and initial ground disturbance and vegetation removal would be conducted during periods of no to 


low rainfall.  


AMM-14: Construction Best Management Practices for Biological Resources would further reduce the 


potential for injury or mortality from construction vehicles by setting speed limits, requiring steep-


walled holes or trenches more than 6 inches deep be covered or an escape ramp be provided, 


capping ends of stored pipes and culverts, implementing a relocation plan, and prohibiting plastic 


monofilament netting or similar material for erosion control. To reduce the potential effects of 
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contamination from spills, AMM-2: Develop and Implement Hazardous Materials Management Plans 


and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


require spill prevention and control plans be written and implemented (Appendix 3A).  


6.8.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent 


wetland habitats provide important foraging and refugia habitat for listed fish species. The 


restoration of tidal perennial and wetland habitat, particularly complex wetland systems containing 


dendritic channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 


biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


Complex will be prioritized as these areas would provide greater benefits for target fish species.  


Tidal restoration will generally be achieved by reconnecting former wetland areas to adjacent tidal 


sloughs and rivers. Restoration would primarily occur through breaching or setback of levees, thereby 


restoring tidal fluctuation to land parcels currently isolated behind those levees. Where practicable 


and appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  


Typical actions required to create suitable tidal marsh habitat at these sites include grading, 


planting, and infrastructure modifications, such as protection, removal and/or relocation of existing 


utilities, pumping systems, and other water management structures. Earthwork often includes 


breaching an existing levee or berm to reintroduce tidal action to the site. Other grading may be 


performed prior to breaching to create wetland features that enhance habitat function, including 


tidal channels, tidal pannes and tidal ponds. At certain sites, more significant earthmoving may be 


required to raise subsided areas to intertidal elevations or to reinforce surrounding levees.  


Depending on the project location, it also may be necessary to construct an entirely new flood 


control levee along portions of the project perimeter to protect adjacent properties. The actual 


extent of earthmoving required can vary significantly depending on the existing topography of the 


site.  


Following earthwork and grading, the site would be revegetated, likely through a combination of 


active and passive methods. Any riparian and/or upland areas would be actively seeded, planted, 


and temporarily irrigated during the initial establishment period. Intertidal wetland areas may 


revegetate actively, be allowed to recolonize passively through natural recruitment, or experience a 


combination of the two.  


Levee breaching will require removing levee materials from within and adjacent to tidal and other 


aquatic habitats. Levee breaching will entail in-water work using construction equipment such as 


bulldozers, backhoes, and barges. Removed levee materials will be placed on the remaining levee 


sections, placed within the restoration area, or hauled to a disposal area. 


Typically work would be sequenced so that grading and infrastructure improvements occur first, 


followed by planting and finally breaching of the existing levee to reintroduce tidal action. 
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Habitat Loss and Fragmentation 


Tidal wetland restoration sites at lower Yolo Bypass and the Cache Slough Complex have potential to 


overlap with California tiger salamander habitat, particularly if the selected site includes grassland 


and vernal pool complex habitats that border the Cache Slough Complex to the south and east (i.e., 


the upland areas connected to the greater Jepson Prairie area). California tiger salamander habitat in 


this region is known to be occupied (California Department of Fish and Wildlife 2020) and is 


generally considered high quality.  


Construction of tidal restoration sites typically include a landside levee that protects adjacent 


uplands from flooding, thus avoiding impacts on California tiger salamander habitat. However, there 


remains some potential for suitable California tiger salamander habitat to be permanently lost. The 


California Tiger Salamander Minimization Measure detailed in Chapter 3, Section 3.6.2.6 requires 


suitable habitat be avoided to the greatest extent possible. Where suitable habitat cannot be 


avoided, and is permanently lost, the lost suitable habitat would be offset through mitigation 


determined by site-specific permitting and the CMP (Appendix 3B, Section 3B.1, Section 3B.2.4, and 


Attachment 3B.1, Table 3B.1-2, CMP-0: General Design Guidelines, and Table 3B.1-3, CMP-13: 


California Tiger Salamander Habitat). In addition, AMM-14: Construction Best Management Practices 


for Biological Resources would ensure that temporarily disturbed areas are restored to pre-


disturbance conditions within 1 year of construction (Appendix 3A). If California tiger salamander 


habitat is permanently lost, the CMP and site-specific permitting approvals would ensure that there 


is no significant loss in habitat or habitat value by adjusting the overall commitment (Appendix 3B, 


Sections 3B.1 and 3B.2.4, and Attachment 3B.1, Table 3B.1-2, CMP-0: General Design Guidelines). 


Construction-Related Effects 


Use of construction vehicles and heavy equipment could injure or kill California tiger salamander. 


Open trenches or other excavation pits have the potential to entrap California tiger salamander 


should they fall in and not be able to climb out. Salamanders could become entangled in erosion 


control materials. Construction activities have the potential to produce subsurface vibrations, which 


could be detectible by California tiger salamander and disrupt normal behaviors and cause 


individuals to emerge aboveground at inappropriate times (e.g., during the day, during dry periods). 


However, the threshold at which disruption of normal behaviors would occur is unknown. 


Construction-related contaminants, such as gas, oil, and cement, or erosion and sedimentation could 


accidentally be discharged into California tiger salamander habitat and cause injury or mortality or 


degrade habitat.  


To reduce the potential for injury and mortality during construction of tidal wetland restoration 


sites, the California Tiger Salamander Avoidance and Minimization Measure described in Chapter 3, 


Section 3.6.2.6 requires avoidance of occupied habitat to the greatest extent possible. If avoidance is 


not possible, wildlife exclusion fencing would be erected around the perimeter of construction sites 


where California tiger salamander habitat is within 300 feet, and a biological monitor would conduct 


daily clearance inspections prior to commencement of activities. Additionally, initial ground 


disturbance would be avoided between November 1 and March 31 (extended to April 30 during wet 


years) to the extent feasible; disturbance to rodent burrows would be avoided to the extent feasible; 


and ground disturbance and vegetation removal would be conducted during periods of no to low 


rainfall.  







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-139 


May 2024 
ICF 103653  


 


AMM-14: Construction Best Management Practices for Biological Resources would further reduce the 


potential for injury or mortality from construction vehicles by setting speed limits; requiring steep-


walled holes or trenches more than 6 inches deep be covered or an escape ramp be provided; 


capping ends of stored pipes and culverts; implementing a relocation plan; and prohibiting plastic 


monofilament netting or similar material for erosion control (Appendix 3A). To reduce the potential 


effects of contamination from spills, AMM-2: Develop and Implement Hazardous Materials 


Management Plans and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would require spill prevention and control plans be written and 


implemented.  


6.8.12 Effects on Critical Habitat 


The action area does not overlap with designated California tiger salamander critical habitat. 


6.8.13 Cumulative Effects 


Cumulative effects are defined under Section 7 of the Endangered Species Act as the effects of future 


state, Tribal, local, or private actions that are reasonably certain to occur in the action area. Future 


Federal actions are not addressed in a Section 7 cumulative effects analysis because they require 


separate consultation pursuant to Section 7 of the Endangered Species Act. Projects that result in 


take of California tiger salamander would require incidental take authorization pursuant to the 


Endangered Species Act and therefore are not addressed in these cumulative effects analysis 


because they require a Federal action. 


Non-federal activities could affect California tiger salamander in the action area when habitat loss 


and degradation occur without USFWS authorization. The most likely activity of this type is 


conversion of rangeland to urban uses. Unauthorized take as a result of urbanization is unlikely 


where most of the habitat occurs west of Clifton Court Forebay because urbanization within the 


cities of Brentwood, Pittsburg, Oakley, and Clayton is covered by the East Contra Costa County 


HCP/NCCP. Urban development outside these incorporated cities (i.e., in the jurisdiction of Contra 


Costa County) is not covered by the East Contra Costa County HCP/NCCP. Although unlikely to occur 


due to land use controls, if urban development were proposed in or near the community of Byron it 


could contribute to a cumulative adverse effect on California tiger salamander in the action area.  


Climate change also threatens to modify annual weather patterns. Climate change may result in a 


loss of California tiger salamander and/or prey, and/or increased numbers of their predators, 


parasites, and disease. Since the habitat in the action area with the highest likelihood of supporting 


California tiger salamander is within the East Contra Costa County HCP/NCCP, where large scale 


conservation efforts would be implemented, cumulative effects in the action area are not expected to 


appreciably diminish the likelihood of the species’ long-term survival and recovery. 


6.9 Effects on Giant Garter Snake 
Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Section 4.4, Section 4.4.15.6, Suitable Habitat Definition, and Section 


4.4.15.7, Habitat Suitability Model, define suitable habitat and describe the habitat model for giant 


garter snake. 
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Giant garter snake modeled habitat is located throughout the action area and is concentrated near 


the northern and central portions of the action area in Yolo Bypass, Cache Slough Complex, east of 


the Sacramento River at Stone Lakes National Wildlife Refuge, Delta Meadows State Park, and 


Cosumnes River Preserve and along rivers, sloughs, agricultural waterways, and natural and 


managed wetlands in the central Delta. Modeled habitat is less available in the southern portion of 


the study area, where sloughs, the San Joaquin River, agricultural waterways, and a few natural 


drainages provide modeled aquatic and associated upland habitat. There are several giant garter 


snake occurrences reported within the action area, several of which occur in proximity to project 


features. These occurrence locations include: the Stone Lakes National Wildlife Refuge, Bufferlands, 


Delta Meadows State Park, White Slough Wildlife Area, Stockton, Empire Tract, Sherman Island, 


Jersey Island, Webb Tract, Twitchell Island, and Medford Island (California Department of Fish and 


Wildlife 2020b). 


Activities associated with field investigations, north Delta intakes, tunnel shafts, RTM sites, access 


roads, electrical facilities and SCADA, Bethany Complex, and implementation of the CMP overlap 


with giant garter snake modeled habitat. Table 6.9-1 details the permanent and temporary habitat 


loss associated with each project activity feature. Figure 6.9-1 provides an overview of the locations 


of surface impacts relative to giant garter snake modeled aquatic and upland habitat. Figures 6.9-2 


through 6.9-7 shows CNDDB occurrences in the context of three regional construction areas: North 


Delta intakes, Twin Cities, and Lower Roberts Island.  


There are 106,533.78 acres of modeled giant garter snake habitat in the action area, 55,384.97 acres 


of which are aquatic habitat and 51,148.80 acres of which are upland habitat. An estimated 132.47 


acres (0.12% of total modeled habitat in action area) of modeled giant garter snake habitat would be 


adversely affected by the project, 23.52 acres of which are modeled aquatic habitat (0.04% of 


modeled aquatic habitat in action area) and 108.95 acres of which are modeled upland habitat 


(0.21% of modeled upland habitat in action area). Effects from these activities are described in the 


sections below. Table 6.9-1 summarizes the total estimated habitat loss of giant garter snake 


modeled habitat and Table 6.9-2 summarizes the proposed acres of compensation. 
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Table 6.9-1. Maximum Habitat Loss of Modeled Habitat for Giant Garter Snake by Activity Type (Acres) 


Giant 
Garter 
Snake 


Modeled 
Habitat 


Total 
Modeled 


Habitat in 
the Action 


Area 


Permanent Modeled Habitat Loss from Construction a Temporary Modeled Habitat Disturbance from Construction b Total 
Affected 
Modeled 
Habitat 
(Acres) CCWD 


Access 
Road 


Bethany 
Complex 


North 
Delta 


Intakes 


Other 
Construction 


Support 
Facilities 


Electrical 
Facilities d, d 


(Overhead and 
Underground) RTM 


Tunnel 
Shaft 


Permanent 
subtotal 


Field 
Investigations d CCWD 


Access 
Road 


Other 
Construction 


Support 
Facilities 


Electrical and 
SCADA Facilities 
(Overhead and 
Underground) 


Temporary 
subtotal 


Aquatic 55,384.97 0.25 4.24 0.27 2.03 - 0.38 0.54 1.94 9.65 3.28 - 8.58 - 2.01 13.87 23.52 


Upland 51,148.80 5.90 29.31 7.32 12.17 - 0.85 - 15.69 71.24 11.34 - 16.12 - 10.24 37.70 108.95 


Total 106,533.78 6.15 33.55 7.59 14.19 - 1.23 0.54 17.64 80.89 14.62 - 24.70 - 12.25 51.57 132.47 


Notes: 
CCWD = Contra Costa Water District; RTM = reusable tunnel material; SCADA = supervisory control and data acquisition.  
a Permanent Habitat Loss includes potential permanent and long-term temporary impacts. Long-term temporary impacts are those impacts that would be restored to pre-project conditions, but not within 1 year from initial ground disturbance (as temporary impacts would be). 
b Temporary Habitat Loss includes potential temporary impacts from construction that would be restored to pre-disturbance conditions within 1 year of construction completion, as described in AMM-14: Construction Best Management Practices for Biological Resources (Appendix 


3A, General Avoidance and Minimization Measures). 
c Electrical Facilities include potential habitat loss as a result of the construction of overhead and underground power transmission lines. Potential habitat loss from the construction of electrical facilities (i.e., lines, substations, switchyards, and switching stations) that occur within 


larger facilities (e.g., Bethany Complex) is captured in the large facility impact acreage. 
d Field Investigations and Electrical Facilities will avoid aquatic features, which include suitable aquatic giant garter snake habitat, to the greatest extent feasible; see AMM-14: Construction Best Management Practices for Biological Resources (Appendix 3A). 
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Table 6.9-2. Maximum Habitat Loss and Compensation for Giant Garter Snake 


 


Permanent Habitat 
Loss (Acres) 


Total Compensation 
Commitment (Acres) a 


With Full Implementation of 
the Compensatory 
Mitigation Plan d  


Total Maximum 
Habitat Loss (Acres) 


Protection 
(Acres) 


Restoration/ 
Creation (Acres) 


Creation and 
Enhancement b, c (Acres) 


Aquatic  9.65 0 19.3 150.54 


Upland  71.24 0 142.48 189.81 


Total 80.89 0 161.78 340.35 
a See Table 3B.1-3 in Attachment 3B.1, Compensatory Mitigation Design Parameters, for the design commitments and 
guidelines for giant garter snake creation and enhancement. Also see Section 3B.3.3.1, Freshwater Marsh and 
Riparian Terrestrial Species, and Table 3B-4 in Appendix 3B, Compensatory Mitigation Plan for Special-Status Species 
and Aquatic Resources, for additional details regarding the compensation commitments. 
b See Appendix 3B, Section 3B.4.1.4, DWR I-5 Ponds, for mitigation site objectives, site selection criteria, baseline 
conditions, and site design and development details. See Attachment 3B.1 for specific design commitments and 
guidelines for giant garter snake. 
c See Tables 3B-13 and 3B-14 in Appendix 3B for the estimated total acres of giant garter snake aquatic habitat 
(freshwater emergent wetland) and upland habitat (grassland) that would be created and enhanced with full 
implementation of the initial mitigation sites at the DWR I-5 ponds.  
d Initial mitigation sites include the Bouldin Island and DWR I-5 ponds projects and are described in Appendix 3B. 
This take analysis assumes implementation of these two mitigation projects would have an overall benefit to giant 
garter snake, as described in Section 6.9.11.1, Initial Mitigation Sites: Bouldin Island and I-5 Ponds.  
 


6.9.1 Field Investigations 


Field investigation actions described are for new proposed actions and have not been previously 


consulted upon. Field investigation actions are described and evaluated at the project or site level. 


Field investigations would occur after EIR approval and before and during construction. Some 


investigations would occur within the construction footprint (where suitable habitat is already 


assumed to be lost, and thus no additional habitat loss from future field investigations would be 


incurred) and some would occur outside the construction footprint (which results in temporary 


habitat disturbance additional to that incurred by construction). Field investigations within 


proposed surface construction footprints (including portions of tunnel alignments), which include 


test trenches, CPTs, soil borings, electrical resistivity tomography, groundwater testing and 


monitoring, monument installation, agronomic testing, utility potholing, and pilot studies for 


settlement, would not result in habitat loss additional to the loss described in the relevant, 


associated activity type sections (e.g., Bethany Complex).  


Geotechnical investigations associated with the tunnel alignment water crossings, West Tracy Fault, 


Bethany Fault, and the tunnel for the Bethany Reservoir Aqueduct, which include test trenches, and 


overwater and land-based CPTs and soil borings, largely fall outside of surface construction 


footprints and it is these impacts that are discussed in this section. All surface ground disturbance 


for field investigations for the Bethany Reservoir Aqueduct tunnel would occur outside of the 


Bethany Conservation Easement. 


Field investigations include activities such as overland driving, equipment storage, pit digging, soil 


boring, trenching, and temporary soil storage prior to backfilling trenches. West Tracy Fault 


investigations would involve up to 6 test trenches, each 0.07 acre with a temporary work footprint 


of up to 4.59 acres. Excavation and backfilling of the test trenches would last up to 12 days. Bethany 
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Fault investigations would take place above the Bethany Reservoir Aqueduct tunnel outside of the 


Bethany Conservation Easement and consist of a linear array of electrodes driven into the ground 


over several hundred feet; the electrodes would induce a low current into the ground and be 


removed upon completion of testing. Ground disturbance for other field investigations is not 


expected to exceed 0.84 acre and would not last more than 30 days. Field investigations would not 


require nighttime lighting.  


6.9.1.1 Habitat Loss and Fragmentation 


An estimated 3.28 acres of giant garter snake modeled aquatic habitat and 11.34 acres of modeled 


upland habitat would be temporarily disturbed as a result of field investigations (<0.01% of 


modeled aquatic habitat and <0.1% of modeled upland habitat in the study area) (Figure 6.9-1). 


Field investigation impacts occur throughout the project alignment and the affected habitat is of 


varying quality. Modeled habitat near the north Delta intakes and Twin Cities Complex (where field 


investigations will occur) consists of aquatic habitat found along agricultural ditches, which is 


generally considered low quality because they do not hold permanent water. Affected modeled 


habitat along the tunnel alignment consists of levees, emergent wetland, riparian, agricultural crops, 


fallow fields, and grazed grassland, which varies from low to moderate quality. Field investigations 


for the Bethany Reservoir Aqueduct tunnel do not overlap with modeled giant garter snake habitat. 


No giant garter snake occurrences overlap with field investigation footprints (California Department 


of Fish and Wildlife 2020b). The temporary nature and small extent of field investigation sites would 


not increase habitat fragmentation in the action area.  


Implementation of the Giant Garter Snake Avoidance and Minimization Measure in Chapter 3, Section 


3.6.2.7 would require suitable giant garter snake aquatic and upland habitat be delineated and 


completely avoided to the greatest extent possible. Where suitable habitat cannot be avoided, 


construction initiation would be limited to the summer months (May 1 to September 1), 


preconstruction surveys would be conducted, and exclusion fencing would be erected around the 


perimeter of construction sites where giant garter snake habitat is within 200 feet. As required by 


AMM-14: Construction Best Management Practices for Biological Resources (Appendix 3A), 


temporarily disturbed areas would be restored to pre-disturbance conditions within 1 year of 


construction completion.  


6.9.1.2 Construction-Related Effects 


Field investigations could result in the injury, mortality, and disruption of normal behaviors of giant 


garter snake within work areas if they are moving on the surface during the summer months (April 


16 to September 30) or occupying mammal burrows or other subsurface refugia during the winter 


months (October 1 to April 15). Construction vehicle traffic during the active season (April 16 to 


September 30) could also result in injury or mortality. Giant garter snake could also be trapped in 


open trenches and become vulnerable to predation. Field investigation activities could also result in 


the exposure of giant garter snake to construction-related fluids, such as fuels, oils, and cement, 


which could result in injury and mortality. Construction noise and vibration could be detectible by 


giant garter snake. The threshold at which disruption of normal behaviors would occur is unknown; 


however, subsurface vibrations from field investigations would not be anticipated to exceed those 


experienced under existing conditions. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during field 


investigation activities, the Giant Garter Snake Avoidance and Minimization Measure in Chapter 3, 
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Section 3.6.2.7 would require suitable giant garter snake aquatic and upland habitat to be delineated 


and completely avoided to the greatest extent possible. If habitat cannot be avoided, construction 


initiation would be limited to the summer months (May 1 to September 30), preconstruction 


surveys would be conducted, and exclusion fencing would be erected around the perimeter of 


construction sites where giant garter snake habitat is within 200 feet. The measure also requires 


preparation of a relocation plan, and if construction activities will occur within suitable habitat 


during the giant garter snake inactive season, aquatic habitat would be dewatered between May 1 


and September 30, limited to the immediate construction area. The dewatered area would remain 


dry at least 15 consecutive days prior to excavating or filling dewatered habitat. 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources, 


detailed in Appendix 3A, would further reduce the potential for injury or mortality from 


construction vehicles by setting speed limits. AMM-14 would also require covering steep-walled 


holes or trenches more than 6 inches deep or providing an escape ramp, capping ends of stored 


pipes and culverts, and disallowing plastic monofilament netting or similar material for erosion 


control. Before such holes or trenches are filled, they would be thoroughly inspected for trapped 


animals.  


Disruptions to giant garter snake behavior and movement from noise and vibration are not expected 


given field investigations would not cause noise and vibrations exceeding those experienced under 


existing conditions and activities would be short in duration and require a small extent of ground 


disturbance. If disruptions do occur, implementation of the avoidance and minimization measure in 


Chapter 3, Section 3.6.2.7 and AMM-14 (Appendix 3A) would minimize the effect with pre-


disturbance detection, work stoppage if an individual is detected, and relocation (if needed). To 


reduce the potential effects of contamination from spills such as fuel or oil, AMM-2: Develop and 


Implement Hazardous Materials Management Plans and AMM-3: Develop and Implement Spill 


Prevention, Control, and Countermeasure Plans would implement spill prevention and control plans 


(Appendix 3A). 


6.9.2 North Delta Intakes 


The north Delta intakes would be constructed on the east bank of the Sacramento River upstream 


and downstream of Hood. Two intakes would divert water from the Sacramento River and include 


cylindrical fish screens, intake structures, sedimentation basins, sediment drying lagoons, flow 


control structures, intake outlet channel and shaft, embankments, and other appurtenant structures. 


Intakes would also include construction support facilities (e.g., emergency facilities, fuel station), 


electrical substations, switchyards, and access roads that fall within the north Delta intake facility 


footprints. The north Delta intakes would be surrounded by security fencing. The construction 


actions associated with the north Delta intakes are described and evaluated at the project level. 


Construction activities at each intake are described in Chapter 3, Section 3.2.2. Intake construction 


would include ground clearing and grading; in-water and on-land pile driving; excavation; 


placement of fills, cutoff walls, and structures; and drilling. These activities would require the use of 


loud, heavy equipment within the construction site as well as along the access roads to the site and 


limited nighttime work. Construction-related lighting would be downcast so as not to subject the 


immediate surroundings to light level extremes; however, these types of lights generate an ambient 


nighttime luminescence that is visible from a distance (Section 3.2.12). The duration of the activity 


would be approximately 7 years at each intake. Implementation of intake construction at each 


location would be staggered by approximately 1 year. Intake C, the southern intake, would begin 
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construction first; approximately 1 year later, construction would begin at Intake B, the northern 


intake. The result is that construction would overlap at both sites for approximately 6 years.  


6.9.2.1 Habitat Loss and Fragmentation 


The north Delta intakes would result in the permanent removal of 2.03 acres of giant garter snake 


modeled aquatic habitat (<0.01% of modeled aquatic habitat within the Delta) and 12.17 acres of 


modeled upland habitat (0.02% of modeled upland habitat within the Delta) (Figures 6.9-2, 6.9-12, 


and 6.9-13). Modeled habitat near the north Delta intakes consists of aquatic habitat found along the 


Sacramento River and agricultural ditches. Modeled habitat along the Sacramento River is 


considered lower quality because of increased flow and sparse emergent vegetation. Agricultural 


ditches are also assumed to be of lower quality as they typically do not hold permanent water. An 


incremental decrease in connectivity due to the construction of the north Delta intakes is not 


expected to substantially affect giant garter snake because the existing habitat is of low quality (and 


is therefore unlikely to be functioning as an important movement route) and the extent of lost 


habitat is small.  


To minimize permanent habitat loss, the Giant Garter Snake Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.7 would require suitable giant garter snake aquatic and upland 


habitat to be delineated and avoided to the greatest extent possible. Where suitable habitat cannot 


be avoided and is permanently lost, the lost habitat would be offset through mitigation. The CMP 


would create, enhance, and manage in perpetuity giant garter snake aquatic and upland habitat 


(Appendix 3B, Section 3B.4.1.4, Site Design and Development, and Attachment 3B.1, Table 3B.1-3, 


CMP-15: Giant Garter Snake Habitat).  


6.9.2.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of giant 


garter snake within work areas if they are moving on the surface during the summer months (April 


16 to September 30) or occupying mammal burrows or other subsurface refugia during the winter 


months (October 1 to April 15). Construction vehicle traffic during the active season (April 16 to 


September 30) could result in injury or mortality. Giant garter snake could be trapped in open 


trenches or other excavations and become vulnerable to predation. Construction activities could 


also result in the exposure of giant garter snake to construction-related fluids, such as fuels, oils, and 


cement, which could result in injury and mortality. Construction noise and vibration could be 


detectible by giant garter snake and disrupt normal behaviors and result in increased energy 


expenditures. However, the threshold at which disruption of normal behaviors would occur is 


unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Giant Garter Snake Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.7 would 


require suitable giant garter snake habitat be delineated and completely avoided to the greatest 


extent possible. If habitat cannot be avoided, construction initiation within delineated habitat would 


be limited to the summer months (May 1 to September 30), preconstruction surveys would be 


conducted, and exclusion fencing would be erected around the perimeter of construction sites 


where there is giant garter snake habitat within 200 feet. The measure also requires preparation of 


a relocation plan and, if construction activities will occur within suitable habitat during the giant 


garter snake inactive season, aquatic habitat in the immediate construction area would be 
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dewatered between May 1 and September 30. The dewatered area would remain dry for at least 15 


consecutive days prior to excavating or filling dewatered habitat. 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources, 


(Appendix 3A) would further reduce the potential for injury or mortality from construction vehicles 


by setting speed limits. AMM-14 would also require covering steep-walled holes or trenches more 


than 6 inches deep or providing an escape ramp, capping ends of stored pipes and culverts, and 


disallowing plastic monofilament netting or similar material for erosion control. Before such holes 


or trenches are filled, they would be thoroughly inspected for trapped animals.  


The avoidance and minimization measure in Chapter 3, Section 3.6.2.7 and AMM-14 would minimize 


construction-related effects with pre-disturbance detection, work stoppage if an individual is 


detected, and relocation (if needed). To reduce the potential effects of contamination from spills 


such as fuel or oil, AMM-2: Develop and Implement Hazardous Materials Management Plans and 


AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


implement spill prevention and control plans (Appendix 3A). 


6.9.3 Tunnels 


Tunnel construction occurs completely subsurface and does not result in any surface disturbance.  


The primary mechanism by which tunnel construction may affect a species is through vibration. 


Water conveyance tunnels connecting the north Delta intakes to the Bethany Complex would be 


constructed using subsurface horizontal TBMs. The TBM would operate 20 hours per day, 5 days per 


week, and would move at a rate of approximately 40 feet per day, depending on the soil types 


encountered. The depth of the main tunnel crown would be approximately 103 feet below mean sea 


level at Intake B, with elevation decreasing at a constant rate to 128 feet below mean sea level at the 


Bethany Complex. At a depth of 110 feet, groundborne vibration from a TBM that would reach the 


surface is estimated to be 0.003 in/sec peak particle velocity (PPV). 


During tunnel construction, conveyors inside of the tunnel hauling workers and material would also 


produce localized groundborne vibration. However, conveyors would be operated at slow speeds 


and would not result in excessive vibrations or groundborne noise from the tunnel floor. 


6.9.3.1 Habitat Loss and Fragmentation 


The tunnels would be constructed using subsurface horizontal TBMs and would not result in any 


surface disturbance; therefore, this activity would not result in loss or fragmentation of modeled 


giant garter snake habitat (Figure 6.9-1).  


6.9.3.2 Construction-Related Effects 


Tunnel construction would take place below modeled giant garter snake aquatic and upland habitat. 


Reptiles are very sensitive to vibration, as they use it for foraging as well as predator detection. As a 


result, construction vibration could be detectible by giant garter snake, disrupt normal behavior, 


and result in increased energy expenditures.  


Vibration becomes slightly perceptible to humans at 0.012 in/sec PPV (California Department of 


Transportation 2020b:21). At the surface, TBM vibration is 0.003 in/sec PPV and not perceptible to 


humans. However, the vibration sensitivity of snakes greatly exceeds that of humans, typically by a 
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margin of 20 to 40 dB, indicating that snakes are 10 to 100 times more sensitive to vibration than 


humans (Hartline 1971). Accordingly, TBM vibrations from tunnel construction would presumably 


be perceptible to giant garter snakes at the surface. However, TBM vibration levels are far less than 


the background levels of vibration from heavy equipment and trucks that occur throughout the giant 


garter snake’s range in the Delta, which is approximately 0.01 in/sec PPV (Federal Transit 


Administration 2018:18). Also, because the TBM would advance approximately 40 feet per day, TBM 


vibration that could be perceived by a giant garter snake would be temporary, as vibrations would 


diminish as the TBM moves away from a snake’s location. For these reasons, the giant garter snake 


is unlikely to be substantially affected by tunnel boring.  


6.9.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 


alignment, and at the Bethany Complex. Giant garter snake modeled habitat overlaps with tunnel 


shaft work areas at Twin Cities Complex and Lower Roberts Island (Figures 6.9-3, 6.9-4, 6.8-19, and 


6.9-20). The construction actions associated with the tunnel shafts are described and evaluated at 


the project level. 


Construction activities associated with tunnel and tunnel shaft activities are described in Chapter 3, 


Section 3.2.4 and would include vegetation clearing, grading, excavation, soil compaction, and the 


use of heavy construction equipment. Construction of the tunnel shafts would take multiple years. 


Construction activities would persist for 7 to 9 years at launch shafts and for 2 years at reception 


and maintenance shafts. Construction would occur day and night. See Section 3.2.8 for a complete 


description of construction activity and timing details. 


6.9.4.1 Habitat Loss and Fragmentation 


Tunnel shafts would result in permanent loss of 1.94 acres of modeled giant garter snake aquatic 


habitat and 15.69 acres of modeled upland habitat (<0.01% of modeled aquatic habitat and 0.03% of 


modeled upland habitat within the study area) (Figure 6.9-1). Affected modeled habitat from tunnel 


shaft construction would occur at the Twin Cities Complex and Lower Roberts Island. Habitat in 


these areas consist of agricultural ditches and narrow patches of adjacent upland habitat, which are 


considered low quality due to the lack of permanent water. An occurrence at the Cosumnes River 


Preserve is approximately 2 miles south of the Twin Cities Complex and an occurrence along the San 


Joaquin River is approximately 0.7 mile northwest of the Lower Roberts Island tunnel shaft work 


area (California Department of Fish and Wildlife 2020b). The incremental decrease in habitat 


connectivity from the construction of these two complexes is not expected to affect giant garter 


snake because of the low quality of existing habitat and the small amount of loss. 


To minimize permanent habitat loss, the Giant Garter Snake Avoidance and Minimization Measure 


(Chapter 3, Section 3.6.2.7) would require suitable giant garter snake aquatic and upland habitat to 


be delineated and avoided to the greatest extent possible. Where suitable habitat cannot be avoided 


and is permanently lost, the lost suitable habitat would be offset through mitigation. The CMP would 


create, enhance, and manage in perpetuity giant garter snake aquatic and upland habitat (Appendix 


3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-15: Giant Garter Snake Habitat).  
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6.9.4.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of giant 


garter snake if they are moving on the surface during the summer months (April 16 to September 


30) or occupying mammal burrows or other subsurface refugia during the winter months (October 


1 to April 15). Construction vehicle traffic during the active season (April 16 to September 30) could 


also result in injury or mortality. Giant garter snake could also be trapped in open trenches and 


become vulnerable to predation. Construction activities could also result in the exposure of giant 


garter snake to construction-related fluids, such as fuels, oils, and cement, which could result in 


injury and mortality. Construction noise and vibration could also be detectible by giant garter snake 


and disrupt normal behaviors and result in increased energy expenditures. However, the threshold 


at which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Giant Garter Snake Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.7) would 


require suitable giant garter snake aquatic and upland habitat to be delineated and completely 


avoided to the greatest extent possible. If habitat cannot be avoided, construction initiation would 


be limited to the summer months (May 1 to September 30) within delineated habitat, 


preconstruction surveys would be conducted, and exclusion fencing would be erected around the 


perimeter of construction sites where giant garter snake habitat is within 200 feet. The measure also 


requires preparation of a relocation plan and, if construction activities will occur within suitable 


habitat during the giant garter snake inactive season, aquatic habitat in the immediate construction 


area would be dewatered between May 1 and September 30. The dewatered area would remain dry 


for at least 15 consecutive days prior to excavating or filling dewatered habitat. 


AMM-14: Construction Best Management Practices for Biological Resources would further reduce the 


potential for injury or mortality from construction vehicles by setting speed limits (Appendix 3A). 


AMM-14 would also require placing barriers around the shaft excavation sites to prevent entry into 


the shaft, capping ends of stored pipes and culverts, and disallowing plastic monofilament netting or 


similar material for erosion control. Before such holes or trenches are filled, they would be 


thoroughly inspected for trapped animals.  


The Giant Garter Snake Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.7) and AMM-


14: Construction Best Management Practices for Biological Resources would minimize construction-


related effects with pre-disturbance detection, work stoppage if an individual is detected, and 


relocation (if needed). To reduce the potential effects of contamination from spills such as fuel or oil, 


AMM-2: Develop and Implement Hazardous Materials Management Plans and AMM-3: Develop and 


Implement Spill Prevention, Control, and Countermeasure Plans would implement spill prevention 


and control plans (Appendix 3A). 


6.9.5 Reusable Tunnel Material 


RTM would be removed through tunnel launch shafts and transported to handling and storage 


facilities within the tunnel launch shaft sites, where it would be tested and dried, then transported 


for reuse or stockpiled and permanently stored. The construction actions associated with RTM are 


described and evaluated at the project level.  


Construction activities at each RTM site would include the use of heavy equipment for ground 


clearing and grading and soil tilling and rotation. Material would be moved to the site using a 


conveyor belt, and on-site, long-term storage is assumed. Trucks and other large equipment could 
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also be used for movement of the material within the construction site. The RTM storage areas 


would be active for several years while tunneling is underway. The placement of RTM would be 


ongoing throughout tunnel construction. As material is removed from the tunnel, it would be placed 


or stacked within the RTM site. The Twin Cities Complex, which includes an RTM site, requires 


construction of a ring levee that surrounds the entire complex; because the construction of the ring 


levee would have approximately the same impacts as that of the RTM site, the impacts from ring 


levee construction are discussed in this section. RTM storage area construction, placement, 


handling, drying and equipment maintenance would occur during day and night, almost 


continuously through tunnel excavation. For more details about the activities associated with RTM 


placement, see Chapter 3, Section 3.2.5; for more details on schedule, see Section 3.2.8. 


6.9.5.1 Habitat Loss and Fragmentation 


The Twin Cities Complex ring levee and Lower Roberts Island RTM area overlap with modeled giant 


garter snake aquatic habitat (Figures 6.9-3 and 6.9-4). Construction of RTM area would result in 


permanent loss of 0.54 acre of modeled giant garter snake aquatic habitat (<0.01% of modeled 


aquatic habitat within the study area) and 0 acres of modeled giant garter snake upland habitat 


(0.0% of modeled upland habitat within the action area). The modeled aquatic habitat that would be 


removed consists of unvegetated agricultural irrigation ditches and is considered low quality. 


Habitat fragmentation due to RTM area construction is not expected to affect giant garter snake 


because of the low quality of the existing habitat and the small area of suitable habitat would be 


affected. 


To minimize permanent habitat loss, the Giant Garter Snake Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.7 would require suitable giant garter snake aquatic and upland 


habitat to be delineated and avoided to the greatest extent possible. Where suitable habitat cannot 


be avoided and is permanently lost, the lost suitable habitat would be offset through mitigation. The 


CMP would create, enhance, and manage in perpetuity giant garter snake aquatic and upland habitat 


(Appendix 3B, Section 3B.4.1.4, Site Design and Development, and Attachment 3B.1, Table 3B.1-3, 


CMP-15: Giant Garter Snake Habitat).  


6.9.5.2 Construction-Related Effects 


RTM area construction could result in the injury, mortality, and disruption of normal behaviors of 


giant garter snake within work areas if they are moving on the surface during the summer months 


(April 16 to September 30) or occupying mammal burrows or other subsurface refugia during the 


winter months (October 1 to April 15). Construction vehicle traffic during the active season (April 


16 to September 30) could also result in injury or mortality. Giant garter snake could also be 


trapped in open trenches and become vulnerable to predation. Construction activities could also 


result in the exposure of giant garter snake to construction-related fluids, such as fuels, oils, and 


cement, which could result in injury and mortality. Construction noise and vibration could also be 


detectible by giant garter snake and disrupt normal behaviors and result in increased energy 


expenditures. However, the threshold at which disruption of normal behaviors would occur is 


unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Giant Garter Snake Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.7 would 


require suitable giant garter snake aquatic and upland habitat to be delineated and completely 


avoided to the greatest extent possible. If habitat cannot be avoided, construction initiation would 
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be limited to the summer months (May 1 to September 30), preconstruction surveys would be 


conducted, and exclusion fencing would be erected around the perimeter of construction sites 


where giant garter snake habitat is within 200 feet. The measure also requires preparation of a 


relocation plan and, if construction activities will occur within suitable habitat during the giant 


garter snake inactive season, aquatic habitat in the immediate construction area would be 


dewatered between May 1 and September 30. The dewatered area would remain dry for at least 15 


consecutive days prior to excavating or filling dewatered habitat. 


AMM-14: Construction Best Management Practices for Biological Resources would further reduce the 


potential for injury or mortality from construction vehicles by setting speed limits (Appendix 3A). 


AMM-14 would also require covering steep-walled holes or trenches more than 6 inches deep or 


providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The Giant Garter Snake Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.7) and AMM-


14: Construction Best Management Practices for Biological Resources would minimize construction-


related effects with pre-disturbance detection, work stoppage if an individual is detected, and 


relocation (if needed). To reduce the potential effects of contamination from spills such as fuel or oil, 


AMM-2: Develop and Implement Hazardous Materials Management Plans and AMM-3: Develop and 


Implement Spill Prevention, Control, and Countermeasure Plans would implement spill prevention 


and control plans (Appendix 3A).  


6.9.6 Bethany Complex 


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and facilities within the Bethany Complex 


footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level. 


The Bethany Reservoir Aqueduct that connects the Bethany Reservoir Pumping Plant to the Bethany 


Reservoir Discharge Structure would be aboveground, except for two tunneled sections that would 


pass under the Jones Pumping Plant discharge pipelines and Bethany Conservation Easement. The 


tunneled portion of the Bethany Aqueduct under the conservation easement would be constructed 


at a depth of 45–180 feet below ground surface, and entry and exit portals to the aqueduct would be 


outside of the conservation easement (Chapter 3, Section 3.2.6.3). All geotechnical and construction 


activities, such as mowing or vegetation clearing, would avoid surface disturbance to the 


conservation easement. No surface facilities (e.g., roads, utilities, or other structures) would be 


located on top of the conservation easement.  


Construction activities at the Bethany Complex include vegetation clearing, grading, excavation, soil 


compaction, building of structures, and the use of construction-related vehicles. Sheet piles for 


construction of the discharge structure would be installed using vibratory pile driving methods. 


Construction of the Bethany Complex would take place over several years and may require night 


lighting. As described in Chapter 3, Section 3.2.12, all lights used during nighttime construction 


would be downcast, cut-off type fixtures with non-glare finishes, natural light qualities, and 


minimum intensity. 
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6.9.6.1 Habitat Loss and Fragmentation 


Construction of the Bethany Reservoir Aqueduct would result in permanent loss of 0.27 acre of 


modeled giant garter snake aquatic habitat and 7.32 acres of modeled upland habitat (<0.01% of 


modeled aquatic habitat and 0.01% of modeled upland habitat within the Delta) (Figures 6.9-6 and 


6.9-51). Modeled aquatic habitat and associated upland habitat that would be removed from 


construction of Bethany Complex facilities meet the description of suitable giant garter snake 


habitat, but these areas are not likely to be occupied due to the low degree of connectivity to 


occupied habitats and the lack of current or historic occurrences in the south Delta. The nearest 


occurrence is approximately 15 miles northeast of the Bethany Complex facilities (California 


Department of Fish and Wildlife 2020b). For these same reasons, habitat fragmentation is unlikely 


to occur. 


To minimize permanent habitat loss, the Giant Garter Snake Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.7 would require suitable giant garter snake aquatic and upland 


habitat to be delineated and avoided to the greatest extent possible. Where suitable habitat cannot 


be avoided and is permanently lost, the lost suitable habitat would be offset through mitigation. The 


CMP would create, enhance, and manage in perpetuity giant garter snake aquatic and upland habitat 


(Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-15: Giant Garter Snake 


Habitat). 


6.9.6.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of giant 


garter snake if they are moving on the surface during the summer months (April 16 to September 


30) or occupying mammal burrows or other subsurface refugia during the winter months (October 


1 to April 15). Construction vehicle traffic during the active season (April 16 to September 30) could 


also result in injury or mortality. Giant garter snake could also be trapped in open trenches and 


become vulnerable to predation. Construction activities could also result in the exposure of giant 


garter snake to construction-related fluids, such as fuels, oils, and cement, which could result in 


injury and mortality. Construction noise and vibration could also be detectible by giant garter snake 


and disrupt normal behaviors and result in increased energy expenditures. However, the threshold 


at which disruption of normal behaviors would occur is unknown. While these effect mechanisms 


would exist at Bethany Complex construction areas, the likelihood of effects are minimal because 


giant garter snake is unlikely to be present. As a result, impacts on giant garter snake from 


construction activities are extremely unlikely to occur and therefore discountable. 


6.9.7 Access Roads 


The construction of new access roads, a new access railroad spur on Lower Roberts Island, and 


improvements to existing roads are necessary to support project construction and project facilities. 


In addition to these road and railroad features, impacts from levee improvements on Lower Roberts 


Island are also evaluated in this section (as the levee improvements would be adjacent to the access 


road, have similar impacts on species, and occur at roughly the same time). The construction actions 


associated with access roads, access railroad spur, and levee improvements on Lower Roberts Island 


are described and evaluated at the project level. 


New access roads would be either gravel or paved and would be built to connect existing roads to 


construction areas and for project facilities. The new access railroad spur would transport materials 
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and equipment to the tunnel launch shaft. Existing roads would be widened and improved to 


support the construction-related traffic, and existing roads in the vicinity of the intakes and shafts 


would be repaved every 15 years. The access roads impacts that overlap with giant garter snake 


modeled habitat are those that are in service to, but occur outside of, facilities at the north Delta 


intakes, Twin Cities Complex, King Island, Lower Roberts Island, Union Island, and Bethany 


Complex. 


There are three regions where new access roads would be constructed and existing access roads 


would be improved in service of the Bethany Complex: to the northeast of the Bethany Complex, 


connecting Mountain House Road to Byron Highway; between Mountain House Road and the 


Bethany discharge structure; and to the south of the Bethany Complex, connecting Mountain House 


Road to Grant Line Road. These access roads are described in Chapter 3, Section 3.2.7 and depicted 


in Figure 6.9-1. Impacts from access road construction within the north Delta intakes, tunnel shafts, 


RTM areas, and Bethany Complex are described above in Section 6.9.2, North Delta Intakes, Section 


6.9.4, Tunnel Shafts, Section 6.9.5, Reusable Tunnel Material, and above in Section 6.9.6, Bethany 


Complex, respectively. Access roads for all other facilities do not overlap with modeled giant garter 


snake habitat. 


Construction activities for access roads (which include the railroad spur and levee improvements on 


Lower Roberts Island) include clearing, grubbing, excavation, placement of fill, minor bridge 


construction, moving utilities, paving, and the use of construction vehicles. A new access railroad 


spur at Lower Roberts Island would be constructed adjacent to and concurrent with the access road 


at this location and would involve installing a bridge over Burns Cutoff, rail tracks, train use during 


construction, and the use of vehicles and heavy equipment to inspect and maintain the railroad 


right-of-way during project construction. Construction of access roads would take place over several 


years during daylight hours, with the exception of the traffic bypass at Mountain House Road where 


construction would occur at night.  


6.9.7.1 Habitat Loss and Fragmentation 


Access roads would result in permanent loss of 4.24 acres of modeled giant garter snake aquatic 


habitat and 29.31 acres of modeled upland habitat (<0.01% of modeled aquatic habitat and 0.06% of 


modeled upland habitat within the study area) and temporary impacts on 8.58 acres of modeled 


giant garter snake aquatic habitat and 16.12 acres of modeled upland habitat (0.2% of modeled 


aquatic habitat and 0.03% of modeled upland habitat within the study area) (Figure 6.9-1). Access 


road impacts occur throughout the project alignment and the affected habitat is of varying quality. 


Modeled habitat near the north Delta intakes and Twin Cities Complex (where field investigations 


will occur) consists of aquatic habitat found along agricultural ditches, which is generally considered 


low quality because they do not hold permanent water. Modeled aquatic habitat at Lower Roberts 


Island occurs in agricultural ditches and slow-moving water with emergent vegetation along the 


bank of the San Joaquin River and Burns Cutoff is considered low to moderate quality. Although the 


modeled habitat that would be removed for construction of access roads at the Bethany Complex fits 


the description of suitable giant garter snake habitat, it is considered lower quality due to the lack of 


connectivity between modeled habitat patches and the lack of any current or historic giant garter 


snake occurrences in the south Delta. The nearest occurrence is approximately 15 miles northeast of 


Bethany Complex access roads. No giant garter snake occurrences overlap with access road 


footprints (California Department of Fish and Wildlife 2020b). Habitat fragmentation due to 


construction of access roads is not expected to affect giant garter snake connectivity as the patches 


of lost habitat are small, scattered throughout action area and generally of low quality.  
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To minimize permanent habitat loss, the Giant Garter Snake Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.7 would require suitable giant garter snake aquatic and upland 


habitat to be delineated and avoided to the greatest extent possible. Where suitable habitat cannot 


be avoided and is permanently lost, the lost suitable habitat would be offset through mitigation. The 


CMP would create, enhance, and manage in perpetuity giant garter snake aquatic and upland habitat 


(Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-15: Giant Garter Snake 


Habitat). 


6.9.7.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of giant 


garter snake within work areas if they are moving on the surface during the summer months (April 


16 to September 30) or occupying mammal burrows or other subsurface refugia during the winter 


months (October 1 to April 15). Construction vehicle traffic during the active season (April 16 to 


September 30) could also result in injury or mortality. Giant garter snake could also be trapped in 


open trenches and become vulnerable to predation. Construction activities could also result in the 


exposure of giant garter snake to construction-related fluids, such as fuels, oils, and cement, which 


could result in injury and mortality. Construction noise and vibration could be detectible by giant 


garter snake and also disrupt normal behaviors and result in increased energy expenditures. 


However, the threshold at which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Giant Garter Snake Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.7) would 


require suitable giant garter snake aquatic and upland habitat to be delineated and completely 


avoided to the greatest extent possible. If habitat cannot be avoided, construction initiation would 


be limited to the summer months (May 1 to September 30), preconstruction surveys would be 


conducted, and exclusion fencing would be erected around the perimeter of construction sites 


where there is giant garter snake habitat within 200 feet. The measure also requires preparation of 


a relocation plan and, if construction activities will occur within suitable habitat during the giant 


garter snake inactive season, aquatic habitat within the immediate construction area would be 


dewatered between May 1 and September 30. The dewatered area would remain dry for at least 15 


consecutive days prior to excavating or filling dewatered habitat. 


AMM-14: Construction Best Management Practices for Biological Resources would further reduce the 


potential for injury or mortality from construction vehicles by setting speed limits (Appendix 3A). 


AMM-14 would also require covering steep-walled holes or trenches more than 6 inches deep or 


providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The Giant Garter Snake Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.7) and AMM-


14 would minimize construction-related effects with pre-disturbance detection, work stoppage if an 


individual is detected, and relocation (if needed). To reduce the potential effects of contamination 


from spills such as fuel or oil, AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


implement spill prevention and control plans (Appendix 3A). 
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6.9.8 Electrical and SCADA Facilities 


The following discussion includes an analysis of electrical facility types (e.g., electrical powerlines, 


substation on Lower Roberts Island) where they occur outside one of the project feature footprints 


described in the above sections (e.g., north Delta intakes, Bethany Complex). Where the construction 


footprint of an electrical or SCADA facility type (e.g., switching station, substation) falls within a 


larger facility construction footprint, such as Bethany Complex, the effects associated with that 


facility type are discussed in the relative sections. The construction actions associated with electrical 


and SCADA facilities are described and evaluated at the project level. 


Most of the power for project construction and operation would be supplied by existing power lines 


or new lines added to existing poles, but additional electrical facilities would be needed at all project 


facility locations. Power lines for the intakes and tunnel shafts would be placed underground while a 


new aboveground high-voltage power transmission line would be constructed to power the Bethany 


Complex. A new aboveground power line and substation would also be constructed at Lower 


Roberts Island. 


Similar to power, new SCADA lines would be needed at the intakes, tunnel launch shafts, and the 


Bethany Complex. SCADA lines could be placed within existing telecommunications infrastructure 


corridors where possible, including on existing aboveground poles. Where existing infrastructure is 


not available, SCADA lines would be buried, primarily along existing roads and access routes. For 


more details about the activities associated with electrical and SCADA facilities, see Chapter 3, 


Section 3.2.10 and Section 3.2.11.  


Construction of electrical power and SCADA lines and the substation on Lower Roberts Island would 


require site preparation, tower or pole construction, and line stringing. Construction of 


underground power and SCADA lines would involve trenching, directional drilling, and use of heavy 


equipment and would mostly occur concurrent with access road improvements and construction. 


Cranes would be used during the line-stringing phase.  


Underground power would mostly be installed alongside existing or new roads within the roadway 


right-of-way; however, there are a few short sections of line that move away from the road 


alignment into agricultural lands at Lower Roberts Island and the Twin Cities Complex. Construction 


of electrical and SCADA facilities would require vehicular access to each tower or pole location. 


Vehicular access routes to new tower or pole locations would use existing routes or new access 


routes as described in Section 6.9.7. The duration of construction and installation of new electrical 


and SCADA facilities would not be more than 1 year at any one location. See Appendix 6A for details 


about the impact assessment method.  


6.9.8.1 Habitat Loss and Fragmentation 


Electrical and SCADA facilities serving the north Delta intakes, Twin Cities Complex, Terminous 


Tract tunnel shaft, Lower Roberts Island tunnel shaft and RTM area, and Bethany Complex overlap 


with modeled giant garter snake habitat. Construction of new electrical facilities would result in the 


permanent loss of 0.38 acre of giant garter snake modeled aquatic habitat and 0.85 acre of modeled 


upland habitat (<0.01% of modeled aquatic habitat and <0.01% of modeled upland habitat within 


the study area). Construction of SCADA facilities would result in a temporary disturbance of 2.01 


acre of giant garter snake modeled aquatic habitat and 10.24 acres of modeled upland habitat 


(<0.01% of modeled aquatic habitat and 0.02% of modeled upland habitat within the study area) 


(Figures 6.9-8 through 6.9-56).  
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Modeled habitat that would be removed due to construction of power and SCADA facilities serving 


the north Delta intakes and Twin Cities Complex consists of aquatic habitat found along agricultural 


ditches, which is generally considered low quality because they do not hold permanent water. 


Terminous Tract modeled habitat consists of emergent wetlands and sloughs at and adjacent to 


White Slough Wildlife Area and is considered good quality habitat. Modeled aquatic habitat at Lower 


Roberts Island consist of agricultural ditches and slow-moving water with emergent vegetation 


along the bank of the San Joaquin River and Burns Cutoff which is considered low to moderate 


quality. Although the modeled habitat that would be removed for construction of access roads at the 


Bethany Complex fits the description of suitable giant garter snake habitat, it is considered lower 


quality due to the lack of connectivity between habitat patches and the lack of any current or 


historic giant garter snake occurrences in the south Delta.  


An aboveground power line serving the north Delta intakes and Twin Cities Complex that would be 


installed on existing poles along Franklin Boulevard overlaps with giant garter snake occurrence 


#52; an underground SCADA line serving the Terminous Tract tunnel shaft overlaps with giant 


garter snake occurrence #49 at White Slough Wildlife Area; and an aboveground SCADA line serving 


the Lower Roberts Island tunnel shaft overlaps with a giant garter snake occurrence #351 in 


Stockton (California Department of Fish and Wildlife 2020b). Habitat fragmentation from power and 


SCADA facilities construction is not expected because the project features are either above or below 


ground. 


To minimize permanent habitat loss, the Giant Garter Snake Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.7 would require suitable giant garter snake aquatic and upland 


habitat to be delineated and avoided to the greatest extent possible. Where suitable habitat cannot 


be avoided and is permanently lost, the lost suitable habitat would be offset through mitigation. The 


CMP would create, enhance, and manage in perpetuity giant garter snake aquatic and upland habitat 


(Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-15: Giant Garter Snake 


Habitat).  


6.9.8.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of giant 


garter snake within work areas if they are moving on the surface during the summer months (April 


16 to September 30) or occupying mammal burrows or other subsurface refugia during the winter 


months (October 1 to April 15). Construction vehicle traffic during the active season (April 16 to 


September 30) could also result in injury or mortality. Giant garter snake could also be trapped in 


open trenches and become vulnerable to predation. Construction activities could also result in the 


exposure of giant garter snake to construction-related fluids, such as fuels, oils, and cement, which 


could result in injury and mortality. Construction noise and vibration could also be detectible by 


giant garter snake and disrupt normal behaviors and result in increased energy expenditures. 


However, the threshold at which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Giant Garter Snake Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.7) would 


require suitable giant garter snake aquatic and upland habitat to be delineated and completely 


avoided to the greatest extent possible. If habitat cannot be avoided, construction initiation would 


be limited to the summer months (May 1 to September 30), preconstruction surveys would be 


conducted, and exclusion fencing would be erected around the perimeter of construction sites 


where there is giant garter snake habitat within 200 feet. The measure also requires preparation of 
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a relocation plan and, if construction activities will occur within suitable habitat during the giant 


garter snake inactive season, aquatic habitat within the immediate construction area would be 


dewatered between May 1 and September 30. The dewatered area would remain dry for at least 15 


consecutive days prior to excavating or filling dewatered habitat. 


AMM-14: Construction Best Management Practices for Biological Resources would further reduce the 


potential for injury or mortality from construction vehicles by setting speed limits (Appendix 3A). 


AMM-14 would also require covering steep-walled holes or trenches more than 6 inches deep or 


providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The Giant Garter Snake Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.7) and AMM-


14 would minimize construction-related effects with pre-disturbance detection, work stoppage if an 


individual is detected, and relocation (if needed). To reduce the potential effects of contamination 


from spills such as fuel or oil, AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


implement spill prevention and control plans (Appendix 3A). 


6.9.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:22 concrete and CLSM 


batch plants and park-and-ride lots. None of these features overlap with giant garter snake modeled 


habitat, thus activities associated with these facilities are not expected to affect the species (Figure 


6.9-1). 


6.9.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facilities would be constructed to deliver water from the Union Island 


tunnel shaft to the existing CCWD Middle River Pipeline on Victoria Island. The CCWD 


interconnection facilities would include an interconnection pump station, a new underground 1.6-


mile conveyance pipeline, and an interconnection valve to connect to the existing CCWD Middle 


River Pipeline. The construction actions associated with the CCWD interconnection facilities are 


described and evaluated at the project level. 


The interconnection pump station facilities would be located within the Union Island tunnel shaft 


footprint. Pump station facilities include two to six submersible vertical turbine pumps installed 


within the Union Island maintenance shaft, 24-inch diameter pump discharge pipes, an aboveground 


surge tank system, underground vaults containing isolation butterfly valves and flow meters, an 


electrical building, electrical transformers, equipment yard, and a new electrical power connection 


to the existing overhead line adjacent at the Union Island tunnel shaft site.  


The interconnection pipeline would consist of a 42- to 66-inch diameter underground pipeline 


continuing north from the Union Island shaft site along Bonetti Road, crossing under Victoria Canal, 


 
22 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, e.g., such as north Delta intakes and Bethany Complex. For example, there are impacts from 
road work areas included in Section 6.9.7, Access Roads, and Section 6.9.6, Bethany Complex, but the road work area 
described in this section occurs in a discreet location, outside a large project footprint.  
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then turning west along an existing farm road, then connecting with the CCWD Middle River Pipeline 


at the Middle River Intake and Pumping Plant. A permanent 70-foot wide easement would be 


maintained along the length of the pipeline on Union Island and Victoria Island. Air valves, blow offs, 


and access manways would be placed along the pipeline within the permanent easement. 


The interconnection valve would be located in a buried vault (approximately 11.5 feet by 15.5 feet 


by 12.0 feet) on the interconnection pipeline just prior to connecting to the Middle River pipeline 


within the existing CCWD pumping plant facility on Victoria Island.  


Construction of the interconnection pump station facilities would take place within the construction 


footprint of the Union Island tunnel shaft, and activities would be similar to those occurring for 


tunnel shaft construction (Section 6.9.4). Installation of electrical power connections would be 


similar to those described in Section 6.9.8, Electrical and SCADA Facilities. 


The interconnection pipeline would be installed in a trench with open cut and cover construction 


along existing roadways and within agricultural fields. The pipeline construction easement would be 


100 feet wide for the entire length of the trench, including a 30-foot temporary construction 


easement around the 70-foot permanent easement. Dewatering may occur along the open trench, 


with flows collected, treated, and reused on-site. The portion of the interconnection pipeline that 


crosses Victoria Canal would be microtunneled. Launch and retrieval pits, approximately 35 feet 


wide by 50 feet long, would be placed within the 100-foot open trench construction easement on 


Union Island and Victoria Island to launch and receive microtunneling equipment.  


Construction of the interconnection valve vault would take place within the 100-foot wide CCWD 


pipeline construction easement adjacent to the existing CCWD pump station facility. Following 


installation of the vault, pavement would be replaced within the work area surrounding the vault. 


Construction of the CCWD interconnection facilities would take place after the Union Island 


maintenance shaft is complete and is estimated to take 18 months. The interconnection pump 


station, open cut portions of the interconnection pipeline, and the interconnection valve would not 


require nighttime construction. Microtunneling of the pipeline under Victoria Canal would require 


continuous construction, including nighttime activity, for a duration of approximately 2 weeks.  


6.9.10.1 Habitat Loss and Fragmentation 


The CCWD interconnection facility construction footprint overlaps with modeled giant garter snake 


habitat and would result in the permanent loss of 0.25 acre of modeled giant garter snake aquatic 


habitat (<0.01% of modeled aquatic habitat within the study area) and 5.90 acre of modeled giant 


garter snake upland habitat (0.01% of modeled upland habitat within the study area) (Table 6.9-1) 


(Figure 6.9-5).  


Modeled aquatic habitat and associated upland habitat that would be removed from construction of 


CCWD interconnection pipeline meet the description of suitable giant garter snake habitat, but these 


areas are not likely to be occupied due to the lack of current or historic occurrences in the south 


Delta. The nearest giant garter snake occurrence is approximately 10 miles northeast of the CCWD 


interconnection facilities (California Department of Fish and Wildlife 2020b). For these same 


reasons, habitat fragmentation is unlikely to occur. 


To minimize permanent habitat loss, the Giant Garter Snake Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.7 would require suitable giant garter snake aquatic and upland 


habitat to be delineated and avoided to the greatest extent possible. Where suitable habitat cannot 
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be avoided and is permanently lost, the lost suitable habitat would be offset through mitigation. The 


CMP would create, enhance, and manage in perpetuity giant garter snake aquatic and upland habitat 


(Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-15: Giant Garter Snake 


Habitat).  


6.9.10.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of giant 


garter snake within work areas if they are moving on the surface during the summer months (April 


16 to September 30) or occupying mammal burrows or other subsurface refugia during the winter 


months (October 1 to April 15). Construction vehicle traffic during the active season (April 16 to 


September 30) could also result in injury or mortality. Giant garter snake could also be trapped in 


open trenches and become vulnerable to predation. Construction activities could also result in the 


exposure of giant garter snake to construction-related fluids, such as fuels, oils, and cement, which 


could result in injury and mortality. Construction noise and vibration could also be detectible by 


giant garter snake and disrupt normal behaviors and result in increased energy expenditures. 


However, the threshold at which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Giant Garter Snake Take Minimization Measure (Chapter 3, Section 3.6.2.7) would require 


suitable giant garter snake aquatic and upland habitat to be delineated and completely avoided to 


the greatest extent possible. If habitat cannot be avoided, construction initiation would be limited to 


the summer months (May 1 to September 30), preconstruction surveys would be conducted, and 


exclusion fencing would be erected around the perimeter of construction sites where giant garter 


snake habitat is within 200 feet. The measure also requires preparation of a relocation plan and, if 


construction activities will occur within suitable habitat during the giant garter snake inactive 


season, aquatic habitat within the immediate construction area would be dewatered between May 1 


and September 30. The dewatered area would remain dry for at least 15 consecutive days prior to 


excavating or filling dewatered habitat. 


AMM-14: Construction Best Management Practices for Biological Resources would further reduce the 


potential for injury or mortality from construction vehicles by setting speed limits (Appendix 3A). 


AMM-14 would also require covering steep-walled holes or trenches more than 6 inches deep, 


providing an escape ramp, and placing barriers around the microtunneling launch and retrieval sites 


to prevent entry into the launch and retrieval pits; capping ends of stored pipes and culverts; and 


disallowing plastic monofilament netting or similar material for erosion control. Before such holes 


or trenches are filled, they would be thoroughly inspected for trapped animals.  


The Giant Garter Snake Take Minimization Measure (Chapter 3, Section 3.6.2.7) and AMM-14 would 


minimize construction-related effects with pre-disturbance detection, work stoppage if an 


individual is detected, and relocation (if needed). To reduce the potential effects of contamination 


from spills such as fuel or oil, AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


implement spill prevention and control plans (Appendix 3A). 
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6.9.11 Compensatory Mitigation 


6.9.11.1 Initial Mitigation Sites: Bouldin Island and the I-5 Ponds 


The CMP (Appendix 3B) would offset the permanent loss of wetlands and habitat for special-status 


species, including giant garter snake, by creating and enhancing habitat on Bouldin Island and I-5 


ponds and managing these areas in perpetuity. The habitat creation and enhancement sites would 


overlap with modeled giant garter snake habitat (Figures 6.9-1, 6.9-57 through 6.9-61).  


Construction of habitat creation and enhancement sites under the CMP would involve ground 


disturbance, grading, vegetation removal, the use of heavy equipment, and presence of personnel to 


enhance and restore habitats. Habitat creation and enhancement would take several years to 


construct and would not require night lighting.  


Habitat Loss and Fragmentation 


Habitat creation and enhancement of the initial mitigation sites at Bouldin Island and the I-5 ponds 


would affect 96.33 acres of modeled giant garter snake aquatic habitat and 199.29 acres of modeled 


upland habitat (0.17% of modeled aquatic habitat and 0.39% of modeled upland habitat within the 


project area). However, the disturbance would be temporary in that it would occur over one 


construction season, and one of the primary purposes of the initial mitigation projects is to create 


and enhance giant garter snake habitat. The creation and enhancement actions at the initial 


mitigation sites would convert the existing, low-quality aquatic habitat (e.g., depression [lake/pond], 


agricultural ditch) and upland habitat (grassland patches and agricultural fields along agricultural 


ditches, valley/foothill riparian) to 144.47 acres of moderate- to high-quality aquatic habitat 


(nontidal freshwater emergent wetland and depression [lake/pond]) and 181.91 acres of moderate- 


to high-quality upland giant garter snake habitat (uplands adjacent to aquatic habitat with available 


bankside cover, burrows or cracks for refuge, and management practices that prohibit overgrazing) 


at the initial mitigation sites that would be protected and managed in perpetuity. In addition, CMP-0: 


General Design Guidelines (Attachment 3B.1, Table 3B.1-2) requires compensatory mitigation lands 


address critical life functions for species and that there be no net loss in species habitat or habitat 


value as a result of compensatory mitigation.  


See Tables 3B-7, 3B-13, and 3B-14 in Appendix 3B to better understand the increase in extent of 


high-quality aquatic habitat and Section 3B.7 to better understand how habitat function would be 


defined and monitoring.  


Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of giant 


garter snake within work areas if they are moving on the surface during the summer months (April 


16 to September 30) or occupying mammal burrows or other subsurface refugia during the winter 


months (October 1 to April 15). Construction vehicle traffic during the active season (April 16 to 


September 30) could also result in injury or mortality. Giant garter snake could also be trapped in 


open trenches and become vulnerable to predation. Construction activities could also result in the 


exposure of giant garter snake to construction-related fluids, such as fuels, oils, and cement, which 


could result in injury and mortality. Construction noise and vibration could be detectible by giant 


garter snake and also disrupt normal behaviors and result in increased energy expenditures. 


However, the threshold at which disruption of normal behaviors would occur is unknown. 
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To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Giant Garter Snake Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.7) would 


require suitable giant garter snake aquatic and upland habitat to be delineated and completely 


avoided to the greatest extent possible. If habitat cannot be avoided, construction initiation would 


be limited to the summer months (May 1 to September 30), preconstruction surveys would be 


conducted, and exclusion fencing would be erected around the perimeter of construction sites 


where giant garter snake habitat is within 200 feet. The measure also requires preparation of a 


relocation plan and, if construction activities will occur within suitable habitat during the giant 


garter snake inactive season, aquatic habitat in the immediate work area would be dewatered 


between May 1 and September 30. The dewatered area would remain dry for at least 15 consecutive 


days prior to excavating or filling dewatered habitat. 


AMM-14: Construction Best Management Practices for Biological Resources would further reduce the 


potential for injury or mortality from construction vehicles by setting speed limits (Appendix 3A). 


AMM-14 would also require covering steep-walled holes or trenches providing an escape ramp, 


capping ends of stored pipes and culverts, and disallowing plastic monofilament netting or similar 


material for erosion control. Before such holes or trenches are filled, they would be thoroughly 


inspected for trapped animals.  


The Giant Garter Snake Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.7) and AMM-


14: Construction Best Management Practices for Biological Resources would minimize construction-


related effects with pre-disturbance detection, work stoppage if an individual is detected, and 


relocation (if needed). To reduce the potential effects of contamination from spills such as fuel or oil, 


AMM-2: Develop and Implement Hazardous Materials Management Plans and AMM-3: Develop and 


Implement Spill Prevention, Control, and Countermeasure Plans would implement spill prevention 


and control plans and have a biological monitor present (Appendix 3A). 


6.9.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be purchased to meet compensatory mitigation 


requirements for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, 


vernal pool tadpole shrimp, alkali seasonal wetland, and vernal pool habitat. Mitigation or 


conservation bank credits for these species or wetlands would be purchased at banks that have been 


approved by USFWS, and would have measures to avoid, minimize, and offset any effects to listed 


species. In addition, mitigation bank credits would be purchased within recovery units for these 


species in areas that are not likely to provide suitable giant garter snake habitat. Therefore, the 


purchase of mitigation or conservation bank credits for special-status species would not result in 


additional adverse effects on giant garter snake.  


6.9.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.9.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. A non-bank site would protect, enhance, and manage 


suitable vernal pool or alkali seasonal wetland habitat. Vernal pool and alkali seasonable wetland 


habitat is not suitable for giant garter snake and therefore this activity would have no effect on giant 


garter snake.  
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6.9.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (Wood and Martin 2016). No construction activities would occur 


for site protection instruments.  


6.9.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for migrating salmonids that would benefit from 


enhancement actions.  


Enhancement would generally entail replacing armored or otherwise altered channel banks with 


more natural shoreline habitats that provide shallow, slow-velocity river margins, overhanging 


riparian vegetation, and future woody debris sources. To maintain the current extent of in-water 


habitat and level of flood protection, the existing levee would need to be reconstructed to be set 


back from the shoreline. Waterside and landside improvements would be implemented to create 


enhanced channel margin habitat and provide continued flood protection.  


Waterside improvements would entail degrading the existing levee to create gently sloping banks 


that gradually transition from tule marsh to riparian vegetation on the face of the new setback levee. 


While enhanced habitat will primarily be provided by native vegetation, ballasted large wood may 


be incorporated into the channel bank in some locations for enhanced complexity and refugia. While 


the heavily vegetated bank would provide some wave attenuation value, erosion protection may still 


be required along the waterside of the setback levee. Bio-technical bank treatments, which combine 


cobble and other erosion resistant materials with willows and other plantings, would be employed 


as much as possible. Following all grading, the site would be revegetated, likely through a 


combination of active and passive methods. Riparian and upland areas would be actively seeded, 


planted, and temporarily irrigated during the initial establishment period. Intertidal wetland areas 


would be revegetated through a combination of active planting and passive natural recruitment. 


Landside improvements would include the construction of a new setback levee behind and 


connected to the existing levee. The actual extent of earthmoving required for levee construction 


will vary significantly by site depending on the degree of land subsidence and the level of flood 


protection needed. It is generally anticipated that imported fill would be needed to construct some 


or all of the new setback levee. Material generated by degrading the existing levee would be reused 


in the new levee construction as much as feasible based on timing, soil suitability and other factors. 


Channel margin enhancement would involve using the following equipment. 


• Large mechanized equipment (typically, a trackhoe) to remove riprap from channel margins. 
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• Grading equipment such as trackhoes and bulldozers to modify the channel margin side of 


levees or setback levees to create low floodplain benches with variable surface elevations that 


create hydrodynamic complexity and support emergent vegetation. 


• Trackhoes, bulldozers, and cranes to install large woody material (e.g., tree trunks and stumps) 


into constructed low benches or into existing riprapped levees to provide physical complexity. 


Habitat Loss and Fragmentation 


While the exact location of the channel margin enhancement is not known, it is likely to be placed in 


the central Delta (e.g., Sacramento River between Freeport and Georgiana Slough, Mokelumne River 


near Bouldin Island). As giant garter snakes are assumed to occur throughout the central Delta, and 


channel margin enhancement will take place in the nearshore and levee upland areas where giant 


garter snakes occur, it is assumed that any ground disturbance would result in temporary habitat 


loss. The existing quality of the channel margin habitat in the central Delta is typically low. The 


aquatic habitat is comprised of nearshore riprap areas and agricultural ditches with levee top roads 


and nearby agricultural areas serving as the primary upland habitat. If giant garter snake habitat is 


permanently lost, the CMP and site-specific permitting approvals would ensure that there is no 


significant loss in habitat or habitat value by adjusting the overall commitment (Appendix 3B, 


Sections 3B.1 and 3B.2.4, and Attachment 3B.1, Table 3B.1-2, CMP-0: General Design Guidelines). 


However, once constructed, channel margin enhancement actions are assumed to benefit giant 


garter snake by increasing the extent and quality of the existing habitat. The enhancement actions 


are expected to replace hardened, riprap shoreline with a mix of emergent and riparian vegetation 


and biologically friendly engineered structures (e.g., biotechnical erosion protection) as described in 


Section 3B.4.3.3.3, Design Criteria and Concepts, of Appendix 3B. In addition, bank slopes will be 


increased to increase the area of shallow, nearshore habitat. Not only will this action increase the 


complexity and extent of foraging aquatic habitat for the giant garter snake, but it is also expected to 


increase the abundance of prey species. Where setback levees are used on the land side of the levee, 


increased slopes will increase the extent of upland habitat. And, regardless of the use of setback 


levees, existing levee vegetation will be replaced with native grassland vegetation, increasing the 


quality of the upland habitat for giant garter snake. With these increases in quality and quantity of 


giant garter snake aquatic and upland habitat, the temporary habitat loss is assumed to be offset by 


the long-term benefit of the program. Therefore, channel margin enhancements are considered 


beneficial overall. 


To minimize permanent habitat loss, the Giant Garter Snake Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.7 would require suitable giant garter snake aquatic and upland 


habitat to be delineated and avoided to the greatest extent possible. Where suitable habitat cannot 


be avoided and is permanently lost, the lost habitat would be offset through mitigation. The CMP 


would create, enhance, and manage in perpetuity giant garter snake aquatic and upland habitat 


(Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-15: Giant Garter Snake 


Habitat).  


Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of giant 


garter snake within work areas if they are moving on the surface during the summer months (April 


16 to September 30) or occupying mammal burrows or other subsurface refugia during the winter 


months (October 1 to April 15). Construction vehicle traffic during the active season (April 16 to 
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September 30) could also result in injury or mortality. Giant garter snake could also be trapped in 


open trenches and become vulnerable to predation. Construction activities could also result in the 


exposure of giant garter snake to construction-related fluids, such as fuels, oils, and cement, which 


could result in injury and mortality. Construction noise and vibration could also be detectible by 


giant garter snake and disrupt normal behaviors and result in increased energy expenditures. 


However, the threshold at which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Giant Garter Snake Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.7) would 


require suitable giant garter snake aquatic and upland habitat to be delineated and completely 


avoided to the greatest extent possible. If habitat cannot be avoided, construction initiation would 


be limited to the summer months (May 1 to September 30), preconstruction surveys would be 


conducted, and exclusion fencing would be erected around the perimeter of construction sites 


where giant garter snake habitat is within 200 feet. The measure also requires preparation of a 


relocation plan and, if construction activities will occur within suitable habitat during the giant 


garter snake inactive season, aquatic habitat within the immediate construction area would be 


dewatered between May 1 and September 30. The dewatered area would remain dry for at least 15 


consecutive days prior to excavating or filling dewatered habitat. 


AMM-14: Construction Best Management Practices for Biological Resources would further reduce the 


potential for injury or mortality from construction vehicles by setting speed limits (Appendix 3A). 


AMM-14 would also require covering steep-walled holes or trenches providing an escape ramp, 


capping ends of stored pipes and culverts, and disallowing plastic monofilament netting or similar 


material for erosion control. Before such holes or trenches are filled, they would be thoroughly 


inspected for trapped animals.  


The Giant Garter Snake Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.7) and AMM-


14 would minimize construction-related effects with pre-disturbance detection, work stoppage if an 


individual is detected, and relocation (if needed). To reduce the potential effects of contamination 


from spills such as fuel or oil, AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


implement spill prevention and control plans and have a biological monitor present (Appendix 3A). 


With these measures in place, channel margin enhancement construction actions are not likely to 


adversely affect giant garter snake. 


6.9.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and emergent wetland habitats 


provide important foraging and refugia habitat for listed fish species. The restoration of tidal 


perennial and wetland habitat, particularly complex wetland systems containing dendritic channels 


and shallow subtidal areas, is intended to support improved survival and growth (including food 


production) of one or more life stages of each listed fish species addressed in the biological 


assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough Complex will be 


prioritized as these areas would provide greater benefits for target fish species.  


Tidal restoration will generally be achieved by reconnecting former wetland areas to adjacent tidal 


sloughs and rivers. Restoration would primarily occur through breaching or setback of levees, thereby 
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restoring tidal fluctuation to land parcels currently isolated behind those levees. Where practicable 


and appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  


Typical actions required to create suitable tidal marsh habitat at these sites include grading, 


planting, and infrastructure modifications, such as protection, removal and/or relocation of existing 


utilities, pumping systems, and other water management structures. Earthwork often includes 


breaching an existing levee or berm to reintroduce tidal action to the site. Other grading may be 


performed prior to breaching to create wetland features that enhance habitat function, including 


tidal channels, tidal pannes and tidal ponds. At certain sites, more significant earthmoving may be 


required to raise subsided areas to intertidal elevations or to reinforce surrounding levees.  


Depending on the project location, it also may be necessary to construct an entirely new flood 


control levee along portions of the project perimeter to protect adjacent properties. The actual 


extent of earthmoving required can vary significantly depending on the existing topography of the 


site.  


Following earthwork and grading, the site would be revegetated, likely through a combination of 


active and passive methods. Any riparian and/or upland areas would be actively seeded, planted, 


and temporarily irrigated during the initial establishment period. Intertidal wetland areas may 


revegetate actively, be allowed to recolonize passively through natural recruitment, or experience a 


combination of the two.  


Levee breaching will require removing levee materials from within and adjacent to tidal and other 


aquatic habitats. Levee breaching will entail in-water work using construction equipment such as 


bulldozers, backhoes, and barges. Removed levee materials will be placed on the remaining levee 


sections, placed within the restoration area, or hauled to a disposal area. Typically work would be 


sequenced so that grading and infrastructure improvements occur first, followed by planting and 


finally breaching of the existing levee to reintroduce tidal action. 


Habitat Loss and Fragmentation 


Although the exact location of tidal restoration is unknown, any tidal restoration project in Cache 


Slough or lower Yolo Bypass (where tidal restoration is planned to occur) would likely result in the 


conversion of low- and moderate-quality aquatic and upland giant garter snake habitat to moderate- 


and high-quality aquatic and upland habitat. This assumption is based on three recent restoration 


projects in this same region: Lookout Slough, Lower Yolo, and Yolo Flyway Farms (U.S. Fish and 


Wildlife Service 2017b, 2019b, 2020c). Regulatory compliance documents for these three 


restoration projects report a net loss of lower quality habitat such as agricultural ditches, seasonal 


wetlands, and agricultural lands (e.g., grazing or row/field crops) and a net increase in the higher 


quality tidal emergent wetland. Because there was a net increase in higher quality aquatic foraging 


habitat (tidal emergent wetland), and some upland basking and refugia habitat would remain in the 


form of levee tops and adjacent grassland habitat (as was the case in the example projects), these 


tidal restoration projects were assumed to produce a net benefit to giant garter snake.  


The net loss of giant garter snake upland habitat would occur when upland features on agricultural 


lands are modified to create tidal habitat and flooded as part of the restoration process. This work 


requires converting agricultural lands to tidal channels, emergent wetlands, and topographic 


depressions. Upland levee habitat used for basking and refugia would also be lost in those reaches 


where portions of the levee are removed to allow for tidal connectivity. If small, interior levees exist 
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on the property, these features could be graded to achieve topographical or elevational design 


requirements, though in many cases, these features would be allowed to persist as they foster the 


formation of mixed plant communities and high tide refugia habitat for wetland species. If giant 


garter snake habitat is permanently lost, the CMP and site-specific permitting approvals would 


ensure that there is no significant loss in habitat or habitat value by adjusting the overall 


commitment (Appendix 3B, Sections 3B.1 and 3B.2.4, and Attachment 3B.1, Table 3B.1-2, CMP-0: 


General Design Guidelines). 


Temporary loss of aquatic habitat would also occur during construction, though these effects would 


not be expected to last more than 2 years and would be offset by the net increase in tidal emergent 


wetland. Because high quality foraging habitat is limiting for giant garter snake, and because upland 


habitat is typically not limiting, a net increase in aquatic habitat that is likely to result from tidal 


restoration in the Cache Slough/Lower Yolo Bypass region is assumed to result in a net benefit for 


giant garter snake.  


To minimize permanent habitat loss, the Giant Garter Snake Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.7 would require suitable giant garter snake aquatic and upland 


habitat to be delineated and avoided to the greatest extent possible. Where suitable habitat cannot 


be avoided and is permanently lost, the lost habitat would be offset through mitigation. The CMP 


would create, enhance, and manage in perpetuity giant garter snake aquatic and upland habitat 


(Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-15: Giant Garter Snake 


Habitat).  


Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of giant 


garter snake within restoration work areas if they are moving on the surface during the summer 


months (April 16 to September 30) or occupying mammal burrows or other subsurface refugia 


during the winter months (October 1 to April 15). Construction vehicle traffic during the active 


season (April 16 to September 30) could also result in injury or mortality. Giant garter snake could 


also be trapped in open trenches and become vulnerable to predation. Construction activities could 


also result in the exposure of giant garter snake to construction-related fluids, such as fuels, oils, and 


cement, which could result in injury and mortality. Construction noise and vibration could also be 


detectible by giant garter snake and disrupt normal behaviors and result in increased energy 


expenditures. However, the threshold at which disruption of normal behaviors would occur is 


unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Giant Garter Snake Avoidance and Minimization Measure(Chapter 3, Section 3.6.2.7) would 


require suitable giant garter snake aquatic and upland habitat to be delineated and completely 


avoided to the greatest extent possible. If habitat cannot be avoided, construction initiation would 


be limited to the summer months (April 16 to September 30), preconstruction surveys would be 


conducted, and exclusion fencing would be erected around the perimeter of construction sites 


where giant garter snake habitat is within 200 feet. The measure also requires preparation of a 


relocation plan and, if construction activities will occur within suitable habitat during the giant 


garter snake inactive season, aquatic habitat within the immediate construction area would be 


dewatered between May 1 and September 30. The dewatered area would remain dry for at least 15 


consecutive days prior to excavating or filling dewatered habitat. 
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AMM-14: Construction Best Management Practices for Biological Resources would further reduce the 


potential for injury or mortality from construction vehicles by setting speed limits (Appendix 3A). 


AMM-14 would also require covering steep-walled holes or trenches providing an escape ramp, 


capping ends of stored pipes and culverts, and disallowing plastic monofilament netting or similar 


material for erosion control. Before such holes or trenches are filled, they would be thoroughly 


inspected for trapped animals.  


The Giant Garter Snake Avoidance and Minimization Measure(Chapter 3, Section 3.6.2.7) and AMM-


14: Construction Best Management Practices for Biological Resources would minimize construction-


related effects with pre-disturbance detection, work stoppage if an individual is detected, and 


relocation (if needed). To reduce the potential effects of contamination from spills such as fuel or oil, 


AMM-2: Develop and Implement Hazardous Materials Management Plans and AMM-3: Develop and 


Implement Spill Prevention, Control, and Countermeasure Plans would implement spill prevention 


and control plans and have a biological monitor present (Appendix 3A). 


6.9.12 Effects on Critical Habitat 


Critical habitat has not been designated for giant garter snake. 


6.9.13 Cumulative Effects 


Cumulative effects are defined under Section 7 of the Endangered Species Act as the effects of future 


state, Tribal, local, or private actions that are reasonably certain to occur in the action area. Future 


federal actions are not addressed in a Section 7 cumulative effects analysis because they require 


separate consultation pursuant to Section 7 of the Endangered Species Act. Potential cumulative 


effects on giant garter snake in the action area include habitat loss and fragmentation, changes in 


agricultural and land management practices, predation from introduced and native species, and 


water pollution. Both habitat loss and fragmentation, and changes in land management practices, 


could result from conversion of agricultural land to more developed land uses (which is not likely to 


be extensive due to existing constraints upon land use changes) or from conversion of agricultural 


land to different crop types having lower habitat suitability (which is not foreseeable). Habitat loss 


or degradation from agricultural practices is not expected to increase in the foreseeable future as 


agriculture in the Delta is assumed to be fully developed. Predation by an existing introduced native 


species is likely to be maintained at levels comparable to current conditions; the introduction of new 


predators or parasites is possible, but not foreseeable, nor are the consequences of such an 


introduction.  


Water pollution effects on the physiology of giant garter snakes or giant garter snake prey could 


result from a variety of causes, including agricultural practices, increased urbanization, and 


wastewater treatment plants. The input of pesticides and herbicides associated with agricultural 


practices are likely to be maintained, because the action area is already fully developed with regard 


to agricultural land uses, and regulations in place constrain the associated water quality effects. 


Water quality effects of urbanization include point and nonpoint-source water quality impairments, 


such as oil, gasoline, herbicides, pesticides, or heavy metals, and there is a potential for those effects 


to further degrade water quality as further urbanization occurs in the action area. Wastewater 


treatment plants also contribute to impaired water quality, but significant improvements in 


discharge water quality and reductions in discharge water volume have occurred in recent years, 


primarily in response to regulatory and economic factors increasing the value of reusable water; 


therefore, this stressor is likely to diminish over time. Some of these effects would improve and 
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others would impair habitat quality for giant garter snake in the action area; their net effect is to 


approximately maintain current conditions for the foreseeable future.  


These cumulative effects have little potential to impair the effectiveness of avoidance and 


minimization measures described in the proposed action, nor are they expected to alter the efficacy 


of offsetting measures in the proposed action such as habitat creation and restoration. 


6.10 Effects on Delta Green Ground Beetle 
Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Section 4.4, Section 4.4.16.6, Species Habitat Suitability Model, define 


suitable habitat and describe the habitat model for Delta green ground beetle. 


Delta green ground beetle modeled habitat is located in the northwestern portion of the action area 


and is limited to vernal pool complex in open habitats in the grassland-vernal pool matrix. Suitable 


habitat in the study area would be vernal pool complexes and annual grasslands in the Jepson 


Prairie area. There is one occurrence reported within the action area, which is a compilation of 


multiple observations over multiple years across Jepson Prairie (California Department of Fish and 


Wildlife 2020). 


Activities associated with implementation of the CMP tidal habitat mitigation framework in the 


Cache Slough Complex overlap with Delta green ground beetle modeled habitat. Figure 6.10-1 


provides an overview of the area where modeled Delta green ground beetle habitat overlaps with 


potential tidal wetland restoration could occur. 


There is no modeled Delta green ground beetle habitat in the action area. An unknown area of 


modeled Delta green ground beetle habitat would be affected by tidal wetland restoration. Effects 


from these activities are described in the sections below.  


6.10.1 Field Investigations 


Field investigations would not overlap with modeled Delta green ground beetle habitat; therefore, 


this activity would not have an adverse effect on the species (Figure 6.10-1). 


6.10.2 North Delta Intakes 


The north Delta intakes would not overlap with modeled Delta green ground beetle habitat; 


therefore, this activity would not have an adverse effect on the species (Figure 6.10-1). 


6.10.3 Tunnels 


The tunnel alignment would not overlap with modeled Delta green ground beetle habitat; therefore, 


this activity would not have an adverse effect on the species (Figure 6.10-1). 


6.10.4 Tunnel Shafts 


Tunnel shafts would not overlap with modeled Delta green ground beetle habitat; therefore, this 


activity would not have an adverse effect on the species (Figure 6.10-1). 
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6.10.5 Reusable Tunnel Material 


RTM areas would not overlap with modeled Delta green ground beetle habitat; therefore, this 


activity would not have an adverse effect on the species (Figure 6.10-1). 


6.10.6 Bethany Complex 


The Bethany Complex would not overlap with modeled Delta green ground beetle habitat; therefore, 


this activity would not have an adverse effect on the species (Figure 6.10-1). 


6.10.7 Access Roads 


Access roads would not overlap with modeled Delta green ground beetle habitat; therefore, this 


activity would not have an adverse effect on the species (Figure 6.10-1). 


6.10.8 Electrical and SCADA Facilities 


Electrical and SCADA facilities would not overlap with modeled Delta green ground beetle habitat; 


therefore, this activity would not have an adverse effect on the species (Figure 6.10-1). 


6.10.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:23 concrete batch plants 


and park-and-ride lots. These features would not overlap with modeled Delta green ground beetle 


habitat; therefore, this activity would not have an adverse effect on the species (Figure 6.10-1). 


6.10.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with Delta green ground 


beetle modeled habitat. Activities in this area would not adversely affect the species.  


6.10.11 Compensatory Mitigation Plan 


Implementation of the CMP would offset the permanent loss of wetlands and habitat for special-


status species. The CMP outlines three basic methods by which mitigation will be achieved: the 


purchase of bank credits; creation, restoration, and enhancement; and protection, management, and 


monitoring. The tidal wetland restoration sites that will be sited in the Cache Slough Complex or 


Lower Yolo Bypass would overlap with modeled Delta green ground beetle habitat.  


 
23 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, e.g., such as north Delta intakes and Bethany Complex. For example, there are impacts from 
road work areas included in Section 6.10.7, Access Roads, and Section 6.10.6, Bethany Complex, but the road work 
area described in this section occurs in a discreet location, outside a large project footprint.  
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6.10.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


Habitat creation and enhancement at Bouldin Island and the I-5 ponds would not overlap with Delta 


green ground beetle habitat; therefore, these activities would have no effect on the species (Figure 


6.10-1). 


6.10.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. The most likely location for the purchase of bank credits would be in the foothills to 


the west and south of Byron nearest the location of the impact and where all four species have 


overlapping habitat. However, there is potential that bank credits purchased for the vernal pool 


branchiopods or for California tiger salamander could overlap with the Delta green ground beetle 


range. Mitigation or conservation bank credits for these species would be purchased at banks that 


have been approved by the USFWS and would have measures to avoid, minimize, and offset any 


effects to listed species. Therefore, the purchase of conservation bank credits for special-status 


species would not result in additional adverse effects on Delta green ground beetle.  


6.10.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.10.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down” consultation when site-specific information becomes 


available. A non-bank site would protect, enhance, and manage suitable vernal pool or alkali 


seasonal wetland habitat in a quantity and quality sufficient to offset the adverse effects consistent 


with the biological opinion.  


Non-bank sites for vernal pool or alkaline wetland creation, protection, or enhancement (Appendix 


3B, Section 3B.3.2.4) could take place within modeled Delta green ground beetle habitat. 


Construction and management activities could include ground disturbance, require some vehicle 


traffic and use of heavy equipment, and use of contaminants such as fuels, oils, and herbicides, which 


could result in the injury, mortality, and disruption of normal behaviors of Delta green ground 


beetle. However, non-bank mitigation would create or restore vernal pool habitat and would be 


expected to provide an overall benefit to Delta green ground beetle if non-bank mitigation occurs 


within the species’ range. 


Implementation of Vernal Pool Avoidance and Minimization Measure described in Chapter 3, Section 


3.6.2.9 would avoid and minimize construction-related effects on Delta green ground beetle by 


requiring vernal pool habitat to be avoided to the extent practicable and, when avoidance is not 


possible, implementing construction BMPs to avoid and minimize effects on the habitat. To minimize 


effects of spills, AMM-2: Develop and Implement Hazardous Materials Management Plans, and AMM-


3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would require spill 


prevention and control plans be created and implemented (Appendix 3A). With these measures in 


place, and the long-term benefits associated with protection and long-term management of Delta 


green ground beetle habitat, implementation of non-bank sites is not expected to adversely affect 


the species. 
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6.10.11.4 Site Protection Instruments 


Site protection instruments for greater sandhill crane, Swainson’s hawk and tricolored blackbird 


would primarily consist of the protection and management of existing agricultural areas, but may 


also include protection and management of natural communities (e.g., grasslands or vernal pool 


complex), as described in CMP-18a: Sandhill Crane Roosting Habitat, CMP-18b: Sandhill Crane 


Foraging Habitat, CMP-19a: Swainson’s Hawk Nesting Habitat, CMP-19b: Swainson’s Hawk Foraging 


Habitat, CMP-22a: Tricolored Blackbird Nesting Habitat, and CMP-22b: Tricolored Blackbird Foraging 


Habitat in Table 3B.1-3. No construction activities would occur for site protection instruments. 


6.10.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for listed fish species that would benefit from 


enhancement actions.  


Enhancement would generally entail replacing armored or otherwise altered channel banks with 


more natural shoreline habitats that provide shallow, slow-velocity river margins, overhanging 


riparian vegetation, and future woody debris sources. To maintain the current extent of in-water 


habitat and level of flood protection, the existing levee would need to be reconstructed to be set 


back from the shoreline. Waterside and landside improvements would be implemented to create 


enhanced channel margin habitat and provide continued flood protection.  


Waterside improvements would entail degrading the existing levee to create gently sloping banks 


that gradually transition from tule marsh to riparian vegetation on the face of the new setback levee. 


While enhanced habitat will primarily be provided by native vegetation, ballasted large wood may 


be incorporated into the channel bank in some locations for enhanced complexity and refugia. While 


the heavily vegetated bank would provide some wave attenuation value, erosion protection may still 


be required along the waterside of the setback levee. Bio-technical bank treatments, which combine 


cobble and other erosion resistant materials with willows and other plantings, would be employed 


as much as possible. Following all grading, the site would be revegetated, likely through a 


combination of active and passive methods. Riparian and upland areas would be actively seeded, 


planted, and temporarily irrigated during the initial establishment period. Intertidal wetland areas 


would be revegetated through a combination of active planting and passive natural recruitment. 


Landside improvements would include the construction of a new setback levee behind and 


connected to the existing levee. The actual extent of earthmoving required for levee construction 


will vary significantly by site depending on the degree of land subsidence and the level of flood 


protection needed. It is generally anticipated that imported fill would be needed to construct some 


or all of the new setback levee. Material generated by degrading the existing levee would be reused 


in the new levee construction as much as feasible based on timing, soil suitability and other factors. 


Channel margin enhancement would involve using the following equipment. 
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• Large mechanized equipment (typically, a trackhoe) to remove riprap from channel margins. 


• Grading equipment such as trackhoes and bulldozers to modify the channel margin side of 


levees or setback levees to create low floodplain benches with variable surface elevations that 


create hydrodynamic complexity and support emergent vegetation. 


• Trackhoes, bulldozers, and cranes to install large woody material (e.g., tree trunks and stumps) 


into constructed low benches or into existing riprapped levees to provide physical complexity. 


Habitat Loss and Fragmentation 


Channel margin enhancement has the potential to result in a loss of modeled Delta green ground 


beetle habitat, however, because the project will occur along existing levees of agricultural 


properties impacts on modeled habitat are unlikely, and only a relatively small amount of habitat 


has the potential to be affected.  


To minimize permanent habitat loss, the Vernal Pool Avoidance and Minimization Measure described 


in Chapter 3, Section 3.6.2.9 would require vernal pool habitat to be avoided to the extent 


practicable and, when avoidance is not possible, implementing construction BMPs to avoid and 


minimize effects on the habitat. Where suitable habitat cannot be avoided and is permanently lost, 


the lost suitable habitat would be offset through mitigation determined by site-specific permitting 


and implementation of the CMP (Appendix 3B, Section 3B.1, Section 3B.2.4, and Attachment 3B.1, 


Table 3B.1-2, CMP-0: General Design Guidelines). 


Construction-Related Effects 


Ground-disturbing activities (e.g., excavation) have the potential for injury or mortality to Delta 


green ground beetle. Use of vehicles and heavy equipment could crush Delta green ground beetle, 


and construction-related fluids or sediments could be inadvertently discharged into suitable habitat, 


resulting in injury, mortality, or habitat degradation.  


The Vernal Pool Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.9) would avoid and 


minimize construction-related effects on Delta green ground beetle by requiring vernal pool habitat 


to be avoided to the extent practicable and, when avoidance is not possible, implementing 


construction BMPs to avoid and minimize effects on the habitat. In addition, the following general 


measures described in Appendix 3A would be implemented: AMM-1: Conduct Environmental 


Resources Worker Awareness Training; AMM-2: Develop and Implement Hazardous Materials 


Management Plans; AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure 


Plans; and AMM-14: Construction Best Management Practices for Biological Resources. With these 


measures in place, channel margin enhancement construction is not likely to adversely affect Delta 


green ground beetle. 


6.10.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent 


wetland habitats provide important foraging and refugia habitat for listed fish species. The 


restoration of tidal perennial and wetland habitat, particularly complex wetland systems containing 


dendritic channels and shallow subtidal areas, is intended to support improved survival and growth 


(including through food production) of one or more life stages of each listed fish species addressed 
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in the biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


complex will be prioritized as these areas would provide greater benefits for target fish species.  


Tidal restoration will generally be achieved by reconnecting former wetland areas to adjacent tidal 


sloughs and rivers. Restoration would primarily occur through breaching or setback of levees, thereby 


restoring tidal fluctuation to land parcels currently isolated behind those levees. Where practicable 


and appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  


Typical actions required to create suitable tidal marsh habitat at these sites include grading, 


planting, and infrastructure modifications, such as protection, removal and/or relocation of existing 


utilities, pumping systems, and other water management structures. Earthwork often includes 


breaching an existing levee or berm to reintroduce tidal action to the site. Other grading may be 


performed prior to breaching to create wetland features that enhance habitat function, including 


tidal channels, tidal pannes and tidal ponds. At certain sites, more significant earthmoving may be 


required to raise subsided areas to intertidal elevations or to reinforce surrounding levees.  


Depending on the project location, it also may be necessary to construct an entirely new flood 


control levee along portions of the project perimeter to protect adjacent properties. The actual 


extent of earthmoving required can vary significantly depending on the existing topography of the 


site.  


Following earthwork and grading, the site would be revegetated, likely through a combination of 


active and passive methods. Any riparian and/or upland areas would be actively seeded, planted, 


and temporarily irrigated during the initial establishment period. Intertidal wetland areas may 


revegetate actively, be allowed to recolonize passively through natural recruitment, or experience a 


combination of the two.  


Levee breaching will require removing levee materials from within and adjacent to tidal and other 


aquatic habitats. Levee breaching will entail in-water work using construction equipment such as 


bulldozers, backhoes, and barges. Removed levee materials will be placed on the remaining levee 


sections, placed within the restoration area, or hauled to a disposal area. 


Typically work would be sequenced so that grading and infrastructure improvements occur first, 


followed by planting and finally breaching of the existing levee to reintroduce tidal action. 


Habitat Loss and Fragmentation 


Tidal wetland restoration sites at lower Yolo Bypass and the Cache Slough Complex have potential to 


overlap with Delta ground beetle habitat, particularly if the selected site includes or is adjacent to 


grassland and vernal pool complex upland habitats that border the Cache Slough Complex to the 


south and east (i.e., the upland areas connected to the greater Jepson Prairie area) where Delta 


ground beetle is known to occur (California Department of Fish and Wildlife 2020) and is generally 


considered high quality. Construction of tidal restoration sites typically include a landside levee that 


protects adjacent uplands from flooding, thus avoiding impacts on vernal pool habitat where the 


Delta green ground beetle occurs. However, there remains some potential for suitable Delta green 


ground beetle habitat to be temporarily or permanently lost.  


To minimize permanent habitat loss, the Vernal Pool Avoidance and Minimization Measure described 


in Chapter 3, Section 3.6.2.9 would require vernal pool habitat to be avoided to the extent 


practicable and, when avoidance is not possible, implementing construction BMPs to avoid and 
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minimize effects on the habitat. Where suitable habitat cannot be avoided and is permanently lost, 


the lost suitable habitat would be offset through mitigation determined by site-specific permitting 


and the CMP (Appendix 3B, Section 3B.1, Section 3B.2.4, and Attachment 3B.1, Table 3B.1-2, CMP-0: 


General Design Guidelines). If Delta ground beetle habitat is permanently lost, the CMP and site-


specific permitting approvals would ensure that there is no significant loss in habitat or habitat 


value by adjusting the overall commitment (Appendix 3B Sections 3B.1 and 3B.2.4, and Attachment 


3B.1, Table 3B.1-2, CMP-0: General Design Guidelines). 


Construction-Related Effects 


Ground-disturbing activities (e.g., excavation) have the potential for injury or mortality to Delta 


green ground beetle. Use of vehicles and heavy equipment could crush Delta green ground beetle, 


and construction-related fluids or sediments could be inadvertently discharged into suitable habitat, 


resulting in injury, mortality, or habitat degradation.  


The Vernal Pool Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.9) would avoid and 


minimize construction-related effects on Delta green ground beetle by requiring vernal pool habitat 


to be avoided to the extent practicable and, when avoidance is not possible, implementing 


construction BMPs to avoid and minimize effects on the habitat. In addition, the following general 


measures described in Appendix 3A would be implemented: AMM-1: Conduct Environmental 


Resources Worker Awareness Training; AMM-2: Develop and Implement Hazardous Materials 


Management Plans; AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure 


Plans; and AMM-14: Construction Best Management Practices for Biological Resources. With these 


measures in place, tidal wetland restoration construction is not likely to adversely affect Delta green 


ground beetle.  


6.11 Effects on Valley Elderberry Longhorn Beetle 
Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Section 4.4, Section 4.4.17.6, Suitable Habitat Definition, and Section 


4.4.17.7, Species Habitat Suitability Model, define suitable habitat and describe the habitat model for 


valley elderberry longhorn beetle.  


The valley elderberry longhorn beetle’s host plant is the red or blue elderberry shrub (Sambucus 


spp.). Elderberry shrubs occur along riparian corridors throughout the action area, including the 


Sacramento River, San Joaquin River, and along smaller natural and channelized drainages, as well 


as in upland areas such as grasslands, oak woodlands, and agricultural areas. Valley elderberry 


longhorn beetle occur most frequently and are most abundant in riparian zones (Talley et al. 2006: 


10; Collinge et al. 2001:111).  


There are four reported California Natural Diversity Database (CNDDB) occurrences of valley 


elderberry longhorn beetle in the action area: one along Middle River, north of Tracy, and three 


occurrences along small drainages between the Sacramento River and the Sacramento Deep Water 


Ship Channel in the vicinity of West Sacramento (California Department of Fish and Wildlife 2020b) 


No CNDDB occurrences of valley elderberry longhorn beetle (California Department of Fish and 


Wildlife 2020b) would be permanently or temporarily affected by project construction.  
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Activities associated with field investigations, north Delta intakes, tunnel shafts, RTM, access roads, 


Bethany Complex, electrical and SCADA facilities, other construction support facilities, and 


implementation of the CMP have the potential to affect valley elderberry longhorn beetle. Figures 


6.11-1 through 6.11-70 include overview as well as “zoomed-in” figures depicting overlap between 


the project footprint, modeled habitat, and CNDDB occurrences.  


There are 20,458.28 acres of modeled valley elderberry longhorn beetle riparian habitat24 in the 


action area. An estimated 30.36 acres (0.15% of total modeled habitat in the action area) of modeled 


valley elderberry longhorn beetle riparian habitat would be adversely affected by the project. Effects 


from these activities are described in the sections below. Table 6.11-1 summarizes the total 


estimated habitat loss of valley elderberry longhorn beetle modeled riparian habitat and Table 


6.11-2 summarizes the proposed acres of compensation. 


  


 
24 While elderberry longhorn beetle does occur outside the riparian zone, non-riparian habitat take estimates are 
not provided because non-riparian types that have potential to provide habitat—grasslands, oak woodland, 
agricultural lands—are abundant and would provide an extreme overestimation of affected occupied habitat. The 
riparian model is assumed to be sufficient to inform a conservative take estimate for those elderberry bushes that 
occur in both riparian and non-riparian habitat types. Conservation measures would require all elderberry bushes 
within the construction footprint, regardless of the natural community in which they occur, be counted against take 
limits and mitigated. To provide context to the analysis, a non-riparian model is presented in Figure 6.11-1 but no 
impacts would be reported. 
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Table 6.11-1. Maximum Habitat Loss of Modeled Habitat for Valley Elderberry Longhorn Beetle by Activity Type (Acres) 


Valley 
Elderberry 
Longhorn 


Beetle Modeled 
Habitat 


Total 
Modeled 


Habitat in the 
Action Area 


Permanent Modeled Habitat Loss from Construction a Temporary Modeled Habitat Disturbance from Construction b 


Total 
Affected 
Modeled 
Habitat 
(Acres) CCWD 


Access 
Road 


Bethany 
Complex 


North 
Delta 


Intakes 


Other 
Construction 


Support 
Facilities 


Electrical 
Facilities c 


(Overhead and 
Underground) RTM 


Tunnel 
Shaft 


Permanent 
subtotal 


Field 
Investigations CCWD 


Access 
Road 


Other 
Construction 


Support 
Facilities 


Electrical and 
SCADA 


Facilities 
(Overhead and 
Underground) 


Temporary 
Subtotal 


Riparian Habitat 20,458.28 - 10.06 1.04 7.01 - 0.43 - 0.94 19.47 2.38 - 3.25 - 5.26 10.89 30.36 


Total 20,458.28 - 10.06 1.04 7.01 - 0.43 - 0.94 19.47 2.38 - 3.25 - 5.26 10.89 30.36 


Notes: 
CCWD = Contra Costa Water District; RTM = reusable tunnel material; SCADA = supervisory control and data acquisition. 
a Permanent Habitat Loss includes potential permanent and long-term temporary impacts. Long-term temporary impacts are those impacts that would be restored to pre-project conditions, but not within 1 year from initial ground disturbance (as temporary impacts would be). 
b Temporary Habitat Loss includes potential temporary impacts from construction that would be restored to pre-disturbance conditions within 1 year of construction completion, as described in AMM-14: Construction Best Management Practices for Biological Resources (Appendix 


3A, General Avoidance and Minimization Measures). 
c Electrical Facilities include potential habitat loss as a result of the construction of overhead and underground power transmission lines. Potential habitat loss from the construction of electrical facilities (i.e., lines, substations, switchyards, and switching stations) that occur within 


larger facilities (e.g., Bethany Complex) is captured in the large facility impact acreage. 
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Table 6.11-2. Maximum Habitat Loss and Compensation for Valley Elderberry Longhorn Beetle 


 


Permanent Habit 
Loss (Acres) 


Maximum Compensation 
Commitment (Acres) 


Full Implementation of the 
Compensatory Mitigation Plan e 


Total Maximum 
Habitat Loss 


(Acres) 
Restoration/Creation 


(Acres) 
Creation and Enhancement a 


(Acres) 


Riparian 


19.47 58.41 c, d 204.79 d Non-


Riparian b 


Notes: 
a See Table 3B-4 in Appendix 3B, Compensatory Mitigation for Special-Status Species and Aquatic Resources, for the 
estimated total acres of valley elderberry longhorn beetle habitat that would be created and enhanced with full 
implementation of the initial mitigation sites.  
b While take limits are informed by the riparian model, take within non-riparian habitat is possible and conservation 
measures provide for preconstruction surveys of suitable, non-riparian valley elderberry longhorn beetle habitat and 
compensation for the loss of occupied or assumed occupied habitat.  
c The maximum compensation commitment assumes impacted habitat is all riparian and therefore a 3:1 mitigation 
ratio is applied. However, it is likely that impacted habitat will be a mix of riparian and non-riparian habitat. In those 
instances, a 1:1 mitigation ratio will be applied to lost non-riparian habitat consistent with the Valley Elderberry 
Longhorn Beetle Framework (U.S. Fish and Wildlife Service 2017d). 
d All elderberry shrubs that are one inch or greater in diameter at ground level in riparian habitat that will be affected 
will be transplanted to restored or created habitat as described in CMP-12, Valley Elderberry Longhorn Beetle 
Habitat, in Attachment 3B.1. Any shrubs that require transplantation per the Valley Elderberry Longhorn Beetle 
Framework (U.S. Fish and Wildlife Service 2017d) will be relocated to the mitigation areas identified in the CMP.  
e This effects analysis assumes that existing, low-quality valley elderberry longhorn beetle riparian habitat would be 
temporarily disturbed from implementation of the CMP enhancement and creation actions. The temporary 
disturbance is expected to convert existing, low-quality habitat to enhanced, high-quality habitat. 
 


6.11.1 Field Investigations 


Field investigation actions described are for new proposed actions and have not been previously 


consulted upon. Field investigation actions are described and evaluated at the project or site level. 


Field investigations would occur after EIR approval and before and during construction. Some 


investigations would occur within the construction footprint (where suitable habitat is already 


assumed to be lost, and thus no additional habitat loss from future field investigations would be 


incurred) and some would occur outside the construction footprint (which results in temporary 


habitat disturbance additional to that incurred by construction). Field investigations within 


proposed surface construction footprints (including portions of tunnel alignments), which include 


test trenches, CPTs, soil borings, electrical resistivity tomography, groundwater testing and 


monitoring, monument installation, agronomic testing, utility potholing, and pilot studies for 


settlement, would not result in habitat loss additional to the loss described in the relevant, 


associated activity type sections (e.g., Bethany Complex).  


Geotechnical investigations associated with tunnel alignment water crossings, West Tracy Fault, 


Bethany Fault, and the tunnel for the Bethany Reservoir Aqueduct, which include test trenches and 


overwater and land-based CPTs and soil borings, largely fall outside of surface construction 


footprints and it is these impacts that are discussed in this section. All surface ground disturbance 


for field investigations for the Bethany Reservoir Aqueduct tunnel would occur outside of the 


Bethany Conservation Easement. 
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Field investigations include activities such as overland driving, equipment storage, pit digging, soil 


boring, trenching, temporary soil storage prior to backfilling trenches, and helicopter surveys to 


identify buried groundwater and natural gas wells. West Tracy Fault investigations would involve 


up to 6 test trenches, each 0.07 acre with a temporary work footprint of up to 4.59 acres. Excavation 


and backfilling of the test trenches would last up to 12 days. Bethany Fault investigations would take 


place above the Bethany Reservoir Aqueduct tunnel outside of the Bethany Conservation Easement 


and consist of a linear array of electrodes driven into the ground over several hundred feet; the 


electrodes would induce a low current into the ground and be removed upon completion of testing. 


Ground disturbance for other field investigations is not expected to exceed 0.84 acre and would not 


last more than 30 days. Field investigations would not require nighttime lighting.  


6.11.1.1 Habitat Loss and Fragmentation 


Field investigations would not result in any permanent habitat loss or fragmentation of valley 


elderberry longhorn beetle modeled habitat but would result in an estimated 2.38 acres (<0.01% of 


all modeled riparian habitat and in the action area) of temporary disturbance. The temporary 


disturbance from test trenches, CPTs, and soil borings occurs in small patches all along the tunnel 


alignment between the north Delta intakes and Bethany Complex. The quality of the affected 


riparian habitat is mixed, with some impacts on relatively high quality riparian vegetation with 


large, contiguous patches of riparian vegetation which provides higher quality habitat to the beetle 


because of its limited physical dispersal capability (U.S. Fish and Wildlife Service 2017c:7). Other 


patches of affected habitat—those areas west of Thornton on Canal Ranch Tract, Terminous Tract, 


Roberts Island, and Jones Tract—generally consist of lower quality habitat with narrow, linear 


patches of riparian habitat that vary in canopy coverage from patchy to contiguous.  


Implementation of Valley Elderberry Longhorn Beetle Avoidance and Minimization Measure described 


in Chapter 3, Section 3.6.2.8 would require preconstruction surveys for elderberry shrubs in 


construction areas. If elderberry shrubs are found, they would be avoided to the maximum extent 


practicable per the measure. Complete avoidance (i.e., no adverse effects) would be assumed when a 


buffer of at least 165 feet is established and maintained around elderberry shrubs containing stems 


measuring 1 inch or greater in diameter at ground level (U.S. Fish and Wildlife Service 2017d). 


Shrubs that cannot be avoided would be transplanted to conservation areas identified in Appendix 


3B. Construction activities that occur within 165 feet of a shrub containing stems measuring 1 inch 


or greater in diameter at ground level but that would not take the shrub could proceed per the 


measures outlined in Section 3.6.2.8 consistent with the USFWS 2017 Framework. Additionally, 


implementation of AMM-14: Construction Best Management Practices for Special-Status Species, 


detailed in Appendix 3A, would ensure that temporarily disturbed areas are restored to pre-


disturbance conditions within 1 year of construction completion.  


6.11.1.2 Construction-Related Effects 


Overland driving and vegetation removal or trimming could injure or kill beetles that are present 


near work locations if shrubs are inadvertently damaged by construction activities. Construction 


activities conducted adjacent to occupied or assumed occupied habitat during the beetle flight 


season (March to July) could disrupt feeding, breeding, and dispersal between shrubs, and cause 


potential injury or mortality of valley elderberry longhorn beetle. Also, work within 165 feet of host 


elderberry shrubs could result in dust accumulation on shrubs and the discharge of construction-


related fluids in areas where shrubs occur, which could affect the vigor of shrubs, resulting in a 


further loss of habitat for valley elderberry longhorn beetle.  
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To minimize injury and mortality during field investigations, implementation of the Valley 


Elderberry Longhorn Beetle Avoidance and Minimization Measure described in Chapter 3, Section 


3.6.2.8 would reduce direct effects on the species by conducting surveys, establishing non-


disturbance buffers, and implementing avoidance measures. Additionally, this measure would 


transplant shrubs that cannot be avoided within the construction footprint to a conservation area 


identified in Appendix 3B. 


The potential impacts of injury, mortality, and the disruption of normal behaviors of all life stages of 


valley elderberry longhorn beetle from project construction would be further reduced by the 


implementation of AMM-1: Conduct Environmental Resources Worker Awareness Training and AMM-


14: Construction Best Management Practices for Biological Resources. These measures would reduce 


potential effects by training construction staff on the needs for protecting elderberry shrubs and 


would ensure that non-disturbance buffers and associated construction fencing are being 


implemented where applicable. Additionally, to protect valley elderberry longhorn beetle and its 


host plant, AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans 


would reduce the potential effects of accidental chemical spills and AMM-11: Fugitive Dust Control 


would reduce the potential for discharge of construction-related dust in potential habitat (Appendix 


3A). These measures would be applied where shrubs are identified within or adjacent to work areas, 


regardless of the presence of modeled habitat. 


6.11.2 North Delta Intakes 


The north Delta intakes would be constructed on the east bank of the Sacramento River near the 


town of Hood. Two intakes would divert water from the Sacramento River and include cylindrical 


fish screens, intake structures, sedimentation basins, sediment drying lagoons, flow control 


structures, intake outlet channel and shaft, embankments, and other appurtenant structures. Intakes 


would also include construction support facilities (e.g., emergency facilities, fuel station), electrical 


substations, switchyards, and access roads that fall within the north Delta intake facility footprints. 


The north Delta intakes would be surrounded by security fencing. The construction actions 


associated with the north Delta intakes are described and evaluated at the project level.  


Construction activities at each intake are described in Chapter 3, Section 3.2.2. Intake construction 


would include ground clearing and grading; in-water and on-land pile driving; excavation; 


placement of fills, cutoff walls, and structures; and drilling. These activities would require the use of 


loud, heavy equipment within the construction site as well as along the access roads to the site and 


limited nighttime work. Construction-related lighting would be downcast so as not to subject the 


immediate surroundings to light level extremes; however, these types of lights generate an ambient 


nighttime luminescence that is visible from a distance (Section 3.2.12). The duration of the activity 


would be approximately 7 years at each intake. Implementation of intake construction at each 


location would be staggered by approximately 1 year. Intake C, the southern intake, would begin 


construction first; approximately 1 year later, construction would begin at Intake B, the northern 


intake. The result is that construction would overlap at both sites for approximately 6 years. 


6.11.2.1 Habitat Loss and Fragmentation 


Construction of the north Delta intakes would result in the permanent loss of 7.01 acres (<0.03% of 


modeled riparian habitat within the action area) of valley elderberry longhorn beetle modeled 


riparian habitat. The impacts would occur where Intakes B and C overlap with the Sacramento 


River’s east bank between Clarksburg and Courtland (Figures 6.11-2, 6.11-13, and 6.11-15). Loss of 
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habitat would result from vegetation removal in advance of grading and excavation for the 


construction project infrastructure.  


Most of the modeled riparian habitat near the north Delta intakes is of low quality as it exists in very 


narrow corridors along levees, road, and agricultural fields. Because the riparian habitat in this 


region is already quite sparse and lacking complexity without any known occurrences, intake 


construction is not likely to substantially fragment habitat.  


The Valley Elderberry Longhorn Beetle Avoidance and Minimization Measure (Chapter 3, Section 


3.6.2.8) would require surveys for elderberry shrubs within 165 feet of construction activities. For 


shrubs not directly affected by construction but that occur within 165 feet of ground-disturbing 


activities, the additional avoidance and minimization measures described in Section 3.6.2.8 would 


be implemented. When elderberry shrubs cannot be avoided, shrubs would be transplanted as 


described in CMP-12: Valley Elderberry Longhorn Habitat (Table 3B.1-3 in Appendix 3B). Permanent 


loss of valley elderberry longhorn beetle habitat would be offset through mitigation. The CMP would 


create, enhance, and manage in perpetuity valley elderberry longhorn beetle habitat (Appendix 3B, 


Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-12: Valley Elderberry Longhorn Beetle 


Habitat). 


6.11.2.2 Construction-Related Effects 


Vegetation removal or trimming could injure or kill beetles that are present in occupied shrubs near 


work locations. Construction activities conducted adjacent to occupied habitat during the beetle 


flight season (March to July) could cause potential injury or mortality of valley elderberry longhorn 


beetle as well as disrupt feeding, breeding, and dispersal behaviors. Also, work within 165 feet of 


host elderberry shrubs could result in dust accumulation on shrubs and the contamination of soils 


from construction-related fluids (e.g., oil, gas, steering fluids).  


To minimize injury and mortality during construction of the north Delta intakes, the Valley 


Elderberry Longhorn Beetle Avoidance and Minimization Measure described in Chapter 3, Section 


3.6.2.8 requires elderberry shrubs be avoided to the maximum extent practicable with the 


establishment of non-disturbance buffers of 165 feet. Where avoidance is not possible, the measure 


requires the shrubs be transplanted to conservation areas. In addition, AMM-1: Conduct 


Environmental Resources Worker Awareness Training and AMM-14: Construction Best Management 


Practices for Biological Resources would further reduce potential effects by training construction 


staff about on the needs of protecting elderberry shrubs and requiring biological monitors where 


appropriate. Further, implementation of AMM-2: Develop and Implement Hazardous Materials 


Management Plans and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would reduce the potential effects of accidental chemical spills. Finally, to 


minimize the potential effects of dust, implementation of AMM-11: Fugitive Dust Control would 


reduce the potential for discharge of construction-related dust in potential habitat. These AMM 


measures are described in Appendix 3A and would be applied where shrubs are identified within or 


adjacent to work areas, regardless of the presence of modeled habitat.  


6.11.3 Tunnels 


Tunnels would be constructed using subsurface horizontal TBMs and would not result in any 


surface disturbance to valley elderberry longhorn beetle modeled habitat; therefore, this activity 


would not have an adverse effect on the species.  
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6.11.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 


alignment, and at the Bethany Complex. Valley elderberry longhorn beetle modeled habitat overlaps 


with the tunnel shaft work area at the Twin Cities Complex (Figures 6.11-3 and 6.11-24). The 


construction actions associated with tunnel shafts are described and evaluated at the project level. 


Construction activities associated with tunnel shaft are described in Chapter 3, Section 3.2.4 and 


would include vegetation clearing, grading, excavation, soil compaction, and the use of heavy 


construction equipment. Construction of the tunnel shafts would take multiple years. Construction 


activities would persist for 7 to 9 years at launch shafts and for 2 years at reception and 


maintenance shafts. Construction would occur day and night. See Section 3.2.4 for details on 


construction timing and duration. Construction of the tunnel shafts would take multiple years. See 


Section 3.2.8 for a complete description of construction activity and timing details.  


6.11.4.1 Habitat Loss and Fragmentation 


The Twin Cities Complex tunnel shaft would result in 0.94 acre (<0.01% of modeled habitat in the 


action area) of modeled valley elderberry longhorn beetle riparian habitat loss (Table 6.11-1, 


Figures 6.11-3, 6.11-24, and 6.11-25). The modeled riparian habitat that would be lost as a result of 


construction at the Twin Cities Complex consists of isolated, narrow strips along agricultural ditches 


and is considered low quality. Because of the low quality of the modeled habitat in the region, and 


thus the low likelihood of valley elderberry longhorn beetle presence, the incremental increase in 


habitat fragmentation would not be expected to result in a substantial decrease in connectivity.  


Implementation of the Valley Elderberry Longhorn Beetle Avoidance and Minimization Measure 


described in Chapter 3, Section 3.6.2.8 would require surveys for elderberry shrubs within 165 feet 


of construction activities. For shrubs not directly affected by construction but that occur within 165 


feet of ground-disturbing activities, the additional avoidance and minimization measures described 


in Section 3.6.2.8 would be implemented. When elderberry shrubs cannot be avoided, shrubs would 


be transplanted as described in CMP-12: Valley Elderberry Longhorn Habitat (Table 3B.1-3 in 


Appendix 3B). Permanent loss of valley elderberry longhorn beetle habitat would be offset through 


mitigation. The CMP would create, enhance, and manage in perpetuity valley elderberry longhorn 


beetle habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-12: Valley 


Elderberry Longhorn Beetle Habitat). 


6.11.4.2 Construction-Related Effects 


Vegetation removal and ground-disturbing activities could damage or remove occupied shrubs. 


Construction activities during the beetle flight season (March to July) could result in injury or 


mortality of valley elderberry longhorn beetles or disrupt feeding, breeding, and dispersal activities. 


Also, work within 165 feet of host elderberry shrubs could affect shrubs through dust accumulation 


or the accidental discharge of construction-related fluids (e.g., oil, gas, steering fluids).  


To minimize injury and mortality during construction, the Valley Elderberry Longhorn Beetle 


Avoidance and Minimization Measure described in Chapter 3, Section 3.6.2.8 would require 


avoidance of elderberry shrubs to the maximum extent practicable through establishment of non-
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disturbance buffers. Where shrubs cannot be avoided, shrubs would be transplanted as described in 


CMP-12: Valley Elderberry Longhorn Habitat in Table 3B.1-3 of Appendix 3B.  


AMM-1: Conduct Environmental Resources Worker Awareness Training and AMM-14: Construction 


Best Management Practices for Biological Resources (Appendix 3A) would result in further reduction 


in the potential for injury and mortality by training construction staff and requiring a biological 


monitor where appropriate. Additionally, AMM-14 would reduce speed limits to 15 miles per hour 


on unpaved, non-public access roads during construction. Implementation of AMM-2: Develop and 


Implement Hazardous Materials Management Plans and AMM-3: Develop and Implement Spill 


Prevention, Control, and Countermeasure Plans would reduce effects of accidental chemical spills. To 


minimize the potential effects of dust, implementation of AMM-11: Fugitive Dust Control would 


reduce the potential for discharge of construction-related dust in potential. These measures would 


be applied where shrubs are identified within or adjacent to work areas, regardless of the presence 


of modeled habitat.  


6.11.5 Reusable Tunnel Material  


RTM construction areas do not overlap with valley elderberry longhorn beetle modeled habitat. 


Activities in this area would not adversely affect the species (Figure 6.11-1).  


6.11.6 Bethany Complex  


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and facilities within the Bethany Complex 


footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level.  


The Bethany Reservoir Aqueduct that connects the Bethany Reservoir Pumping Plant to the Bethany 


Reservoir Discharge Structure would be aboveground, except for two tunneled sections that would 


pass under the Jones Pumping Plant discharge pipelines and Bethany Conservation Easement. The 


tunneled portion of the Bethany Aqueduct under the conservation easement would be constructed 


at a depth of 45–180 feet below ground surface, and entry and exit portals to the aqueduct would be 


outside of the conservation easement (Chapter 3, Section 3.2.6.3). All geotechnical and construction 


activities would avoid surface disturbance to the conservation easement. No surface facilities (e.g., 


roads, utilities, or other structures) would be located on top of the conservation easement.  


Construction activities at the Bethany Complex include vegetation clearing, grading, excavation, soil 


compaction, building of structures, and the use of construction-related vehicles. Sheet piles for 


construction of the discharge structure would be installed using vibratory pile driving methods. 


Construction of the Bethany Complex would take place over several years and may require night 


lighting. As described in Chapter 3, Section 3.2.12, Fencing and Lighting, all lights used during 


nighttime construction would be downcast, cut-off type fixtures with non-glare finishes, natural 


light qualities, and minimum intensity. 


6.11.6.1 Habitat Loss and Fragmentation 


An estimated 1.04 acres of modeled valley elderberry longhorn beetle riparian habitat (<0.01% of 


modeled riparian habitat in the action area) would be permanently lost as a result of construction of 
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the Bethany Complex (Table 6.11-1 and Figures 6.11-6, 6.11-60, and 6.11-66). Bethany Complex 


construction activities would also take place in modeled non-riparian habitat; if occupied elderberry 


shrubs are present in the non-riparian construction area, the shrubs would be identified by 


preconstruction surveys.  


Modeled riparian habitat surrounding the Bethany Complex is very sparse and consists of small, 


isolated patches of riparian shrubs or trees. The modeled habitat that overlaps with the Bethany 


Reservoir Discharge Structure riprapped bank consists of sparse riparian shrubs and is generally 


considered to be low quality. Because the existing habitat quality is low and fragmented, the 


incremental decrease in connectivity from Bethany Complex construction is not expected to have a 


substantial effect on the species.  


The Valley Elderberry Longhorn Beetle Avoidance and Minimization Measure (Chapter 3, Section 


3.6.2.8) would require preconstruction surveys for elderberry shrubs, establishment of non-


disturbance buffers if occupied shrubs are present (to the extent practicable), and transplantation if 


avoidance of the shrub is not possible. Permanent loss of valley elderberry longhorn beetle habitat 


would be offset through mitigation. The CMP would create, enhance, and manage in perpetuity 


valley elderberry longhorn beetle habitat (Appendix 3B, Section 3B.4.1.4, Site Design and 


Development, and Attachment 3B.1, Table 3B.1-3, CMP-12: Valley Elderberry Longhorn Beetle 


Habitat). 


6.11.6.2 Construction-Related Effects  


Vegetation removal, ground-disturbing activities (such as grading), and construction equipment 


movement could injure or kill valley elderberry longhorn beetles. Construction activities conducted 


adjacent to occupied habitat during the beetle flight season (March to July) could cause potential 


injury or mortality of valley elderberry longhorn beetle or disrupt feeding, breeding, and dispersal. 


Also, work within 165 feet of host elderberry shrubs could result in dust accumulating on shrub 


leaves and the accidental discharge of construction-related fluids (e.g., oil, gas, steering fluids) in 


areas where shrubs occur, which could affect the vigor of shrubs, resulting in a further loss of 


habitat for valley elderberry longhorn beetle.  


DWR would minimize the potential for injury and mortality to valley elderberry longhorn beetle 


habitat as described in Valley Elderberry Longhorn Beetle Avoidance and Minimization Measure in 


Chapter 3, Section 3.6.2.8. Per this measure, elderberry shrubs would be avoided to the maximum 


extent practicable. Where shrubs cannot be avoided, the measure would require shrubs be 


transplanted to a conservation area identified in Appendix 3B.  


Additionally, AMM-1: Conduct Environmental Resources Worker Awareness Training and AMM-14: 


Construction Best Management Practices for Biological Resources (Appendix 3A) would further 


reduce potential effects by training construction staff and requiring a biological monitor where 


applicable. Additionally, AMM-14 would reduce speed limits to 15 miles-per-hour on unpaved non-


public access roads during construction. Implementation of AMM-2: Develop and Implement 


Hazardous Materials Management Plans and AMM-3: Develop and Implement Spill Prevention, 


Control, and Countermeasure Plans would minimize the potential for spills. AMM-11: Fugitive Dust 


Control would reduce the potential for discharge of construction-related dust onto shrubs. These 


measures would be applied where shrubs are identified within or adjacent to work areas, regardless 


of the presence of modeled habitat. 
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6.11.7 Access Roads 


New access roads, a new access railroad spur on Lower Roberts Island, and improvements to 


existing public roads would be necessary to support project construction and project facilities. In 


addition to these road and railroad features, impacts from levee improvements on Lower Roberts 


Island are also evaluated in this section (as the levee improvements would be adjacent to the access 


road, have similar impacts on species, and occur at roughly the same time). New access roads would 


be either gravel or paved and would provide connections between existing roads and construction 


areas for project facilities. The new access railroad spur would transport materials and equipment 


to the tunnel launch shaft. Existing roads would be widened and improved to support the 


construction-related traffic. The construction actions associated with the access roads, access 


railroad spur, and levee improvements on Lower Roberts Island are described and evaluated at the 


project level.  


The access road Impacts discussed in this section are those that are in service to, but occur outside 


of, facilities at the north Delta intakes, Twin Cities Complex, King Island, Lower Roberts Island, 


Union Island, and Bethany Complex. Three new sections of access roads would be constructed in 


service of the Bethany Complex: to the north of the Bethany Complex, between the complex and 


Byron Highway; between Mountain House Road and Bethany Reservoir; and to the south, a new 


road segment and intersection connecting Mountain House Road and to Grant Line Road. Access 


roads are described in Chapter 3, Section 3.2.7 and depicted in Figure 6.11-1. Impacts from access 


road construction within the north Delta intakes, tunnel shafts, RTM areas, and Bethany Complex 


are described above in Section 6.11.2, North Delta Intakes, Section 6.11.4, Tunnel Shafts, Section 


6.11.5, Reusable Tunnel Material, and Section 6.11.6, Bethany Complex, respectively.  


Construction activities for access roads (which include the railroad spur and levee improvements on 


Lower Roberts Island) include clearing, grubbing, excavation, placement of fill, minor bridge 


construction, moving utilities, paving, and the use of construction-related vehicles. A new access 


railroad spur at Lower Roberts Island would be constructed adjacent to and concurrent with the 


access road at this location and would involve installing a bridge over Burns Cutoff, rail tracks, train 


use during construction, and the use of vehicles and heavy equipment to inspect and maintain the 


railroad right-of-way during project construction. Construction of access roads would take place 


over several years during daylight hours, except for the traffic bypass at Mountain House Road, 


where construction would occur at night.  


6.11.7.1 Habitat Loss and Fragmentation 


Access roads would result in the permanent removal of 10.06 acres of modeled riparian habitat 


(0.05% of modeled riparian habitat in the action area) and the temporary removal of 3.25 acres of 


modeled riparian habitat (0.02% of modeled riparian habitat in the action area). Access road 


construction activities would also take place in modeled non-riparian habitat; if occupied elderberry 


shrubs are present in the non-riparian construction area, the shrubs would be identified by 


preconstruction surveys and either avoided or transplanted as described in Chapter 3, Section 


3.6.2.8. 


Habitat surrounding access road footprints at the north Delta intakes and on Canal Ranch Tract, 


Lower Roberts Island, and Linderman Road follow established roadways, sloughs, or agricultural 


ditches and generally consists of narrow, linear patches of riparian vegetation that vary in density 


from patchy to contiguous. Habitat surrounding the Bethany Complex access roads is dominated by 
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grazed grasslands with few isolated patches of riparian vegetation that are unlikely to provide high-


quality habitat. Because the existing habitat is low quality and fragmented, an incremental decrease 


in connectivity is not expected to adversely affect valley elderberry longhorn beetle.  


The Valley Elderberry Longhorn Beetle Avoidance and Minimization Measure described in Chapter 3, 


Section 3.6.2.8 would require preconstruction surveys for elderberry shrubs, non-disturbance 


buffers, and avoidance to the extent practicable. When elderberry shrubs cannot be avoided, shrubs 


would be transplanted to conservation areas identified in Appendix 3B. Permanent loss of valley 


elderberry longhorn beetle habitat would be offset through mitigation. The CMP would create, 


enhance, and manage in perpetuity valley elderberry longhorn beetle habitat (Appendix 3B, Section 


3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-12: Valley Elderberry Longhorn Beetle Habitat). 


AMM-14: Construction Best Management Practices for Special-Status Species would ensure that 


temporarily disturbed areas are restored to pre-disturbance conditions within 1 year of 


construction completion. 


6.11.7.2 Construction-Related Effects 


There is potential for injury and mortality of elderberry beetles from vegetation removal or 


trimming that would take place in advance of access road construction. Construction-related 


vehicles traveling on access roads adjacent to occupied habitat during the beetle flight season 


(March to July) could cause potential injury or mortality of valley elderberry longhorn beetle as well 


as disrupt feeding, breeding, and dispersal. Also, work within 165 feet of host elderberry shrubs 


could result in dust and the accidental discharge of construction-related fluids (e.g., oil, gas, steering 


fluids) in areas where shrubs occur, which could affect the vigor of shrubs, resulting in a further loss 


of habitat for valley elderberry longhorn beetle.  


To minimize injury and mortality during construction of access roads, implementation of the Valley 


Elderberry Longhorn Beetle Avoidance and Minimization Measure would be required (Chapter 3, 


Section 3.6.2.8). This measure requires elderberry shrubs be avoided to the maximum extent 


practicable through the application of preconstruction surveys and 165-foot non-disturbance 


buffers. Where avoidance is not possible, the measure would require shrubs be transplanted to a 


conservation area. 


Potential project construction effects would be further reduced by the implementation of AMM-1: 


Conduct Environmental Resources Worker Awareness Training and AMM-14: Construction Best 


Management Practices for Biological Resources (Appendix 3A). These measures would reduce 


potential effects by training construction staff on the needs for protecting elderberry shrubs and 


providing requirements for biological monitors and non-disturbance barriers. Additionally, AMM-14 


would reduce speed limits to 15 miles per hour on unpaved non-public access roads during 


construction to reduce potential for vehicle strike and dust generation. Implementation of AMM-2: 


Develop and Implement Hazardous Materials Management Plans and AMM-3: Develop and Implement 


Spill Prevention, Control, and Countermeasure Plans would reduce the potential for accidental 


chemical spills. Implementation of AMM-11: Fugitive Dust Control would reduce the potential for 


discharge of construction-related dust in potential habitat. These measures would be applied where 


shrubs are identified within or adjacent to work areas, regardless of the presence of modeled 


habitat.  
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6.11.8 Electrical and SCADA Facilities 


The following discussion includes an analysis of electrical facility types (e.g., electrical powerlines, 


substation on Lower Roberts Island) where they occur outside one of the project feature footprints 


described in the above sections (e.g., north Delta intakes, Bethany Complex). Where the construction 


footprint of an electrical facility type (e.g., switching station, substation) falls within a larger facility 


construction footprint, such as Bethany Complex, the effects associated with that facility type are 


discussed in the relative sections. The construction actions associated with electrical and SCADA 


facilities are described and evaluated at the project level.  


Most of the power for project construction and operation would be supplied by existing power lines 


or new lines added to existing poles, but additional electrical facilities would be needed at all project 


facility locations. Power lines for the intakes and tunnel shafts would be placed underground while a 


new aboveground high-voltage power transmission line would be constructed to power the Bethany 


Complex. A new aboveground power line and substation would also be constructed at Lower 


Roberts Island. 


Similar to power, new SCADA lines would be needed at the intakes, tunnel launch shafts, and the 


Bethany Complex. SCADA lines could be placed within existing telecommunications infrastructure 


corridors where possible, including on existing aboveground poles. Where existing infrastructure is 


not available, SCADA lines would be buried, primarily along existing roads and access routes. For 


more details about the activities associated with electrical and SCADA facilities, see Chapter 3, 


Section 3.2.10 and Section 3.2.11.  


Construction of electrical power and SCADA lines and the substation on Lower Roberts Island would 


require site preparation, tower or pole construction, and line stringing. Construction of 


underground power and SCADA lines would involve trenching, directional drilling, and use of heavy 


equipment and would mostly occur concurrent with access road improvements and construction. 


Cranes would be used during the line-stringing phase. Temporary electrical facilities used during 


construction, such as temporary substations, will be removed when construction is complete. 


Underground power would mostly be installed alongside existing or new roads within the roadway 


right-of-way; however, there are a few short sections of line that move away from the road 


alignment into agricultural lands at Lower Roberts Island and the Twin Cities Complex. Construction 


of electrical and SCADA facilities would require vehicular access to each tower or pole location. 


Vehicular access routes to new tower or pole locations would use existing routes or new access 


routes as described in Section 6.11.7, Access Roads. The duration of construction and installation of 


new electrical and SCADA facilities would not be more than 1 year at any one location. See Appendix 


6A for details about the impact assessment method.  


6.11.8.1 Habitat Loss and Fragmentation 


Construction of new electrical facilities would result in the permanent loss of 0.43 acre of valley 


elderberry longhorn beetle modeled riparian habitat (<0.01% of modeled riparian habitat within 


the action area). Construction of SCADA lines would result in temporary disturbance of 5.26 acres of 


valley elderberry longhorn beetle riparian habitat (0.03% of modeled riparian habitat within the 


action area). Electrical and SCADA facility construction activities would also take place in modeled 


non-riparian habitat; if elderberry shrubs are present in the non-riparian construction area, the 


shrubs would be identified by preconstruction surveys and transplanted to a conservation area if 


occupied. 
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The affected modeled riparian habitat near electrical and SCADA facilities at the north Delta intakes, 


Twin Cities Complex, New Hope Tract, Canal Ranch Tract, Terminous Tract, Lower Roberts Island, 


and Bethany Complex follow established roadways, sloughs, or agricultural ditches and generally 


consists of narrow, linear patches of riparian vegetation that vary in density from one individual 


shrub to a small stand of riparian vegetation. Because the existing habitat is considered low quality 


and fragmented, any incremental decrease in fragmentation is not likely to result in a substantial 


decrease in connectivity.  


The Valley Elderberry Longhorn Beetle Avoidance and Minimization Measure (Chapter 3, Section 


3.6.2.8) would require preconstruction surveys for elderberry shrubs and avoidance buffers of 165 


feet around occupied shrubs if practicable. When elderberry shrubs cannot be avoided, shrubs 


would be transplanted to conservation areas as described in the measure. Permanent loss of valley 


elderberry longhorn beetle habitat would be offset through mitigation. The CMP would create, 


enhance, and manage in perpetuity valley elderberry longhorn beetle habitat (Appendix 3B, Section 


3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-12: Valley Elderberry Longhorn Beetle Habitat). 


Additionally, the implementation of AMM-14: Construction Best Management Practices for Special-


Status Species would ensure that temporarily disturbed areas are restored to pre-disturbance 


conditions within 1 year of construction completion (Appendix 3A). 


6.11.8.2 Construction-Related Effects 


Site preparation for construction of new underground electrical and SCADA facilities could remove 


and/or trim vegetation and result in the injury or mortality of valley elderberry longhorn beetle 


individuals if occupied shrubs are present within the construction footprint. Construction activities 


conducted adjacent to occupied habitat during the beetle flight season (March to July) could cause 


potential injury or mortality of valley elderberry longhorn beetle as well as disrupt feeding, 


breeding, and dispersal. Also, work within 165 feet of host elderberry shrubs could result in dust 


accumulation on shrubs. Construction-related contaminants such as gas, oil, and steering fluid could 


accidentally be discharged into riparian and non-riparian habitat.  


To minimize injury and mortality during construction of electrical and SCADA facilities, Valley 


Elderberry Longhorn Beetle Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.8) would 


require occupied elderberry shrubs be avoided to the maximum extent practicable. Where occupied 


shrubs cannot be avoided, the measure requires shrubs be transplanted to a conservation area 


identified in Appendix 3B. 


Implementation of General Avoidance and Minimization Measures AMM-1: Conduct Environmental 


Resources Worker Awareness Training and AMM-14: Construction Best Management Practices for 


Biological Resources, described in Appendix 3A, would reduce potential construction related effects 


by training construction staff on the needs of protecting elderberry shrubs including use of 


biological monitors and non-disturbance buffers. Additionally, AMM-14 would reduce speed limits 


to 15 mile-per-hour on unpaved non-public access roads during construction to reduce potential for 


vehicle strike. Implementation of AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


reduce the potential for accidental chemical spills. To minimize dust production, implementation of 


AMM-11: Fugitive Dust Control would reduce the potential for discharge of construction-related dust 


in potential habitat. These measures would be applied where shrubs are identified within or 


adjacent to work areas, regardless of the presence of modeled habitat.  
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6.11.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:25 concrete and CLSM 


batch plants and park-and-ride lots. None of these features overlap with valley elderberry longhorn 


beetle modeled habitat; thus, activities associated with these facilities are not expected to affect the 


species. 


6.11.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facilities would be constructed to deliver water from the Union Island 


tunnel shaft to the existing CCWD Middle River Pipeline on Victoria Island. The CCWD 


interconnection facilities would include an interconnection pump station, a new underground 1.6-


mile conveyance pipeline, and an interconnection valve to connect to the existing CCWD Middle 


River Pipeline. The construction actions associated with the CCWD interconnection facilities are 


described and evaluated at the project level. 


The interconnection pump station facilities would be located within the Union Island tunnel shaft 


footprint. Pump station facilities include two to six submersible vertical turbine pumps installed 


within the Union Island maintenance shaft, 24-inch diameter pump discharge pipes, an aboveground 


surge tank system, underground vaults containing isolation butterfly valves and flow meters, an 


electrical building, electrical transformers, equipment yard, and a new electrical power connection 


to the existing overhead line adjacent at the Union Island tunnel shaft site.  


The interconnection pipeline would consist of a 42- to 66-inch diameter underground pipeline 


continuing north from the Union Island shaft site along Bonetti Road, crossing under Victoria Canal, 


then turning west along an existing farm road, then connecting with the CCWD Middle River Pipeline 


at the Middle River Intake and Pumping Plant. A permanent 70-foot wide easement would be 


maintained along the length of the pipeline on Union Island and Victoria Island. Air valves, blow offs, 


and access manways would be placed along the pipeline within the permanent easement. 


The interconnection valve would be located in a buried vault (approximately 11.5 feet by 15.5 feet 


by 12.0 feet) on the interconnection pipeline just prior to connecting to the Middle River pipeline 


within the existing CCWD pumping plant facility on Victoria Island.  


Construction of the interconnection pump station facilities would take place within the construction 


footprint of the Union Island tunnel shaft, and activities would be similar to those occurring for 


tunnel shaft construction (Section 6.11.4). Installation of electrical power connections would be 


similar to those described in Section 6.11.8, Electrical and SCADA Facilities. 


The interconnection pipeline would be installed in a trench with open cut and cover construction 


along existing roadways and within agricultural fields. The pipeline construction easement would be 


100 feet wide for the entire length of the trench, including a 30-foot temporary construction 


easement around the 70-foot permanent easement. Dewatering may occur along the open trench, 


 
  


As described in Appendix 6A, the project features evaluated in this section occur outside the primary construction 
locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road work areas 
included in Section 6.11.7, Access Roads, and Section 6.11.6, Bethany Complex, but the road work area described in 
this section occurs in a discreet location, outside a large project footprint.  







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-191 


May 2024 
ICF 103653  


 


with flows collected, treated, and reused on-site. The portion of the interconnection pipeline that 


crosses Victoria Canal would be microtunneled. Launch and retrieval pits, approximately 35 feet 


wide by 50 feet long, would be placed within the 100-foot open trench construction easement on 


Union Island and Victoria Island to launch and receive microtunneling equipment.  


Construction of the interconnection valve vault would take place within the 100-foot wide CCWD 


pipeline construction easement adjacent to the existing CCWD pump station facility. Following 


installation of the vault, pavement would be replaced within the work area surrounding the vault. 


Construction of the CCWD interconnection facilities would take place after the Union Island 


maintenance shaft is complete and is estimated to take 18 months. The interconnection pump 


station, open cut portions of the interconnection pipeline, and the interconnection valve would not 


require nighttime construction. Microtunneling of the pipeline under Victoria Canal would require 


continuous construction, including nighttime activity, for a duration of approximately 2 weeks.  


6.11.10.1 Habitat Loss and Fragmentation 


The CCWD interconnection facility construction footprint does not overlap with modeled valley 


elderberry longhorn beetle riparian habitat (Figures 6.11-1 and 6.11-5). Construction activities 


would take place in modeled non-riparian habitat; if occupied elderberry shrubs are present in the 


non-riparian construction area, the shrubs would be identified by preconstruction surveys and 


either avoided or transplanted as described in Chapter 3, Section 3.6.2.8. 


The Valley Elderberry Longhorn Beetle Avoidance and Minimization Measure described in Chapter 3, 


Section 3.6.2.8 would require preconstruction surveys for elderberry shrubs, non-disturbance 


buffers, and avoidance to the extent practicable. When elderberry shrubs cannot be avoided, shrubs 


would be transplanted to conservation areas identified in Appendix 3B. Permanent loss of valley 


elderberry longhorn beetle habitat would be offset through mitigation. The CMP would create, 


enhance, and manage in perpetuity valley elderberry longhorn beetle habitat (Appendix 3B, Section 


3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-12: Valley Elderberry Longhorn Beetle Habitat). 


6.11.10.2 Construction-Related Effects 


There is potential for injury and mortality of elderberry beetles from vegetation removal or 


trimming that would take place in advance of construction. Construction-related vehicles traveling 


on access roads adjacent to occupied habitat during the beetle flight season (March to July) could 


cause potential injury or mortality of valley elderberry longhorn beetle, as well as disrupt feeding, 


breeding, and dispersal. Also, work within 165 feet of host elderberry shrubs could result in dust 


and the accidental discharge of construction-related fluids (e.g., oil, gas, steering fluids) in areas 


where shrubs occur, which could affect the vigor of shrubs, resulting in a further loss of habitat for 


valley elderberry longhorn beetle.  


To minimize injury and mortality during construction, the Valley Elderberry Longhorn Beetle 


Avoidance and Minimization Measure would be required (Chapter 3, Section 3.6.2.8). This measure 


requires elderberry shrubs be avoided to the maximum extent practicable through the application of 


preconstruction surveys and 165-foot non-disturbance buffers. Where avoidance is not possible, the 


measure would require shrubs be transplanted to a conservation area. 


Potential project construction effects would be further reduced by AMM-1: Conduct Environmental 


Resources Worker Awareness Training and AMM-14: Construction Best Management Practices for 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-192 


May 2024 
ICF 103653  


 


Biological Resources (Appendix 3A). These measures would reduce potential effects by training 


construction staff on the needs for protecting elderberry shrubs and providing requirements for 


biological monitors and non-disturbance barriers. Additionally, AMM-14 would reduce speed limits 


to 15 miles per hour on unpaved non-public access roads during construction to reduce potential for 


vehicle strike and dust generation. Implementation of AMM-2: Develop and Implement Hazardous 


Materials Management Plans and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would reduce the potential for accidental chemical spills. Implementation of 


AMM-11: Fugitive Dust Control would reduce the potential for discharge of construction-related dust 


in potential habitat. These measures would be applied where shrubs are identified within or 


adjacent to work areas, regardless of the presence of modeled habitat. 


6.11.11 Compensatory Mitigation Plan 


6.11.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


The Bouldin Island and I-5 pond mitigation sites would offset the loss of sensitive natural 


communities and habitat for special-status species, including valley elderberry longhorn beetle, by 


creating and enhancing habitat on Bouldin Island and the I-5 ponds, and tidal habitat restoration, 


and managing these areas in perpetuity. The habitat creation and enhancement sites would overlap 


with modeled valley elderberry longhorn beetle riparian habitat (Figures 6.11-1, 6.11-71 through 


6.11-75).  


Construction of habitat creation and enhancement sites under the CMP would involve ground 


disturbance, grading, vegetation removal, the use of heavy equipment, and presence of personnel to 


enhance and restore habitats. Construction would take several years to construct and would not 


require night lighting.  


Habitat Loss and Fragmentation 


Habitat creation and enhancement at Bouldin Island and the I-5 ponds would affect 47.67 acres of 


modeled valley elderberry longhorn beetle riparian habitat (0.23% of modeled riparian habitat 


within the action area). The creation and enhancement actions are assumed to convert the existing, 


low-quality habitat to high-quality valley elderberry longhorn beetle habitat that will be protected 


and managed in perpetuity as described in CMP-12: Valley Elderberry Longhorn Beetle Habitat 


(Table 3B.1-3). The creation and enhancement actions at Bouldin Island and the I-5 ponds are 


assumed to have a long-term benefit to the species.  


Construction-Related Effects 


Potential for injury and mortality to beetles would result from overland driving, vegetation removal, 


and ground clearing and grading activities to construct habitat enhancement and restoration. 


Construction activities conducted adjacent to occupied habitat during the beetle flight season 


(March to July) could cause potential injury or mortality of valley elderberry longhorn beetle as well 


as disrupt feeding, breeding, and dispersal. Also, work within 165 feet of host elderberry shrubs 


could result in dust and the accidental discharge of construction-related fluids (e.g., oil, gas, steering 


fluids) in areas where shrubs occur, which could affect the vigor of shrubs, resulting in a further loss 


of habitat for valley elderberry longhorn beetle.  







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-193 


May 2024 
ICF 103653  


 


The Valley Elderberry Longhorn Beetle Avoidance and Minimization Measure described in Chapter 3, 


Section 3.6.2.8 would require elderberry shrubs be avoided to the maximum extent practicable and 


transplantation of occupied shrubs where avoidance is not possible. Temporary disturbance of 


habitat and the potential impacts of injury, mortality, and the disruption of normal behaviors of 


larvae and adults would be further reduced by the implementation of AMM-1: Conduct 


Environmental Resources Worker Awareness Training and AMM-14: Construction Best Management 


Practices for Biological Resources (Appendix 3A). Additionally, AMM-14 would reduce speed limits to 


15 miles-per-hour on unpaved non-public access roads during construction to reduce potential for 


vehicle strike. Implementation of AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


reduce the potential of accidental chemical spills. Finally, implementation of AMM-11: Fugitive Dust 


Control would reduce the potential for discharge of construction-related dust in potential habitat. 


These measures would be applied where shrubs are identified within or adjacent to work areas, 


regardless of the presence of modeled habitat.  


6.11.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, vernal pool 


tadpole shrimp, alkali seasonal wetland, and vernal pool habitat. The vernal pool, pond, and 


grassland communities that would be protected for these species do not provide habitat for valley 


elderberry longhorn beetle and therefore would not be adversely affected by implementation of this 


action. 


6.11.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.11.11.5, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down” consultation when site-specific information becomes 


available. A non-bank site would protect, enhance, and manage suitable vernal pool or alkali 


seasonal wetland habitat. These habitat types do not provide habitat for valley elderberry longhorn 


beetle so the species would not be adversely affected by implementation of non-bank site 


protection. 


6.11.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (Wood and Martin 2016). No construction activities would occur 


for site protection instruments.  


6.11.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 
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habitat for juvenile salmonids. While not the target of enhancement actions, valley elderberry 


longhorn beetle also has the potential to benefit from the increase in riparian habitat in the central 


Delta. 


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for listed fish species that would benefit from 


enhancement actions.  


Enhancement would entail replacing armored or otherwise altered channel banks with more natural 


shoreline habitats that provide shallow, slow-velocity river margins, overhanging riparian 


vegetation, and future woody debris sources. To maintain the current extent of in-water habitat and 


level of flood protection, the existing levee would need to be reconstructed to be set back from the 


shoreline. Waterside and landside improvements would be implemented to create enhanced channel 


margin habitat and provide continued flood protection.  


Waterside improvements would entail degrading the existing levee to create gently sloping banks 


that gradually transition from tule marsh to riparian vegetation on the face of the new setback levee. 


While enhanced habitat will primarily be provided by native vegetation, ballasted large wood may 


be incorporated into the channel bank in some locations for enhanced complexity and refugia. While 


the heavily vegetated bank would provide some wave attenuation value, erosion protection may still 


be required along the waterside of the setback levee. Bio-technical bank treatments, which combine 


cobble and other erosion resistant materials with willows and other plantings, would be employed 


as much as possible. Following all grading, the site would be revegetated, through a combination of 


active and passive methods. Riparian and upland areas would be actively seeded, planted, and 


temporarily irrigated during the initial establishment period. Intertidal wetland areas would be 


revegetated through a combination of active planting and passive natural recruitment. 


Landside improvements would include the construction of a new setback levee behind and 


connected to the existing levee. The actual extent of earthmoving required for levee construction 


will vary significantly by site depending on the degree of land subsidence and the level of flood 


protection needed. It is anticipated that imported fill would be needed to construct some or all of the 


new setback levee. Material generated by degrading the existing levee would be reused in the new 


levee construction as much as feasible based on timing, soil suitability and other factors. 


Channel margin enhancement would involve using the following equipment. 


• Large mechanized equipment (typically, a trackhoe) to remove riprap from channel 


margins. 


• Grading equipment such as trackhoes and bulldozers to modify the channel margin side of 


levees or setback levees to create low floodplain benches with variable surface elevations 


that create hydrodynamic complexity and support emergent vegetation. 


• Trackhoes, bulldozers, and cranes to install large woody material (e.g., tree trunks and 


stumps) into constructed low benches or into existing riprapped levees to provide physical 


complexity. 
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Habitat Loss and Fragmentation 


Potential channel margin enhancement areas in the north Delta have potential to overlap with 


modeled valley elderberry longhorn beetle habitat. Where overlap occurs, habitat has potential to be 


affected. The Valley Elderberry Longhorn Beetle Avoidance and Minimization Measure (Chapter 3, 


Section 3.6.2.8) would require preconstruction surveys for elderberry shrubs and avoidance buffers 


of 165 feet around occupied shrubs if practicable. When elderberry shrubs cannot be avoided, 


shrubs would be transplanted to conservation areas, as described in the measure. Permanent loss of 


valley elderberry longhorn beetle habitat would be offset through mitigation. The CMP would create, 


enhance, and manage in perpetuity valley elderberry longhorn beetle habitat (Appendix 3B, Section 


3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-12: Valley Elderberry Longhorn Beetle Habitat). 


Construction-Related Effects 


Channel margin enhancement areas could occur adjacent to suitable valley elderberry longhorn 


beetle habitat within the action area. Construction -related vehicles traveling adjacent to occupied 


habitat during the beetle flight season (March to July) could cause potential injury or mortality of 


valley elderberry longhorn beetle as well as disrupt feeding, breeding, and dispersal. Also, work 


within 165 feet of host elderberry shrubs could result in dust and the accidental discharge of 


construction-related fluids (e.g., oil, gas, steering fluids) in areas where shrubs occur, which could 


affect the vigor of shrubs, resulting in a further loss of habitat for valley elderberry longhorn beetle.  


To minimize injury and mortality during channel margin enhancement construction, the Valley 


Elderberry Longhorn Beetle Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.8) 


requires elderberry shrubs be avoided to the maximum extent practicable with the establishment of 


non-disturbance buffers of 165 feet. Where avoidance is not possible, the measure requires the 


shrubs be transplanted to conservation areas. In addition, AMM-1: Conduct Environmental Resources 


Worker Awareness Training and AMM-14: Construction Best Management Practices for Biological 


Resources would further reduce potential effects by training construction staff about on the needs of 


protecting elderberry shrubs and requiring biological monitors where appropriate. Further, 


implementation of AMM-2: Develop and Implement Hazardous Materials Management Plans and 


AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would reduce 


the potential effects of accidental chemical spills. Finally, to minimize the potential effects of dust, 


implementation of AMM-11: Fugitive Dust Control would reduce the potential for discharge of 


construction-related dust in potential habitat. These AMM measures are described in Appendix 3A 


and would be applied where shrubs are identified within or adjacent to work areas, regardless of the 


presence of modeled habitat.  


6.11.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent 


wetland habitats provide important foraging and refugia habitat for listed fish species. The 


restoration of tidal perennial and wetland habitat, particularly complex wetland systems containing 


dendritic channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 


biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


Complex will be prioritized as these areas would provide greater benefits for target fish species.  
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Tidal restoration will generally be achieved by reconnecting former wetland areas to adjacent tidal 


sloughs and rivers. Restoration would primarily occur through breaching or setback of levees, thereby 


restoring tidal fluctuation to land parcels currently isolated behind those levees. Where practicable 


and appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  


Typical actions required to create suitable tidal marsh habitat at these sites include grading, 


planting, and infrastructure modifications, such as protection, removal and/or relocation of existing 


utilities, pumping systems, and other water management structures. Earthwork often includes 


breaching an existing levee or berm to reintroduce tidal action to the site. Other grading may be 


performed prior to breaching to create wetland features that enhance habitat function, including 


tidal channels, tidal pannes and tidal ponds. At certain sites, more significant earthmoving may be 


required to raise subsided areas to intertidal elevations or to reinforce surrounding levees.  


Depending on the project location, it also may be necessary to construct an entirely new flood 


control levee along portions of the project perimeter to protect adjacent properties. The actual 


extent of earthmoving required can vary significantly depending on the existing topography of the 


site.  


Following earthwork and grading, the site would be revegetated, likely through a combination of 


active and passive methods. Any riparian and/or upland areas would be actively seeded, planted, 


and temporarily irrigated during the initial establishment period. Intertidal wetland areas may 


revegetate actively, be allowed to recolonize passively through natural recruitment, or experience a 


combination of the two.  


Levee breaching will require removing levee materials from within and adjacent to tidal and other 


aquatic habitats. Levee breaching will entail in-water work using construction equipment such as 


bulldozers, backhoes, and barges. Removed levee materials will be placed on the remaining levee 


sections, placed within the restoration area, or hauled to a disposal area. Typically work would be 


sequenced so that grading and infrastructure improvements occur first, followed by planting and 


finally breaching of the existing levee to reintroduce tidal action. 


Habitat Loss and Fragmentation 


Potential tidal wetland restoration in lower Yolo Bypass and the Cache Slough Complex has potential 


to overlap with valley elderberry longhorn beetle habitat. The Valley Elderberry Longhorn Beetle 


Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.8) would require preconstruction 


surveys for elderberry shrubs and avoidance buffers of 165 feet around occupied shrubs if 


practicable. When elderberry shrubs cannot be avoided, shrubs would be transplanted to 


conservation areas, as described in the measure. Permanent loss of valley elderberry longhorn 


beetle habitat would be offset through mitigation. The CMP would create, enhance, and manage in 


perpetuity valley elderberry longhorn beetle habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 


3B.1, Table 3B.1-3, CMP-12: Valley Elderberry Longhorn Beetle Habitat). If valley elderberry 


longhorn beetle habitat is permanently lost, the CMP and site-specific permitting approvals would 


ensure that there is no significant loss in habitat or habitat value by adjusting the overall 


commitment (Appendix 3B, Sections 3B.1 and 3B.2.4, and Attachment 3B.1, Table 3B.1-2, CMP-0: 


General Design Guidelines). 
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Construction-Related Effects 


Tidal wetland restoration areas could occur adjacent to suitable valley elderberry longhorn beetle 


habitat within the action area. Construction -related vehicles traveling adjacent to occupied habitat 


during the beetle flight season (March to July) could cause potential injury or mortality of valley 


elderberry longhorn beetle as well as disrupt feeding, breeding, and dispersal. Also, work within 165 


feet of host elderberry shrubs could result in dust and the accidental discharge of construction-


related fluids (e.g., oil, gas, steering fluids) in areas where shrubs occur, which could affect the vigor 


of shrubs, resulting in a further loss of habitat for valley elderberry longhorn beetle. 


To minimize injury and mortality during tidal wetland restoration construction, the Valley 


Elderberry Longhorn Beetle Avoidance and Minimization Measure (Chapter 3, Section 3.6.2.8) 


requires elderberry shrubs be avoided to the maximum extent practicable with the establishment of 


non-disturbance buffers of 165 feet. Where avoidance is not possible, the measure requires the 


shrubs be transplanted to conservation areas. In addition, AMM-1: Conduct Environmental Resources 


Worker Awareness Training and AMM-14: Construction Best Management Practices for Biological 


Resources would further reduce potential effects by training construction staff about on the needs of 


protecting elderberry shrubs and requiring biological monitors where appropriate. Further, 


implementation of AMM-2: Develop and Implement Hazardous Materials Management Plans and 


AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would reduce 


the potential effects of accidental chemical spills. Finally, to minimize the potential effects of dust, 


implementation of AMM-11: Fugitive Dust Control would reduce the potential for discharge of 


construction-related dust in potential habitat. These AMM measures are described in Appendix 3A 


and would be applied where shrubs are identified within or adjacent to work areas, regardless of the 


presence of modeled habitat. 


6.11.12 Effects on Critical Habitat 


There is no designated critical habitat for valley elderberry longhorn beetle in the action area. 


6.11.13 Cumulative Effects 


Cumulative effects are defined under Section 7 of the Endangered Species Act as the effects of future 


state, Tribal, local, or private actions that are reasonably certain to occur in the action area. Future 


federal actions are not addressed in a Section 7 cumulative effects analysis because they require 


separate consultation pursuant to Section 7 of the Endangered Species Act. Projects that result in 


take of valley elderberry longhorn beetle would require incidental take authorization pursuant to 


the Endangered Species Act and therefore are not addressed in this cumulative effects analysis 


because they require a federal action. 


However, non-federal activities and climate change have potential to affect valley elderberry 


longhorn beetle in the action area when riparian and non-riparian habitat degradation occurs 


without USFWS authorization. The most likely activity to affect the quality of riparian habitat is 


conversion of riparian habitat to agriculture or urban development. Although land use conversion is 


unlikely due to land use controls, if agricultural and/or urban development is proposed in or near 


valley elderberry longhorn beetle occupied habitat, it could contribute to a cumulative adverse 


effect on valley elderberry longhorn beetle in the action area. Additionally, future maintenance of 


levees and other flood control structures may result in additional losses of riparian vegetation and 


elderberry shrubs (U.S. Fish and Wildlife Service 2019c). Loss of and degradation of riparian habitat 
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may decrease availability of suitable elderberry shrub patches and increase habitat fragmentation 


such that a particular area of suitable habitat (occupied or unoccupied) is located farther apart than 


the dispersal capabilities of elderberry beetles. Valley elderberry longhorn beetle have limited 


dispersal capabilities (U.S. Fish and Wildlife Service 2017c:7) and data suggest that the occupancy 


status of a particular area of suitable habitat is spatially correlated across distance of 6.2 to 12.4 


miles within the same drainage (U.S. Fish and Wildlife Service 2019c; Collinge et al. 2001). Lack of 


contiguous intact riparian habitat could increase the distance between occupied and unoccupied 


habitat patches. Habitat fragmentation decreases the likelihood of successful colonization of 


unoccupied habitat (Collinge et al. 2001) and could make subpopulations more vulnerable to 


stochastic events.  


Climate change threatens to modify annual weather patterns. Predicted drier weather may decrease 


the availability of precipitation and groundwater that supports riparian habitat, further decreasing 


availability of potentially suitable habitat for valley elderberry longhorn beetle. Increased potential 


for wildfire as warming increases threatens habitat and, if burned repeatedly, would prevent it from 


recovering. Additionally, suitable conditions occur for invasive Argentine ants, which have been 


confirmed at locations occupied by the beetle (U.S. Fish and Wildlife Service 2019c:3; Huxel 


2000:81, 83), and may be exacerbated by climate change. The invasive ants attack and consume 


beetle larvae and have been reported to interfere with adult beetle behavior (U.S. Fish and Wildlife 


Service 2019c:3). Invasive ants would contribute to negative effects on valley elderberry longhorn 


beetle. 


6.12 Effects on Vernal Pool Fairy Shrimp and Vernal 
Pool Tadpole Shrimp 


Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Sections 4.4.18.7, Species Habitat Suitability Model, and 4.4.19.7, 


Species Habitat Suitability Model, describes the habitat suitability models for vernal pool fairy 


shrimp and vernal pool tadpole shrimp, respectively.  


Vernal pool fairy shrimp and vernal pool tadpole shrimp (branchiopods) occur in several locations 


around the edges of the action area, such as Montezuma Hills, Jepson Prairie, northern Yolo Bypass, 


Stone Lakes, and west of Clifton Court Forebay (California Department of Water Resources 2011:S-


3; California Department of Fish and Wildlife 2020b). Vernal pool fairy shrimp critical habitat occurs 


in the area west of Clifton Court Forebay. To conservatively estimate potential impacts on vernal 


pool species and critical habitat, a vernal pool habitat model was created. As described in Chapter 4, 


the vernal pool fairy shrimp and tadpole shrimp habitat model was created using mapped vernal 


pools and alkali seasonal wetlands from the DWR 2020 Aquatic Resources Delineation (California 


Department of Water Resources and GEI Consultants Inc. 2020; California Department of Water 


Resources 2020b; California Department of Water Resources 2021) (other sources were used for 


locations outside the aquatic resources delineation study area as described in Chapter 4, Sections 


4.4.18.7 and 4.4.19.7).  


The vernal pool branchiopod effects analysis considered both direct effects, which occur within the 


construction footprint where activities intersect with modeled habitat, and indirect effects, where 


activities have the potential to result in changes to pool hydrology such that the hydroperiod may be 
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either increased or decreased, thereby becoming less suitable as habitat for vernal pool fairy shrimp 


or tadpole shrimp. The indirect effects analysis was conducted on a pool-by-pool basis, primarily 


using distance from the construction activity (within 250 feet), activity type, and topography to 


determine whether activities would have the potential to negatively affect hydrology. For a complete 


discussion on vernal pool branchiopod impact methods, see Section 6A.5.1.2, Vernal Pool 


Branchiopods, in Appendix 6A.  


Permanent and temporary construction activities associated with field investigations, access roads, 


the Bethany Complex, electrical and SCADA facilities, and other construction support facilities have 


the potential to directly or indirectly affect modeled vernal pool fairy and tadpole shrimp habitat. 


The West Tracy Fault field investigation activities occur within vernal pool fairy shrimp critical 


habitat (Unit 19B). No critical habitat for vernal pool tadpole shrimp would be affected by the 


project activities. None of the affected pools are known to be occupied by vernal pool fairy shrimp or 


tadpole shrimp per the CNDDB (California Department of Fish and Wildlife 2020b). Figures 6.12-1 


through 6.12-17 include overview as well as “zoomed-in” figures depicting overlap between the 


project footprint, modeled habitat, critical habitat, and CNDDB occurrences.  


There are 13,819.36 acres of modeled listed branchiopod habitat in the action area. An estimated 


15.06 acres (0.10% of total modeled habitat in action area) of branchiopod modeled habitat would 


be adversely affected as a result of project construction; 0.42 acre of which is permanently, directly 


affected by construction and 14.64 acres of which may be indirectly affected. Of the 15.06 acres of 


direct and indirect effects on modeled branchiopod habitat, 0.23 acre is mapped within critical 


habitat Unit 19B. Table 6.12-1 summarizes the total estimated affected acreage of vernal pool fairy 


shrimp and vernal pool tadpole shrimp modeled habitat and Table 6.12-2 summarizes the maximum 


acreage of proposed compensation. Actual compensation will be based on adverse impacts on 


occupied pools, as determined through protocol presence/absence surveys or when occupancy is 


assumed. 
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Table 6.12-1. Estimated Maximum Listed Branchiopod Habitat Loss by Activity Type (Acres) 


Listed 
Branchiopod 


Modeled Habitat 


Total 
Modeled 
Habitat 
in the 
Action 
Area 


Permanent Modeled Habitat Loss from Construction a Temporary Modeled Habitat Disturbance from Construction b 


Total 
Affected 
Modeled 
Habitat 
(Acres) CCWD 


Access 
Road 


Bethany 
Complex 


North 
Delta 


Intakes 


Other 
Construction 


Support 
Facilities 


Electrical 
Facilities c 


(Overhead and 
Underground) RTM 


Tunnel 
Shaft 


Permanent 
subtotal 


Field 
Investigations CCWD 


Access 
Road 


Other 
Construction 


Support 
Facilities 


Electrical and 
SCADA Facilities 
(Overhead and 
Underground) 


Temporary 
Subtotal 


Directly Affected 
Habitat 


13,819.36 - 0.22 0.20 - - - - - 0.42 0.57 - 0.19 - - 0.76 1.18 


Indirectly 
Affected Habitat d 


 - 7.02 7.09 - 0.54 - - - 14.64 4.11 - 1.67 - - 6.38 21.03 


Total 13,819.36 - 7.24 7.29 - 0.54 - - - 15.06 4.68 - 1.86 - - 7.15 22.21 


Notes: 
RTM = reusable tunnel material; SCADA = supervisory control and data acquisition;; CCWD = Contra Costa Water District.  
a Permanent Habitat Loss includes potential permanent and long-term temporary impacts. Long-term temporary impacts are those impacts that would be restored to pre-project conditions, but not within 1 year from initial ground disturbance (as temporary impacts would be). 
b Temporary Habitat Loss includes potential temporary impacts from construction that would be restored to pre-disturbance conditions within 1 year of construction completion, as described in AMM-14: Construction Best Management Practices for Biological Resources (Appendix 


3A, General Avoidance and Minimization Measures). 
c Electrical Facilities include potential habitat loss as a result of the construction of overhead and underground power transmission lines. Potential habitat loss from the construction of electrical facilities (i.e., lines, substations, switchyards, and switching stations) that occur within 


larger facilities (e.g., Bethany Complex) is captured in the large facility impact acreage. 
d Indirect effects occur where construction activities are within 250 feet of mapped vernal pool habitat. There are two types of permanent indirect effects: those that have potential to result in adverse effects to the entire pool and those that would be limited to the portion of the 


mapped habitat that overlaps within 250 feet of the construction activity. See Section 6A.5.1.2, Vernal Pool Branchiopods, in Appendix 6A, for the rationale as to why impacts are considered direct, indirect, permanent, or temporary.  


Table 6.12-2. Loss and Conservation of Modeled Habitat for Listed Branchiopods  


Compensation Type Direct and Indirect Habitat Loss (Acres) 


Total Habitat Compensation if all Impacts Occur (Acres) 


Conservation Bank a Non-Bank Site b 


Protection c  14.64 29.28 43.92 


Restoration d  0.42 0.42 0.84 


Notes: 
a The compensatory mitigation ratio for direct loss is 2:1 at a USFWS-approved conservation bank and 3:1 at a non-bank site.  
b The compensatory mitigation ratio for indirect loss is 1:1 at a USFWS-approved conservation bank and 2:1 at a non-bank site.  
c Protection would be provided in compensation for both direct and indirect habitat loss.  
d Restoration would be provided in compensation for direct habitat loss. 
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6.12.1 Field Investigations 


Field investigation actions described are for new proposed actions and have not been previously 


consulted upon. Field investigation actions are described and evaluated at the project or site level. 


Field investigations would occur after EIR approval and before and during construction. Some 


investigations would occur within the construction footprint (where suitable habitat is already 


assumed to be lost and thus no additional habitat loss from future field investigations would be 


incurred) and some would occur outside the construction footprint (which would result in 


temporary habitat disturbance additional to that incurred by construction). Agronomic testing, 


utility potholing, and pilot studies for settlement would only occur within the existing project 


footprints and would therefore not result in habitat loss additional to the loss described in the 


relevant, associated activity type sections (e.g., Bethany Complex). Geotechnical investigations 


associated with the West Tracy Fault, Bethany Fault, and the tunnel for the Bethany Reservoir 


Aqueduct, which include test trenches, CPTs, and soil borings, largely fall outside of surface 


construction footprints and it is these impacts that are discussed in this section.  


Field investigations may include activities such as overland driving, equipment storage, pit digging, 


soil boring, trenching, and temporary soil storage prior to backfilling trenches. West Tracy Fault 


investigations would involve up to 6 test trenches, each of which would include 0.07 acre of ground 


disturbance with a temporary work area footprint of up to 4.59 acres. Excavation and backfilling of 


the test trenches would last up to 12 days. Bethany Fault investigations would take place above the 


Bethany Reservoir Aqueduct tunnel outside of the Bethany Conservation Easement and consist of a 


linear array of electrodes driven into the ground over several hundred feet; the electrodes would 


induce a low current into the ground and be removed upon completion of testing. Ground 


disturbance for other field investigations is not expected to exceed 0.84 acre and would not last 


more than 30 days. Field investigations would not require nighttime lighting. 


6.12.1.1 Habitat Loss and Fragmentation 


Field investigations associated with the tunnel to the Bethany Complex, the tunnel to the Bethany 


Reservoir Discharge Structure, and the West Tracy Fault overlap with modeled habitat for listed 


branchiopods (Figure 6.12-7). Impacts from field investigations (geotechnical work) associated with 


the tunnel near the Bethany and Bethany Reservoir would be avoided per AMM-14: Construction 


Best Management Practices for Biological Resources (Appendix 3A). However, field investigations 


associated with the West Tracy Fault and the modeled habitat south of Clifton Court Forebay near 


the Delta-Mendota Canal cannot be avoided as there is no siting flexibility associated with this work. 


The temporary work area associated with the West Tracy Fault and the tunnel field investigations 


would result in 0.57 acre of direct impacts (temporary) on modeled habitat (<0.01% of all modeled 


habitat in the action area) (Figure 6.12-7). Trenching and boring activities do not overlap with 


modeled habitat at the West Tracy Fault, but boring activities could occur within modeled vernal 


pool habitat over the tunnel alignment near the Delta-Mendota Canal (Figure 6.12-7). Even though 


West Tracy Fault and tunnel field investigations could result in direct effects (temporary), the 


adjacent habitat is not expected to be indirectly affected because the borings and CPTs will be 


backfilled with grout and the native soil profile would be restored within the test trenches such that 


the hydroperiod of the adjacent habitat would not be affected.  


Directly affected vernal pool fairy shrimp and vernal pool tadpole shrimp habitat would be offset 


through CMP-8: Vernal Pool Complex. For those vernal pools that are determined to be adversely 
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affected and occupied (or assumed occupied) as described in Chapter 3, Section 3.6.2.9, the measure 


would require the purchase of credits at a USFWS-approved conservation bank or at a non-bank site 


approved by USFWS as described in CMP-8. If non-bank mitigation is pursued under CMP-8, 


mitigation at a non-bank location would be prioritized in the Altamont Hills recovery area, which is 


one of the core recovery areas identified in the Recovery Plan for Vernal Pool Ecosystems of California 


and Southern Oregon (U.S. Fish and Wildlife Service 2005).  


West Tracy Fault field investigations occur within the vernal pool complex located northwest of 


Clifton Court Forebay, just east of Byron Highway. The quality of this complex is considered high 


given the relatively large patch size and the presence of intact natural topography. The small amount 


of temporary impacts in this location is not expected to further fragment habitat in the region. This 


is primarily because the impact is a small, temporary decrease in the existing connectivity.  


To minimize permanent habitat loss, Vernal Pool Fairy Shrimp and Vernal Pool Tadpole Shrimp 


Avoidance and Minimization Measure described in Chapter 3, Section 3.6.2.9 would require suitable 


vernal pool invertebrate habitat to be delineated and avoided to the greatest extent possible. Where 


suitable habitat cannot be avoided and is permanently lost, the lost habitat would be offset through 


mitigation. The CMP would create, enhance, and manage in perpetuity vernal pool invertebrate 


habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-11: Vernal Pool 


Aquatic Invertebrate Habitat).  


6.12.1.2 Construction-Related Effects 


Ground-disturbing activities (e.g., excavation and soil boring) that occur within 250 feet of an 


aquatic feature occupied or presumed occupied by listed branchiopods have potential to result in 


the loss or degradation of that habitat and the potential for injury or mortality to listed 


branchiopods. For example, construction-related fluids or sediments could be inadvertently 


discharged into aquatic habitat. To minimize effects from construction-related fluids and 


contaminants, the following general measures described in Appendix 3A would be implemented: 


AMM-1: Conduct Environmental Resources Worker Awareness Training; AMM-2: Develop and 


Implement Hazardous Materials Management Plans; AMM-3: Develop and Implement Spill Prevention, 


Control, and Countermeasure Plans; and AMM-14: Construction Best Management Practices for 


Biological Resources. 


6.12.2 North Delta Intakes 


The construction footprint for the north Delta intakes does not overlap with modeled habitat for 


vernal pool fairy shrimp or vernal pool tadpole shrimp (Figures 6.12-1 and 6.12-2). Additionally, 


there is no modeled habitat for vernal pool fairy shrimp or vernal pool tadpole shrimp within 250 


feet of the north Delta intake construction footprint; therefore, construction of the north Delta 


intakes would not affect listed branchiopods. 


6.12.3 Tunnels 


The tunnel alignment does not overlap with listed branchiopod modeled habitat except at one 


location directly south of the Delta-Mendota Canal. However, tunnels would be constructed using 


subsurface horizontal TBMs and would not result in any surface disturbance to listed branchiopod 


modeled habitat; therefore, this activity would not have an adverse effect on listed branchiopods.  
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6.12.4 Tunnel Shafts 


The construction footprints for tunnel shafts do not overlap with any modeled habitat for listed 


branchiopods and there is no modeled habitat within 250 feet of any tunnel shaft construction 


footprint (Figure 6.12-1). Therefore, construction of tunnel shafts would not affect listed 


branchiopods. 


6.12.5 Reusable Tunnel Material  


The construction footprints for RTM placement and processing sites do not overlap with modeled 


vernal pool fairy shrimp or vernal pool tadpole shrimp habitat and there is no modeled habitat 


within 250 feet of any RTM sites (Figure 6.12-1). Therefore, RTM placement and processing would 


not affect listed branchiopods. 


6.12.6 Bethany Complex  


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and facilities within the Bethany Complex 


footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level.  


The Bethany Reservoir Aqueduct that connects the Bethany Reservoir Pumping Plant to the Bethany 


Reservoir Discharge Structure would be aboveground, except for two tunneled sections that would 


pass under the Jones Pumping Plant discharge pipelines and Bethany Conservation Easement. The 


tunneled portion of the Bethany Aqueduct under the conservation easement would be constructed 


at a depth of 45–180 feet below ground surface, and entry and exit portals to the aqueduct would be 


outside of the conservation easement (Chapter 3, Section 3.2.6.3). All geotechnical and construction 


activities would avoid surface disturbance to the conservation easement. No surface facilities (e.g., 


roads, utilities, or other structures) would be located on top of the conservation easement.  


Construction activities at the Bethany Complex include vegetation clearing, grading, excavation, soil 


compaction, building of structures, and the use of construction-related vehicles. Sheet piles for 


construction of the discharge structure would be installed using vibratory pile driving methods. 


Construction of the Bethany Complex would take place over several years and may require night 


lighting. As described in Chapter 3, Section 3.2.12, Fencing and Lighting, all lights used during 


nighttime construction would be downcast, cut-off type fixtures with non-glare finishes, natural 


light qualities, and minimum intensity. 


6.12.6.1 Habitat Loss and Fragmentation 


Construction of the Bethany Reservoir Aqueduct would result in permanent direct and indirect 


effects on listed branchiopod habitat. The Bethany Reservoir Aqueduct construction footprint 


directly overlaps with a portion of two mapped pool features located just north of the aqueduct. 


Indirect effects to listed branchiopod modeled habitat were also assumed for these two pools 


because significant changes in local topography related to the aqueduct construction have a high 


potential for adversely affecting the pool hydrology.  


There is an additional, but distinct, modeled habitat patch just to the north of the two pools that 


overlap with the footprint. Although this pool is not mapped as being hydrologically connected, it is 
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within 250 feet of the footprint and has the potential to be hydrologically affected because it is 


downslope from construction activities. This pool is also assumed to be adversely affected in its 


entirety. As a result, 0.20 acre of modeled listed branchiopod habitat (<0.01% of listed branchiopod 


habitat in the action area) would be directly affected and 7.09 acres would be indirectly affected 


from construction of the Bethany Reservoir Aqueduct (Table 6.12-1) (Figures 6.12-6 and 6.12-14).  


Direct and indirect impacts on vernal pool fairy shrimp and vernal pool tadpole shrimp habitat 


would be offset through implementation of CMP-8: Vernal Pool Complex, described in Attachment 


3B.1. For those vernal pools that are determined to be adversely affected and occupied (or assumed 


occupied) as described in Chapter 3, Section 3.6.2.9, the measure would require the purchase of 


credits at a USFWS-approved conservation bank or at a non-bank site approved by USFWS as 


described in CMP-8. If non-bank mitigation is pursued under CMP-8, mitigation at a non-bank 


location would be prioritized in the Altamont Hills recovery area, which is one of the core recovery 


areas identified in the Recovery Plan for Vernal Pool Ecosystems of California and Southern Oregon 


(U.S. Fish and Wildlife Service 2005).  


The Bethany Reservoir Aqueduct is not expected to substantially increase fragmentation of vernal 


pool branchiopod habitat due to proximity of adjacent, unaffected pools. In addition, vernal pool 


branchiopod cysts would still be able to be transported between pools via biotic mechanisms such 


as birds, cattle, and amphibians.  


To minimize permanent habitat loss, Vernal Pool Fairy Shrimp and Vernal Pool Tadpole Shrimp 


Avoidance and Minimization Measure described in Chapter 3, Section 3.6.2.9 would require suitable 


vernal pool invertebrate habitat to be delineated and avoided to the greatest extent possible. Where 


suitable habitat cannot be avoided and is permanently lost, the lost habitat would be offset through 


mitigation. The CMP would create, enhance, and manage in perpetuity vernal pool invertebrate 


habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-11: Vernal Pool 


Aquatic Invertebrate Habitat).  


6.12.6.2 Construction-Related Effects  


Ground-disturbing activities (e.g., excavation and grading) that occur within 250 feet of an aquatic 


feature occupied or presumed occupied by listed branchiopods have potential to result in the loss or 


degradation of that habitat and the potential for injury or mortality to listed branchiopods. For 


example, construction-related fluids or sediments could be inadvertently discharged into aquatic 


habitat. To minimize effects from construction-related fluids and contaminants, the following 


general measures described in Appendix 3A would be implemented: AMM-1: Conduct Environmental 


Resources Worker Awareness Training; AMM-2: Develop and Implement Hazardous Materials 


Management Plans; AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure 


Plans; and AMM-14: Construction Best Management Practices for Biological Resources. 


6.12.7 Access Roads 


New access roads and improvements to existing public roads are necessary to support project 


construction. New access roads are either gravel or paved and would be created to provide 


connections between existing roads and construction and operations areas. Existing public roads 


would be widened and improved to support the construction-related traffic. The construction 


actions associated with access roads are described and evaluated at the project level.  
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Impacts discussed in this section are those that occur outside of large facilities, such as the north 


Delta intakes or Bethany Complex. Impacts from access road construction within the north Delta 


intakes and Bethany Complex are described above in Section 6.12.2, North Delta Intakes, and Section 


6.12.6, Bethany Complex. Three new sections of access roads would be constructed in service of the 


Bethany Complex: to the north of the Bethany Complex, between the complex and Byron Highway; 


between Mountain House Road and Bethany Reservoir; and to the south, a new road segment and 


intersection connecting Mountain House Road to Grant Line Road. Additionally, road improvements 


would occur on Hood-Franklin Road between I-5 and the north Delta intakes. Construction activities 


for access roads include clearing, grubbing, moving utilities, paving, resurfacing, and the use of 


construction vehicles. Construction of access roads to the Bethany Complex would take place over 


several years during daylight hours, with the exception of the traffic bypass at Mountain House 


Road, where construction would occur at night.  


6.12.7.1 Habitat Loss and Fragmentation 


There are three regions where access roads overlap with or occur within 250 feet of listed vernal 


pool branchiopod modeled habitat: south of Mountain House Road where the new access road to the 


Bethany discharge structure would be constructed (Figures 6.12-16), where a new connection 


between Mountain House Road and Grant Line Road will be constructed (Figures 6.12-16 and 6.12-


17), and road improvements on Hood-Franklin Road. Access roads are further described in Chapter 


3, Section 3.2.7.  


Access road construction related to the improvement (i.e., road widening) of Mountain House Road 


and the construction of a new access road connecting Mountain House Road to Grant Line Road 


would result in direct impacts on 0.41 acre of modeled listed branchiopod habitat (<0.01% of 


modeled vernal branchiopod habitat in the action area): 0.22 acre from permanent activities and 


0.19 acre from temporary activities. In addition, access road construction would indirectly affect 


8.69 acres (0.06% of modeled vernal branchiopod habitat in the action area) of vernal pool habitat 


(Table 6.12-1) (Figure 6.12-16). Hood-Franklin Road improvements, which do not overlap with but 


are within 250 feet of modeled habitat and CNDDB occurrence #632, are assumed to avoid both 


direct and indirect effects because the road resurfacing would be limited to the existing road 


footprint. 


Directly and indirectly affected vernal pool fairy shrimp and vernal pool tadpole shrimp habitat 


would be offset through implementation of CMP-8: Vernal Pool Complex, described in Attachment 


3B.1. For those affected vernal pools that are occupied (or assumed occupied), the measure would 


require the purchase of credits at a USFWS-approved conservation bank or at a non-bank site 


approved by USFWS. Mitigation at a non-bank location would be prioritized in the Altamont Hills 


recovery area, which is one of the core recovery areas identified in the Recovery Plan for Vernal Pool 


Ecosystems of California and Southern Oregon (U.S. Fish and Wildlife Service 2005:Figure III-6a). 


Improvements to, and new segments of, Mountain House Road are not expected to substantially 


increase fragmentation of vernal pool branchiopod habitat due to proximity of adjacent, unaffected 


pools. In addition, vernal pool branchiopod cysts would still be able to be transported between pools 


via abiotic (e.g., wind and overland water flow) and biotic mechanisms such as birds.  


To minimize permanent habitat loss, Vernal Pool Fairy Shrimp and Vernal Pool Tadpole Shrimp 


Avoidance and Minimization Measure described in Chapter 3, Section 3.6.2.9 would require suitable 


vernal pool invertebrate habitat to be delineated and avoided to the greatest extent possible. Where 


suitable habitat cannot be avoided and is permanently lost, the lost habitat would be offset through 
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mitigation. The CMP would create, enhance, and manage in perpetuity vernal pool invertebrate 


habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-11: Vernal Pool 


Aquatic Invertebrate Habitat).  


6.12.7.2 Construction-Related Effects 


Ground-disturbing activities (e.g., excavation and soil boring) that occur within 250 feet of an 


aquatic feature occupied or presumed occupied by listed branchiopods have potential to result in 


the loss or degradation of that habitat and the potential for injury or mortality to listed 


branchiopods. For example, construction-related fluids or sediments could be inadvertently 


discharged into aquatic habitat. To minimize effects from construction-related fluids and 


contaminants, the following general measures described in Appendix 3A would be implemented: 


AMM-1: Conduct Environmental Resources Worker Awareness Training; AMM-2: Develop and 


Implement Hazardous Materials Management Plans; AMM-3: Develop and Implement Spill Prevention, 


Control, and Countermeasure Plans; and AMM-14: Construction Best Management Practices for 


Biological Resources.  


6.12.8 Electrical and SCADA Facilities 


Electrical and SCADA facilities would overlap with or would be within 250 feet of modeled vernal 


pool fairy shrimp and vernal pool tadpole shrimp habitat. However, these activities would all be 


located within the footprints for construction or improvement of access roads. As a result, no 


additional impacts are incurred from the construction of electrical or SCADA facilities.  


An occurrence of vernal pool tadpole shrimp (CNDDB occurrence #210) overlaps with overhead 


SCADA fiber routes on State Route (SR) 12; however, the occurrence is displayed in the CNDDB GIS 


data with an accuracy of 5 miles and there is no modeled habitat within the portion of the 


occurrence polygon that overlaps with the construction footprint. Therefore, proposed action 


activities would not affect this CNDDB occurrence. Another occurrence of vernal pool tadpole 


shrimp (CNDDB occurrence #84) overlaps with overhead electrical lines on Franklin Boulevard 


where new overhead electrical lines would be installed on existing poles. This construction activity 


would not affect the occurrence because these activities would not require ground disturbance, and 


thus would not cause adverse effects on habitat or change the hydrology of the pools.  


6.12.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:26 concrete and CLSM 


batch plants and park-and-ride lots. Although the Hood-Franklin Park-and-Ride lot does not directly 


overlap with vernal pool fairy shrimp or vernal pool tadpole shrimp modeled habitat, construction 


of the facility would occur within 250 feet of vernal pool habitat. The park-and-ride lot would be 


removed following construction but because it would be in place for over 1 year the impact would 


 
26 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road 
work areas included in Section 6.12.7, Access Roads, and Section 6.12.6, Bethany Complex, but the road work area 
described in this section occurs in a discreet location, outside a large project footprint.  


 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-209 


May 2024 
ICF 103653  


 


be considered permanent. The construction actions associated with the Hood-Franklin Park-and-


Ride lot are described and evaluated at the project level.  


6.12.9.1 Habitat Loss and Fragmentation 


Construction of the Hood-Franklin Park-and-Ride lot has the potential to indirectly affect 0.54 acre 


of modeled listed branchiopod habitat (<0.01% of modeled vernal branchiopod habitat in the action 


area) (Table 6.12-1) because the changes in topography from construction have potential to affect 


the hydrology of the adjacent vernal pool habitat (Figure 6.12-9).  


Indirect effects on vernal pool fairy shrimp and vernal pool tadpole shrimp habitat would be offset 


through implementation of CMP-8: Vernal Pool Complex, described in Attachment 3B.1. The measure 


would require habitat protection through the purchase of credits at a USFWS-approved 


conservation bank or at a non-bank site approved by USFWS. Mitigation at a non-bank location 


would be prioritized in the Altamont Hills recovery area, which is one of the core recovery areas 


identified in the Recovery Plan for Vernal Pool Ecosystems of California and Southern Oregon (U.S. 


Fish and Wildlife Service 2005:Figure III-6a). 


To minimize permanent habitat loss, Vernal Pool Fairy Shrimp and Vernal Pool Tadpole Shrimp 


Avoidance and Minimization Measure described in Chapter 3, Section 3.6.2.9 would require suitable 


vernal pool invertebrate habitat to be delineated and avoided to the greatest extent possible. Where 


suitable habitat cannot be avoided and is permanently lost, the lost habitat would be offset through 


mitigation. The CMP would create, enhance, and manage in perpetuity vernal pool invertebrate 


habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-11: Vernal Pool 


Aquatic Invertebrate Habitat).  


6.12.9.2 Construction-Related Effects 


Ground-disturbing activities (e.g., excavation and soil boring) that occur within 250 feet of an 


aquatic feature occupied or presumed occupied by listed branchiopods have potential to result in 


the loss or degradation of that habitat and the potential for injury or mortality to listed 


branchiopods. For example, construction-related fluids or sediments could be inadvertently 


discharged into aquatic habitat. To minimize effects from construction-related fluids and 


contaminants, the following general measures described in Appendix 3A would be implemented: 


AMM-1: Conduct Environmental Resources Worker Awareness Training; AMM-2: Develop and 


Implement Hazardous Materials Management Plans; AMM-3: Develop and Implement Spill Prevention, 


Control, and Countermeasure Plans; and AMM-14: Construction Best Management Practices for 


Biological Resources.  


6.12.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with listed vernal pool 


branchiopod modeled habitat. Activities in this area would not have the potential for incidental take 


of the species (Figure 6.12-5).  
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6.12.11 Compensatory Mitigation Plan 


6.12.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


Construction activities for habitat creation and enhancement at Bouldin Island and the I-5 ponds 


under the CMP would not overlap with modeled listed branchiopod habitat (Figure 6.12-1). No 


modeled habitat for listed branchiopods occurs within 250 feet of the construction footprint for the 


initial mitigation sites; therefore, implementation of the initial mitigation sites would not result in 


impacts on listed branchiopods.  


6.12.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. Mitigation or conservation bank credits purchased for these species would be 


purchased at banks that have been approved by USFWS. Through the approval process, any 


potential impacts on vernal pool c from restoration, creation, enhancement, management, 


maintenance, or monitoring would have been addressed by the USFWS. Because the approved bank 


would provide bank credits for vernal pool fairy shrimp and vernal pool tadpole shrimp, the 


purchase is assumed to be beneficial to the species. 


6.12.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.12.11.2 are not available in part or in full, a non-bank site may be 


used. Non-bank sites are evaluated programmatically and would be subject to future, “step down” 


consultation when site-specific information becomes available. A non-bank site would create or 


restore, protect, enhance, and manage suitable vernal pool or alkali seasonal wetland habitat. If non-


bank sites are used for vernal pool or alkaline wetland creation or enhancement (Appendix 3B, 


Section 3B.3.2.4), these activities could occur in areas where vernal pool fairy shrimp and vernal 


pool tadpole shrimp have potential to occur.  


Ground-disturbing activities (e.g., excavation and grading) that occur within 250 feet of an aquatic 


feature occupied or presumed occupied by listed branchiopods have potential to result in the loss or 


degradation of that habitat and the potential for injury or mortality to listed branchiopods. For 


example, construction-related fluids or sediments could be inadvertently discharged into aquatic 


habitat. To minimize effects from construction-related fluids and contaminants, the following 


general measures described in Appendix 3A would be implemented: AMM-1: Conduct Environmental 


Resources Worker Awareness Training; AMM-2: Develop and Implement Hazardous Materials 


Management Plans; AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure 


Plans; and AMM-14: Construction Best Management Practices for Biological Resources. 


6.12.11.4 Site Protection Instruments 


Site protection instruments for greater sandhill crane, Swainson’s hawk, and tricolored blackbird 


would primarily consist of the protection and management of agricultural areas but may also 


include protection and management of natural communities (e.g., grasslands or vernal pool 


complex) in the action area (Appendix 3B, Section 3B.4.2.2, Attachment 3B.1, Table 3B.1-3, CMP-


18a: Sandhill Crane Roosting Habitat, CMP-18b: Sandhill Crane Foraging Habitat, CMP-19a: 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-211 


May 2024 
ICF 103653  


 


Swainson’s Hawk Nesting Habitat, CMP-19b: Swainson’s Hawk Foraging Habitat, CMP-22a: Tricolored 


Blackbird Nesting Habitat, and CMP-22b: Tricolored Blackbird Foraging Habitat). No construction 


activities would occur for site protection instruments.  


6.12.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids. While not the target of enhancement actions, California least tern also 


has the potential to benefit from the increase in shallow, slow-moving marsh habitat that would 


promote prey populations along levees in the central Delta. 


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for listed fish species that would benefit from 


enhancement actions.  


Enhancement would entail replacing armored or otherwise altered channel banks with more natural 


shoreline habitats that provide shallow, slow-velocity river margins, overhanging riparian 


vegetation, and future woody debris sources. To maintain the current extent of in-water habitat and 


level of flood protection, the existing levee would need to be reconstructed to be set back from the 


shoreline. Waterside and landside improvements would be implemented to create enhanced channel 


margin habitat and provide continued flood protection.  


Waterside improvements would entail degrading the existing levee to create gently sloping banks 


that gradually transition from tule marsh to riparian vegetation on the face of the new setback levee. 


While enhanced habitat will primarily be provided by native vegetation, ballasted large wood may 


be incorporated into the channel bank in some locations for enhanced complexity and refugia. While 


the heavily vegetated bank would provide some wave attenuation value, erosion protection may still 


be required along the waterside of the setback levee. Bio-technical bank treatments, which combine 


cobble and other erosion resistant materials with willows and other plantings, would be employed 


as much as possible. Following all grading, the site would be revegetated, through a combination of 


active and passive methods. Riparian and upland areas would be actively seeded, planted, and 


temporarily irrigated during the initial establishment period. Intertidal wetland areas would be 


revegetated through a combination of active planting and passive natural recruitment. 


Landside improvements would include the construction of a new setback levee behind and 


connected to the existing levee. The actual extent of earthmoving required for levee construction 


will vary significantly by site depending on the degree of land subsidence and the level of flood 


protection needed. It is anticipated that imported fill would be needed to construct some or all of the 


new setback levee. Material generated by degrading the existing levee would be reused in the new 


levee construction as much as feasible based on timing, soil suitability and other factors. 


Channel margin enhancement would involve using the following equipment. 


• Large mechanized equipment (typically, a trackhoe) to remove riprap from channel margins. 
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• Grading equipment such as trackhoes and bulldozers to modify the channel margin side of 


levees or setback levees to create low floodplain benches with variable surface elevations that 


create hydrodynamic complexity and support emergent vegetation. 


• Trackhoes, bulldozers, and cranes to install large woody material (e.g., tree trunks and stumps) 


into constructed low benches or into existing riprapped levees to provide physical complexity.  


Habitat Loss and Fragmentation 


Channel margin enhancement has the potential to result in a loss of modeled vernal pool 


branchiopod habitat, however, because the project will occur along existing levees of agricultural 


properties impacts on modeled habitat are unlikely, and only a relatively small amount of habitat 


has the potential to be affected. To minimize permanent habitat loss, the Vernal Pool Avoidance and 


Minimization Measure described in Chapter 3, Section 3.6.2.9 would require vernal pool habitat to be 


avoided to the extent practicable and, when avoidance is not possible, implementing construction 


BMPs to avoid and minimize effects on the habitat. Where suitable habitat cannot be avoided and is 


permanently lost, the lost suitable habitat would be offset through mitigation determined by site-


specific permitting and implementation of the CMP (Appendix 3B, Section 3B.1, Section 3B.2.4, and 


Attachment 3B.1, Table 3B.1-2, CMP-0: General Design Guidelines and CMP-8: Vernal Pool Complex, 


and Table 3B.1-3, CMP-11: Vernal Pool Invertebrate Habitat).  


Construction-Related Effects 


Ground-disturbing activities (e.g., excavation) that occur within 250 feet of an aquatic feature 


occupied or presumed occupied by vernal pool branchiopods have potential to result in the loss or 


degradation of that habitat and injury or mortality. For example, construction-related fluids or 


sediments could be inadvertently discharged into aquatic habitat.  


Implementation of Vernal Pool Avoidance and Minimization Measure described in Chapter 3, Section 


3.6.2.9 would avoid and minimize construction-related effects on vernal pool branchiopods by 


requiring vernal pool habitat to be avoided to the extent practicable and, when avoidance is not 


possible, implementing construction BMPs to avoid and minimize effects on the habitat. In addition, 


the following general measures described in Appendix 3A would be implemented: AMM-1: Conduct 


Environmental Resources Worker Awareness Training; AMM-2: Develop and Implement Hazardous 


Materials Management Plans; AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans; and AMM-14: Construction Best Management Practices for Biological 


Resources. With these measures in place, channel margin enhancement construction is not likely to 


adversely affect vernal pool branchiopods. 


6.12.11.6  Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent 


wetland habitats provide important foraging and refugia habitat for listed fish species. The 


restoration of tidal perennial and wetland habitat, particularly complex wetland systems containing 


dendritic channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 


biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


Complex will be prioritized as these areas would provide greater benefits for target fish species.  







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-213 


May 2024 
ICF 103653  


 


Tidal restoration will generally be achieved by reconnecting former wetland areas to adjacent tidal 


sloughs and rivers. Restoration would primarily occur through breaching or setback of levees, thereby 


restoring tidal fluctuation to land parcels currently isolated behind those levees. Where practicable 


and appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  


Typical actions required to create suitable tidal marsh habitat at these sites include grading, 


planting, and infrastructure modifications, such as protection, removal and/or relocation of existing 


utilities, pumping systems, and other water management structures. Earthwork often includes 


breaching an existing levee or berm to reintroduce tidal action to the site. Other grading may be 


performed prior to breaching to create wetland features that enhance habitat function, including 


tidal channels, tidal pannes and tidal ponds. At certain sites, more significant earthmoving may be 


required to raise subsided areas to intertidal elevations or to reinforce surrounding levees.  


Depending on the project location, it also may be necessary to construct an entirely new flood 


control levee along portions of the project perimeter to protect adjacent properties. The actual 


extent of earthmoving required can vary significantly depending on the existing topography of the 


site.  


Following earthwork and grading, the site would be revegetated, likely through a combination of 


active and passive methods. Any riparian and/or upland areas would be actively seeded, planted, 


and temporarily irrigated during the initial establishment period. Intertidal wetland areas may 


revegetate actively, be allowed to recolonize passively through natural recruitment, or experience a 


combination of the two.  


Levee breaching will require removing levee materials from within and adjacent to tidal and other 


aquatic habitats. Levee breaching will entail in-water work using construction equipment such as 


bulldozers, backhoes, and barges. Removed levee materials will be placed on the remaining levee 


sections, placed within the restoration area, or hauled to a disposal area. 


Typically work would be sequenced so that grading and infrastructure improvements occur first, 


followed by planting and finally breaching of the existing levee to reintroduce tidal action. 


Habitat Loss and Fragmentation 


Tidal wetland restoration sites at lower Yolo Bypass and the Cache Slough Complex have potential to 


overlap with vernal pool branchiopod habitat, particularly if the selected site includes grassland and 


vernal pool complex habitats that border the Cache Slough Complex to the south and east (i.e., the 


upland areas connected to the greater Jepson Prairie area). All three vernal pool branchiopods 


species are known to occur in this region (California Department of Fish and Wildlife 2020).  


Construction of tidal restoration sites typically include a landside levee that protects adjacent 


uplands from flooding, thus avoiding impacts on vernal pool habitat. However, there remains some 


potential for suitable vernal pool habitat to be permanently lost. Where suitable habitat cannot be 


avoided and is permanently lost, the lost suitable habitat would be offset through mitigation 


determined by site-specific permitting and implementation of the CMP (Appendix 3B, Section 3B.1, 


Section 3B.2.4, and Attachment 3B.1, Table 3B.1-2, CMP-0: General Design Guidelines and CMP-8: 


Vernal Pool Complex, and Table 3B.1-3, CMP-11: Vernal Pool Invertebrate Habitat). 
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Construction-Related Effects 


Ground-disturbing activities (e.g., excavation) that occur within 250 feet of an aquatic feature 


occupied or presumed occupied by vernal pool branchiopods have potential to result in the loss or 


degradation of that habitat and injury or mortality. For example, construction-related fluids or 


sediments could be inadvertently discharged into aquatic habitat.  


Implementation of Vernal Pool Avoidance and Minimization Measure described in Chapter 3, Section 


3.6.2.9 would avoid and minimize construction-related effects on vernal pool branchiopods by 


requiring vernal pool habitat to be avoided to the extent practicable and, when avoidance is not 


possible, implementing construction BMPs to avoid and minimize effects on the habitat. In addition, 


the following general measures described in Appendix 3A would be implemented: AMM-1: Conduct 


Environmental Resources Worker Awareness Training; AMM-2: Develop and Implement Hazardous 


Materials Management Plans; AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans; and AMM-14: Construction Best Management Practices for Biological 


Resources. With these measures in place, tidal wetland construction is not likely to adversely affect 


vernal pool branchiopods. 


6.12.12 Effects on Vernal Pool Fairy Shrimp Critical Habitat 


There are 597,821 total acres of critical habitat designated for vernal pool fairy shrimp, 4,925 acres 


of which are within critical habitat unit 19B. Of the 4,925 acres within critical habitat unit, 


approximately 1,475 acres overlap with the action area (Figures 6.12-6, 6.12-7, 6.12-10, 6.12-12, 


and 6.12-13). There is no critical habitat for vernal pool tadpole shrimp that overlaps with the action 


area. For the purposes of this analysis, modeled habitat for vernal pool fairy shrimp is assumed to 


include all PCEs for vernal pool fairy shrimp, which are defined as follows (70 FR 46936). 


1. Topographic features characterized by mounds and swales and depressions within a matrix of 


surrounding uplands that result in complexes of continuously, or intermittently, flowing surface 


water in the swales connecting the pools described below, providing for dispersal and 


promoting hydroperiods of adequate length in the pools. 


2. Depressional features including isolated vernal pools with underlying restrictive soil layers that 


become inundated during winter rains and that continuously hold water for a minimum of 18 


days, in all but the driest years, thereby providing adequate water for incubation, maturation, 


and reproduction. As these features are inundated on a seasonal basis, they do not promote the 


development of obligate wetland vegetation habitats typical of permanently flooded emergent 


wetlands. 


3. Sources of food, expected to be detritus occurring in the pools, contributed by overland flow 


from the pools’ watershed, or the results of biological processes within the pools themselves, 


such as single-celled bacteria, algae, and dead organic matter, to provide for feeding. 


4. Structure within the pools described above, consisting of organic and inorganic materials, such 


as living and dead plants from plant species adapted to seasonally inundated environments, 


rocks, and other inorganic debris that may be washed, blown, or otherwise transported into the 


pools that provide shelter. 


Areas supporting the PCEs include the depressional wetlands (vernal pool type wetlands) and the 


surrounding watershed (i.e., 250 feet around the vernal pools). Approximately 0.57 acre of the West 


Tracy Fault work area overlaps with vernal pool modeled habitat that is within designated critical 
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habitat for vernal pool fairy shrimp. As described above in Section 6.12.1.1, Habitat Loss and 


Fragmentation, the West Tracy Fault work is only expected to result in temporary effects on vernal 


pool fairy shrimp critical habitat and indirect effects are avoided because the borings and CPTs 


would be backfilled with grout and the native soil profile would be restored within the test trenches 


such that the hydroperiod of the habitat would not be affected. These temporary activities are not 


expected to result in hydrological changes that could indirectly affect areas outside the field 


investigations temporary construction footprint (for the aforementioned reasons).  


The temporary ground disturbance related to field investigations is not expected to appreciably 


reduce the conservation value of critical habitat for vernal pool fairy shrimp because the impact is 


temporary; the disturbance is a small percentage of total critical habitat; and the impact occurs at 


eastern edge of critical habitat unit 19B where the existing condition is degraded due to proximity to 


agricultural land use and smaller patch sizes.  


6.12.13 Cumulative Effects 


Cumulative effects are defined under Section 7 of the ESA as the effects of future state, Tribal, local, 


or private actions that are reasonably certain to occur in the action area. Future federal actions are 


not addressed in a Section 7 cumulative effects analysis because they require separate consultation 


pursuant to Section 7 of the ESA. Projects that result in take of listed branchiopods would require 


incidental take authorization pursuant to the ESA and therefore are not addressed in this cumulative 


effects analysis because they require a federal action. 


However, non-federal activities and climate change have potential to affect vernal pool fairy shrimp 


and vernal pool tadpole shrimp in the action area when habitat loss and habitat degradation occurs 


without USFWS authorization. The most likely activity of this type is agricultural conversion. If 


agricultural conversion is proposed in or near vernal pool fairy shrimp or vernal pool tadpole 


shrimp suitable habitat, it could contribute to a cumulative adverse effect on listed branchiopods in 


the action area. Unauthorized take as a result of urban development is unlikely where modeled 


habitat and critical habitat occurs west of Clifton Court Forebay because urbanization in this area is 


covered by the East Contra Costa County Habitat Conservation Plan/Natural Communities 


Conservation Plan.  


Climate change threatens to modify annual weather patterns and may result in a loss of vernal pool 


habitat. Predicted drier weather may decrease precipitation that inundates vernal pools, leading to 


decrease or lack of reproductive output if pools fail to inundate or dry up before reproduction is 


complete (U.S. Fish and Wildlife Service 2007b:44). For population maintenance, vernal pools must 


last longer, on average, than the time needed for a species to reach maturity and produce viable 


eggs, and relatively small changes in the timing or amount of precipitation could affect population 


dynamics (Graham 2003). Climate change could also adversely affect vernal pool branchiopods 


through changes in vernal pool inundation pattern and temperature regimes in pools (U.S. Fish and 


Wildlife Service 2007b:44). The ability of vernal pool branchiopods to survive changes in inundation 


pattern and temperature regimes through range shifts depends on the species’ ability to disperse to 


pools with suitable conditions (Bohanak and Jenkins 2003; Bonte et al. 2004). Loss and 


fragmentation of vernal pool habitat likely decreases dispersal ability (U.S. Fish and Wildlife Service 


2007b:44). Although vernal pool branchiopods have developed a life history strategy to survive 


periods of drought, they must complete their life cycle within limited temperature ranges to reach 


maturity and reproduce; predicted variability in precipitation could cause pools to dry before vernal 


pool branchiopods complete their life cycle or cause water temperatures to exceed conditions 
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suitable for hatching and persistence (U.S. Fish and Wildlife Service 2007b:44). Climate change may 


also result in the alteration of vernal pool habitats through changes to water chemistry of pools due 


to increases in carbon dioxide from the atmosphere (Field et al. 1999), thereby affecting suitability 


of pools for specific species (Eriksen and Belk 1999; Graham 2003). 


6.13 Vernal Pool Grasses 
Because they occupy the same habitat type and location in the action area, Colusa grass and Solano 


grass are treated together in this analysis. Appendix 6A describes the definitions, methods, and 


assumptions used to analyze the effects of the proposed action on terrestrial species, including 


impact categories, effect mechanisms, and habitat model development. Chapter 4, Section 4.4, 


Sections 4.4.20.6, Suitable Habitat Definition, and 4.4.21.6, Suitable Habitat Definition, and Sections 


4.4.20.7, Habitat Model Description, and 4.4.21.7, Habitat Model Description, define suitable habitat 


and describe the habitat model for Colusa grass and Solano grass. 


Colusa and Solano grass habitat is located in the northwestern portion of the action area in Jepson 


Prairie and is limited to vernal pool complex, growing in the bottom of large, deep vernal pools. 


There are occurrences of both grasses in this region of the action area (California Department of 


Fish and Wildlife 2020b). 


6.13.1 Field Investigations 


Field investigations would occur outside of the range of Colusa grass and Solano grass; therefore, 


this activity would not have an adverse effect on the species (Figure 6.13-1). 


6.13.2 North Delta Intakes 


The north Delta intakes are outside of the range of Colusa grass and Solano grass; therefore, this 


activity would not have an adverse effect on the species (Figure 6.13-1). 


6.13.3 Tunnels 


The tunnel alignment is outside of the range of Colusa grass and Solano grass; therefore, this activity 


would not have an adverse effect on the species (Figure 6.13-1). 


6.13.4 Tunnel Shafts 


Tunnel shafts are outside of the range of Colusa grass and Solano grass; therefore, this activity 


would not have an adverse effect on the species (Figure 6.13-1). 


6.13.5 Reusable Tunnel Material 


RTM areas are outside of the range of Colusa grass and Solano grass; therefore, this activity would 


not have an adverse effect on the species (Figure 6.13-1). 
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6.13.6 Bethany Complex 


The Bethany Complex is outside of the range of Colusa grass and Solano grass; therefore, this 


activity would not have an adverse effect on the species (Figure 6.13-1). 


6.13.7 Access Roads 


Access roads are outside of the range of Colusa grass and Solano grass; therefore, this activity would 


not have an adverse effect on the species (Figure 6.13-1). 


6.13.8 Electrical and SCADA Facilities 


Electrical and SCADA facilities are outside of the range of Colusa grass and Solano grass; therefore, 


this activity would not have an adverse effect on the species (Figure 6.13-1). 


6.13.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:27 concrete batch plants 


and park-and-ride lots. These features are outside of the range of Colusa grass and Solano grass; 


therefore, this activity would not have an adverse effect on the species (Figure 6.13-1). 


6.13.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with vernal pool grasses 


modeled habitat. Activities in this area would not adversely affect the species.  


6.13.11 Compensatory Mitigation 


The CMP would offset the permanent loss of wetlands and habitat for special-status species by 


creating and enhancing habitat and managing these areas in perpetuity. The tidal wetland 


restoration sites at the Cache Slough Complex overlap with suitable vernal pool grass habitat.  


6.13.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


Habitat creation and enhancement at Bouldin Island and the I-5 ponds are outside of the range of 


Colusa grass and Solano grass; therefore, these activities would have no effect on the species (Figure 


6.13-1). 


6.13.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be used to meet compensatory mitigation requirements 


for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, and vernal pool 


tadpole shrimp. The location of these banks has potential to overlap with vernal pool plant habitat. 


Mitigation or conservation bank credits purchased for these species would be purchased at banks 


 
27 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, e.g., such as north Delta intakes and Bethany Complex. For example, there are impacts from 
road work areas included in Section 6.13.7, Access Roads, and Section 6.13.6, Bethany Complex, but the road work 
area described in this section occurs in a discreet location, outside a large project footprint.  
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that have been approved by USFWS. Through the approval process, any potential impacts on vernal 


pool plants from restoration, creation, enhancement, management, maintenance, or monitoring 


would have been addressed by the USFWS through the credit approval process. Because the 


approved bank would provide bank credits for vernal pool branchiopods, the purchase is assumed 


to either have no effect or to be beneficial to vernal pool grasses.  


6.13.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.13.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down” consultation when site-specific information becomes 


available. A non-bank site would protect, enhance, and manage suitable vernal pool or alkali 


seasonal wetland habitat in a quantity and quality sufficient to offset the adverse effects consistent 


with the biological opinion. 


In the event that non-bank sites are used for vernal pool or alkaline wetland creation or 


enhancement (Appendix 3B, Section 3B.3.2.4), these activities could occur in areas where Colusa 


grass or Solano grass occur. Construction and management activities could include ground 


disturbance (e.g., excavation and grading) within 250 feet of an aquatic feature occupied or 


presumed occupied by one or more vernal pool plants which have potential to result in the 


temporary disturbance of that habitat and the potential for loss of individual plants. However, non-


bank mitigation would create or restore vernal pool habitat and would be expected to provide an 


overall benefit vernal pool grasses if non-bank mitigation occurs within the species’ range. 


Implementation of Vernal Pool Avoidance and Minimization Measure described in Chapter 3, Section 


3.6.2.9 would avoid and minimize effects on vernal pool grasses due to construction of non-bank 


mitigation by requiring vernal pool habitat to be avoided to the extent practicable and, when 


avoidance is not possible, implementing construction BMPs to avoid and minimize effects on the 


habitat. In addition, the following general measures described in Appendix 3A would be 


implemented: AMM-1: Conduct Environmental Resources Worker Awareness Training; AMM-2: 


Develop and Implement Hazardous Materials Management Plans; AMM-3: Develop and Implement 


Spill Prevention, Control, and Countermeasure Plans; and AMM-14: Construction Best Management 


Practices for Biological Resources. With these measures in place, non-bank mitigation construction is 


not likely to adversely affect vernal pool grasses.  


6.13.11.4 Site Protection Instruments 


Site protection instruments for greater sandhill crane, Swainson’s hawk, and tricolored blackbird 


would primarily consist of the protection and management of agricultural areas but may also 


include protection and management of natural communities (e.g., grasslands or vernal pool 


complex) in the action area (Appendix 3B, Section 3B.4.2.2, Attachment 3B.1, Table 3B.1-3, CMP-


18a: Sandhill Crane Roosting Habitat, CMP-18b: Sandhill Crane Foraging Habitat, CMP-19a: 


Swainson’s Hawk Nesting Habitat, CMP-19b: Swainson’s Hawk Foraging Habitat, CMP-22a: Tricolored 


Blackbird Nesting Habitat, and CMP-22b: Tricolored Blackbird Foraging Habitat). No construction 


activities would occur for site protection instruments.  
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6.13.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids. While not the target of enhancement actions, California least tern also 


has the potential to benefit from the increase in shallow, slow-moving marsh habitat that would 


promote prey populations along levees in the central Delta. 


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for listed fish species that would benefit from 


enhancement actions.  


Enhancement would entail replacing armored or otherwise altered channel banks with more natural 


shoreline habitats that provide shallow, slow-velocity river margins, overhanging riparian 


vegetation, and future woody debris sources. To maintain the current extent of in-water habitat and 


level of flood protection, the existing levee would need to be reconstructed to be set back from the 


shoreline. Waterside and landside improvements would be implemented to create enhanced channel 


margin habitat and provide continued flood protection.  


Waterside improvements would entail degrading the existing levee to create gently sloping banks 


that gradually transition from tule marsh to riparian vegetation on the face of the new setback levee. 


While enhanced habitat will primarily be provided by native vegetation, ballasted large wood may 


be incorporated into the channel bank in some locations for enhanced complexity and refugia. While 


the heavily vegetated bank would provide some wave attenuation value, erosion protection may still 


be required along the waterside of the setback levee. Bio-technical bank treatments, which combine 


cobble and other erosion resistant materials with willows and other plantings, would be employed 


as much as possible. Following all grading, the site would be revegetated, through a combination of 


active and passive methods. Riparian and upland areas would be actively seeded, planted, and 


temporarily irrigated during the initial establishment period. Intertidal wetland areas would be 


revegetated through a combination of active planting and passive natural recruitment. 


Landside improvements would include the construction of a new setback levee behind and 


connected to the existing levee. The actual extent of earthmoving required for levee construction 


will vary significantly by site depending on the degree of land subsidence and the level of flood 


protection needed. It is anticipated that imported fill would be needed to construct some or all of the 


new setback levee. Material generated by degrading the existing levee would be reused in the new 


levee construction as much as feasible based on timing, soil suitability and other factors. 


Channel margin enhancement would involve using the following equipment. 


• Large mechanized equipment (typically, a trackhoe) to remove riprap from channel margins. 


• Grading equipment such as trackhoes and bulldozers to modify the channel margin side of 


levees or setback levees to create low floodplain benches with variable surface elevations that 


create hydrodynamic complexity and support emergent vegetation. 


• Trackhoes, bulldozers, and cranes to install large woody material (e.g., tree trunks and stumps) 


into constructed low benches or into existing riprapped levees to provide physical complexity.  
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Habitat Loss and Fragmentation 


Channel margin enhancement has the potential to result in a loss of modeled Colusa grass and 


Solano grass habitat, however, because the project will occur along existing levees of agricultural 


properties impacts on modeled habitat are unlikely, and only a relatively small amount of habitat 


has the potential to be affected. To minimize permanent habitat loss, the Vernal Pool Avoidance and 


Minimization Measure described in Chapter 3, Section 3.6.2.9 would require vernal pool habitat to be 


avoided to the extent practicable and, when avoidance is not possible, implementing construction 


BMPs to avoid and minimize effects on the habitat. Where suitable habitat cannot be avoided and is 


permanently lost, the lost suitable habitat would be offset through mitigation determined by site-


specific permitting and implementation of the CMP (Appendix 3B, Section 3B.1, Section 3B.2.4, and 


Attachment 3B.1, Table 3B.1-2, CMP-0: General Design Guidelines and CMP-8: Vernal Pool Complex).  


Construction-Related Effects 


Ground-disturbing activities (e.g., excavation) that occur within 250 feet of an aquatic feature 


occupied or presumed occupied by vernal pool grasses have potential to result in the loss or 


degradation of that habitat and the potential for loss of individual plants. For example, construction-


related fluids or sediments could be inadvertently discharged into aquatic habitat.  


Implementation of Vernal Pool Avoidance and Minimization Measure described in Chapter 3, Section 


3.6.2.9 would avoid and minimize construction-related effects on vernal pool grasses by requiring 


vernal pool habitat to be avoided to the extent practicable and, when avoidance is not possible, 


implementing construction BMPs to avoid and minimize effects on the habitat. In addition, the 


following general measures described in Appendix 3A would be implemented: AMM-1: Conduct 


Environmental Resources Worker Awareness Training; AMM-2: Develop and Implement Hazardous 


Materials Management Plans; AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans; and AMM-14: Construction Best Management Practices for Biological 


Resources. With these measures in place, channel margin enhancement construction is not likely to 


adversely affect vernal pool grasses. 


6.13.11.6  Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent 


wetland habitats provide important foraging and refugia habitat for listed fish species. The 


restoration of tidal perennial and wetland habitat, particularly complex wetland systems containing 


dendritic channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 


biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


complex will be prioritized as these areas would provide greater benefits for target fish species.  


Tidal restoration will generally be achieved by reconnecting former wetland areas to adjacent tidal 


sloughs and rivers. Restoration would primarily occur through breaching or setback of levees, thereby 


restoring tidal fluctuation to land parcels currently isolated behind those levees. Where practicable 


and appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  
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Typical actions required to create suitable tidal marsh habitat at these sites include grading, 


planting, and infrastructure modifications, such as protection, removal and/or relocation of existing 


utilities, pumping systems, and other water management structures. Earthwork often includes 


breaching an existing levee or berm to reintroduce tidal action to the site. Other grading may be 


performed prior to breaching to create wetland features that enhance habitat function, including 


tidal channels, tidal pannes and tidal ponds. At certain sites, more significant earthmoving may be 


required to raise subsided areas to intertidal elevations or to reinforce surrounding levees.  


Depending on the project location, it also may be necessary to construct an entirely new flood 


control levee along portions of the project perimeter to protect adjacent properties. The actual 


extent of earthmoving required can vary significantly depending on the existing topography of the 


site.  


Following earthwork and grading, the site would be revegetated, likely through a combination of 


active and passive methods. Any riparian and/or upland areas would be actively seeded, planted, 


and temporarily irrigated during the initial establishment period. Intertidal wetland areas may 


revegetate actively, be allowed to recolonize passively through natural recruitment, or experience a 


combination of the two.  


Levee breaching will require removing levee materials from within and adjacent to tidal and other 


aquatic habitats. Levee breaching will entail in-water work using construction equipment such as 


bulldozers, backhoes, and barges. Removed levee materials will be placed on the remaining levee 


sections, placed within the restoration area, or hauled to a disposal area. 


Typically work would be sequenced so that grading and infrastructure improvements occur first, 


followed by planting and finally breaching of the existing levee to reintroduce tidal action. 


Habitat Loss and Fragmentation 


Tidal wetland restoration sites at lower Yolo Bypass and the Cache Slough Complex have potential to 


overlap with Colusa grass and Solano grass habitat, particularly if the selected site includes 


grassland and vernal pool complex habitats that border the Cache Slough Complex to the south and 


east (i.e., the upland areas connected to the greater Jepson Prairie area). Vernal pool habitat in this 


region is known to be occupied by the vernal pool plant species (California Department of Fish and 


Wildlife 2020).  


Construction of tidal restoration sites typically include a landside levee that protects adjacent 


uplands from flooding, thus avoiding impacts on vernal pool habitat. However, there remains 


potential for suitable Colusa grass and Solano grass habitat to be permanently lost. Where suitable 


habitat cannot be avoided and is permanently lost, the lost suitable habitat would be offset through 


mitigation determined by site-specific permitting and implementation of the CMP (Appendix 3B, 


Section 3B.1, Section 3B.2.4, and Attachment 3B.1, Table 3B.1-2, CMP-0: General Design Guidelines 


and CMP-8: Vernal Pool Complex). 


Construction-Related Effects 


Ground-disturbing activities (e.g., excavation) that occur within 250 feet of an aquatic feature 


occupied or presumed occupied by vernal pool grasses have potential to result in the loss or 


degradation of that habitat and the potential for loss of individual plants. For example, construction-


related fluids or sediments could be inadvertently discharged into aquatic habitat.  
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Implementation of Vernal Pool Avoidance and Minimization Measure described in Chapter 3, Section 


3.6.2.9 would avoid and minimize construction-related effects on vernal pool grasses by requiring 


vernal pool habitat to be avoided to the extent practicable and, when avoidance is not possible, 


implementing construction BMPs to avoid and minimize effects on the habitat. In addition, the 


following general measures described in Appendix 3A would be implemented: AMM-1: Conduct 


Environmental Resources Worker Awareness Training; AMM-2: Develop and Implement Hazardous 


Materials Management Plans; AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans; and AMM-14: Construction Best Management Practices for Biological 


Resources. With these measures in place, channel margin enhancement construction is not likely to 


adversely affect vernal pool grasses. 


6.14 Northwestern Pond Turtle 
Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Chapter 4, Section 4.4, Section 4.4.22.6, Suitable Habitat Definition, and Section 


4.4.22.7, Habitat Suitability Model, define suitable habitat and describe the habitat model for 


northwestern pond turtle. 


Northwestern pond turtle modeled habitat is located throughout the action area along rivers, 


sloughs, agricultural waterways, open waterbodies, and natural and managed wetlands throughout 


the Delta. There are several western pond turtle occurrences reported within the action area, some 


of which occur in proximity to project features. These occurrence locations include: Stone Lakes 


National Wildlife Refuge, Cosumnes River Preserve, Delta Meadows State Park, White Slough 


Wildlife Area, Staten Island, Bouldin Island, Empire Tract, Sherman Island, Jersey Island, Twitchell 


Island, Clifton Court Forebay, and the Delta Mendota Canal intake channel (California Department of 


Fish and Wildlife 2020b). 


Activities associated with field investigations, north Delta intakes, tunnel shafts, RTM sites, access 


roads, electrical facilities and SCADA, Bethany Complex, other construction support facilities, the 


CCWD interconnection facility, and implementation of the CMP overlap with northwestern pond 


turtle modeled habitat. Table 6.14-1 details the permanent and temporary habitat loss associated 


with each project feature. Figure 6.14-1 provides an overview of the locations of surface impacts 


relative to northwestern pond turtle modeled aquatic and upland habitat. Figures 6.14-2 through 


6.14-68 show CNDDB occurrences in the context of three regional construction areas: north Delta 


intakes, Twin Cities, Lower Roberts Island, CCWD Interconnection, Bethany Complex, and West 


Tracy Fault.  


There are 173,637.64 acres of modeled northwestern pond turtle habitat in the action area, 


110,519.78 acres of which are aquatic habitat and 63,117.86 acres of which are upland habitat. An 


estimated 223.60 acres (0.13% of total modeled habitat in action area) of modeled northwestern 


pond turtle habitat would be adversely affected by the project, 52.73 acres of which are modeled 


aquatic habitat (0.05% of modeled aquatic habitat in action area) and 170.87 acres of which are 


modeled upland habitat (0.27% of modeled upland habitat in action area). Effects from these 


activities are described in the following sections. Table 6.14-1 summarizes the total estimated 


habitat loss of northwestern pond turtle modeled habitat and Table 6.14-2 summarizes the 


proposed acres of compensation. 
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Table 6.14-1. Maximum Habitat Loss of Modeled Habitat for Northwestern Pond Turtle by Activity Type (Acres) 


Northwestern 
Pond Turtle 


Modeled 
Habitat 


Total 
Modeled 


Habitat in 
the Action 


Area 


Permanent Modeled Habitat Loss from Construction a Temporary Modeled Habitat Disturbance from Construction b 


Total 
Affected 
Modeled 
Habitat 
(Acres) CCWD 


Access 
Road 


Bethany 
Complex 


North 
Delta 


Intakes 


Other 
Construction 


Support 
Facilities 


Electrical 
Facilities c, d 


(Overhead 
and 


Underground) RTM 
Tunnel 


Shaft 
Permanent 


subtotal 
Field 


Investigationsd CCWD 
Access 
Road 


Other 
Construction 


Support 
Facilities 


Electrical and 
SCADA Facilities 
(Overhead and 
Underground) 


Temporary 
Subtotal 


Aquatic 110,519.78 0.33 4.32 3.58 7.69 0.04 0.55 5.12 12.03 33.68 6.51 - 9.52 - 3.03 19.05 52.73 


Upland 63,117.86 5.90 45.77 34.96 16.58 1.46 1.40 0.10 9.93 116.09 12.02 - 27.88 0.02 14.86 54.78 170.87 


Total 173,637.64 6.23 50.09 38.54 24.27 1.50 1.95 5.22 21.96 149.77 18.53 - 37.40 0.02 17.89 73.83 223.60 


Notes: 
CCWD = Contra Costa Water District; RTM = reusable tunnel material; SCADA = supervisory control and data acquisition. 
a Permanent Habitat Loss includes potential permanent and long-term temporary impacts. Long-term temporary impacts are those impacts that would be restored to pre-project conditions, but not within 1 year from initial ground disturbance (as temporary impacts would be). 
b Temporary Habitat Loss includes potential temporary impacts from construction that would be restored to pre-disturbance conditions within 1 year of construction completion, as described in AMM-14: Construction Best Management Practices for Biological Resources (Appendix 3A, 


General Avoidance and Minimization Measures). 
c Electrical Facilities include potential habitat loss as a result of the construction of overhead and underground power transmission lines. Potential habitat loss from the construction of electrical facilities (i.e., lines, substations, switchyards, and switching stations) that occur within 


larger facilities (e.g., Bethany Complex) is captured in the large facility impact acreage. 
d Field Investigations and Electrical Facilities will avoid aquatic features, which include suitable aquatic northwestern pond turtle habitat, to the greatest extent feasible; see AMM-14: Construction Best Management Practices for Biological Resources (Appendix 3A). 
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Table 6.14-2. Maximum Habitat Loss and Compensation for Northwestern Pond Turtle 


 


Permanent Habitat 
Loss (Acres) 


Total Compensation 
Commitment (Acres) a 


With Full Implementation 
of the Compensatory 


Mitigation Plan  


Total Maximum 
Habitat Loss (Acres) 


Protection 
(Acres) 


Restoration/ 
Creation (Acres) 


Creation and 
Enhancementb,c 


(Acres) 


Aquatic  33.68 0 33.68 233.94 


Upland  116.09 0 116.09 456.10 


Total 149.77 0 149.77 690.04 
a See Table 3B.1-3 in Attachment 3B.1, Compensatory Mitigation Design Parameters, for the design commitments and 
guidelines for northwestern pond turtle creation and enhancement. Also see Section 3B.3.3.1, Freshwater Marsh and 
Riparian Terrestrial Species, and Table 3B-4 in Appendix 3B, Compensatory Mitigation Plan for Special-Status Species 
and Aquatic Resources for additional details regarding the compensation commitments. 
b See Appendix 3B, Section 3B.4.1.4, DWR I-5 Ponds, and Section 3B.4.1.3, Bouldin Island Mitigation Sites, for 
mitigation site objectives, site selection criteria, baseline conditions, and site design and development details. See 
Attachment 3B.1 for specific design commitments and guidelines for northwestern pond turtle. 
c See Tables 3B-13 and 3B-14 in Appendix 3B for the estimated total acres of northwestern pond turtle aquatic 
habitat and upland habitat that would be created and enhanced with full implementation of the initial mitigation 
sites at Boulding Island and the DWR I-5 ponds.  


6.14.1 Field Investigations 


Field investigation actions described are for new proposed actions and have not been previously 


consulted upon. Field investigation actions are described and evaluated at the project or site level. 


Field investigations would occur after EIR approval and before and during construction. Some 


investigations would occur within the construction footprint (where suitable habitat is already 


assumed to be lost, and thus no additional habitat loss from future field investigations would be 


incurred) and some would occur outside the construction footprint (which results in temporary 


habitat disturbance additional to that incurred by construction). Field investigations within 


proposed surface construction footprints (including portions of tunnel alignments), which include 


test trenches, CPTs, soil borings, electrical resistivity tomography, groundwater testing and 


monitoring, monument installation, agronomic testing, utility potholing, and pilot studies for 


settlement, would not result in habitat loss additional to the loss described in the relevant, 


associated activity type sections (e.g., Bethany Complex).  


Geotechnical investigations associated with the tunnel alignment water crossings, West Tracy Fault, 


Bethany Fault, and the tunnel for the Bethany Reservoir Aqueduct, which include test trenches, and 


overwater and land-based CPTs and soil borings, largely fall outside of surface construction 


footprints and it is these impacts that are discussed in this section. All surface ground disturbance 


for field investigations for the Bethany Reservoir Aqueduct tunnel would occur outside of the 


Bethany Conservation Easement. 


Field investigations include activities such as overland driving, equipment storage, pit digging, soil 


boring, trenching, and temporary soil storage prior to backfilling trenches. West Tracy Fault 


investigations would involve up to 6 test trenches, each 0.07 acre with a temporary work footprint 


of up to 4.59 acres. Excavation and backfilling of the test trenches would last up to 12 days. Bethany 


Fault investigations would take place above the Bethany Reservoir Aqueduct tunnel outside of the 


Bethany Conservation Easement and consist of a linear array of electrodes driven into the ground 


over several hundred feet; the electrodes would induce a low current into the ground and be 
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removed upon completion of testing. Ground disturbance for other field investigations is not 


expected to exceed 0.84 acre and would not last more than 30 days. Field investigations would not 


require nighttime lighting.  


6.14.1.1 Habitat Loss and Fragmentation 


An estimated 6.51 acres of northwestern pond turtle modeled aquatic habitat and 12.02 acres of 


modeled upland habitat would be temporarily disturbed as a result of field investigations (0.01% of 


modeled aquatic habitat and 0.2% of modeled upland habitat in the study area) (Figure 6.14-1). 


Field investigation impacts occur throughout the project alignment and the affected habitat is of 


varying quality. Modeled habitat near the north Delta intakes and Twin Cities Complex (where field 


investigations will occur) consists of aquatic habitat found along agricultural ditches, which is 


generally considered low quality because they do not hold permanent water. Affected modeled 


habitat along the tunnel alignment consists of levees, emergent wetland, riparian, agricultural crops, 


fallow fields, and grazed grassland, which varies from low to moderate quality. Field investigations 


for the Bethany Reservoir Aqueduct tunnel do not overlap with modeled northwestern pond turtle 


habitat. Western pond turtle occurrence number 451 overlaps with field investigation footprints 


along the tunnel alignment near Cosumnes River Preserve (California Department of Fish and 


Wildlife 2020b). The temporary nature and small extent of field investigation sites would not 


increase habitat fragmentation in the action area.  


The Northwestern Pond Turtle Avoidance and Minimization Measure described in Chapter 3, Section 


3.6.2.10 would require suitable northwestern pond turtle aquatic and upland habitat to be evaluated 


and avoided to the greatest extent possible. If suitable habitat cannot be avoided, exclusion fencing 


would be installed around the perimeter of the work area, when suitable aquatic habitat is present 


within 300 feet of the work area, prior to the start of nesting season (March). Exclusion fencing 


would remain in place for the duration of construction. Temporary habitat loss would be restored to 


pre-disturbance conditions with implementation of AMM-14: Construction Best Management 


Practices for Biological Resources, described in Appendix 3A. 


6.14.1.2 Construction-Related Effects 


Field investigations could result in the injury, mortality, and disruption of normal behaviors of 


northwestern pond turtle adults, eggs, and hatchlings if they are occupying aquatic or upland work 


areas. Construction vehicle traffic could result in injury or mortality. Northwestern pond turtle could 


be trapped in open trenches or other excavations and become vulnerable to predation. Construction 


activities could also result in the exposure of northwestern pond turtle to construction-related 


fluids, such as fuels, oils, and cement, which could result in injury and mortality of eggs, hatchlings, 


and adults. Construction noise and vibration could be detectible by northwestern pond turtle and 


disrupt normal behaviors and result in increased energy expenditures. The threshold at which 


disruption of normal behaviors would occur is unknown; however, subsurface vibrations from field 


investigations would not be anticipated to exceed those experienced under existing conditions. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Northwestern Pond Turtle Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.10 


would require suitable northwestern pond turtle habitat be evaluated and avoided to the greatest 


extent possible. If suitable habitat cannot be avoided, a preconstruction survey will be conducted by 


a qualified biologist immediately prior to ground-disturbing activities or vegetation clearing, and 


exclusion fencing would be installed around the perimeter of the work area, when suitable aquatic 


habitat is present within 300 feet of the work area, prior to the start of nesting season (March). 
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Exclusion fencing would remain in place for the duration of construction. The measure also requires 


clearance surveys by a qualified biologist at the beginning of each work day and regularly 


throughout each work day when activities may result in take of northwestern pond turtle. The 


measure also requires preparation of a relocation plan, and if dewatering is required, intakes will be 


screened with wire mesh no larger than 5 millimeters, and any turtles found within the dewatered 


area would be relocated. 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources 


(Appendix 3A) would further reduce the potential for injury or mortality from construction vehicles 


by setting speed limits, covering steep-walled holes or trenches more than 6 inches deep or 


providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The avoidance and minimization measure in Chapter 3, Section 3.6.2.10 and AMM-14 would 


minimize construction-related effects with pre-disturbance detection, work stoppage if an 


individual is detected, and relocation (if needed). To reduce the potential effects of contamination 


from spills such as fuel or oil, AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


implement spill prevention and control plans (Appendix 3A). 


6.14.2 North Delta Intakes  


The north Delta intakes would be constructed on the east bank of the Sacramento River upstream 


and downstream of Hood. Two intakes would divert water from the Sacramento River and include 


cylindrical fish screens, intake structures, sedimentation basins, sediment drying lagoons, flow 


control structures, intake outlet channel and shaft, embankments, and other appurtenant structures. 


Intakes would also include construction support facilities (e.g., emergency facilities, fuel station), 


electrical substations, switchyards, and access roads that fall within the north Delta intake facility 


footprints. The north Delta intakes would be surrounded by security fencing. The construction 


actions associated with the north Delta intakes are described and evaluated at the project level. 


Construction activities at each intake are described in Chapter 3, Section 3.2.2. Intake construction 


would include ground clearing and grading; in-water and on-land pile driving; excavation; 


placement of fills, cutoff walls, and structures; and drilling. These activities would require the use of 


loud, heavy equipment within the construction site as well as along the access roads to the site and 


limited nighttime work. Construction-related lighting would be downcast so as not to subject the 


immediate surroundings to light level extremes; however, these types of lights generate an ambient 


nighttime luminescence that is visible from a distance (Section 3.2.12). The duration of the activity 


would be approximately 7 years at each intake. Implementation of intake construction at each 


location would be staggered by approximately 1 year. Intake C, the southern intake, would begin 


construction first; approximately 1 year later, construction would begin at Intake B, the northern 


intake. The result is that construction would overlap at both sites for approximately 6 years.  


6.14.2.1 Habitat Loss and Fragmentation 


The north Delta intakes would result in the permanent removal of 7.69 acres of northwestern pond 


turtle modeled aquatic habitat (0.01% of modeled aquatic habitat within the Delta) and 16.58 acres 


of modeled upland habitat (0.03% of modeled upland habitat within the Delta) (Figures 6.14-2, 


6.14-13 through 6.14-15). Modeled habitat near the north Delta intakes consists of aquatic habitat 
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found along the Sacramento River and agricultural ditches. Modeled habitat along the Sacramento 


River is considered lower quality because of increased flow. Agricultural ditches are also assumed to 


be of lower quality as they typically do not hold permanent water. An incremental decrease in 


connectivity due to the construction of the north Delta intakes is not expected to substantially affect 


northwestern pond turtle because the existing habitat is of low quality (and is therefore unlikely to 


be functioning as an important movement route) and the extent of lost habitat is small.  


To minimize permanent habitat loss, the Northwestern Pond Turtle Avoidance and Minimization 


Measure described in Chapter 3, Section 3.6.2.10 would require suitable northwestern pond turtle 


aquatic and upland habitat to be evaluated and avoided to the greatest extent possible. Where 


suitable habitat cannot be avoided and is permanently lost, the lost habitat would be offset through 


mitigation. The CMP would create, enhance, and manage in perpetuity northwestern pond turtle 


aquatic and upland habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-


30: Northwestern Pond Turtle Habitat). 


6.14.2.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of 


northwestern pond turtle adults, eggs, and hatchlings if they are occupying aquatic or upland work 


areas. Construction vehicle traffic could result in injury or mortality. Northwestern pond turtle could 


be trapped in open trenches or other excavations and become vulnerable to predation. Construction 


activities could also result in the exposure of northwestern pond turtle to construction-related 


fluids, such as fuels, oils, and cement, which could result in injury and mortality of eggs, hatchlings, 


and adults. Construction noise and vibration could be detectible by northwestern pond turtle and 


disrupt normal behaviors and result in increased energy expenditures. However, the threshold at 


which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Northwestern Pond Turtle Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.10 


would require suitable northwestern pond turtle habitat be evaluated and avoided to the greatest 


extent possible. If suitable habitat cannot be avoided, a preconstruction survey will be conducted by 


a qualified biologist immediately prior to ground-disturbing activities or vegetation clearing, and 


exclusion fencing would be installed around the perimeter of the work area, when suitable aquatic 


habitat is present within 300 feet of the work area, prior to the start of nesting season (March) and 


would remain in place for the duration of construction. The measure also requires clearance surveys 


by a qualified biologist at the beginning of each work day and regularly throughout each work day 


when activities may result in take of northwestern pond turtle. The measure also requires 


preparation of a relocation plan, and if dewatering is required, intakes will be screened with wire 


mesh no larger than 5 millimeters, and any turtles found within the dewatered area would be 


relocated. 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources 


(Appendix 3A) would further reduce the potential for injury or mortality from construction vehicles 


by setting speed limits, covering steep-walled holes or trenches more than 6 inches deep or 


providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The avoidance and minimization measure in Chapter 3, Section 3.6.2.10 and AMM-14: Construction 


Best Management Practices for Biological Resources would minimize construction-related effects 
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with pre-disturbance detection, work stoppage if an individual is detected, and relocation (if 


needed). To reduce the potential effects of contamination from spills such as fuel or oil, AMM-2: 


Develop and Implement Hazardous Materials Management Plans and AMM-3: Develop and Implement 


Spill Prevention, Control, and Countermeasure Plans would implement spill prevention and control 


plans (Appendix 3A). 


6.14.3 Tunnels 


Tunnel construction occurs completely subsurface and does not result in any surface disturbance.  


The primary mechanism by which tunnel construction may affect a species is through vibration. 


Water conveyance tunnels connecting the north Delta intakes to the Bethany Complex would be 


constructed using subsurface horizontal TBMs. The TBM would operate 20 hours per day, 5 days per 


week, and would move at a rate of approximately 40 feet per day, depending on the soil types 


encountered. The depth of the main tunnel crown would be approximately 103 feet below mean sea 


level at Intake B, with elevation decreasing at a constant rate to 128 feet below mean sea level at the 


Bethany Complex. At a depth of 110 feet, groundborne vibration from a TBM that would reach the 


surface is estimated to be 0.003 in/sec PPV. 


During tunnel construction, conveyors inside of the tunnel hauling workers and material would also 


produce localized groundborne vibration. However, conveyors would be operated at slow speeds 


and would not result in excessive vibrations or groundborne noise from the tunnel floor. 


6.14.3.1 Habitat Loss and Fragmentation 


The tunnels would be constructed using subsurface horizontal TBMs and would not result in any 


surface disturbance; therefore, this activity would not result in loss or fragmentation of modeled 


northwestern pond turtle habitat (Figure 6.14-1).  


6.14.3.2 Construction-Related Effects 


Tunnel construction would take place below modeled northwestern pond turtle aquatic and upland 


habitat. Reptiles are very sensitive to vibration, as they use it for foraging as well as predator 


detection. As a result, construction vibration could be detectible by northwestern pond turtle, 


disrupt normal behavior, and result in increased energy expenditures.  


Vibration becomes slightly perceptible to humans at 0.012 in/sec PPV (California Department of 


Transportation 2020b:21). At the surface, TBM vibration is 0.003 in/sec PPV and not perceptible to 


humans. However, the vibration sensitivity of turtles greatly exceeds that of humans, typically by a 


margin of 20 dB, indicating that turtles are 10 times more sensitive to vibration than humans28 


(Hartline 1971; Christensen et al. 2012). Accordingly, TBM vibrations from tunnel construction 


would presumably be perceptible to northwestern pond turtle at the surface. However, TBM 


vibration levels are far less than the background levels of vibration from heavy equipment and 


trucks that occur throughout the northwestern pond turtle range in the Delta, which is 


approximately 0.01 in/sec PPV (Federal Transit Administration 2018:18). Also, because the TBM 


would advance approximately 40 feet per day, TBM vibration that could be perceived by a 


 
28 Based on testing using whole-body vibration monitoring techniques, turtles were found to be less sensitive to 
vibration compared to snakes by approximately 20 dB. From data obtained from testing vibration sensitivity of 
snakes it can be inferred that turtles are 20 dB more sensitive to vibration than humans (i.e., approximately 10 
times more sensitive than humans). 
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northwestern pond turtle would be temporary, as vibrations would diminish as the TBM moves 


away from a turtle’s location. For these reasons, northwestern pond turtle is unlikely to be 


substantially affected by tunnel boring. 


6.14.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove TBMs at the intakes, along the tunnel 


alignment, and at the Bethany Complex. Northwestern pond turtle modeled habitat overlaps with 


tunnel shaft work areas at Twin Cities Complex, Canal Ranch Tract, Terminous Tract, King Island, 


Lower Roberts Island, Upper Jones Tract, and Union Island (Figures 6.14-24 to 6.14-45). The 


construction actions associated with tunnel shafts are described and evaluated at the project level.  


Construction activities associated with tunnel and tunnel shaft activities are described in Chapter 3, 


Section 3.2.4 and would include vegetation clearing, grading, excavation, soil compaction, and the 


use of heavy construction equipment. Construction of the tunnel shafts would take multiple years. 


Construction activities would persist for 7 to 9 years at launch shafts and for 2 years at reception 


and maintenance shafts. Construction would occur day and night. See Section 3.2.8 for a complete 


description of construction activity and timing details.  


6.14.4.1 Habitat Loss and Fragmentation 


Tunnel shafts would result in permanent loss of 12.03 acres of modeled northwestern pond turtle 


aquatic habitat and 9.93 acres of modeled upland habitat (0.01% of modeled aquatic habitat and 


0.02% of modeled upland habitat within the study area) (Figure 6.14-1). Affected modeled habitat 


from tunnel shaft construction would occur at the Twin Cities Complex, Canal Ranch Tract, 


Terminous Tract, King Island, Lower Roberts Island, Upper Jones Tract, and Union Island. Habitat in 


these areas consist of agricultural ditches and narrow patches of adjacent upland habitat, which are 


considered low quality due to the lack of permanent water. Occurrences at the Twin Cities Complex, 


Canal Ranch Tract, and Terminous Tract are approximately 0.5 mile from tunnel shaft work areas 


(California Department of Fish and Wildlife 2020b). The incremental decrease in habitat 


connectivity from the construction of these tunnel shafts is not expected to affect northwestern 


pond turtle because of the low quality of existing habitat and the small amount of loss. 


To minimize permanent habitat loss, the Northwestern Pond Turtle Avoidance and Minimization 


Measure described in Chapter 3, Section 3.6.2.10 would require suitable northwestern pond turtle 


aquatic and upland habitat to be evaluated and avoided to the greatest extent possible. Where 


suitable habitat cannot be avoided and is permanently lost, the lost habitat would be offset through 


mitigation. The CMP would create, enhance, and manage in perpetuity northwestern pond turtle 


aquatic and upland habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-


30: Northwestern Pond Turtle Habitat). 


6.14.4.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of 


northwestern pond turtle adults, eggs, and hatchlings if they are occupying aquatic or upland work 


areas. Construction vehicle traffic could result in injury or mortality. Northwestern pond turtle could 


be trapped in open trenches or other excavations and become vulnerable to predation. Construction 


activities could also result in the exposure of northwestern pond turtle to construction-related 


fluids, such as fuels, oils, and cement, which could result in injury and mortality of eggs, hatchlings, 
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and adults. Construction noise and vibration could be detectible by northwestern pond turtle and 


disrupt normal behaviors and result in increased energy expenditures. However, the threshold at 


which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Northwestern Pond Turtle Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.10 


would require suitable northwestern pond turtle habitat be evaluated and avoided to the greatest 


extent possible. If suitable habitat cannot be avoided, a preconstruction survey will be conducted by 


a qualified biologist immediately prior to ground-disturbing activities or vegetation clearing, and 


exclusion fencing would be installed around the perimeter of the work area, when suitable aquatic 


habitat is present within 300 feet of the work area, prior to the start of nesting season (March). 


Exclusion fencing would remain in place for the duration of construction. The measure also requires 


clearance surveys by a qualified biologist at the beginning of each work day and regularly 


throughout each work day when activities may result in take of northwestern pond turtle. The 


measure also requires preparation of a relocation plan, and if dewatering is required, intakes will be 


screened with wire mesh no larger than 5 millimeters, and any turtles found within the dewatered 


area would be relocated. 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources 


(Appendix 3A) would further reduce the potential for injury or mortality from construction vehicles 


by setting speed limits, placing barriers around the shaft excavation sites to prevent entry into the 


shaft, capping ends of stored pipes and culverts, and disallowing plastic monofilament netting or 


similar material for erosion control. Before such holes or trenches are filled, they would be 


thoroughly inspected for trapped animals.  


The avoidance and minimization measure in Chapter 3, Section 3.6.2.10 and AMM-14: Construction 


Best Management Practices for Biological Resources would minimize construction-related effects 


with pre-disturbance detection, work stoppage if an individual is detected, and relocation (if 


needed). To reduce the potential effects of contamination from spills such as fuel or oil, AMM-2: 


Develop and Implement Hazardous Materials Management Plans and AMM-3: Develop and Implement 


Spill Prevention, Control, and Countermeasure Plans would implement spill prevention and control 


plans (Appendix 3A). 


6.14.5 Reusable Tunnel Material 


RTM would be removed through tunnel launch shafts and transported to handling and storage 


facilities within the tunnel launch shaft sites, where it would be tested and dried, then transported 


for reuse or stockpiled and permanently stored at the Twin Cities Complex or Lower Roberts Island 


tunnel launch shaft sites. The construction actions associated with RTM are described and evaluated 


at the project level.  


Construction activities at each RTM site would include the use of heavy equipment for ground 


clearing and grading and soil tilling and rotation. Material would be moved to the site using a 


conveyor belt, and on-site, long-term storage is assumed. Trucks and other large equipment could 


also be used for movement of the material within the construction site. The RTM storage areas 


would be active for several years while tunneling is underway. All RTM areas would be constructed 


as needed, depending on location. The Twin Cities Complex includes construction of a ring levee that 


surrounds the entire complex; because the construction of the ring levee would have approximately 


the same impacts as that of the RTM site and would occur at roughly the same time, the impacts 


from ring levee construction are discussed in this section. RTM storage area construction, 
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placement, handling, drying and equipment maintenance would occur during day and night, almost 


continuously through tunnel excavation. For more details about the activities associated with RTM 


placement, see Chapter 3, Section 3.2.5; for more details on schedule, see Section 3.2.8. 


6.14.5.1 Habitat Loss and Fragmentation 


The Twin Cities Complex ring levee and Lower Roberts Island RTM area overlap with modeled 


northwestern pond turtle aquatic habitat (Figures 6.9-3 and 6.9-4). Construction of RTM area would 


result in permanent loss of 5.12 acres of modeled northwestern pond turtle aquatic habitat (<0.01% 


of modeled aquatic habitat within the study area) and 0.10 acre of modeled northwestern pond 


turtle upland habitat (<0.01% of modeled upland habitat within the action area) (Figures 6.14-24 


and 6.14-41). The modeled aquatic habitat that would be removed consists of unvegetated 


agricultural irrigation ditches and is considered low quality. Habitat fragmentation due to RTM area 


construction is not expected to affect northwestern pond turtle because of the low quality of the 


existing habitat and the small area of suitable habitat would be affected. 


To minimize permanent habitat loss, the Northwestern Pond Turtle Avoidance and Minimization 


Measure described in Chapter 3, Section 3.6.2.10 would require suitable northwestern pond turtle 


aquatic and upland habitat to be evaluated and avoided to the greatest extent possible. Where 


suitable habitat cannot be avoided and is permanently lost, the lost habitat would be offset through 


mitigation. The CMP would create, enhance, and manage in perpetuity northwestern pond turtle 


aquatic and upland habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-


30: Northwestern Pond Turtle Habitat). 


6.14.5.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of 


northwestern pond turtle adults, eggs, and hatchlings if they are occupying aquatic or upland work 


areas. Construction vehicle traffic could result in injury or mortality. Northwestern pond turtle could 


be trapped in open trenches or other excavations and become vulnerable to predation. Construction 


activities could also result in the exposure of northwestern pond turtle to construction-related 


fluids, such as fuels, oils, and cement, which could result in injury and mortality of eggs, hatchlings, 


and adults. Construction noise and vibration could be detectible by northwestern pond turtle and 


disrupt normal behaviors and result in increased energy expenditures. However, the threshold at 


which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Northwestern Pond Turtle Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.10 


would require suitable northwestern pond turtle habitat be evaluated and avoided to the greatest 


extent possible. If suitable habitat cannot be avoided, a preconstruction survey will be conducted by 


a qualified biologist immediately prior to ground-disturbing activities or vegetation clearing, and 


exclusion fencing would be installed around the perimeter of the work area, when suitable aquatic 


habitat is present within 300 feet of the work area, prior to the start of nesting season (March). 


Exclusion fencing would remain in place for the duration of construction. The measure also requires 


clearance surveys by a qualified biologist at the beginning of each work day and regularly 


throughout each work day when activities may result in take of northwestern pond turtle. The 


measure also requires preparation of a relocation plan, and if dewatering is required, intakes will be 


screened with wire mesh no larger than 5 millimeters, and any turtles found within the dewatered 


area would be relocated. 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-233 


May 2024 
ICF 103653  


 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources 


(Appendix 3A) would further reduce the potential for injury or mortality from construction vehicles 


by setting speed limits, covering steep-walled holes or trenches more than 6 inches deep or 


providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The avoidance and minimization measure in Chapter 3, Section 3.6.2.10 and AMM-14: Construction 


Best Management Practices for Biological Resources would minimize construction-related effects 


with pre-disturbance detection, work stoppage if an individual is detected, and relocation (if 


needed). To reduce the potential effects of contamination from spills such as fuel or oil, AMM-2: 


Develop and Implement Hazardous Materials Management Plans and AMM-3: Develop and Implement 


Spill Prevention, Control, and Countermeasure Plans would implement spill prevention and control 


plans (Appendix 3A).  


6.14.6 Bethany Complex 


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and facilities within the Bethany Complex 


footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level.  


The Bethany Reservoir Aqueduct that connects the Bethany Reservoir Pumping Plant to the Bethany 


Reservoir Discharge Structure would be aboveground, except for two tunneled sections that would 


pass under the Jones Pumping Plant discharge pipelines and Bethany Conservation Easement. The 


tunneled portion of the Bethany Aqueduct under the conservation easement would be constructed 


at a depth of 45–180 feet below ground surface, and entry and exit portals to the aqueduct would be 


outside of the conservation easement (Chapter 3, Section 3.2.6.3). All geotechnical and construction 


activities would avoid surface disturbance to the conservation easement. No surface facilities (e.g., 


roads, utilities, or other structures) would be located on top of the conservation easement.  


Construction activities at the Bethany Complex include vegetation clearing, grading, excavation, soil 


compaction, building of structures, and the use of construction-related vehicles. Sheet piles for 


construction of the discharge structure would be installed using vibratory pile driving methods. 


Construction of the Bethany Complex would take place over several years and may require night 


lighting. As described in Chapter 3, Section 3.2.12, Fencing and Lighting, all lights used during 


nighttime construction would be downcast, cut-off type fixtures with non-glare finishes, natural 


light qualities, and minimum intensity. 


6.14.6.1 Habitat Loss and Fragmentation 


Construction of the Bethany Complex would result in permanent loss of 3.58 acres of modeled 


northwestern pond turtle aquatic habitat and 34.96 acres of modeled upland habitat (<0.01% of 


modeled aquatic habitat and 0.06% of modeled upland habitat within the Delta) (Figures 6.14-6, 


6.14-57, and to 6.14-63). The modeled aquatic habitat that would be removed consists largely of 


unvegetated agricultural irrigation ditches and is considered low quality; modeled aquatic habitat at 


the Bethany Reservoir that would be removed is of moderate quality due to presence of rip-rap for 


basking sites on the reservoir shore. Habitat fragmentation due to RTM area construction is not 
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expected to affect northwestern pond turtle because of the low quality of the existing habitat and the 


small area of suitable habitat would be affected. 


To minimize permanent habitat loss, the Northwestern Pond Turtle Avoidance and Minimization 


Measure described in Chapter 3, Section 3.6.2.10 would require suitable northwestern pond turtle 


aquatic and upland habitat to be evaluated and avoided to the greatest extent possible. Where 


suitable habitat cannot be avoided and is permanently lost, the lost habitat would be offset through 


mitigation. The CMP would create, enhance, and manage in perpetuity northwestern pond turtle 


aquatic and upland habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-


30: Northwestern Pond Turtle Habitat). 


6.14.6.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of 


northwestern pond turtle adults, eggs, and hatchlings if they are occupying aquatic or upland work 


areas. Construction vehicle traffic could result in injury or mortality. Northwestern pond turtle could 


be trapped in open trenches or other excavations and become vulnerable to predation. Construction 


activities could also result in the exposure of northwestern pond turtle to construction-related 


fluids, such as fuels, oils, and cement, which could result in injury and mortality of eggs, hatchlings, 


and adults. Construction noise and vibration could be detectible by northwestern pond turtle and 


disrupt normal behaviors and result in increased energy expenditures. However, the threshold at 


which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Northwestern Pond Turtle Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.10 


would require suitable northwestern pond turtle habitat be evaluated and avoided to the greatest 


extent possible. If suitable habitat cannot be avoided, a preconstruction survey will be conducted by 


a qualified biologist immediately prior to ground-disturbing activities or vegetation clearing, and 


exclusion fencing would be installed around the perimeter of the work area, when suitable aquatic 


habitat is present within 300 feet of the work area, prior to the start of nesting season (March). 


Exclusion fencing would remain in place for the duration of construction. The measure also requires 


clearance surveys by a qualified biologist at the beginning of each work day and regularly 


throughout each work day when activities may result in take of northwestern pond turtle. The 


measure also requires preparation of a relocation plan, and if dewatering is required, intakes will be 


screened with wire mesh no larger than 5 millimeters, and any turtles found within the dewatered 


area would be relocated. 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources 


(Appendix 3A) would further reduce the potential for injury or mortality from construction vehicles 


by setting speed limits, covering steep-walled holes or trenches more than 6 inches deep or 


providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The avoidance and minimization measure in Chapter 3, Section 3.6.2.10 and AMM-14 would 


minimize construction-related effects with pre-disturbance detection, work stoppage if an 


individual is detected, and relocation (if needed). To reduce the potential effects of contamination 


from spills such as fuel or oil, AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


implement spill prevention and control plans (Appendix 3A). 
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6.14.7 Access Roads 


The construction of new access roads, a new access railroad spur on Lower Roberts Island, and 


improvements to existing roads are necessary to support project construction and project facilities. 


In addition to these road and railroad features, impacts from levee improvements on Lower Roberts 


Island are also evaluated in this section (as the levee improvements would be adjacent to the access 


road, have similar impacts on species, and occur at roughly the same time). The construction actions 


associated with the access roads, access railroad spur, and levee improvements on Lower Roberts 


Island are described and evaluated at the project level.  


New access roads would be either gravel or paved and would be built to connect existing roads to 


construction areas and for project facilities. The new access railroad spur would transport materials 


and equipment to the tunnel launch shaft. Existing roads would be widened and improved to 


support the construction-related traffic. The access roads impacts that overlap with northwestern 


pond turtle modeled habitat are those that are in service to, but occur outside of, facilities at the 


north Delta intakes, Twin Cities Complex, King Island, Lower Roberts Island, Union Island, and 


Bethany Complex. 


There are three regions where new access roads would be constructed and existing access roads 


would be improved in service of the Bethany Complex: to the northeast of the Bethany Complex, 


connecting Mountain House Road to Byron Highway; between Mountain House Road and the 


Bethany discharge structure; and to the south of the Bethany Complex, connecting Mountain House 


Road to Grant Line Road. These access roads are described in Chapter 3, Section 3.2.7 and depicted 


in Figure 6.14-1. Impacts from access road construction within the Bethany Complex and the Hood 


Franklin park and ride are described above in Section 6.14.6, Bethany Complex, and below in Section 


6.14.9, Other Construction Support Facilities, respectively. Access roads for all other facilities do not 


overlap with modeled northwestern pond turtle habitat. 


Construction activities for access roads (which include the railroad spur and levee improvements on 


Lower Roberts Island) include clearing, grubbing, excavation, placement of fill, minor bridge 


construction, moving utilities, paving, and the use of construction vehicles. A new access railroad 


spur at Lower Roberts Island would be constructed adjacent to and concurrent with the access road 


at this location and would involve installing a bridge over Burns Cutoff, rail tracks, train use during 


construction, and the use of vehicles and heavy equipment to inspect and maintain the railroad 


right-of-way during project construction. Construction of access roads would take place over several 


years during daylight hours, with the exception of the traffic bypass at Mountain House Road where 


construction would occur at night.  


6.14.7.1 Habitat Loss and Fragmentation 


Access roads would result in permanent loss of 4.32 acres of modeled northwestern pond turtle 


aquatic habitat and 45.77 acres of modeled upland habitat (<0.01% of modeled aquatic habitat and 


0.07% of modeled upland habitat within the study area) and temporary impacts on 9.52 acres of 


modeled northwestern pond turtle aquatic habitat and 27.88 acres of modeled upland habitat 


(0.01% of modeled aquatic habitat and 0.04% of modeled upland habitat within the study area) 


(Figure 6.14-1). Access road impacts occur throughout the project alignment and the affected 


habitat is of varying quality. Modeled habitat near the north Delta intakes and Twin Cities Complex 


(where field investigations will occur) consists of aquatic habitat found along agricultural ditches, 


which is generally considered low quality because they do not hold permanent water. Modeled 


aquatic habitat at Lower Roberts Island occurs in agricultural ditches and slow-moving water with 
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emergent vegetation along the bank of the San Joaquin River and Burns Cutoff is considered low to 


moderate quality. Modeled aquatic habitat near the Bethany Complex consists of agricultural ditches 


and the rip-rapped shoreline of the Bethany Reservoir, which are considered low to moderate 


quality habitat. A northwestern pond turtle occurrence at Cosumnes River Preserver overlaps with 


access road footprint at the Twin Cities Complex, an occurrence on Terminous Tract is 


approximately 0.1 mile east of road improvements on SR 12, and an occurrence at Stone Lakes NWR 


is approximately 0.3 mile southeast of road improvements at SR 160 near the north Delta intakes 


(California Department of Fish and Wildlife 2020b). Habitat fragmentation due to construction of 


access roads is not expected to affect northwestern pond turtle connectivity as the patches of lost 


habitat are small, scattered throughout action area and generally of low quality.  


To minimize permanent habitat loss, the Northwestern Pond Turtle Avoidance and Minimization 


Measure described in Chapter 3, Section 3.6.2.10 would require suitable northwestern pond turtle 


aquatic and upland habitat to be evaluated and avoided to the greatest extent possible. Where 


suitable habitat cannot be avoided and is permanently lost, the lost habitat would be offset through 


mitigation. The CMP would create, enhance, and manage in perpetuity northwestern pond turtle 


aquatic and upland habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-


30: Northwestern Pond Turtle Habitat). Temporary habitat loss would be restored to pre-


disturbance conditions with implementation of AMM-14: Construction Best Management Practices 


for Biological Resources, described in Appendix 3A. 


6.14.7.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of 


northwestern pond turtle adults, eggs, and hatchlings if they are occupying aquatic or upland work 


areas. Construction vehicle traffic could result in injury or mortality. Northwestern pond turtle could 


be trapped in open trenches or other excavations and become vulnerable to predation. Construction 


activities could also result in the exposure of northwestern pond turtle to construction-related 


fluids, such as fuels, oils, and cement, which could result in injury and mortality of eggs, hatchlings, 


and adults. Construction noise and vibration could be detectible by northwestern pond turtle and 


disrupt normal behaviors and result in increased energy expenditures. However, the threshold at 


which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Northwestern Pond Turtle Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.10 


would require suitable northwestern pond turtle habitat be evaluated and avoided to the greatest 


extent possible. If suitable habitat cannot be avoided, a preconstruction survey will be conducted by 


a qualified biologist immediately prior to ground-disturbing activities or vegetation clearing, and 


exclusion fencing would be installed around the perimeter of the work area, when suitable aquatic 


habitat is present within 300 feet of the work area, prior to the start of nesting season (March). 


Exclusion fencing would remain in place for the duration of construction. The measure also requires 


clearance surveys by a qualified biologist at the beginning of each work day and regularly 


throughout each work day when activities may result in take of northwestern pond turtle. The 


measure also requires preparation of a relocation plan, and if dewatering is required, intakes will be 


screened with wire mesh no larger than 5 millimeters, and any turtles found within the dewatered 


area would be relocated. 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources 


(Appendix 3A) would further reduce the potential for injury or mortality from construction vehicles 


by setting speed limits, covering steep-walled holes or trenches more than 6 inches deep or 
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providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The avoidance and minimization measure in Chapter 3, Section 3.6.2.10 and AMM-14 would 


minimize construction-related effects with pre-disturbance detection, work stoppage if an 


individual is detected, and relocation (if needed). To reduce the potential effects of contamination 


from spills such as fuel or oil, AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


implement spill prevention and control plans (Appendix 3A). 


6.14.8 Electrical and SCADA Facilities 


The following discussion includes an analysis of electrical facility types (e.g., electrical powerlines, 


substation on Lower Roberts Island) where they occur outside one of the project feature footprints 


described in the above sections (e.g., north Delta intakes, Bethany Complex). Where the construction 


footprint of an electrical or SCADA facility type (e.g., switching station, substation) falls within a 


larger facility construction footprint, such as Bethany Complex, the effects associated with that 


facility type are discussed in the relative sections. The construction actions associated with electrical 


and SCADA facilities are described and evaluated at the project level. 


Most of the power for project construction and operation would be supplied by existing power lines 


or new lines added to existing poles, but additional electrical facilities would be needed at all project 


facility locations. Power lines for the intakes and tunnel shafts would be placed underground while a 


new aboveground high-voltage power transmission line would be constructed to power the Bethany 


Complex. A new aboveground power line and substation would also be constructed at Lower 


Roberts Island. 


Similar to power, new SCADA lines would be needed at the intakes, tunnel launch shafts, and the 


Bethany Complex. SCADA lines could be placed within existing telecommunications infrastructure 


corridors where possible, including on existing aboveground poles. Where existing infrastructure is 


not available, SCADA lines would be buried, primarily along existing roads and access routes. For 


more details about the activities associated with electrical and SCADA facilities, see Chapter 3, 


Sections 3.2.10 and 3.2.11.  


Construction of electrical power and SCADA lines and the substation on Lower Roberts Island would 


require site preparation, tower or pole construction, and line stringing. Construction of 


underground power and SCADA lines would involve trenching, directional drilling, and use of heavy 


equipment and would mostly occur concurrent with access road improvements and construction. 


Cranes would be used during the line-stringing phase.  


Underground power would mostly be installed alongside existing or new roads within the roadway 


right-of-way; however, there are a few short sections of line that move away from the road 


alignment into agricultural lands at Lower Roberts Island and the Twin Cities Complex. Construction 


of electrical and SCADA facilities would require vehicular access to each tower or pole location. 


Vehicular access routes to new tower or pole locations would use existing routes or new access 


routes as described in Section 6.14.7. The duration of construction and installation of new electrical 


and SCADA facilities would not be more than 1 year at any one location. See Appendix 6A for details 


about the impact assessment method.  
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6.14.8.1 Habitat Loss and Fragmentation 


Electrical and SCADA facilities serving the north Delta intakes, Twin Cities Complex, Terminous 


Tract tunnel shaft, Lower Roberts Island tunnel shaft and RTM area, and Bethany Complex overlap 


with modeled northwestern pond turtle habitat. Construction of new electrical facilities would 


result in the permanent loss of 0.55 acre of northwestern pond turtle modeled aquatic habitat and 


1.40 acre of modeled upland habitat (<0.01% of modeled aquatic and upland habitat within the 


study area). Construction of SCADA facilities would result in a temporary disturbance of 3.03 acre of 


northwestern pond turtle modeled aquatic habitat and 14.86 acres of modeled upland habitat 


(<0.01% of modeled aquatic habitat and 0.02% of modeled upland habitat within the study area) 


(Figures 6.14-8 to 6.14-63).  


Modeled habitat that would be removed due to construction of power and SCADA facilities serving 


the north Delta intakes and Twin Cities Complex consists of aquatic habitat found along agricultural 


ditches, which is generally considered low quality because they do not hold permanent water. 


Terminous Tract modeled habitat consists of emergent wetlands and sloughs at and adjacent to 


White Slough Wildlife Area and is considered good quality habitat. Modeled aquatic habitat at Lower 


Roberts Island consist of agricultural ditches and slow-moving water with emergent vegetation 


along the bank of the San Joaquin River and Burns Cutoff which is considered low to moderate 


quality. The modeled aquatic habitat that would be removed at the Bethany Complex consists 


largely of unvegetated agricultural irrigation ditches and is considered low quality.  


An aboveground power line serving the north Delta intakes and Twin Cities Complex that would be 


installed on existing poles along Franklin Boulevard is approximately 2.2 miles south of a 


northwestern pond turtle occurrence at Cosumnes River Preserve; an underground SCADA line 


serving the Terminous Tract tunnel shaft overlaps with northwestern pond turtle occurrence #68 at 


White Slough Wildlife Area; and an underground SCADA line serving the Bethany Complex is 


approximately 0.3 mile south of an occurrence along the Delta Mendota Canal (California 


Department of Fish and Wildlife 2020b). Habitat fragmentation from power and SCADA facilities 


construction is not expected because the project features are either above or below ground. 


To minimize permanent habitat loss, the Northwestern Pond Turtle Avoidance and Minimization 


Measure described in Chapter 3, Section 3.6.2.10 would require suitable northwestern pond turtle 


aquatic and upland habitat to be evaluated and avoided to the greatest extent possible. Where 


suitable habitat cannot be avoided and is permanently lost, the lost habitat would be offset through 


mitigation. The CMP would create, enhance, and manage in perpetuity northwestern pond turtle 


aquatic and upland habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-


30: Northwestern Pond Turtle Habitat). Temporary habitat loss would be restored to pre-


disturbance conditions with implementation of AMM-14: Construction Best Management Practices 


for Biological Resources, described in Appendix 3A. 


6.14.8.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of 


northwestern pond turtle adults, eggs, and hatchlings if they are occupying aquatic or upland work 


areas. Construction vehicle traffic could result in injury or mortality. Northwestern pond turtle could 


be trapped in open trenches or other excavations and become vulnerable to predation. Construction 


activities could also result in the exposure of northwestern pond turtle to construction-related 


fluids, such as fuels, oils, and cement, which could result in injury and mortality of eggs, hatchlings, 


and adults. Construction noise and vibration could be detectible by northwestern pond turtle and 
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disrupt normal behaviors and result in increased energy expenditures. However, the threshold at 


which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Northwestern Pond Turtle Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.10 


would require suitable northwestern pond turtle habitat be evaluated and avoided to the greatest 


extent possible. If suitable habitat cannot be avoided, a preconstruction survey will be conducted by 


a qualified biologist immediately prior to ground-disturbing activities or vegetation clearing, and 


exclusion fencing would be installed around the perimeter of the work area, when suitable aquatic 


habitat is present within 300 feet of the work area, prior to the start of nesting season (March). 


Exclusion fencing would remain in place for the duration of construction. The measure also requires 


clearance surveys by a qualified biologist at the beginning of each work day and regularly 


throughout each work day when activities may result in take of northwestern pond turtle. The 


measure also requires preparation of a relocation plan, and if dewatering is required, intakes will be 


screened with wire mesh no larger than 5 millimeters, and any turtles found within the dewatered 


area would be relocated. 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources 


(Appendix 3A) would further reduce the potential for injury or mortality from construction vehicles 


by setting speed limits, covering steep-walled holes or trenches more than 6 inches deep or 


providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The avoidance and minimization measure in Chapter 3, Section 3.6.2.10 and AMM-14 would 


minimize construction-related effects with pre-disturbance detection, work stoppage if an 


individual is detected, and relocation (if needed). To reduce the potential effects of contamination 


from spills such as fuel or oil, AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


implement spill prevention and control plans (Appendix 3A). 


6.14.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:29 concrete and CLSM 


batch plants, park-and-ride lots, and a metering area off of Christensen Road. The park-and-ride lot 


would be removed following construction but because it would be in place for over 1 year the 


impact would be considered permanent. The metering area would support new overhead power 


lines and impacts would be considered permanent. The construction actions associated with these 


other construction support facilities are described and evaluated at the project level.  


 
29 As described in Appendix 6A, the project features evaluated in this section occur outside the primary 
construction locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road 
work areas included in Section 6.14.7, Access Roads, and Section 6.14.6, Bethany Complex, but the road work area 
described in this section occurs in a discreet location, outside a large project footprint.  
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6.14.9.1 Habitat Loss and Fragmentation 


Construction of the CLSM batch plants, Hood-Franklin Park-and-Ride lots, and metering area off of 


Christensen Road would result in the permanent loss of 0.04 acre of northwestern pond turtle 


modeled aquatic habitat and 1.46 acres of modeled upland habitat (<0.01% of modeled aquatic and 


upland habitat within the study area) and temporary disturbance of 0.02 acre of modeled upland 


habitat (<0.01% of modeled upland habitat within the study area) (Figures 6.14-3 and 6.14-15). 


Modeled aquatic habitat that would be removed consists of agricultural ditches that are assumed to 


be of lower quality as they typically do not hold permanent water. The nearest occurrence is 


approximately 2.1 miles south of the Lambert Road CLSM batch plant and 1.4 miles northwest of the 


Hood Franklin park-and-ride. The nearest occurrence to the metering area is approximately 1.16 


miles northeast (California Department of Fish and Wildlife 2020b). 


To minimize permanent habitat loss, the Northwestern Pond Turtle Avoidance and Minimization 


Measure described in Chapter 3, Section 3.6.2.10 would require suitable northwestern pond turtle 


aquatic and upland habitat to be evaluated and avoided to the greatest extent possible. Where 


suitable habitat cannot be avoided and is permanently lost, the lost habitat would be offset through 


mitigation. The CMP would create, enhance, and manage in perpetuity northwestern pond turtle 


aquatic and upland habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-


30: Northwestern Pond Turtle Habitat).  


6.14.9.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of 


northwestern pond turtle adults, eggs, and hatchlings if they are occupying aquatic or upland work 


areas. Construction vehicle traffic could result in injury or mortality. Northwestern pond turtle could 


be trapped in open trenches or other excavations and become vulnerable to predation. Construction 


activities could also result in the exposure of northwestern pond turtle to construction-related 


fluids, such as fuels, oils, and cement, which could result in injury and mortality of eggs, hatchlings, 


and adults. Construction noise and vibration could be detectible by northwestern pond turtle and 


disrupt normal behaviors and result in increased energy expenditures. However, the threshold at 


which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Northwestern Pond Turtle Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.10 


would require suitable northwestern pond turtle habitat be evaluated and avoided to the greatest 


extent possible. If suitable habitat cannot be avoided, a preconstruction survey will be conducted by 


a qualified biologist immediately prior to ground-disturbing activities or vegetation clearing, and 


exclusion fencing would be installed around the perimeter of the work area, when suitable aquatic 


habitat is present within 300 feet of the work area, prior to the start of nesting season (March). 


Exclusion fencing would remain in place for the duration of construction. The measure also requires 


clearance surveys by a qualified biologist at the beginning of each work day and regularly 


throughout each work day when activities may result in take of northwestern pond turtle. The 


measure also requires preparation of a relocation plan, and if dewatering is required, intakes will be 


screened with wire mesh no larger than 5 millimeters, and any turtles found within the dewatered 


area would be relocated. 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources 


(Appendix 3A) would further reduce the potential for injury or mortality from construction vehicles 


by setting speed limits, covering steep-walled holes or trenches more than 6 inches deep or 
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providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The avoidance and minimization measure in Chapter 3, Section 3.6.2.10 and AMM-14: Construction 


Best Management Practices for Biological Resources would minimize construction-related effects 


with pre-disturbance detection, work stoppage if an individual is detected, and relocation (if 


needed). To reduce the potential effects of contamination from spills such as fuel or oil, AMM-2: 


Develop and Implement Hazardous Materials Management Plans and AMM-3: Develop and Implement 


Spill Prevention, Control, and Countermeasure Plans would implement spill prevention and control 


plans (Appendix 3A). 


6.14.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facilities would be constructed to deliver water from the Union Island 


tunnel shaft to the existing CCWD Middle River Pipeline on Victoria Island. The CCWD 


interconnection facilities would include an interconnection pump station, a new underground 1.6-


mile conveyance pipeline, and an interconnection valve to connect to the existing CCWD Middle 


River Pipeline. The construction actions associated with the CCWD interconnection facilities are 


described and evaluated at the project level.  


The interconnection pump station facilities would be located within the Union Island tunnel shaft 


footprint. Pump station facilities include two to six submersible vertical turbine pumps installed 


within the Union Island maintenance shaft, 24-inch diameter pump discharge pipes, an aboveground 


surge tank system, underground vaults containing isolation butterfly valves and flow meters, an 


electrical building, electrical transformers, equipment yard, and a new electrical power connection 


to the existing overhead line adjacent at the Union Island tunnel shaft site.  


The interconnection pipeline would consist of a 42- to 66-inch diameter underground pipeline 


continuing north from the Union Island shaft site along Bonetti Road, crossing under Victoria Canal, 


then turning west along an existing farm road, then connecting with the CCWD Middle River Pipeline 


at the Middle River Intake and Pumping Plant. A permanent 70-foot wide easement would be 


maintained along the length of the pipeline on Union Island and Victoria Island. Air valves, blow offs, 


and access manways would be placed along the pipeline within the permanent easement. 


The interconnection valve would be located in a buried vault (approximately 11.5 feet by 15.5 feet 


by 12.0 feet) on the interconnection pipeline just prior to connecting to the Middle River pipeline 


within the existing CCWD pumping plant facility on Victoria Island.  


Construction of the interconnection pump station facilities would take place within the construction 


footprint of the Union Island tunnel shaft, and activities would be similar to those occurring for 


tunnel shaft construction (Section 6.14.4). Installation of electrical power connections would be 


similar to those described in Section 6.14.8, Electrical and SCADA Facilities. 


The interconnection pipeline would be installed in a trench with open cut and cover construction 


along existing roadways and within agricultural fields. The pipeline construction easement would be 


100 feet wide for the entire length of the trench, including a 30-foot temporary construction 


easement around the 70-foot permanent easement. Dewatering may occur along the open trench, 


with flows collected, treated, and reused on-site. The portion of the interconnection pipeline that 


crosses Victoria Canal would be microtunneled. Launch and retrieval pits, approximately 35 feet 
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wide by 50 feet long, would be placed within the 100-foot open trench construction easement on 


Union Island and Victoria Island to launch and receive microtunneling equipment.  


Construction of the interconnection valve vault would take place within the 100-foot wide CCWD 


pipeline construction easement adjacent to the existing CCWD pump station facility. Following 


installation of the vault, pavement would be replaced within the work area surrounding the vault. 


Construction of the CCWD interconnection facilities would take place after the Union Island 


maintenance shaft is complete and is estimated to take 18 months. The interconnection pump 


station, open cut portions of the interconnection pipeline, and the interconnection valve would not 


require nighttime construction. Microtunneling of the pipeline under Victoria Canal would require 


continuous construction, including nighttime activity, for a duration of approximately 2 weeks.  


6.14.10.1 Habitat Loss and Fragmentation 


The CCWD interconnection facility construction footprint overlaps with modeled northwestern 


pond turtle habitat and would result in the permanent loss of 0.33 acre of modeled northwestern 


pond turtle aquatic habitat (<0.01% of modeled aquatic habitat within the study area) and 5.90 


acres of modeled northwestern pond turtle upland habitat (0.01% of modeled upland habitat within 


the study area) (Table 6.14-1) (6.14-5).  


Modeled habitat near the CCWD interconnection facilities consists of aquatic habitat found along 


Victoria Canal and agricultural ditches. Modeled aquatic habitat that would be removed consists of 


agricultural ditches that are assumed to be of lower quality as they typically do not hold permanent 


water. The nearest occurrence is approximately 1.3 miles west of the CCWD interconnection 


facilities (California Department of Fish and Wildlife 2020b). 


To minimize permanent habitat loss, the Northwestern Pond Turtle Avoidance and Minimization 


Measure described in Chapter 3, Section 3.6.2.10 would require suitable northwestern pond turtle 


aquatic and upland habitat to be evaluated and avoided to the greatest extent possible. Where 


suitable habitat cannot be avoided and is permanently lost, the lost habitat would be offset through 


mitigation. The CMP would create, enhance, and manage in perpetuity northwestern pond turtle 


aquatic and upland habitat (Appendix 3B, Section 3B.4.1.4, and Attachment 3B.1, Table 3B.1-3, CMP-


30: Northwestern Pond Turtle Habitat).  


6.14.10.2 Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of 


northwestern pond turtle adults, eggs, and hatchlings if they are occupying aquatic or upland work 


areas. Construction vehicle traffic could result in injury or mortality. Northwestern pond turtle could 


be trapped in open trenches or other excavations and become vulnerable to predation. Construction 


activities could also result in the exposure of northwestern pond turtle to construction-related 


fluids, such as fuels, oils, and cement, which could result in injury and mortality of eggs, hatchlings, 


and adults. Construction noise and vibration could be detectible by northwestern pond turtle and 


disrupt normal behaviors and result in increased energy expenditures. However, the threshold at 


which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Northwestern Pond Turtle Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.10 


would require suitable northwestern pond turtle habitat be evaluated and avoided to the greatest 


extent possible. If suitable habitat cannot be avoided, a preconstruction survey will be conducted by 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-243 


May 2024 
ICF 103653  


 


a qualified biologist immediately prior to ground-disturbing activities or vegetation clearing, and 


exclusion fencing would be installed around the perimeter of the work area, when suitable aquatic 


habitat is present within 300 feet of the work area, prior to the start of nesting season (March). 


Exclusion fencing would remain in place for the duration of construction. The measure also requires 


clearance surveys by a qualified biologist at the beginning of each work day and regularly 


throughout each work day when activities may result in take of northwestern pond turtle. The 


measure also requires preparation of a relocation plan, and if dewatering is required, intakes will be 


screened with wire mesh no larger than 5 millimeters, and any turtles found within the dewatered 


area would be relocated. 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources 


(Appendix 3A) would further reduce the potential for injury or mortality from construction vehicles 


by setting speed limits, covering steep-walled holes or trenches more than 6 inches deep or 


providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The avoidance and minimization measure in Chapter 3, Section 3.6.2.10 and AMM-14 would 


minimize construction-related effects with pre-disturbance detection, work stoppage if an 


individual is detected, and relocation (if needed). To reduce the potential effects of contamination 


from spills such as fuel or oil, AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


implement spill prevention and control plans (Appendix 3A). 


6.14.11 Compensatory Mitigation 


6.14.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


The CMP (Appendix 3B) would offset the permanent loss of wetlands and habitat for special-status 


species, including northwestern pond turtle, by creating and enhancing habitat on Bouldin Island 


and I-5 ponds and managing these areas in perpetuity. The habitat creation and enhancement sites 


would overlap with modeled northwestern pond turtle habitat (Figures 6.14-1, 6.14-69 through 


6.14-73).  


Construction of habitat creation and enhancement sites under the CMP would involve ground 


disturbance, grading, vegetation removal, the use of heavy equipment, and presence of personnel to 


enhance and restore habitats. Habitat creation and enhancement would take several years to 


construct and would not require night lighting.  


Habitat Loss and Fragmentation 


Habitat creation and enhancement of the initial mitigation sites at Bouldin Island and the I-5 ponds 


would affect 103.99 acres of modeled northwestern pond turtle aquatic habitat and 274.41 acres of 


modeled upland habitat (0.09% of modeled aquatic habitat and 0.43% of modeled upland habitat 


within the project area). However, the disturbance would be temporary in that it would occur over 


one construction season, and one of the primary purposes of the initial mitigation projects is to 


create and enhance northwestern pond turtle habitat. The creation and enhancement actions at the 


initial mitigation sites would convert the existing, low- to high-quality aquatic habitat (e.g., 


depression [lake/pond], agricultural ditch) and upland habitat (grassland patches and agricultural 


fields along agricultural ditches, valley/foothill riparian) to 233.94 acres of moderate- to high-
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quality aquatic habitat (nontidal freshwater emergent wetland and depression [lake/pond]) and 


456.10 acres of moderate- to high-quality upland northwestern pond turtle habitat (uplands 


adjacent to aquatic habitat) at the initial mitigation sites that would be protected and managed in 


perpetuity. In addition, CMP-0: General Design Guidelines (Attachment 3B.1, Table 3B.1-2) requires 


compensatory mitigation lands address critical life functions for species and that there be no net 


loss in species habitat or habitat value as a result of compensatory mitigation.  


See Tables 3B-7, 3B-13, and 3B-14 in Appendix 3B to better understand the increase in extent of 


high-quality aquatic habitat and Section 3B.7 to better understand how habitat function would be 


defined and monitoring.  


Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of 


northwestern pond turtle adults, eggs, and hatchlings if they are occupying aquatic or upland work 


areas. Construction vehicle traffic could result in injury or mortality. Northwestern pond turtle could 


be trapped in open trenches or other excavations and become vulnerable to predation. Construction 


activities could also result in the exposure of northwestern pond turtle to construction-related 


fluids, such as fuels, oils, and cement, which could result in injury and mortality of eggs, hatchlings, 


and adults. Construction noise and vibration could be detectible by northwestern pond turtle and 


disrupt normal behaviors and result in increased energy expenditures. However, the threshold at 


which disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Northwestern Pond Turtle Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.10 


would require suitable northwestern pond turtle habitat be evaluated and avoided to the greatest 


extent possible. If suitable habitat cannot be avoided, a preconstruction survey will be conducted by 


a qualified biologist immediately prior to ground-disturbing activities or vegetation clearing, and 


exclusion fencing would be installed around the perimeter of the work area, when suitable aquatic 


habitat is present within 300 feet of the work area, prior to the start of nesting season (March). 


Exclusion fencing would remain in place for the duration of construction. The measure also requires 


clearance surveys by a qualified biologist at the beginning of each work day and regularly 


throughout each work day when activities may result in take of northwestern pond turtle. The 


measure also requires preparation of a relocation plan, and if dewatering is required, intakes will be 


screened with wire mesh no larger than 5 millimeters, and any turtles found within the dewatered 


area would be relocated. 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources 


(Appendix 3A) would further reduce the potential for injury or mortality from construction vehicles 


by setting speed limits, covering steep-walled holes or trenches more than 6 inches deep or 


providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The avoidance and minimization measure in Chapter 3, Section 3.6.2.10 and AMM-14 would 


minimize construction-related effects with pre-disturbance detection, work stoppage if an 


individual is detected, and relocation (if needed). To reduce the potential effects of contamination 


from spills such as fuel or oil, AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


implement spill prevention and control plans (Appendix 3A). 
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6.14.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be purchased to meet compensatory mitigation 


requirements for California red-legged frog, California tiger salamander, vernal pool fairy shrimp, 


vernal pool tadpole shrimp, alkali seasonal wetland, and vernal pool habitat. Mitigation or 


conservation bank credits for these species or wetlands would be purchased at banks that have been 


approved by USFWS, and would have measures to avoid, minimize, and offset any effects to listed 


species. Therefore, the purchase of mitigation or conservation bank credits for special-status species 


would not result in additional adverse effects on northwestern pond turtle.  


6.14.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.9.11.2, Mitigation/Conservation Bank Credits, are not available in 


part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down” consultation when site-specific information becomes 


available. A non-bank site would protect, enhance, and manage suitable vernal pool or alkali 


seasonal wetland habitat. Vernal pool and alkali seasonable wetland habitat is not suitable for 


northwestern pond turtle and therefore this activity would have no effect on northwestern pond 


turtle. 


6.14.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (Wood and Martin 2016). No construction activities would occur 


for site protection instruments.  


6.14.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the water side of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


The location(s) for channel margin enhancement is not known, however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for migrating salmonids that would benefit from 


enhancement actions.  


Enhancement would generally entail replacing armored or otherwise altered channel banks with 


more natural shoreline habitats that provide shallow, slow-velocity river margins, overhanging 


riparian vegetation, and future woody debris sources. To maintain the current extent of in-water 


habitat and level of flood protection, the existing levee would need to be reconstructed to be set 


back from the shoreline. Waterside and landside improvements would be implemented to create 


enhanced channel margin habitat and provide continued flood protection.  


Waterside improvements would entail degrading the existing levee to create gently sloping banks 


that gradually transition from tule marsh to riparian vegetation on the face of the new setback levee. 
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While enhanced habitat will primarily be provided by native vegetation, ballasted large wood may 


be incorporated into the channel bank in some locations for enhanced complexity and refugia. While 


the heavily vegetated bank would provide some wave attenuation value, erosion protection may still 


be required along the waterside of the setback levee. Bio-technical bank treatments, which combine 


cobble and other erosion resistant materials with willows and other plantings, would be employed 


as much as possible. Following all grading, the site would be revegetated, likely through a 


combination of active and passive methods. Riparian and upland areas would be actively seeded, 


planted, and temporarily irrigated during the initial establishment period. Intertidal wetland areas 


would be revegetated through a combination of active planting and passive natural recruitment. 


Landside improvements would include the construction of a new setback levee behind and 


connected to the existing levee. The actual extent of earthmoving required for levee construction 


will vary significantly by site depending on the degree of land subsidence and the level of flood 


protection needed. It is generally anticipated that imported fill would be needed to construct some 


or all of the new setback levee. Material generated by degrading the existing levee would be reused 


in the new levee construction as much as feasible based on timing, soil suitability and other factors. 


Channel margin enhancement would involve using the following equipment. 


• Large mechanized equipment (typically, a trackhoe) to remove riprap from channel margins. 


• Grading equipment such as trackhoes and bulldozers to modify the channel margin side of 


levees or setback levees to create low floodplain benches with variable surface elevations that 


create hydrodynamic complexity and support emergent vegetation. 


• Trackhoes, bulldozers, and cranes to install large woody material (e.g., tree trunks and stumps) 


into constructed low benches or into existing riprapped levees to provide physical complexity. 


Habitat Loss and Fragmentation 


While the exact location of the channel margin enhancement is not known, it is likely to be placed in 


the central Delta (e.g., Sacramento River between Freeport and Georgiana Slough, Mokelumne River 


near Bouldin Island). As northwestern pond turtles are assumed to occur throughout the Delta, and 


channel margin enhancement will take place in the nearshore and levee upland areas where 


northwestern pond turtles occur, it is assumed that any ground disturbance would result in 


temporary habitat loss. The existing quality of the channel margin habitat in the central Delta is 


typically low. The aquatic habitat is comprised of nearshore riprap areas and agricultural ditches 


with levee top roads and nearby agricultural areas serving as the primary upland habitat. If 


northwestern pond turtle habitat is permanently lost, the CMP and site-specific permitting 


approvals would ensure that there is no significant loss in habitat or habitat value by adjusting the 


overall commitment (Appendix 3B, Sections 3B.1 and 3B.2.4, and Attachment 3B.1, Table 3B.1-2, 


CMP-0: General Design Guidelines). 


However, once constructed, channel margin enhancement actions are assumed to benefit 


northwestern pond turtle by increasing the extent and quality of the existing habitat. The 


enhancement actions are expected to replace hardened, riprap shoreline with a mix of emergent and 


riparian vegetation and biologically friendly engineered structures (e.g., biotechnical erosion 


protection) as described in Section 3B.4.3.3.3 of Appendix 3B. In addition, bank slopes will be 


increased to increase the area of shallow, nearshore habitat. Not only will this action increase the 


extent of aquatic habitat for the northwestern pond turtle, but it is also expected to increase the 


abundance of prey species. Where setback levees are used on the land side of the levee, increased 
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slopes will increase the extent of upland habitat. And, regardless of the use of setback levees, 


existing levee vegetation will be replaced with native grassland vegetation, increasing the quality of 


the upland habitat for northwestern pond turtle. With these increases in quality and quantity of 


northwestern pond turtle aquatic and upland habitat, the temporary habitat loss is assumed to be 


offset by the long-term benefit of the program. Therefore, channel margin enhancements are 


considered beneficial overall. 


Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of 


northwestern pond turtle adults, eggs, and hatchlings if they are occupying aquatic or upland work 


areas. Construction vehicle traffic could result in injury or mortality. Construction activities could 


also result in the exposure of northwestern pond turtle to construction-related fluids, such as fuels, 


oils, and cement, which could result in injury and mortality of eggs, hatchlings, and adults. 


Construction noise and vibration could be detectible by northwestern pond turtle and disrupt 


normal behaviors and result in increased energy expenditures. However, the threshold at which 


disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Northwestern Pond Turtle Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.10 


would require suitable northwestern pond turtle habitat be evaluated and avoided to the greatest 


extent possible. If suitable habitat cannot be avoided, a preconstruction survey will be conducted by 


a qualified biologist immediately prior to ground-disturbing activities or vegetation clearing, and 


exclusion fencing would be installed around the perimeter of the work area, when suitable aquatic 


habitat is present within 300 feet of the work area, prior to the start of nesting season (March). 


Exclusion fencing would remain in place for the duration of construction. The measure also requires 


clearance surveys by a qualified biologist at the beginning of each work day and regularly 


throughout each work day when activities may result in take of northwestern pond turtle. The 


measure also requires preparation of a relocation plan, and if dewatering is required, intakes will be 


screened with wire mesh no larger than 5 millimeters, and any turtles found within the dewatered 


area would be relocated. 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources 


(Appendix 3A) would further reduce the potential for injury or mortality from construction vehicles 


by setting speed limits, covering steep-walled holes or trenches more than 6 inches deep or 


providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The avoidance and minimization measure in Chapter 3, Section 3.6.2.10 and AMM-14: Construction 


Best Management Practices for Biological Resources would minimize construction-related effects 


with pre-disturbance detection, work stoppage if an individual is detected, and relocation (if 


needed). To reduce the potential effects of contamination from spills such as fuel or oil, AMM-2: 


Develop and Implement Hazardous Materials Management Plans and AMM-3: Develop and Implement 


Spill Prevention, Control, and Countermeasure Plans would implement spill prevention and control 


plans (Appendix 3A). 
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6.14.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and emergent wetland habitats 


provide important foraging and refugia habitat for listed fish species. The restoration of tidal 


perennial and wetland habitat, particularly complex wetland systems containing dendritic channels 


and shallow subtidal areas, is intended to support improved survival and growth (including food 


production) of one or more life stages of each listed fish species addressed in the biological 


assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough Complex will be 


prioritized as these areas would provide greater benefits for target fish species.  


Tidal restoration will generally be achieved by reconnecting former wetland areas to adjacent tidal 


sloughs and rivers. Restoration would primarily occur through breaching or setback of levees, thereby 


restoring tidal fluctuation to land parcels currently isolated behind those levees. Where practicable 


and appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  


Typical actions required to create suitable tidal marsh habitat at these sites include grading, 


planting, and infrastructure modifications, such as protection, removal and/or relocation of existing 


utilities, pumping systems, and other water management structures. Earthwork often includes 


breaching an existing levee or berm to reintroduce tidal action to the site. Other grading may be 


performed prior to breaching to create wetland features that enhance habitat function, including 


tidal channels, tidal pannes and tidal ponds. At certain sites, more significant earthmoving may be 


required to raise subsided areas to intertidal elevations or to reinforce surrounding levees.  


Depending on the project location, it also may be necessary to construct an entirely new flood 


control levee along portions of the project perimeter to protect adjacent properties. The actual 


extent of earthmoving required can vary significantly depending on the existing topography of the 


site.  


Following earthwork and grading, the site would be revegetated, likely through a combination of 


active and passive methods. Any riparian and/or upland areas would be actively seeded, planted, 


and temporarily irrigated during the initial establishment period. Intertidal wetland areas may 


revegetate actively, be allowed to recolonize passively through natural recruitment, or experience a 


combination of the two.  


Levee breaching will require removing levee materials from within and adjacent to tidal and other 


aquatic habitats. Levee breaching will entail in-water work using construction equipment such as 


bulldozers, backhoes, and barges. Removed levee materials will be placed on the remaining levee 


sections, placed within the restoration area, or hauled to a disposal area. Typically work would be 


sequenced so that grading and infrastructure improvements occur first, followed by planting and 


finally breaching of the existing levee to reintroduce tidal action. 


Habitat Loss and Fragmentation 


Although the exact location of tidal restoration is unknown, any tidal restoration project in Cache 


Slough or lower Yolo Bypass (where tidal restoration is planned to occur) would likely result in the 


conversion of low- and moderate-quality aquatic and upland northwestern pond turtle habitat to 


moderate- and high-quality aquatic and upland habitat. This assumption is based on three recent 


restoration projects in this same region: Lookout Slough, Lower Yolo, and Yolo Flyway Farms 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-249 


May 2024 
ICF 103653  


 


(California Department of Fish and Wildlife 2020; U.S. Fish and Wildlife Service 2017b, 2019b). 


Regulatory compliance documents for these three restoration projects report a net loss of lower 


quality habitat such as agricultural ditches, seasonal wetlands, and agricultural lands (e.g., grazing or 


row/field crops) and a net increase in the higher quality tidal emergent wetland. Because there was 


a net increase in higher quality aquatic foraging habitat (tidal emergent wetland), and some upland 


basking and refugia habitat would remain in the form of levee tops and adjacent grassland habitat 


(as was the case in the example projects), these tidal restoration projects were assumed to produce 


a net benefit to northwestern pond turtle.  


The net loss of northwestern pond turtle upland habitat would occur when upland features on 


agricultural lands are modified to create tidal habitat and flooded as part of the restoration process. 


This work requires converting agricultural lands to tidal channels, emergent wetlands, and 


topographic depressions. Upland levee habitat used for basking and refugia would also be lost in 


those reaches where portions of the levee are removed to allow for tidal connectivity. If small, 


interior levees exist on the property, these features could be graded to achieve topographical or 


elevational design requirements, though in many cases, these features would be allowed to persist 


as they foster the formation of mixed plant communities and high tide refugia habitat for wetland 


species. If northwestern pond turtle habitat is permanently lost, the CMP and site-specific 


permitting approvals would ensure that there is no significant loss in habitat or habitat value by 


adjusting the overall commitment (Appendix 3B, Sections 3B.1 and 3B.2.4, and Attachment 3B.1, 


Table 3B.1-2, CMP-0: General Design Guidelines). 


Temporary loss of aquatic habitat would also occur during construction, though these effects would 


not be expected to last more than 2 years and would be offset by the net increase in tidal emergent 


wetland. Because high quality foraging habitat is limiting for northwestern pond turtle, and because 


upland habitat is typically not limiting, a net increase in aquatic habitat that is likely to result from 


tidal restoration in the Cache Slough/Lower Yolo Bypass region is assumed to result in a net benefit 


for northwestern pond turtle. 


Construction-Related Effects 


Ground disturbance could result in the injury, mortality, and disruption of normal behaviors of 


northwestern pond turtle adults, eggs, and hatchlings if they are occupying aquatic or upland work 


areas. Construction vehicle traffic could result in injury or mortality. Construction activities could 


also result in the exposure of northwestern pond turtle to construction-related fluids, such as fuels, 


oils, and cement, which could result in injury and mortality of eggs, hatchlings, and adults. 


Construction noise and vibration could be detectible by northwestern pond turtle and disrupt 


normal behaviors and result in increased energy expenditures. However, the threshold at which 


disruption of normal behaviors would occur is unknown. 


To reduce the potential for injury, mortality, or disruption of normal behaviors during construction, 


the Northwestern Pond Turtle Avoidance and Minimization Measure in Chapter 3, Section 3.6.2.10 


would require suitable northwestern pond turtle habitat be evaluated and avoided to the greatest 


extent possible. If suitable habitat cannot be avoided, a preconstruction survey will be conducted by 


a qualified biologist immediately prior to ground-disturbing activities or vegetation clearing, and 


exclusion fencing would be installed around the perimeter of the work area, when suitable aquatic 


habitat is present within 300 feet of the work area, prior to the start of nesting season (March). 


Exclusion fencing would remain in place for the duration of construction. The measure also requires 


clearance surveys by a qualified biologist at the beginning of each work day and regularly 


throughout each work day when activities may result in take of northwestern pond turtle. The 
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measure also requires preparation of a relocation plan, and if dewatering is required, intakes will be 


screened with wire mesh no larger than 5 millimeters, and any turtles found within the dewatered 


area would be relocated. 


Implementation of AMM-14: Construction Best Management Practices for Biological Resources 


(Appendix 3A) would further reduce the potential for injury or mortality from construction vehicles 


by setting speed limits, covering steep-walled holes or trenches more than 6 inches deep or 


providing an escape ramp, capping ends of stored pipes and culverts, and disallowing plastic 


monofilament netting or similar material for erosion control. Before such holes or trenches are 


filled, they would be thoroughly inspected for trapped animals.  


The avoidance and minimization measure in Chapter 3, Section 3.6.2.10 and AMM-14 would 


minimize construction-related effects with pre-disturbance detection, work stoppage if an 


individual is detected, and relocation (if needed). To reduce the potential effects of contamination 


from spills such as fuel or oil, AMM-2: Develop and Implement Hazardous Materials Management 


Plans and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


implement spill prevention and control plans (Appendix 3A). 


6.14.12 Effects on Critical Habitat 


Critical habitat has not been designated for northwestern pond turtle. 


6.14.13 Cumulative Effects 


Cumulative effects are defined under Section 7 of the Endangered Species Act as the effects of future 


state, Tribal, local, or private actions that are reasonably certain to occur in the action area. Future 


federal actions are not addressed in a Section 7 cumulative effects analysis because they require 


separate consultation pursuant to Section 7 of the Endangered Species Act. Potential cumulative 


effects on northwestern pond turtle in the action area include habitat loss and fragmentation, 


changes in agricultural and land management practices, predation from introduced and native 


species, and water pollution. Both habitat loss and fragmentation, and changes in land management 


practices, could result from conversion of agricultural land to more developed land uses (which is 


not likely to be extensive due to existing constraints upon land use changes) or from conversion of 


agricultural land to different crop types having lower habitat suitability (which is not foreseeable). 


Habitat loss or degradation from agricultural practices is not expected to increase in the foreseeable 


future as agriculture in the Delta is assumed to be fully developed. Predation by an existing 


introduced native species is likely to be maintained at levels comparable to current conditions; the 


introduction of new predators or parasites is possible, but not foreseeable, nor are the consequences 


of such an introduction.  


Water pollution effects on the physiology of northwestern pond turtle or its prey could result from a 


variety of causes, including agricultural practices, increased urbanization, and wastewater 


treatment plants. The input of pesticides and herbicides associated with agricultural practices are 


likely to be maintained, because the action area is already fully developed with regard to agricultural 


land uses, and regulations in place constrain the associated water quality effects. Water quality 


effects of urbanization include point and nonpoint-source water quality impairments, such as oil, 


gasoline, herbicides, pesticides, or heavy metals, and there is a potential for those effects to further 


degrade water quality as further urbanization occurs in the action area. Wastewater treatment 


plants also contribute to impaired water quality, but significant improvements in discharge water 


quality and reductions in discharge water volume have occurred in recent years, primarily in 
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response to regulatory and economic factors increasing the value of reusable water; therefore, this 


stressor is likely to diminish over time. Some of these effects would improve and others would 


impair habitat quality for northwestern pond turtle in the action area; their net effect is to 


approximately maintain current conditions for the foreseeable future.  


These cumulative effects have little potential to impair the effectiveness of avoidance and 


minimization measures described in the proposed action, nor are they expected to alter the efficacy 


of offsetting measures in the proposed action such as habitat creation and restoration. 


6.15 Western Spadefoot 
Appendix 6A describes the definitions, methods, and assumptions used to analyze the effects of the 


proposed action on terrestrial species, including impact categories, effect mechanisms, and habitat 


model development. Section 4.4, Section 4.4.23.6, Suitable Habitat Definition, and Section 4.4.23.7, 


Habitat Suitability Model, define suitable habitat and describe the habitat model for western 


spadefoot.  


Western spadefoot modeled habitat is located in the northern part of the action area near Hood, 


west of the Sacramento River in Yolo and Solano Counties, around the I-5 ponds, and southwest of 


Clifton Court Forebay (Figure 6.15-1). There are no reported extant CNDDB occurrences in the 


action area; there is one possibly extirpated occurrence (from 1922) reported along SR 4, southwest 


of Stockton (California Department of Fish and Wildlife 2024, 2020b). Habitat quality is assumed to 


decrease west to east, as the density of artificial water conveyance infrastructure and agricultural 


land cover types increase, and natural land cover types decrease. 


Construction activities associated with field investigations, access roads, electrical and SCADA 


facilities, and the Bethany Complex have the potential to affect western spadefoot. Figures 6.15-1 


through 6.15-17 include overview as well as “zoomed-in” figures depicting overlap between the 


project footprint and modeled habitat.  


There are 14,856.63 acres of modeled western spadefoot habitat in the action area. An estimated 


33.10 acres (0.22% of total modeled habitat in action area) of western spadefoot modeled habitat 


would be permanently lost by the project, which includes 0.20 acre of aquatic habitat (<0.01% of 


modeled aquatic habitat in the action area) and 32.90 acres of modeled upland habitat (1.13% of 


modeled upland habitat in the action area). Effects from these activities are described in the sections 


below. Table 6.15-1 summarizes the maximum affected acreage of western spadefoot modeled 


habitat and Table 6.15-2 summarizes the proposed acres of compensation.  
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Table 6.15-1. Maximum Habitat Loss of Modeled Habitat for western Spadefoot by Activity Type (Acres) 


Western 
Spadefoot 
Modeled 
Habitat 


Total 
Modeled 


Habitat in 
the Action 


Area 


Permanent Modeled Habitat Loss from Construction a Temporary Modeled Habitat Disturbance from Construction b Total 
Affected 
Modeled 
Habitat 
(Acres) CCWD 


Access 
Road 


Bethany 
Complex 


North 
Delta 


Intakes 


Other 
Construction 


Support 
Facilities 


Electrical 
Facilities c 


(Overhead and 
Underground) RTM 


Tunnel 
Shaft 


Permanent 
subtotal 


Field 
Investigations CCWD 


Access 
Road 


Other 
Construction 


Support 
Facilities 


Electrical and 
SCADA Facilities 
(Overhead and 
Underground) 


Temporary 
Subtotal 


Aquatic 11,937.05 - - 0.20 - - - - - 0.20 - - - - - - 0.20 


Upland  2,919.58 - 5.91 26.93 - 0.02 0.05 - - 32.90 1.96 - 1.93 0.01 0.43 4.34 37.24 


Total d 14,856.63 - 5.91 27.13 - 0.02 0.05 - - 33.10 1.96 - 1.93 0.01 0.43 4.34 37.44 


Notes: 
CCWD = Contra Costa Water District; RTM = reusable tunnel material; SCADA = supervisory control and data acquisition. 
a Permanent Habitat Loss includes potential permanent and long-term temporary impacts. Long-term temporary impacts are those impacts that would be restored to pre-project conditions, but not within 1 year from initial ground disturbance (as temporary impacts would be). 
b Temporary Habitat Loss includes potential temporary impacts from construction that would be restored to pre-disturbance conditions within 1 year of construction completion, as described in AMM-14: Construction Best Management Practices for Biological Resources (Appendix 3A, 


General Avoidance and Minimization Measures). 
c Electrical facilities include potential habitat loss as a result of the construction of overhead and underground power transmission lines. Potential habitat loss from the construction of electrical facilities (i.e., lines, substations, switchyards, and switching stations) that occur within 


larger facilities (e.g., Bethany Complex) is captured in the large facility impact acreage.  
d Total is of aquatic and upland habitat. Dispersal habitat is not counted as total habitat loss or disturbance.  
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Table 6.15-2. Maximum Habitat Loss and Compensation for Western spadefoot 


 


Permanent Habit Loss 
Maximum Compensation 


Commitment (Acres) 


Total Maximum Habitat Loss (Acres) Protection or Restoration a 


Aquatic 0.20 0.6 


Upland  32.90 32.90 


Total 33.10 33.50 
a See CMP-31: Western Spadefoot, described in Attachment 3B.1, Compensatory Mitigation Design Parameters, for 
details about the protection and restoration commitments for western spadefoot. 


6.15.1 Field Investigations 


Field investigation actions described are for new proposed actions and have not been previously 


consulted upon. Field investigation actions are described and evaluated at the project or site level. 


Field investigations would occur after EIR approval and before and during construction. Some 


investigations would occur within the construction footprint (where suitable habitat is already 


assumed to be lost and thus no additional habitat loss from future field investigations would be 


incurred) and some would occur outside the construction footprint (which results in temporary 


habitat disturbance additional to that incurred by construction). Agronomic testing, utility 


potholing, and pilot studies for settlement would occur within the existing project footprints and 


would therefore not result in habitat loss additional to the loss described in the relevant, associated 


activity type sections (e.g., Bethany Complex). Geotechnical investigations associated with the West 


Tracy Fault, Bethany Fault, and the tunnel for the Bethany Reservoir Aqueduct, which include test 


trenches, CPTs, and soil borings, largely fall outside of surface construction footprints and it is these 


impacts that are discussed in this section.  


Field investigations include activities such as overland driving, equipment storage, pit digging, soil 


boring, trenching, and temporary soil storage prior to backfilling trenches. West Tracy Fault 


investigations would involve up to 6 test trenches, each 0.07 acre with a temporary work footprint 


of up to 4.59 acres. Excavation and backfilling of the test trenches would last up to 12 days. Bethany 


Fault investigations would take place above the Bethany Reservoir Aqueduct tunnel outside of the 


Bethany Conservation Easement and consist of a linear array of electrodes driven into the ground 


over several hundred feet; the electrodes would induce a low current into the ground and be 


removed upon completion of testing. Ground disturbance for other field investigations is not 


expected to exceed 0.84 acre and would not last more than 30 days. Field investigations would not 


require nighttime lighting.  


6.15.1.1 Habitat Loss and Fragmentation 


An estimated 1.96 acres of western spadefoot modeled upland habitat would be temporarily 


disturbed as a result of field investigations (0.07% of modeled upland habitat in the study area) 


(Figures 6.15-1 and 6.15-7). Field investigation impacts occur throughout the project alignment and 


the affected habitat is of varying quality. Impacted modeled habitat east of the north Delta intakes is 


generally a mix of vernal pool complex and annual grassland land cover types that are considered 


high-quality habitat. Modeled habitat near the Twin City Complex is predominately agricultural and 


likely provides lower quality habitat for western spadefoot. The field investigations include 


geotechnical exploration in the Bethany Complex (west of Byron Highway) and trench work at the 


West Tracy Fault (east of Byron Highway) and Bethany Fault. Modeled upland habitat surrounding 
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geotechnical sites at the Bethany Complex and West Tracy Fault is of higher quality as it consists of a 


mix of annual grassland and vernal pool complex. Because of the small footprint of the Bethany Fault 


investigations and the short (1 day) duration of the disturbance, impacts on modeled habitat are not 


quantified and are considered negligible. The temporary nature and small extent of field 


investigation sites would not increase habitat fragmentation in the action area. 


Temporary habitat loss would be restored to pre-disturbance conditions within 1 year of 


construction with implementation of AMM-14: Construction Best Management Practices for 


Biological Resources (Appendix 3A). 


6.15.1.2 Construction-Related Effects 


Overland driving or ground disturbance could injure or kill western spadefoot if individuals are 


present aboveground within field investigation work areas. Western spadefoot could also be 


trapped in open trenches or other excavation pits/trenches and become vulnerable to desiccation 


and predation. Field investigations have the potential to produce subsurface vibrations, which could 


be detectible by western spadefoot. The threshold at which disruption of normal behaviors would 


occur is unknown; however, subsurface vibrations from field investigations would not be 


anticipated to exceed those experienced under existing conditions. Construction-related 


contaminants, such as fuels, cement, and oils, could be accidentally discharged or spilled into 


modeled upland or aquatic habitat exposing individuals to toxic materials, which could result in 


injury and mortality, as well as lead to habitat degradation.  


To minimize injury and mortality during field investigations, the Western Spadefoot Avoidance and 


Minimization Measure described in Chapter 3, Section 3.6.2.11 would require delineation of western 


spadefoot habitat at each project site. Identified and delineated habitat be delineated and completely 


avoided to the greatest extent possible. If full avoidance of suitable habitat is not possible, seasonal 


avoidance of habitat will be implemented, wildlife exclusionary fencing will be erected around 


western spadefoot habitat within 300 feet, and a biological monitor would conduct daily clearance 


inspections prior to commencement of activities. Additionally, the measure specifies that initial 


ground disturbance would not occur between November 1 and March 31 (extended to April 30 


during wet years), to the extent feasible; disturbance to rodent burrows would be avoided to the 


extent feasible; and ground disturbance and vegetation removal would be conducted during periods 


of no to low rainfall.  


Implementation of AMM-14: Construction Best Management Practices for Biological Resources, 


detailed in Appendix 3A, would further reduce the potential for injury or mortality from 


construction vehicles by setting speed limits. AMM-14 would also require covering steep-walled 


holes or trenches more than 6 inches deep or providing an escape ramp, capping ends of stored 


pipes and culverts, and disallowing plastic monofilament netting or similar material for erosion 


control. Before such holes or trenches are filled, they would be thoroughly inspected for trapped 


animals.  


Disruptions of western spadefoot behavior and movement from noise and vibration are not 


expected given field investigations would not cause vibrations exceeding those experienced under 


existing conditions, and activities would be short in duration and require a small extent of ground 


disturbance that field investigations would cause. Where disruptions do occur, implementation of 


the avoidance and minimization measure in Chapter 3, Section 3.6.2.6 and AMM-14: Construction 


Best Management Practices for Biological Resources would minimize the effect with pre-disturbance 


detection, require work stoppage if an individual is detected, and relocation (if needed). To reduce 
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the potential effects of contamination from spills such as fuel or oil, AMM-2: Develop and Implement 


Hazardous Materials Management Plans and AMM-3: Develop and Implement Spill Prevention, 


Control, and Countermeasure Plans would implement spill prevention and control plans (Appendix 


3A).  


6.15.2 North Delta Intakes 


The north Delta intake construction area does not overlap with western spadefoot modeled habitat. 


Activities in this area would not affect the species (Figures 6.15-1 and 6.15-2). 


6.15.3 Tunnels  


The tunnel alignment from the north Delta intakes to the Bethany Complex does not overlap with 


western spadefoot modeled habitat. Activities in this area would not affect the species (Figure 6.15-


1).  


6.15.4 Tunnel Shafts 


There are three types of tunnel shafts: launch shafts, maintenance shafts, and reception shafts. The 


purpose of the tunnel shafts is to launch, maintain, and remove tunnel boring machines at the 


intakes, along the tunnel alignment, and at the Bethany Complex. Western spadefoot modeled 


habitat does not overlap with any tunnel shaft locations (Figure 6.15-1).  


6.15.5 Reusable Tunnel Material 


RTM areas do not overlap with western spadefoot modeled habitat. Activities for these facilities 


would not affect the species (Figure 6.15-1). 


6.15.6 Bethany Complex 


The Bethany Complex would include a pumping plant, surge basin, reception shaft, discharge 


structure, and aqueduct. In addition, a construction water pipeline, electrical substation, switchyard, 


and access roads would be used in support of construction and facilities within the Bethany Complex 


footprint. The construction actions associated with the Bethany Complex are described and 


evaluated at the project level.  


The Bethany Reservoir Aqueduct that connects the Bethany Reservoir Pumping Plant to the Bethany 


Reservoir Discharge Structure would be aboveground, except for two tunneled sections that would 


pass under the Jones Pumping Plant discharge pipelines and Bethany Conservation Easement. The 


tunneled portion of the Bethany Aqueduct under the conservation easement would be constructed 


at a depth of 45 to 180 feet below ground surface, and entry and exit portals to the aqueduct would 


be outside of the conservation easement (Chapter 3, Section 3.2.6.3). All geotechnical and 


construction activities would avoid surface disturbance to the conservation easement. No surface 


facilities (e.g., roads, utilities, or other structures) would be located on top of the conservation 


easement.  


Construction activities at the Bethany Complex include vegetation clearing, grading, excavation, soil 


compaction, building of structures, and the use of construction-related vehicles. Sheet piles for 


construction of the discharge structure would be installed using vibratory pile driving methods. 
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Construction of the Bethany Complex would take place over several years and may require night 


lighting. As described in Chapter 3, Section 3.2.12, all lights used during nighttime construction 


would be downcast, cut-off type fixtures with non-glare finishes, natural light qualities, and 


minimum intensity. 


6.15.6.1 Habitat Loss and Fragmentation 


An estimated 0.20 acre of aquatic habitat (<0.002% of modeled habitat in the action area) and 26.93 


acres of upland habitat (0.92% of the modeled habitat in the action area) would be permanently lost 


as a result of construction at the Bethany Complex (Table 6.15-1, Figure 6.15-6). Modeled western 


spadefoot habitat in the vicinity of Bethany Complex is a mix of low-quality, agricultural habitat near 


Byron Highway and higher quality annual grassland habitat near Bethany Reservoir. Construction of 


the Bethany Complex is likely to incrementally increase habitat fragmentation in the region, but this 


impact is not considered substantial as the overall quality of the remaining habitat would be 


relatively high and there are no new barriers to movement. 


The Western Spadefoot Avoidance and Minimization Measure described in Chapter 3, Section 3.6.2.11 


requires western spadefoot aquatic and upland habitat to be delineated and avoided to the greatest 


extent possible. Where suitable habitat cannot be avoided, compensatory habitat would be 


preserved and created through purchasing of the equivalent amount of agency-approved mitigation 


bank credits or other site protection instruments, as described in CMP-31: Western Spadefoot, in 


Attachment 3B.1 (Table 3B.1-3) to offset the loss. In addition, implementation of AMM-14: 


Construction Best Management Practices for Biological Resources would ensure that temporarily 


disturbed areas are restored to pre-disturbance conditions within 1 year of construction (Appendix 


3A). 


6.15.6.2 Construction-Related Effects 


Use of construction vehicles and heavy equipment could injure or kill western spadefoot. Open 


trenches or other excavation pits have the potential to entrap western spadefoot should individuals 


fall in and not be able to climb out. Construction activities have the potential to produce subsurface 


vibrations, which could be detectable by western spadefoot, disrupt normal behaviors, and cause 


individuals to emerge aboveground at inappropriate times (e.g., before seasonal rain pools fill). 


Construction-related contaminants, such as gas, oil, and cement, or erosion and sedimentation could 


accidentally be discharged into western spadefoot habitat and cause injury or mortality or degrade 


habitat.  


To minimize injury and mortality during construction activities, the Western Spadefoot Avoidance 


and Minimization Measure described in Chapter 3, Section 3.6.2.11 would require delineation of 


western spadefoot habitat at each project site. Identified and delineated habitat be delineated and 


completely avoided to the greatest extent possible. If full avoidance of suitable habitat is not 


possible, seasonal avoidance of habitat would be implemented. Wildlife exclusionary fencing would 


be erected around the construction area where western spadefoot habitat is within 300 feet. A 


biological monitor would conduct daily clearance inspections prior to commencement of activities. 


Additionally, the measure specifies that initial ground disturbance would not occur between 


November 1 and March 31 (extended to April 30 during wet years), to the extent feasible; 


disturbance to rodent burrows would be avoided to the extent feasible; and ground disturbance and 


vegetation removal would be conducted during periods of no to low rainfall.  
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Implementation of AMM-14: Construction Best Management Practices for Biological Resources, 


detailed in Appendix 3A, would further reduce the potential for injury or mortality from 


construction vehicles by setting speed limits. AMM-14 would also require covering steep-walled 


holes or trenches more than 6 inches deep or providing an escape ramp, capping ends of stored 


pipes and culverts, and disallowing plastic monofilament netting or similar material for erosion 


control. Before such holes or trenches are filled, they would be thoroughly inspected for trapped 


animals. The typical tunnel depth for the western spadefoot is 3 feet (1 meter) (Stebbins and 


McGinnis 2012); therefore, injury, mortality, or disruptions to behavior and movement from noise 


and vibration caused by horizontal directional drilling of the Bethany Reservoir Aqueduct are not 


likely to occur. Surface construction activities have the potential to produce subsurface vibrations, 


which could be detectable by western spadefoot, disrupt normal behaviors, and cause individuals to 


emerge aboveground at inappropriate times (e.g., during dry periods). However, the threshold at 


which disruption of normal behaviors would occur is unknown. Where disruptions do occur, 


implementation of the Western Spadefoot Avoidance and Minimization Measure in Chapter 3, Section 


3.6.2.6 and AMM-14 (Appendix 3A) would minimize the effect with pre-disturbance detection, 


require work stoppage if an individual is detected, and relocation (if needed). To reduce the 


potential effects of contamination from spills such as fuel or oil, AMM-2: Develop and Implement 


Hazardous Materials Management Plans and AMM-3: Develop and Implement Spill Prevention, 


Control, and Countermeasure Plans would implement spill prevention and control plans (Appendix 


3A).  


6.15.7 Access Roads 


The construction of new roads and improvements to existing roads are necessary to support project 


construction. New access roads would be either gravel or paved and would be built to connect 


existing roads to construction areas. Existing roads would be widened and improved to support the 


construction-related traffic. The access roads that overlap with western spadefoot modeled habitat 


are those that are in service to, but occur outside of, the Bethany Complex; improvements to Hood-


Franklin Road, and an intake haul road to north Delta intakes. Impacts from access road 


construction within the Bethany Complex are described above in Section 6.15.6. Impacts from access 


road construction within the north Delta intakes are described above in Section 6.15.2. The 


construction actions associated with the access roads are described and evaluated at the project 


level.  


There are three regions where new access roads would be constructed and existing access roads 


would be improved in service of the Bethany Complex: to the northeast of the Bethany Complex, 


connecting Mountain House Road to Byron Highway; between Mountain House Road and the 


Bethany discharge structure; and to the south of the Bethany Complex, connecting Mountain House 


Road to Grant Line Road (Figures 6.15-1). A haul road would be constructed and used to access the 


northern intake facility. Additionally, an existing road would be improved along Hood-Franklin Road 


in service to a Park-and-Ride on Hood-Franklin Road. For more information about access roads see 


Chapter 3, Section 3.2.7. Access roads are depicted in Figures 6.15-1, 6.15-7, and 6.15-18. 


Construction activities for new and widened access roads include clearing, grubbing, moving 


utilities, paving, and the use of construction vehicles. Construction of access roads to the Bethany 


Complex would take place over several years during daylight hours, with the exception of the traffic 


bypass at Mountain House Road where construction would occur at night. All lights used during 


nighttime construction would be downcast, cut-off type fixtures with non-glare finishes, natural 


light qualities, and minimum intensity. Construction-related lighting would be downcast and 
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motion-activated so as not to subject the immediate surroundings to light level extremes; however, 


these types of lights generate an ambient nighttime luminescence that is visible from a distance 


(Chapter 3, Section 3.2.12). 


6.15.7.1 Habitat Loss and Fragmentation 


There are three areas where access roads overlap with or occur adjacent to western spadefoot 


modeled habitat: road improvements on Hood-Franklin Road, an intake haul road to the intake 


north of Hood (Intake B), and an access road from the Bethany Reservoir Discharge structure 


(Figures 6.15-1). Access roads are further described in Chapter 3, Section 3.2.7. Access roads would 


not result in loss of modeled aquatic habitat. The modeled upland habitat that overlaps with road 


improvement activities around both north Delta intakes are near Stones Lake National Wildlife 


Refuge is considered to be of higher quality given the large seasonal wetland/vernal pool complex 


present. The modeled upland habitat that overlaps with the access road near the Bethany Reservoir 


Discharge Structure is of moderate quality, consisting of rolling hills of annual grasslands. 


Access road construction would result in the loss of 5.91 acres of upland habitat (0.20% of modeled 


western spadefoot habitat in the action area) and 1.93 acres of temporary disturbance to upland 


habitat (<0.001% of modeled western spadefoot habitat in the action area) (Figure 6.15-1). The 


road improvements near north Delta intakes and Hood-Franklin Road would not increase habitat 


fragmentation as access roads that overlap with model habitat are existing roads and no new roads 


are proposed in modeled habitat western spadefoot habitat. Access road construction at Bethany 


Reservoir Discharge Structure would be a new road within undeveloped habitat and could 


contribute to habitat fragmentation. 


To minimize permanent and temporary habitat loss, Western Spadefoot Avoidance and Minimization 


Measure described in Chapter 3, Section 3.6.2.11 would require suitable western spadefoot aquatic 


and upland habitat to be delineated and avoided to the greatest extent possible. Where suitable 


habitat cannot be avoided, habitat would be preserved and created through purchasing of the 


equivalent amount of agency-approved mitigation bank credits or other site protection instruments, 


as described in CMP-31: Western Spadefoot in Attachment 3B.1 (Table 3B.1-3). In addition, 


implementation AMM-14: Construction Best Management Practices for Biological Resources would 


ensure that temporarily disturbed areas are restored to pre-disturbance conditions within 1 year of 


construction (Appendix 3A). 


6.15.7.2 Construction-Related Effects 


Ground-disturbing activities (e.g., excavation and soil boring) that occur within occupied or 


presumed occupied by western spadefoot habitat have potential to result in the loss or degradation 


of that habitat and the potential for injury or mortality to western spadefoot individuals. For 


example, construction-related fluids or sediments could be inadvertently discharged into modeled 


habitat. Used of construction vehicles and heavy equipment could injure or kill western spadefoot. 


Subsurface vibrations from construction could be detected by western spadefoot, disrupt normal 


behaviors, and cause individuals to emerge aboveground at inappropriate times (e.g., when seasonal 


pools are dry). 


To minimize injury and mortality during access road construction, the Western Spadefoot Avoidance 


and Minimization Measure described in Chapter 3, Section 3.6.2.11 would require delineation of 


western spadefoot habitat at each project site. Identified and delineated habitat be delineated and 


completely avoided to the greatest extent possible. If full avoidance of suitable habitat is not 







CA Department of Water Resources 


 


Effects Analysis for Delta Smelt and Terrestrial Species 
 


Delta Conveyance Project, Biological Assessment 
6-261 


May 2024 
ICF 103653  


 


possible, seasonal avoidance of habitat will be implemented, wildlife exclusionary fencing will be 


erected around western spadefoot habitat within 300 feet, and a biological monitor would conduct 


daily clearance inspections prior to commencement of activities. Additionally, the measure specifies 


that initial ground disturbance would not occur between November 1 and March 31 (extended to 


April 30 during wet years), to the extent feasible; disturbance to rodent burrows would be avoided 


to the extent feasible; and ground disturbance and vegetation removal would be conducted during 


periods of no to low rainfall.  


Implementation of AMM-14: Construction Best Management Practices for Biological Resources, 


detailed in Appendix 3A, would further reduce the potential for injury or mortality from 


construction vehicles by setting speed limits. AMM-14 would also require covering steep-walled 


holes or trenches more than 6 inches deep or providing an escape ramp, capping ends of stored 


pipes and culverts, and disallowing plastic monofilament netting or similar material for erosion 


control. Before such holes or trenches are filled, they would be thoroughly inspected for trapped 


animals.  


Disruptions of western spadefoot behavior and movement from noise and vibration are not 


expected given access road construction would not cause vibrations exceeding those experienced 


under existing conditions, and activities would be short in duration and require a relatively small 


extent of ground disturbance. Where disruptions do occur, implementation of the avoidance and 


minimization measures in Chapter 3, Section 3.6.2.6 and AMM-14: Construction Best Management 


Practices for Biological Resources (Appendix 3A) would minimize the effect with pre-disturbance 


detection, require work stoppage if an individual is detected, and relocation (if needed). To 


minimize effects from construction-related fluids and contaminants, the following general measures 


described in Appendix 3A would be implemented: AMM-1: Conduct Environmental Resources Worker 


Awareness Training; AMM-2: Develop and Implement Hazardous Materials Management Plans; AMM-


3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans; and AMM-14: 


Construction Best Management Practices for Biological Resources. 


6.15.8 Electrical and SCADA Facilities 


The following discussion includes an analysis of electrical facility types (e.g., electrical powerlines, 


substation on Lower Roberts Island) where they occur outside one of the project feature footprints 


described in the above sections (e.g., north Delta intakes, Bethany Complex). Where the construction 


footprint of an electrical facility type (e.g., switching station, substation) falls within a larger facility 


construction footprint, such as Bethany Complex, the effects associated with that facility type are 


discussed in the relative sections.  


Most of the power for project construction and operation would be supplied by existing power lines 


or new lines added to existing poles, but additional electrical facilities would be needed at all project 


facility locations. Power lines for the intake and tunnel shafts would be placed underground while a 


new aboveground high-voltage power transmission line would be constructed to power the Bethany 


Complex. A new aboveground power line and substation would also be constructed at Lower 


Roberts Island.  


Similar to power, new SCADA lines would be needed at the intakes, tunnel launch shafts, and the 


Bethany Complex. SCADA lines could be placed within existing telecommunications infrastructure 


corridors where possible, including on existing aboveground poles. Where existing infrastructure is 


not available, SCADA lines would be buried, primarily along existing roads and access routes. For 
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more details about the activities associated with electrical and SCADA facilities, see Chapter 3, 


Sections 3.2.10 and 3.2.11.  


Underground power would mostly be installed alongside existing or new roads within the roadway 


right-of-way; however, there are a few short sections of line that move away from the road 


alignment into agricultural lands at Lower Roberts Island and the Twin Cities Complex. Construction 


of electrical and SCADA facilities would require vehicular access to each tower or pole location. 


Vehicular access routes to new tower or pole locations would use existing routes or new access 


routes as described in Section 6.15.7. The duration of construction and installation of new electrical 


and SCADA facilities would not be more than 1 year at any one location. See Appendix 6A for details 


about the impact assessment method.  


6.15.8.1 Habitat Loss and Fragmentation 


Construction footprints for electrical and SCADA facilities overlap with modeled western spadefoot 


habitat near Hood Junction, Franklin Blvd., Bruceville Road, west SR 12, and Bethany Complex 


(Figures 6.15-10, 6.15-11, 6.15-15, and 6.15-16). Construction of the electrical facilities would result 


in the permanent loss of 0.05 acre of modeled upland habitat (<0.01% of modeled upland habitat in 


the action area). Construction of the electrical and SCADA facilities would result in temporary 


disturbance of 0.43 acre of upland habitat (Table 6.15-1; 0.001% of modeled upland habitat in the 


action area). The temporarily disturbed habitat is a mix of low-quality agricultural land cover and 


higher quality annual grassland landcover. The temporary disturbance would not result in an 


increase in habitat fragmentation because permanent habitat loss is very small no new barriers to 


movement would be created.  


The Western Spadefoot Avoidance and Minimization Measure described in Chapter 3, Section 3.6.2.11 


requires western spadefoot aquatic and upland habitat to be delineated and avoided to the greatest 


extent possible. Where suitable habitat cannot be avoided, habitat would be preserved and created 


through purchasing of the equivalent amount of agency-approved mitigation bank credits or other 


site protection instruments, as described in CMP-31: Western Spadefoot in Attachment 3B.1 (Table 


3B.1-3). In addition, implementation AMM-14: Construction Best Management Practices for 


Biological Resources would ensure that temporarily disturbed areas are restored to pre-disturbance 


conditions within 1 year of construction (Appendix 3A). 


6.15.8.2 Construction-Related Effects 


Use of construction vehicles and heavy equipment could injure or kill western spadefoot. Spade 


could become entrap in open trenches if they fall in and cannot climb out. Spadefoot could become 


entangled in erosion control material. Construction activities have the potential to produce 


subsurface vibrations, which could be detected by western spadefoot and disrupt normal behaviors 


and cause individuals to emerge aboveground at inappropriate times (e.g., when seasonal pools are 


dry). However, the threshold at which disruption of normal behaviors would occur is unknown. 


Construction-related contaminants, such as gas, oil, and cement, or erosion and sedimentation could 


accidentally be discharged into spadefoot habitat and cause injury or mortality or degrade habitat.  


To minimize injury and mortality during construction, the Western Spadefoot Avoidance and 


Minimization Measure described in Chapter 3, Section 3.6.2.11 would require delineation of western 


spadefoot habitat at each project site. Identified and delineated habitat be delineated and completely 


avoided to the greatest extent possible. If full avoidance of suitable habitat is not possible, seasonal 


avoidance of habitat will be implemented, wildlife exclusionary fencing will be erected around 
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western spadefoot habitat within 300 feet, and a biological monitor would conduct daily clearance 


inspections prior to commencement of activities. Additionally, the measure specifies that initial 


ground disturbance would not occur between November 1 and March 31 (extended to April 30 


during wet years), to the extent feasible; disturbance to rodent burrows would be avoided to the 


extent feasible; and ground disturbance and vegetation removal would be conducted during periods 


of no to low rainfall.  


Implementation of AMM-14: Construction Best Management Practices for Biological Resources, 


detailed in Appendix 3A, would further reduce the potential for injury or mortality from 


construction vehicles by setting speed limits. AMM-14 would also require covering steep-walled 


holes or trenches more than 6 inches deep or providing an escape ramp, capping ends of stored 


pipes and culverts, and disallowing plastic monofilament netting or similar material for erosion 


control. Before such holes or trenches are filled, they would be thoroughly inspected for trapped 


animals. To reduce the potential effects of contamination from spills such as fuel or oil, AMM-2: 


Develop and Implement Hazardous Materials Management Plans and AMM-3: Develop and Implement 


Spill Prevention, Control, and Countermeasure Plans would implement spill prevention and control 


plans (Appendix 3A).  


6.15.9 Other Construction Support Facilities 


Other construction support facilities include the following project feature types where they occur 


outside one of the project feature footprints described in the above sections:30 concrete and 


controlled low-strength backfill material (CLSM) batch plants, park-and-ride lots, and a metering 


area near Christensen Road. CLSM batch plants and park-and-ride lots do not overlap with western 


spadefoot modeled habitat.  


 Construction of the metering area would result in the permanent loss of 0.02 acre (<0.01% of 


modeled upland habitat within the study area) and temporary disturbance of 0.01 acre of modeled 


western spadefoot upland habitat (<0.01% of modeled upland habitat within the study area) (Figure 


6.15-3). The metering area would support new overhead power lines. The small permanent loss of 


modeled habitat would not result in habitat fragmentation and would not adversely affect western 


spadefoot. Impacts to habitat and western spadefoot would be minimized as described in Section 


6.15.8.1. 


6.15.10 Contra Costa Water District Interconnection Facilities 


The CCWD interconnection facility construction area does not overlap with western spadefoot 


modeled habitat. Activities in this area would not adversely affect the species (Figure 6.15-5).  


6.15.11 Compensatory Mitigation Plan 


6.15.11.1 Initial Mitigation Sites: Bouldin Island and I-5 Ponds 


The Bouldin Island and I-5 Pond 6 creation and enhancement sites do not overlap with western 


spadefoot modeled habitat; therefore, construction activities at those sites would have no effect on 


 
As described in Appendix 6A, the project features evaluated in this section occur outside the primary construction 
locations, such as north Delta intakes and Bethany Complex. For example, there are impacts from road work areas 
included in Section 6.3.7, Access Roads, and Section 6.3.6, Bethany Complex, but the road work area described in this 
section occurs in a discreet location, outside a large project footprint.  
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the species. However, western spadefoot modeled habitat overlaps with initial mitigation sites at the 


Ponds 7 and 8 (Figures 6.15-1 and 6.15-18). 


Construction of habitat creation and enhancement sites under the CMP would involve ground 


disturbance, grading, vegetation removal, the use of heavy equipment, and presence of personnel to 


enhance and restore habitats. Habitat creation and enhancement would take several years to 


construct and would not require night lighting.  


Habitat Loss and Fragmentation 


Western spadefoot modeled habitat overlaps with I-5 Ponds 7 and 8. The creation and enhancement 


of habitats at these initial mitigation sites would impact 59.83 acres of modeled spadefoot aquatic 


habitat and 89.90 acres of modeled upland habitat. This represents 0.50% of the modeled aquatic 


habitat and 3.07% of the modeled upland habitat within the action area.  


Despite this, it is unlikely that Ponds 7 and 8 have ever been or will become occupied by the western 


spadefoot. Many of the Delta islands were historically tidal marsh and therefore did not historically 


support appropriate habitat for vernal pool species. While Ponds 7 and 8 are technically within the 


species defined range, there are no known spadefoot populations within a 20-mile radius of the 


initial mitigation sites (California Department of Fish and Wildlife 2024). The only exception is the 


occurrence, from 1922, along SR 4; this population is considered extirpated and is separated from 


more recent occurrences by significant migration barriers (e.g., I-5, I-205, I-580, active agriculture, 


and urban development) (California Department of Fish and Wildlife 2024). Ponds 7 and 8 are 


unlikely to be occupied by western spadefoot due to the absence of possible immigration routes and 


the presence of movement barriers, such as SR 12 to the south and active agriculture to the east, 


west, and north of the property.  


Additionally, the disturbance to modeled habitat at Ponds 7 and 8 would be temporary in that it 


would occur over one construction season. The creation and enhancement actions at the initial 


mitigation sites would convert the existing, low- to high-quality aquatic habitat (e.g., depression 


[lake/pond], agricultural ditch) and upland habitat (grassland patches and agricultural fields along 


agricultural ditches, valley/foothill riparian) to moderate- to high-quality aquatic habitat (nontidal 


freshwater emergent wetland and depression [lake/pond]) and moderate- to high-quality upland 


habitat (uplands adjacent to aquatic habitat). The initial mitigation sites that would be protected and 


managed in perpetuity for other special-status species may be suitable for western spadefoot, 


should occupation ever occur. Modeled habitat loss at Ponds 7 and 8 is not likely to adversely affect 


western spadefoot and would not increase habitat fragmentation  


CMP-0: General Design Guidelines (Attachment 3B.1, Table 3B.1-2) requires compensatory mitigation 


lands address critical life functions for species and that there be no net loss in species habitat or 


habitat value as a result of compensatory mitigation. See Tables 3B-7, 3B-13, and 3B-14 in Appendix 


3B to better understand the increase in extent of high-quality aquatic habitat and Section 3B.7 to 


better understand how habitat function would be defined and monitored.  


Construction-Related Effects 


Western spadefoot is unlikely to be affected by construction-related activities at Ponds 7 and 8 


because the property is not likely occupied by western spadefoot. However, if the species were 


occupying work areas, ground disturbance could result in the injury, mortality, and disruption of 


normal behaviors of western spadefoot adults, eggs, and hatchlings. Westen spadefoot could be 
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trapped in open trenches or other excavations and become vulnerable to predation. Construction 


activities could also result in the exposure of western spadefoot to construction-related fluids, such 


as fuels, oils, and cement, which could result in injury and mortality of eggs, hatchlings, and adults. 


Construction noise and vibration could be detectible by western spadefoot and disrupt normal 


behaviors and result in increased energy expenditures. The threshold at which disruption of normal 


behaviors would occur is unknown.  


To minimize injury and mortality during construction, the Western Spadefoot Avoidance and 


Minimization Measure described in Chapter 3, Section 3.6.2.11 would require delineation of western 


spadefoot habitat at each project site. Identified and delineated habitat be delineated and completely 


avoided to the greatest extent possible. If full avoidance of suitable habitat is not possible, seasonal 


avoidance of habitat will be implemented, wildlife exclusionary fencing will be erected around 


western spadefoot habitat within 300 feet, and a biological monitor would conduct daily clearance 


inspections prior to commencement of activities. Additionally, the measure specifies that initial 


ground disturbance does not occur between November 1 and March 31 (extended to April 30 during 


wet years), to the extent feasible; disturbance to rodent burrows be avoided to the extent feasible; 


and ground disturbance and vegetation removal be conducted during periods of no to low rainfall.  


Implementation of AMM-14: Construction Best Management Practices for Biological Resources, 


detailed in Appendix 3A, would further reduce the potential for injury or mortality from 


construction vehicles by setting speed limits. AMM-14 would also require covering steep-walled 


holes or trenches more than 6 inches deep or providing an escape ramp, capping ends of stored 


pipes and culverts, and disallowing plastic monofilament netting or similar material for erosion 


control. Before such holes or trenches are filled, they would be thoroughly inspected for trapped 


animals. Construction activities have the potential to produce subsurface vibrations, which could be 


detectable by western spadefoot and disrupt normal behavior; however, the threshold at which 


disruptions of normal behavior would occur is unknown. Where disruptions do occur, 


implementation of the Western Spadefoot Avoidance and Minimization Measure in Chapter 3, Section 


3.6.2.6 and AMM-14 (Appendix 3A) would minimize the effect with pre-disturbance detection, 


require work stoppage if an individual is detected, and relocation (if needed). To reduce the 


potential effects of contamination from spills such as fuel or oil, AMM-2: Develop and Implement 


Hazardous Materials Management Plans and AMM-3: Develop and Implement Spill Prevention, 


Control, and Countermeasure Plans would implement spill prevention and control plans (Appendix 


3A).  


6.15.11.2 Mitigation/Conservation Bank Credits 


Mitigation or conservation bank credits may be purchased to meet compensatory mitigation 


requirements for California red-legged frog, California tiger salamander, western spadefoot, vernal 


pool fairy shrimp, vernal pool tadpole shrimp, alkali seasonal wetland, and vernal pool habitat. 


Mitigation or conservation bank credits for these species or wetlands would be purchased at banks 


that have been approved by USFWS, and would have measures to avoid, minimize, and offset any 


effects to listed species. Therefore, the purchase of mitigation or conservation bank credits for 


special-status species would not result in additional adverse effects on western spadefoot.  


6.15.11.3 Non-Bank Site 


In the instance that mitigation or conservation bank credits for vernal pools and alkali seasonal 


wetlands described in Section 6.15.11.2, Mitigation/Conservation Bank Credits, are not available in 
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part or in full, a non-bank site may be used. Non-bank sites are evaluated programmatically and 


would be subject to future, “step down’ consultation when site-specific information becomes 


available. A non-bank site would protect, enhance, and manage suitable vernal pool or alkali 


seasonal wetland habitat. If non-bank sites are used for vernal pool or alkaline wetland creation or 


enhancement (Appendix 3B, Section 3B.3.2.4), these activities could occur in areas where western 


spadefoot have potential to occur.  


Construction and management activities could include ground disturbance, require some vehicle 


traffic and use of heavy equipment, and use of contaminants such as fuels, oils, and herbicides, which 


could result in the injury, mortality, and disruption of normal behaviors of western spadefoot. 


Chapter 3, Section 3.6.2.11 would minimize impacts by requiring preconstruction surveys, requiring 


the presence of a qualified biological monitor, minimizing ground disturbing activities, minimizing 


nighttime construction, avoiding initial ground disturbance work during periods of rainfall, 


implementing a relocation plan, and installing exclusion fencing around the perimeter of 


construction sites where western spadefoot habitat is within 300 feet of construction activities 14 


days prior to construction to reduce effects of construction. To reduce the potential effects of 


contamination from spills, AMM-2: Develop and Implement Hazardous Materials Management Plans, 


and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


require spill prevention and control plans be created and implemented (Appendix 3A). With these 


measures in place, and the long-term benefits associated with protection and long-term 


management of Western spadefoot habitat, implementation of non-bank sites is not expected to 


adversely affect the species.  


6.15.11.4 Site Protection Instruments 


Site protection instruments may be used to protect and enhance agricultural and other lands that 


provide suitable habitat for species such as greater sandhill crane, Swainson’s hawk, and tricolored 


blackbird. Site protection instruments, including real estate protection instruments, ensure the long-


term protection of a mitigation site (Wood and Martin 2016). No construction activities would occur 


for site protection instruments.  


6.15.11.5 Channel Margin Enhancements 


To offset the adverse effects of project construction on juvenile salmonids, a total of 3,619 linear feet 


of channel margin habitat would be constructed and maintained as part of the CMP (Appendix 3B). 


Channel margin enhancement would improve channel geometry and restore riparian, marsh, and 


mudflat habitats on the waterside of levees along channels that provide rearing and outmigration 


habitat for juvenile salmonids.  


The location(s) for channel margin enhancement is not known; however, locations along the 


Sacramento River between Freeport and Georgiana Slough, especially near the north Delta intakes, 


have been identified as areas of low-quality habitat for migrating salmonids that would benefit from 


enhancement actions.  


Enhancement would entail replacing armored or otherwise altered channel banks with more natural 


shoreline habitats that provide shallow, slow-velocity river margins, overhanging riparian 


vegetation, and future woody debris sources. To maintain the current extent of in-water habitat and 


level of flood protection, the existing levee would need to be reconstructed to be set back from the 


shoreline. Waterside and landside improvements would be implemented to create enhanced channel 


margin habitat and provide continued flood protection.  
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Waterside improvements would entail degrading the existing levee to create gently sloping banks 


that gradually transition from tule marsh to riparian vegetation on the face of the new setback levee. 


While enhanced habitat would primarily be provided by native vegetation, ballasted large wood may 


be incorporated into the channel bank in some locations for enhanced complexity and refugia. While 


the heavily vegetated bank would provide some wave attenuation value, erosion protection may still 


be required along the waterside of the setback levee. Bio-technical bank treatments, which combine 


cobble and other erosion-resistant materials with willows and other plantings, would be employed 


as much as possible. Following all grading, the site would be revegetated, through a combination of 


active and passive methods. Riparian and upland areas would be actively seeded, planted, and 


temporarily irrigated during the initial establishment period. Intertidal wetland areas would be 


revegetated through a combination of active planting and passive natural recruitment. 


Landside improvements would include the construction of a new setback levee behind and 


connected to the existing levee. The actual extent of earthmoving required for levee construction 


would vary significantly by site depending on the degree of land subsidence and the level of flood 


protection needed. It is anticipated that imported fill would be needed to construct some or all of the 


new setback levee. Material generated by degrading the existing levee would be reused in the new 


levee construction as much as feasible based on timing, soil suitability, and other factors. 


Channel margin enhancement would involve using the following equipment. 


• Large mechanized equipment (typically, a trackhoe) to remove riprap from channel margins. 


• Grading equipment such as trackhoes and bulldozers to modify the channel margin side of 


levees or setback levees to create low floodplain benches with variable surface elevations that 


create hydrodynamic complexity and support emergent vegetation. 


• Trackhoes, bulldozers, and cranes to install large woody material (e.g., tree trunks and stumps) 


into constructed low benches or into existing riprapped levees to provide physical complexity. 


Habitat Loss and Fragmentation 


Channel margin enhancement has the potential to result in a loss of modeled western spadefoot 


habitat; however, because the project would occur along existing levees of agricultural properties, 


impacts on modeled habitat are unlikely, and only a relatively small amount of habitat has the 


potential to be affected. To minimize permanent habitat loss, the Western Spadefoot Avoidance and 


Minimization Measure (Chapter 3, Section 3.6.2.11) would require suitable western spadefoot 


habitat to be avoided to the greatest extent possible. Where suitable habitat cannot be avoided and 


is permanently lost, the lost suitable habitat would be offset through mitigation determined by site-


specific permitting and the CMP (Appendix 3B, Section 3B.1, Section 3B.2.4, and Attachment 3B.1, 


Table 3B.1-2, CMP-0: General Design Guidelines and, Table 3B.1-3, CMP-31: Western Spadefoot 


Habitat). 


Construction-Related Effects 


Use of construction vehicles and heavy equipment could injure or kill western spadefoot. Open 


trenches or other excavation pits have the potential to entrap western spadefoot if they should fall 


in and not be able to climb out. Spadefoot could become entangled in erosion-control materials. 


Construction activities have the potential to produce subsurface vibrations, which could be 


detectible by western spadefoot and disrupt normal behaviors and cause individuals to emerge 


aboveground at inappropriate times (e.g., during the day, during dry periods). However, the 
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threshold at which disruption of normal behaviors would occur is unknown. Construction-related 


contaminants, such as gas, oil, and cement, or erosion and sedimentation could accidentally be 


discharged into western spadefoot habitat and cause injury or mortality or degrade habitat.  


To reduce the potential for injury and mortality during construction of channel margin 


enhancement sites, the Western Spadefoot Avoidance Minimization Measure (Chapter 3, Section 


3.6.2.11) r would require delineation of western spadefoot habitat at each project site. Identified 


and delineated habitat be delineated and completely avoided to the greatest extent possible. If 


avoidance is not possible, wildlife exclusion fencing would be erected around the perimeter of 


construction sites where western spadefoot habitat is within 300 feet, and a biological monitor 


would conduct daily clearance inspections prior to commencement of activities. Additionally, initial 


ground disturbance would be avoided between November 1 and March 31 (extended to April 30 


during wet years) to the extent feasible; disturbance to rodent burrows would be avoided to the 


extent feasible; and initial ground disturbance and vegetation removal would be conducted during 


periods of no to low rainfall.  


AMM-14: Construction Best Management Practices for Biological Resources would further reduce the 


potential for injury or mortality from construction vehicles by setting speed limits, requiring steep-


walled holes or trenches more than 6 inches deep be covered or an escape ramp be provided, 


capping ends of stored pipes and culverts, implementing a relocation plan, and prohibiting plastic 


monofilament netting or similar material for erosion control. To reduce the potential effects of 


contamination from spills, AMM-2: Develop and Implement Hazardous Materials Management Plans 


and AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans would 


require spill prevention and control plans be written and implemented (Appendix 3A).  


6.15.11.6 Tidal Perennial/Emergent Wetland Restoration 


To offset the adverse effects of project construction and operations on listed fish species (e.g., 


Chinook salmon, delta smelt), a total of 3,500 acres of tidal habitat would be constructed and 


maintained as part of the CMP (Appendix 3B). Tidal perennial and tidal freshwater emergent 


wetland habitats provide important foraging and refugia habitat for listed fish species. The 


restoration of tidal perennial and wetland habitat, particularly complex wetland systems containing 


dendritic channels and shallow subtidal areas, is intended to support improved survival and growth 


(including food production) of one or more life stages of each listed fish species addressed in the 


biological assessment. Tidal restoration sites within the lower Yolo Bypass and Cache Slough 


Complex will be prioritized as these areas would provide greater benefits for target fish species.  


Tidal restoration will generally be achieved by reconnecting former wetland areas to adjacent tidal 


sloughs and rivers. Restoration would primarily occur through breaching or setback of levees, thereby 


restoring tidal fluctuation to land parcels currently isolated behind those levees. Where practicable 


and appropriate, portions of restoration sites will be raised to elevations that will support tidal marsh 


vegetation following levee breaching.  


Typical actions required to create suitable tidal marsh habitat at these sites include grading, 


planting, and infrastructure modifications, such as protection, removal and/or relocation of existing 


utilities, pumping systems, and other water management structures. Earthwork often includes 


breaching an existing levee or berm to reintroduce tidal action to the site. Other grading may be 


performed prior to breaching to create wetland features that enhance habitat function, including 


tidal channels, tidal pannes and tidal ponds. At certain sites, more significant earthmoving may be 


required to raise subsided areas to intertidal elevations or to reinforce surrounding levees.  
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Depending on the project location, it also may be necessary to construct an entirely new flood 


control levee along portions of the project perimeter to protect adjacent properties. The actual 


extent of earthmoving required can vary significantly depending on the existing topography of the 


site.  


Following earthwork and grading, the site would be revegetated, likely through a combination of 


active and passive methods. Any riparian and/or upland areas would be actively seeded, planted, 


and temporarily irrigated during the initial establishment period. Intertidal wetland areas may 


revegetate actively, be allowed to recolonize passively through natural recruitment, or experience a 


combination of the two.  


Levee breaching will require removing levee materials from within and adjacent to tidal and other 


aquatic habitats. Levee breaching will entail in-water work using construction equipment such as 


bulldozers, backhoes, and barges. Removed levee materials will be placed on the remaining levee 


sections, placed within the restoration area, or hauled to a disposal area. 


Typically work would be sequenced so that grading and infrastructure improvements occur first, 


followed by planting and finally breaching of the existing levee to reintroduce tidal action. 


Habitat Loss and Fragmentation 


Tidal wetland restoration sites at lower Yolo Bypass and the Cache Slough Complex have potential to 


overlap with western spadefoot habitat, particularly if the selected site includes grassland and 


vernal pool complex habitats that border the Cache Slough Complex to the south and east (i.e., the 


upland areas connected to the greater Jepson Prairie area).  


Construction of tidal restoration sites typically include a landside levee that protects adjacent 


uplands from flooding, thus avoiding impacts on western spadefoot habitat. However, there remains 


some potential for suitable western spadefoot habitat to be permanently lost. The Western Spadefoot 


Avoidance and Minimization Measure detailed in Chapter 3, Section 3.6.2.11 would require 


delineation of western spadefoot habitat at each project site. Identified and delineated habitat be 


delineated and completely avoided to the greatest extent possible. Where suitable habitat cannot be 


avoided, and is permanently lost, the lost suitable habitat would be offset through mitigation 


determined by site-specific permitting and the CMP (Appendix 3B, Section 3B.1, Section 3B.2.4, and 


Attachment 3B.1, Table 3B.1-2, CMP-0: General Design Guidelines, and Table 3B.1-3, CMP-31: 


Western Spadefoot Habitat). In addition, AMM-14: Construction Best Management Practices for 


Biological Resources would ensure that temporarily disturbed areas are restored to pre-disturbance 


conditions within 1 year of construction (Appendix 3A). If spadefoot habitat is permanently lost, the 


CMP and site-specific permitting approvals would ensure that there is no significant loss in habitat 


or habitat value by adjusting the overall commitment (Appendix 3B, Sections 3B.1 and 3B.2.4, and 


Attachment 3B.1, Table 3B.1-2, CMP-0: General Design Guidelines). 


Construction-Related Effects 


Use of construction vehicles and heavy equipment could injure or kill spadefoot individuals. Open 


trenches or other excavation pits have the potential to entrap western spadefoot should they fall in 


and not be able to climb out. Spadefoot could become entangled in erosion control materials. 


Construction activities have the potential to produce subsurface vibrations, which could be 


detectible by spadefoot and disrupt normal behaviors and cause individuals to emerge aboveground 


at inappropriate times (e.g., during dry periods). However, the threshold at which disruption of 
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normal behaviors would occur is unknown. Construction-related contaminants, such as gas, oil, and 


cement, or erosion and sedimentation could accidentally be discharged into spadefoot habitat and 


cause injury or mortality or degrade habitat.  


To reduce the potential for injury and mortality during construction of tidal wetland restoration 


sites, the Western Spadefoot Avoidance and Minimization Measure described in Chapter 3, Section 


3.6.2.11 would require delineation of western spadefoot habitat at each project site. Identified and 


delineated habitat be delineated and completely avoided to the greatest extent possible. If avoidance 


is not possible, wildlife exclusion fencing would be erected around the perimeter of construction 


sites where spadefoot habitat is within 300 feet, and a biological monitor would conduct daily 


clearance inspections prior to commencement of activities. Additionally, initial ground disturbance 


would be avoided between November 1 and March 31 (extended to April 30 during wet years) to the 


extent feasible; disturbance to rodent burrows would be avoided to the extent feasible; and ground 


disturbance and vegetation removal would be conducted during periods of no to low rainfall.  


AMM-14: Construction Best Management Practices for Biological Resources would further reduce the 


potential for injury or mortality from construction vehicles by setting speed limits; requiring steep-


walled holes or trenches more than 6 inches deep be covered or an escape ramp be provided; 


capping ends of stored pipes and culverts; implementing a relocation plan; and prohibiting plastic 


monofilament netting or similar material for erosion control (Appendix 3A). To reduce the potential 


effects of contamination from spills, AMM-2: Develop and Implement Hazardous Materials 


Management Plans and AMM-3: Develop and Implement Spill Prevention, Control, and 


Countermeasure Plans would require spill prevention and control plans be written and 


implemented.  


6.15.12 Effects on Critical Habitat 


Critical habitat has not been designated for western spadefoot. 


6.15.13 Cumulative Effects 


Cumulative effects are defined under Section 7 of the Endangered Species Act as the effects of future 


state, Tribal, local, or private actions that are reasonably certain to occur in the action area. Future 


federal actions are not addressed in a Section 7 cumulative effects analysis because they require 


separate consultation pursuant to Section 7 of the Endangered Species Act. Potential cumulative 


effects on western spadefoot in the action area include habitat loss and fragmentation, changes in 


agricultural and land management practices, predation from introduced and native species, and 


water pollution. Both habitat loss and fragmentation, and changes in land management practices, 


could result from conversion of agricultural land to more developed land uses (which is not likely to 


be extensive due to existing constraints upon land use changes) or from conversion of agricultural 


land to different crop types having lower habitat suitability (which is not foreseeable). Habitat loss 


or degradation from agricultural practices is not expected to increase in the foreseeable future as 


agriculture in the Delta is assumed to be fully developed. Predation by an existing introduced native 


species is likely to be maintained at levels comparable to current conditions; the introduction of new 


predators or parasites is possible, but not foreseeable, nor are the consequences of such an 


introduction.  
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Chapter 7 
Effects Determinations 


7.1 Introduction  
The Biological Assessment (BA) determination of effects on listed species and their designated 
critical habitat presented in this chapter considers direct and indirect effects of the proposed action. 
As detailed in Section 1.7, Consultation Approach, of Chapter 1, Introduction, this BA focuses on 
construction-related effects. However, the determination of effects also considers dependent effects 
associated with proposed operations of the proposed action as described in Appendix 7A 
(Framework Programmatic Assessment for the Delta Conveyance Project and Sites Reservoir Project). 
Proposed operations for the Delta Conveyance Project are included in this BA to support assessment 
of the project as a whole.  Operations and maintenance are assessed at a programmatic level for this 
BA; detailed effects analyses, as well as the qualitative, cumulative, and programmatic analyses that 
they inform, are presented in Appendix 5C, Operations and Maintenance Effects Analysis for Chinook 
Salmon, Central Valley Steelhead, Green Sturgeon, and Killer Whale, and Appendix 6C, Operations and 
Maintenance Effects Analysis for Delta Smelt, Longfin Smelt, and Terrestrial Species.  


The determination of effects in this chapter also considers effects associated with actions identified 
in the environmental baseline and effects anticipated to result from future state or private activities 
that are reasonably certain to occur (i.e., cumulative effects). This chapter presents a summary of the 
effects on the listed species and their designated critical habitat from construction of the proposed 
action that were discussed in detail in Chapters 4 through 6. 


7.2 Chinook Salmon, Sacramento River Winter-Run 
Evolutionarily Significant Unit 


7.2.1 Determination of Effects on Sacramento River Winter-
Run Chinook Salmon 


The proposed action is expected to result in incidental take of Sacramento River winter-run 
Evolutionarily Significant Unit (ESU) Chinook salmon associated with construction effects because 
there would be the potential for spatial and temporal overlap with the species population, as well as 
loss of aquatic habitat. Specific construction activities with potential effects include pile driving, in-
water use of construction equipment, and the accidental discharge of contaminants (Chapter 5, 
Effects Analysis for Chinook Salmon, California Central Valley Steelhead, Green Sturgeon, and Killer 
Whale, Section 5.4, Effects of Water Facility Construction on Chinook Salmon, Central Valley Steelhead, 
and Green Sturgeon). Pile driving during construction at the north Delta intakes would result in 
sound levels potentially harmful to fish in the vicinity when adult Sacramento River winter-run 
Chinook salmon could be present in the north Delta (June and July). While acoustic effects (sounds 
levels) are a prominent source of potential impact, other sources of potential impacts include water 
quality effects, direct physical injury, prey availability, predation, water temperature, and habitat 
extent. Juvenile Sacramento River winter-run Chinook salmon are not expected to be in the north 
Delta from June through October. In addition to pile driving, the effects of construction activities 
include permanent loss of channel margin habitat of approximately 3,124 linear feet of Sacramento 
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River channel and a temporary impact on 494 linear feet. Tidal perennial habitat would also be 
affected, with a permanent loss of 5.6 acres and a temporary loss of 1.5 acres.  


These impacts would be minimized through avoidance and minimization measures (AMMs), 
including channel margin and tidal perennial habitat restoration (Table 3B.S-1). The loss of the 
channel margin habitat directly affects designated critical habitat and would be mitigated at an 
approved restoration site and/or through the purchase of conservation credits at an approved 
conservation bank. Additionally, construction-related impacts would be minimized by AMM-26: 
Develop and Implement an Underwater Sound Control and Abatement Plan and AMM-27: Develop and 
Implement a Barge Operations Plan. 


The proposed action also contains several general AMMs described in Appendix 3A, General 
Avoidance and Minimization Measures, that would avoid and minimize effects on Sacramento River 
winter-run Chinook salmon. These general AMMs include AMM-1: Conduct Environmental Resources 
Worker Awareness Training; AMM-2: Develop and Implement Hazardous Materials Management 
Plans; AMM-3: Develop and Implement Spill Prevention, Control, and Countermeasure Plans; AMM-4a: 
Develop and Implement Erosion and Sediment Control Plans; AMM-4b: Develop and Implement 
Stormwater Pollution Prevention Plans; and AMM-14: Construction Best Management Practices for 
Biological Resources. AMM-14: Construction Best Management Practices for Biological Resources 
includes an in-water work window to limit temporal overlap of fish and aquatic resources with 
construction activities, particularly for listed species such as migrating salmonids. The in-water 
work period varies depending on location/activity, but is generally from June to October, thereby 
avoiding or limiting temporal overlap with species such as Sacramento River winter-run Chinook 
salmon. 


Operations and maintenance of the new water conveyance facilities are dependent on the 
construction associated with the proposed action. As described in Appendix 5C, there is the 
potential for adverse effects on Sacramento River winter-run Chinook salmon from operations and 
maintenance because of factors such as near-field effects (e.g., impingement and predation at the 
north Delta intakes) and far-field effects (e.g., reduced flow leading to lower through-Delta survival 
or inundation of riparian and wetland bench rearing habitat). Such effects would be minimized 
through measures such as the north Delta intake cylindrical fish screens and operating criteria, as 
well as through compensatory mitigation (tidal perennial habitat and channel margin habitat). 


In summary, in consideration of the potential effects of the proposed action and the dependent 
action of operations and maintenance of the new water conveyance facilities once constructed, the 
proposed action may affect, and is likely to adversely affect, the Sacramento River winter-run 
Chinook salmon ESU. 


7.2.2 Cumulative Effects and the Changing Baseline  


Cumulative effects on Sacramento River winter-run Chinook salmon include effects associated with 
water diversions, agricultural practices, and increased urbanization. These effects would accrue 
over the duration of the proposed action. Non-federal water diversions are potentially a cause of 
mortality via entrainment, but ongoing projects, such as the CVPIA fish screen program, are 
reducing the number of such diversions and their mortality risk, so this effect is likely to diminish 
over time. Potentially adverse agricultural practices primarily entail water quality impairments; the 
action area is already fully developed with regard to agricultural land uses, and regulations in place 
constrain the associated water quality effects, so this effect is likely to be maintained in the future. 
Adverse effects of urbanization include point- and nonpoint-source water quality impairments and 
increased vessel traffic in waterways. These activities are likely to further degrade Chinook salmon 
habitat over time. Some of these effects will improve, and others would impair habitat quality for 
Chinook salmon in the action area; their net effect is to maintain current conditions approximately 
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for the foreseeable future because improvements are generally implemented to compensate for 
adverse project effects through the Endangered Species Act (ESA) consultation and other 
environmental review processes. These cumulative effects have little potential to impair the 
effectiveness of AMMs described in the proposed action, nor are they expected to alter the efficacy of 
offsetting measures in the proposed action, such as habitat creation and restoration. The 
environmental baseline for Sacramento River winter-run Chinook salmon is described in Chapter 4, 
Action Area and Environmental Baseline. The baseline is expected to change given the span of time 
until the beginning of water operations under the proposed action and of the duration of the 
proposed operations. The principal anticipated changes include climate change and certain federal 
actions that are reasonably certain to occur but have not yet been implemented. Foreseeable climate 
change effects, include sea level rise, reduced Sierra Nevada winter snowpack, warmer water 
temperatures, and increased climate variability as seen in changes such as more severe winter 
storms, more intense droughts, and larger floods. These effects would tend to impair habitat quality 
and quantity for Chinook salmon and increase year-to-year fluctuations in population sizes, 
although there is the potential for some positive effects as well as negative effects. For example, 
juvenile Chinook salmon through-Delta survival modeling comparing the No Project Alternative 
(2040) to existing conditions (2020) found modest positive differences during December–April, 
with negative effects in other months during October–June (see discussion of No Project Alternative 
operations effects on winter-run Chinook salmon in Delta Conveyance Project Final EIR [California 
Department of Water Resources 2023]). There also would be changes in the marine environment 
where Chinook salmon spend most of their life cycle. Marine changes, and their likely effects on 
Chinook salmon, are difficult to forecast, and may include both beneficial and adverse consequences.  


7.2.3 Determination of Effects on Sacramento River Winter-
Run Chinook Salmon Designated Critical Habitat 


The proposed action is likely to adversely affect the physical and biological features of designated 
critical habitat for Sacramento River winter-run Chinook salmon because of the temporary 
impairment of critical habitat functions associated with in-water construction activities and the 
permanent impairment associated with permanent placement of in-water structures. In summary, 
the proposed action is likely to adversely affect the physical and biological features of designated 
critical habitat for Sacramento River winter-run Chinook salmon because of the temporary 
impairment of critical habitat functions associated with in-water construction activities and 
permanent impairment associated with permanent placement of in-water structures. However, 
these effects would be avoided, minimized, and/or compensated for. The impairment associated 
with in-water construction activities would be minimized through AMMs. The impairment 
associated with permanent placement of in-water structures would be offset by habitat restoration 
in the form of tidal perennial aquatic habitat and channel margin restoration (Appendix 3B, 
Compensatory Mitigation Plan for Special-Status Species and Aquatic Resources, Attachment 3B.1, 
Compensatory Mitigation Design Parameters, CMP-23: Tidal Perennial Habitat Restoration for 
Construction Impacts on Habitat for Fish and Aquatic Resources, and CMP-24: Channel Margin Habitat 
Restoration for Construction Impacts on Habitat for Fish and Aquatic Resources).  
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7.3 Chinook Salmon, Central Valley Spring-Run 
Evolutionarily Significant Unit 


7.3.1 Determination of Effects on Central Valley Spring-Run 
Chinook Salmon Evolutionarily Significant Unit 


The proposed action is expected to result in incidental take of Central Valley spring-run ESU 
Chinook salmon associated with construction effects because there would be the potential for 
spatial and temporal overlap with the species population as well as loss of aquatic habitat. Specific 
construction activities with potential effects include pile driving, in-water use of construction 
equipment, fish-rescue efforts, and possibly the accidental discharge of contaminants (Chapter 5, 
Section 5.4). Pile driving during construction at the north Delta intakes and bridges would result in 
sound levels potentially harmful to fish in the vicinity when adult Central Valley spring-run Chinook 
salmon could be present in the north Delta (June–August). Juvenile Central Valley spring-run 
Chinook salmon are not expected to be in the north Delta from June to October. In addition to pile 
driving, there would be a permanent loss of channel margin habitat of approximately 3,124 linear 
feet of Sacramento River channel and a temporary impact of 494 linear feet. Tidal perennial habitat 
would also be affected, with a permanent loss of 5.6 acres and a temporary loss of 1.5 acres. 


As discussed in Section 7.2, Chinook Salmon, Sacramento River Winter-Run Evolutionarily Significant 
Unit, the impairment associated with permanent placement of in-water structures would be offset 
by habitat restoration in the form of tidal perennial aquatic habitat and channel margin restoration 
(Appendix 3B, Attachment 3B.1, CMP-23: Tidal Perennial Habitat Restoration for Construction 
Impacts on Habitat for Fish and Aquatic Resources, and CMP-24: Channel Margin Habitat Restoration 
for Construction Impacts on Habitat for Fish and Aquatic Resources). 


Operations and maintenance of the new water conveyance facilities are dependent on the 
construction associated with the proposed action. As described in Appendix 5C, there is the 
potential for adverse effects on Central Valley spring-run Chinook salmon from operations and 
maintenance because of factors such as near-field effects (e.g., impingement and predation at the 
north Delta intakes) and far-field effects (e.g., reduced flow leading to lower through-Delta survival 
or inundation of riparian and wetland bench rearing habitat). Such effects would be minimized 
through measures such as the north Delta intake cylindrical fish screens and operating criteria, as 
well as through compensatory mitigation (tidal perennial habitat and channel margin habitat). 


 In summary, in consideration of the potential effects of the proposed action and the dependent 
action of operations and maintenance of the new water conveyance facilities once constructed, the 
proposed action may, affect and is likely to adversely affect, the Central Valley spring-run Chinook 
salmon ESU. 


7.3.2 Cumulative Effects and the Changing Baseline  


Cumulative effects on Central Valley spring-run Chinook salmon are the same as those effects on the 
Sacramento River winter-run Chinook salmon. Cumulative effects on Central Valley spring-run 
Chinook salmon include effects associated with water diversions, agricultural practices, increased 
urbanization, and climate change. Refer to Section 7.2.2, Cumulative Effects and the Changing 
Baseline, for additional information.  
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7.3.3 Determination of Effects on Central Valley Spring-Run 
Chinook Salmon Evolutionarily Significant Unit 
Designated Critical Habitat  


The proposed action is likely to adversely affect the physical and biological features of designated 
critical habitat for Central Valley spring-run Chinook salmon due to the temporary impairment of 
critical habitat functions associated with in-water construction activities and permanent 
impairment associated with permanent placement of in-water structures.  


In summary, the proposed action is likely to adversely affect the physical and biological features of 
designated critical habitat for Central Valley spring-run Chinook salmon because of the temporary 
impairment of critical habitat functions associated with in-water construction activities and 
permanent impairment associated with permanent placement of in-water structures. However, 
these effects would be avoided, minimized, and/or compensated for. The impairment associated 
with permanent placement of in-water structures would be offset by habitat restoration in the form 
of tidal perennial habitat and channel margin restoration (Section 3B.4.3, Tidal Habitat Mitigation 
Framework, in Appendix 3B). 


7.4 Steelhead, California Central Valley Distinct 
Population Segment 


7.4.1 Determination of Effects on California Central Valley 
Distinct Population Segment Steelhead  


The proposed action is expected to result in incidental take of California Central Valley Distinct 
Population Segment (DPS) steelhead associated with construction effects because there would be 
the potential for spatial and temporal overlap with the species population, as well as loss of aquatic 
habitat. Specific construction activities with potential effects include pile driving, in-water use of 
construction equipment, fish rescue efforts, and possibly the accidental discharge of contaminants 
(Chapter 5, Section 5.4). Pile driving during construction at the north Delta intakes and bridges 
would result in sound levels potentially harmful to fish in the vicinity when adult and juvenile 
California Central Valley steelhead could be present in the north Delta (June–October). In addition to 
pile driving, there would be a permanent loss of channel margin habitat of approximately 3,124 
linear feet of Sacramento River channel and a temporary impact of 494 linear feet. Tidal perennial 
habitat would also be affected, with a permanent loss of 5.6 acres and a temporary loss of 1.5 acres.  


As discussed in Section 7.2, the impairment associated with permanent placement of in-water 
structures would be offset by habitat restoration in the form of tidal perennial aquatic habitat and 
channel margin restoration (Appendix 3B, Attachment 3B.1, CMP-25: Tidal Habitat Restoration to 
Mitigate North Delta Hydrodynamic Effects on Chinook Salmon Juveniles and CMP-26: Channel Margin 
Habitat Restoration for Operations Impacts on Chinook Salmon Juveniles). 


Operations and maintenance of the new water conveyance facilities are dependent on the 
construction associated with the proposed action. As described in Appendix 5C, there is the 
potential for adverse effects on California Central Valley steelhead from operations and maintenance 
because of factors such as near-field effects (e.g., impingement and predation at the north Delta 
intakes) and far-field effects (e.g., reduced flow leading to lower through-Delta survival). Such 
effects would be minimized through measures such as the north Delta intake cylindrical fish screens 
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and operating criteria, as well as through compensatory mitigation (tidal perennial habitat and 
channel margin habitat). 


In summary, in consideration of the potential effects of the proposed action and the dependent 
action of operations and maintenance of the new water conveyance facilities once constructed, the 
proposed action may affect, and is likely to adversely affect, the California Central Valley steelhead. 


7.4.2 Cumulative Effects and the Changing Baseline 


Cumulative effects on California Central Valley steelhead are the same as those effects on the 
Sacramento River winter-run Chinook salmon. Cumulative effects on California Central Valley 
steelhead include effects associated with water diversions, agricultural practices, increased 
urbanization, and climate change. Refer to Section 7.2.2 for additional information.  


7.4.3 Determination of Effects on California Central Valley 
Steelhead Distinct Population Segment Designated 
Critical Habitat  


The proposed action is likely to adversely affect the physical and biological features of designated 
critical habitat for California Central Valley steelhead because of the temporary impairment of 
critical habitat functions associated with in-water construction activities and the permanent 
impairment associated with permanent placement of in-water structures.  


In summary, the proposed action is likely to adversely affect the physical and biological features of 
designated critical habitat for California Central Valley steelhead because of the temporary 
impairment of critical habitat functions associated with in-water construction activities and 
permanent impairment associated with permanent placement of in-water structures. However, 
these effects would be avoided, minimized, and/or compensated for. The impairment associated 
with permanent placement of in-water structures would be offset by habitat restoration in the form 
of tidal perennial habitat and channel margin restoration. 


7.5 Green Sturgeon, Southern Distinct Population 
Segment 


7.5.1 Determination of Effects on Southern Distinct 
Population Segment Green Sturgeon  


The proposed action may result in incidental take of Southern DPS green sturgeon associated with 
construction effects because there would be the potential for spatial and temporal overlap with the 
species population, as well as loss of aquatic habitat. Specific construction activities with potential 
effects include pile driving, in-water use of construction equipment, fish-rescue efforts, and possibly 
the accidental discharge of contaminants (Chapter 5, Section 5.4). Pile driving during construction at 
the north Delta intakes and bridges would result in sound levels potentially harmful to fish in the 
vicinity when adult and juvenile green sturgeon could be present in the north Delta (June–October), 
although there is evidence based on other sturgeon species that individuals may move away from 
the vicinity of impact pile driving (Krebs et al. 2016). There would be a permanent loss of channel 
margin habitat of approximately 3,124 linear feet of Sacramento River channel and a temporary 
impact on 494 linear feet.  
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As discussed in Section 7.2, the impairment associated with permanent placement of in-water 
structures would be offset by habitat restoration in the form of tidal perennial aquatic habitat and 
channel margin restoration (Appendix 3B, Attachment 3B.1, CMP-25: Tidal Habitat Restoration to 
Mitigate North Delta Hydrodynamic Effects on Chinook Salmon Juveniles and CMP-26: Channel Margin 
Habitat Restoration for Operations Impacts on Chinook Salmon Juveniles). 


Operations and maintenance of the new water conveyance facilities are dependent on the 
construction associated with the proposed action. As described in Appendix 5C, there is the 
potential for adverse effects on green sturgeon from operations and maintenance because of factors 
such as reduced Delta outflow, although this is uncertain. In summary, in consideration of the 
potential effects of the proposed action and the dependent action of operations and maintenance of 
the new water conveyance facilities once constructed, the proposed action may affect, and is likely 
to adversely affect, the Southern DPS green sturgeon. 


7.5.2 Cumulative Effects and the Changing Baseline 


Cumulative effects on Southern DPS green sturgeon are consistent with the other fish species 
discussed in Sections 7.2, 7.3, Chinook Salmon, Central Valley Spring-Run Evolutionarily Significant 
Unit, and 7.4, Steelhead, California Central Valley Distinct Population Segment. Cumulative effects on 
Southern DPS green sturgeon include effects associated with water diversions, agricultural 
practices, increased urbanization, and climate change. Refer to Section 7.2.2 for additional 
information. 


7.5.3 Determination of Effects on Southern Distinct 
Population Segment Green Sturgeon Designated Critical 
Habitat  


The proposed action is likely to adversely affect the physical and biological features of designated 
critical habitat for Southern DPS green sturgeon due to the temporary impairment of critical habitat 
functions associated with in-water construction activities and permanent placement of in-water 
structures. Effects on Southern DPS green sturgeon critical habitat would be avoided, minimized, 
and/or compensated for. The impairment associated with in-water construction activities would be 
minimized through AMMs. The impairment associated with permanent placement of in-water 
structures would be offset by habitat restoration in the form of tidal perennial aquatic habitat and 
channel margin habitat (Appendix 3B, Attachment 3B.1, CMP-23: Tidal Perennial Habitat Restoration 
for Construction Impacts on Habitat for Fish and Aquatic Resources and CMP-24: Channel Margin 
Habitat Restoration for Construction Impacts on Habitat for Fish and Aquatic Resources).  


7.6 Killer Whale, Southern Resident Distinct 
Population Segment 


7.6.1 Determination of Effects on Southern Resident Killer 
Whale  


The proposed action has insignificant potential to alter the Southern Resident DPS killer whale prey 
base. The effects analysis for salmonids, including the essential fish habitat (EFH) assessment, 
including fall-run Chinook salmon, does not find evidence that the proposed action would lead to 
any measurable reduction in abundance of Central Valley salmonid populations that would affect the 
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Southern Resident DPS killer whale prey base. Based on the effects analysis and in consideration of 
the dependent action of operations and maintenance of the new water conveyance facilities once 
constructed, the proposed action may affect, but is not likely to adversely affect, Southern Resident 
DPS killer whale.  


7.6.2 Cumulative Effects and the Changing Baseline  


Cumulative effects of the proposed action on Southern Resident DPS killer whale are anticipated to 
be limited. Refer to Section 7.2.2 for additional information. 


7.6.3 Determination of Effects on Southern Resident Killer 
Whale Designated Critical Habitat 


Based on the effects analysis, the proposed action would have no effect on  designated critical 
habitat for the Southern Resident DPS killer whale due to the proposed action’s negligeable 
potential to affect the Southern Resident DPS killer whale prey base. 


7.7 Delta Smelt 


7.7.1 Determination of Effects on Delta Smelt 


The proposed action has the potential to result in incidental take of delta smelt associated with 
construction effects, including underwater noise from pile driving, in-water use of construction 
equipment, fish-rescue efforts, and accidental discharge of contaminants (Chapter 6, Effects Analysis 
for Delta Smelt, Longfin Smelt, and Terrestrial Species, Section 6.1.1, Effects of Construction Activities 
on Delta Smelt). The effects of construction activities would be minimized through AMMs, and all 
habitat losses would be offset by tidal perennial habitat restoration. Additionally, in-water 
construction activities would occur in areas where (and/or during periods when) delta smelt are 
likely not present but could be present in very low densities. As described in Chapter 6, Section 
6.1.1, the timing of in-water work (June–October) avoids adult migration (December–March) and 
limits temporal overlap with spawning adults (February–June), eggs/embryos (March–June), and 
larvae/young juveniles (March–June). Although there is greater temporal overlap with juveniles 
(~July–December), there would be very limited spatial overlap because delta smelt juveniles would 
have moved downstream. As described in Chapter 6, Section 6.1.1.6, Loss or Alteration of Habitat, 
outside of the in-water work window, the presence of cofferdams at the north Delta intakes could 
impede or delay access to upstream shallow habitat for migrating adults, but adults could use low-
velocity habitat along the opposite riverbank from the cofferdams, near the river bottom, or as 
created by the flutes of the cofferdams themselves. As 2D modeling illustrates, suitably low-velocity 
habitat would be present even at relatively high river flows. Given the location of the north Delta 
intakes upstream of the main range of delta smelt, there would be limited spatial overlap with 
construction locations in any case.  


Operations and maintenance of the new water conveyance facilities are dependent on the 
construction associated with the proposed action. As described in Appendix 6C, there is the 
potential for adverse effects on delta smelt from operations and maintenance because of factors 
such as north Delta intake effects (e.g., entrainment, impingement, upstream access, and predation) 
and habitat effects (e.g., reduced food availability and sediment entrainment). Such effects would be 
minimized through measures such as the north Delta intake cylindrical fish screens and operating 
criteria, AMM-15: Sediment Monitoring, Modeling, and Reintroduction Adaptive Management, and 
compensatory mitigation (tidal perennial habitat). 







CA Department of Water Resources 


 


Effects Determination 
 


 


Delta Conveyance Project, Biological Assessment 
7-9 


May 2024 
ICF 103653 


 


In summary, in consideration of the potential effects of the proposed action and the dependent 
action of operations and maintenance of the new water conveyance facilities once constructed, the 
proposed action may affect, and is likely to adversely affect, delta smelt.  


7.7.2 Cumulative Effects and the Changing Baseline  


Cumulative effects on delta smelt are consistent with those effects on the other fish species 
discussed in Sections 7.2, 7.3, 7.4, and 7.5, Green Sturgeon, Southern Distinct Population Segment. 
Cumulative effects on delta smelt include effects associated with water diversions, agricultural 
practices, increased urbanization, and climate change. Refer to Section 7.2.2 for additional 
information. 


7.7.3 Determination of Effects on Delta Smelt Critical Habitat  


The proposed action is likely to adversely affect the physical and biological features of designated 
critical habitat for delta smelt due to the temporary impairment of critical habitat functions 
associated with in-water construction activities and permanent impairment associated with 
permanent placement of in-water structures.  


In summary, the proposed action is likely to adversely affect the physical and biological features of 
designated critical habitat for delta smelt because of the temporary impairment of critical habitat 
functions associated with in-water construction activities and permanent placement of in-water 
structures. However, these effects would be avoided, minimized, and/or compensated for. The 
impairment associated with permanent placement of in-water structures would be offset by habitat 
restoration in the form of tidal perennial habitat. The impairment associated with in-water 
construction activities would be minimized through AMMs. The impairment associated with 
permanent placement of in-water structures and dependent operations-related effects would be 
offset by the development of tidal habitat. 


7.8 Longfin Smelt 


7.8.1 Determination of Effects on Longfin Smelt 


The proposed action has the potential to result in incidental take of longfin smelt associated with 
construction effects, including underwater noise from pile driving, in-water use of construction 
equipment, fish-rescue efforts, and accidental discharge of contaminants (Chapter 6, Section 6.2.1, 
Effects of Construction Activities on Longfin Smelt). As discussed in Chapter 6, Section 6.2.1, larvae 
may be present in the north Delta from January to June and therefore may have some 
spatial/temporal overlap with construction. The effects of construction activities would be 
minimized through AMMs, and all habitat losses would be offset by tidal perennial habitat 
restoration. Additionally, in-water construction activities would occur in areas where (and/or 
during periods when) longfin smelt are likely not present but could be present in very low densities. 


Operations and maintenance of the new water conveyance facilities are dependent on the 
construction associated with the proposed action. As described in Appendix 6C, there is the 
potential for adverse effects on longfin smelt from operations and maintenance because of factors 
such as north Delta intake effects (e.g., entrainment, impingement, upstream access, and predation) 
and habitat effects (e.g., Delta outflow-abundance). Such effects would be minimized through 
measures such as the north Delta intake cylindrical fish screens and operating criteria, and through 
compensatory mitigation (tidal perennial habitat). 
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In summary, in consideration of the potential effects of the proposed action and the dependent 
action of operations and maintenance of the new water conveyance facilities once constructed, the 
proposed action may, affect and is likely to adversely affect, longfin smelt.  


7.8.2 Cumulative Effects and the Changing Baseline  


Cumulative effects on longfin smelt are consistent with those effects on the other fish species 
discussed in Sections 7.2, 7.3, 7.4, 7.5, and 7.7, Delta Smelt. Cumulative effects on longfin smelt 
include effects associated with water diversions, agricultural practices, increased urbanization, and 
climate change. Refer to Section 7.2.2 for additional information. 


7.9 San Joaquin Kit Fox 


7.9.1 Determination of Effects on San Joaquin Kit Fox 


There is low potential for the proposed action to affect San Joaquin kit fox. The proposed action will 
result in the permanent loss of 38.69 acres of modeled low-quality dispersal habitat, 0.06 acres of 
modeled moderate quality habitat, and 0.13 acres of modeled high quality habitat. Field 
investigations and construction of access roads would temporarily disturb another 16.94 acres of 
modeled low- quality habitat, 0.06 acre of which is modeled high-quality habitat, and 0.02 acre of 
which is modeled moderate-quality habitat. However, the San Joaquin kit fox modeled habitat that 
overlaps with the proposed action is in a “very low” condition, which is defined by the U.S. Fish and 
Wildlife Service (USFWS) as showing “no evidence of a current population” (U.S. Fish and Wildlife 
Service 2020:50). The species has not been detected in the region since 2000 (CNDDB occurrence 
#34), when there was an observation of dens (not adults), hearing a “yip,” and relying on 
observations of Western Area Power Authority employees (California Department of Fish and 
Wildlife 2020a). An unverified San Joaquin kit fox from the southeast edge of the city of Tracy was 
reported in 2015 (ICF 2019:3-11), which is approximately 8 miles southeast of the project area. The 
species has not been detected, nor is it expected to occur elsewhere within the action area, as shown 
on Figure 6.3.  


While there is very low potential for an individual to be present in the vicinity of the proposed 
action, if the species were to occur it would be likely to be adversely affected  by the permanent loss 
of 38.88 acres of modeled San Joaquin kit fox habitat. These adverse effects would be minimized 
through implementation of avoidance and minimization measures to reduce the risk of injury, 
mortality, and harassment of individuals and would be offset by the creation and enhancement of 
178.74 acres of grassland and vernal pool complex habitat protected and managed for California 
tiger salamander. This conservation action will occur in the Concord/Livermore Recovery Unit for 
California tiger salamander which overlaps with San Joaquin kit fox habitat and would benefit the 
fox if it reestablishes in the region. 


7.9.2 Determination of Effects on San Joaquin Kit Fox 
Designated Critical Habitat  


Critical habitat has not been designated for San Joaquin kit fox. 
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7.10 California Least Tern 


7.10.1 Determination of Effects on California Least Tern  


There is minimal potential for the proposed action to affect California least tern. Nesting habitat 
would be avoided with a 500-foot buffer; and while the proposed action would result in the 
permanent loss of 6.96 acres of open water that constitute modeled California least tern foraging 
habitat, 3,500 acres of tidal perennial aquatic restoration (Appendix 3B, Section 3B.4.3) would result 
in a net gain of 3,492.98 acres of foraging habitat. Field investigations and construction of access 
road, supervisory control and data acquisition (SCADA) facilities would temporarily disturb another 
4.16 acres of foraging habitat. The only construction activity that occurs within 2 miles—the typical 
foraging distance for California least tern (Atwood and Minsky 1983)—of a known nesting location 
(Bufferlands) is the north Delta intake and adjacent access roads. However, foraging habitat in the 
region (i.e., San Francisco Bay and the study area) is abundant and is not considered limiting for 
California least tern (e.g., there are 9,021.95 acres of modeled foraging habitat in the action area, as 
shown on Figure 6.4). Also, the project would result in a net gain of foraging habitat. Therefore, 
because of the nesting avoidance measure, the amount of available foraging habitat in the action 
area, the proposed action’s distance from known nesting sites, the net gain in total foraging habitat, 
and the insignificant total permanent and temporary foraging habitat loss due to the proposed 
action, it is concluded that the proposed action may affect, but is not likely to adversely affect, 
California least tern.  


7.10.2 Determination of Effects on California Least Tern 
Designated Critical Habitat 


Critical habitat has not been designated for California least tern. 


7.11 Least Bell’s Vireo 


7.11.1 Determination of Effects on Least Bell’s Vireo 


Overall effects of the proposed action on least Bell’s vireo would include removal of 9.68 acres of 
modeled recolonization habitat. This loss would be offset with the restoration or creation of 19.36 
acres of recolonization habitat (Table 6.5-2). Toward this goal, California Department of Water 
Resources (DWR) would create and enhance up to 204.79 acres of suitable least Bell’s vireo 
recolonization habitat (riparian habitat), primarily on Bouldin Island, as described in Table 3B-4 in 
Appendix 3B. The proposed action may affect least Bell’s vireo based on the following factors. 


• Project-related activities would occur within and adjacent to modeled least Bell’s vireo habitat. 


• Least Bell’s vireos have been detected near the action area, as shown on Figure 6.5, in recent 
years.  


• Restoration of least Bell’s vireo habitat would beneficially affect the species. 


The proposed action is likely to adversely affect least Bell’s vireo as the result of harm from the 
permanent loss of 9.68 acres of least Bell’s vireo habitat. These adverse effects would be minimized 
through implementation of avoidance and minimization measures to reduce the risk of injury, 
mortality, and harassment of individuals and would be offset by the creation and enhancement of 
19.36 acres of suitable habitat based on current project impact estimates. 







CA Department of Water Resources 


 


Effects Determination 
 


 


Delta Conveyance Project, Biological Assessment 
7-12 


May 2024 
ICF 103653 


 


Thus, the proposed action may affect, and is likely to adversely affect, the least Bell’s vireo. 


7.11.2 Cumulative Effects  


Potential cumulative effects on least Bell’s vireo in the action area, as shown on Figure 6.5,  include 
habitat loss and fragmentation and predation from native and non-native species. Habitat loss and 
fragmentation could result from conversion of riparian habitat to alternative cover types, which is 
not likely to be extensive because of existing regulatory constraints instituted to protect riparian 
natural communities. Predation by existing native and non-native species would be maintained at 
levels comparable to current conditions; the introduction of new predators or parasites is possible, 
but not foreseeable, nor are the consequences of such an introduction. These cumulative effects are 
not expected to substantially impair habitat quality for least Bell’s vireo in the action area. These 
cumulative effects have little potential to impair the effectiveness of avoidance and minimization 
measures described in the proposed action, nor are they expected to alter the efficacy of offsetting 
measures in the proposed action such as habitat creation and restoration. 


Climate change is likely to alter habitat conditions for least Bell’s vireo between now and the 
completion of the proposed action. Foreseeable climate change effects, described in Chapter 4, 
Section 4.3.2., Physical Environment include sea level rise, reduced Sierra Nevada winter snowpack, 
warmer water temperatures, and increased climate variability as seen in changes such as more 
severe winter storms, more intense droughts, and larger floods. These effects would tend to impair 
habitat quality and quantity for least Bell’s vireo by increasing the frequency of flood disturbance in 
riparian habitat, and potentially increasing the fragmentation of that habitat. 


7.11.3 Determination of Effects on Least Bell’s Vireo 
Designated Critical Habitat 


There is no designated least Bell’s vireo critical habitat in the action area. 


7.12 Western Yellow-Billed Cuckoo 


7.12.1 Determination of Effects on Western Yellow-Billed 
Cuckoo 


Overall effects of the proposed action on western yellow-billed cuckoo would include the loss of 9.68 
acres of habitat. This loss would be offset with the restoration or creation of 19.36 acres of 
migratory habitat (Table 6.6-2). Toward this goal, DWR would create and enhance up to 204.79 
acres of suitable western yellow-billed cuckoo migratory habitat (riparian habitat), primarily on 
Bouldin Island, as described in Table 3B-4 in Appendix 3B. The proposed action may affect western 
yellow-billed cuckoo based on the following factors. 


• Project-related activities would occur within and adjacent to western yellow-billed cuckoo 
modeled habitat. 


• Migratory western yellow-billed cuckoos have been detected in the action area, as shown in 
Figure 6.6, in recent years.  


• Creation and enhancement of western yellow-billed cuckoo migratory habitat (riparian habitat) 
will beneficially affect the species. 
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The proposed action is likely to adversely affect the western yellow-billed cuckoo as the result of 
harm from the permanent loss of 9.68 acres of modeled western yellow-billed cuckoo migratory 
habitat. These adverse effects would be minimized through implementation of avoidance and 
minimization measures to reduce the risk of injury, mortality, and harassment of individuals, and 
offset by the creation and enhancement of 19.36 acres of suitable habitat based on current project 
impact estimates. 


Thus, the proposed action may affect, and is likely to adversely affect, the western yellow-billed 
cuckoo. 


7.12.2 Cumulative Effects  


Potential cumulative effects on western yellow-billed cuckoo in the action area, as shown on Figure 
6.6,  include habitat loss, habitat fragmentation, and predation from non-native and native species. 
Habitat loss and fragmentation could result from conversion of riparian habitat to alternative cover 
types, which is not likely to be extensive because of existing regulatory constraints instituted to 
protect riparian natural communities. Predation by existing native and non-native species would be 
maintained at levels comparable to current conditions; the introduction of new predators or 
parasites is possible, but not foreseeable; nor are the consequences of such an introduction. These 
cumulative effects are not expected to substantially impair habitat quality for western yellow-billed 
cuckoo in the action area. These cumulative effects have little potential to impair the effectiveness of 
avoidance and minimization measures described in the proposed action, nor are they expected to 
alter the efficacy of offsetting measures in the proposed action such as habitat creation and 
restoration. 


Climate change is likely to alter habitat conditions for western yellow-billed cuckoo between now 
and the completion of the proposed action. Foreseeable climate change effects, described in Chapter 
4, Section 4.3.2, Physical Environment, include sea level rise, reduced Sierra Nevada winter 
snowpack, warmer water temperatures, and increased climate variability as seen in changes such as 
more severe winter storms, more intense droughts, larger floods. These effects would tend to impair 
habitat quality and quantity for western yellow-billed cuckoo by increasing the frequency of flood 
disturbance in riparian habitat and thus scouring and clearing areas of habitat temporarily, and 
potentially increasing the fragmentation of that habitat. 


7.12.3 Determination of Effects on Western Yellow-Billed 
Cuckoo Designated Critical Habitat 


There is no designated western yellow-billed cuckoo critical habitat in the action area, as shown on 
Figure 6.6. 


7.13 California Red-Legged Frog 


7.13.1 Determination of Effects on California Red-Legged Frog 


Permanent effects of the proposed action on California red-legged frog and its habitat would be 
small and would be offset with protection and restoration of its habitat. The proposed action may 
affect the California red-legged frog based on the following factors. 


• Project-related activities would occur within and adjacent to California red-legged frog modeled 
habitat. 
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• California red-legged frog presence has been recorded in the vicinity of areas proposed for 
clearing and construction. 


• Protection or restoration of California red-legged frog habitat would beneficially affect the 
species. 


The proposed action is likely to adversely affect the California red-legged frog as follows. 


• Harm could result from the permanent and temporary loss of 0.34 acre of modeled aquatic 
habitat, 9.78 acres of modeled upland habitat and 411.45 acres of modeled dispersal habitat and 
potentially occupied by the species. 


• Harm could occur as a result of use of land clearing and construction equipment, vehicular 
transportation, and other construction, operations, and maintenance activities. 


• Harassment could result from noise, lighting, and vibrations, and other human disturbance 
adjacent to occupied California red-legged frog habitat during construction, operations, and 
maintenance. 


These adverse effects would be minimized through implementation of avoidance and minimization 
measures to reduce the risk of harm or harassment of individuals and offset by the protection and 
restoration of 0.21 acre of aquatic habitat and 7.00 acres of upland habitat based on current project 
impact estimates. 


Thus, the proposed action may affect, and is likely to adversely affect, the California red-legged frog.  


7.13.2 Cumulative Effects  


Potential cumulative effects on California red-legged frog in the action area, as shown on Figure 6.7, 
include habitat loss and impairment, primarily through conversion of rangeland to more developed 
land uses. This is not likely to be extensive, because of lower developmental pressures and existing 
or developing habitat conservation plans (East Contra Costa County HCP/NCCP) in the region of the 
action area that includes California red-legged frog modeled habitat.  


Climate change is likely to alter habitat conditions for California red-legged frog between now and 
the completion of the proposed action. Foreseeable climate change effects, described in Chapter 4, 
Section 4.3.2. Physical Environment, include increased climate variability as seen in changes such as 
more severe winter storms, more intense droughts, and larger floods. These effects would tend to 
impair habitat quality and quantity for California red-legged frog, with potential adverse effects on 
species status in the action area. 


7.13.3 Determination of Effects on California Red-Legged Frog 
Designated Critical Habitat 


The proposed action overlaps with designated California red-legged frog critical habitat unit CCA-2B 
west of Clifton Court Forebay as described in Chapter 6, Section 6.6.12, Effects on Critical Habitat. 
The project would permanently remove 0.21 acre of modeled aquatic habitat, 7.06 acres of modeled 
upland habitat, and 363.48 acres of modeled dispersal habitat within this unit. Of the removed 
modeled habitat that overlaps with critical habitat unit CCA-2B, 0.01 acre of modeled aquatic habitat 
meets the criteria of primary constituent element (PCE) 1 and PCE 2; 1.65 acres of modeled upland 
habitat partially meet the criteria for PCE 3; and 43.61 acres of modeled dispersal habitat meet the 
criteria for PCE 3 and PCE 4. As these modeled acres are assumed to meet the criteria for several of 
the PCEs, these acres are therefore assumed to be adversely affected. 
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This is less than 0.01% of total California red-legged frog designated critical habitat, and 0.10% of 
California red-legged frog critical habit in Unit CCS-2B (50 Code of Federal Regulations Part 17, 
12816–12959). This is less than 0.01% of total California red-legged frog critical habitat, which is 
over 1.6 million acres. 


The project would not appreciably reduce the conservation value of critical habitat for California 
red-legged frog because the extent of the loss is small compared to the number of critical habitat 
acres, the 21.66 acres of habitat protection will be in the East San Francisco Bay core recovery area 
(or another area subject to USFWS approval), and the implementation of avoidance and 
minimization measures.  


7.14 California Tiger Salamander 


7.14.1 Determination of Effects on California Tiger Salamander 


Permanent effects of the proposed action on California tiger salamander and its habitat would be 
small and would be offset with protection and restoration of its habitat. The proposed action may 
affect the California tiger salamander based on the following factors. 


• Project-related activities would occur within and adjacent to California tiger salamander 
modeled habitat. 


• California tiger salamander presence has been recorded in the vicinity of areas proposed for 
clearing and construction. 


• Protection and restoration of California tiger salamander aquatic and upland habitat would 
beneficially affect the species. 


The proposed action is likely to adversely affect the California tiger salamander as follows. 


• Harm could result from the permanent and temporary loss of 0.20 acre of modeled aquatic 
habitat and 79.29 acres of modeled upland habitat potentially occupied by the species.  


• Harm could occur as a result of use of land clearing and construction equipment, vehicular 
transportation, and other construction, operations, and maintenance activities. 


• Harassment could result from noise, lighting, vibrations, and other human disturbance adjacent 
to occupied California tiger salamander aquatic and upland habitat during construction, 
operations, and maintenance. 


These adverse effects would be minimized through implementation of avoidance and minimization 
measures to reduce the risk of harm or harassment of individuals and offset by the protection or 
restoration of up to 0.60 acre of aquatic habitat and 178.74 acres of upland habitat based on current 
project impact estimates. 


Thus, the proposed action may affect, and is likely to adversely affect, the California tiger 
salamander. 


7.14.2 Cumulative Effects  


Potential cumulative effects on California tiger salamander in the action area, as shown on Figure 
6.8, include habitat loss and impairment, primarily through conversion of rangeland to more 
developed land uses. Unauthorized take as a result of urbanization is unlikely because of lower 
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development pressure and existing or developing habitat conservation plans (East Contra Costa 
County HCP/NCCP).  


Climate change is likely to alter habitat conditions for California tiger salamander between now and 
the completion of the proposed action. The principal concern is climate change. Foreseeable climate 
change effects, described in Chapter 4, Section 4.3.2., Physical Environment, include increased 
climate variability as seen in changes such as more severe winter storms, more intense droughts, 
and larger floods. These effects would tend to impair habitat quality and quantity for California tiger 
salamander, with potential adverse effects on species status in the action area. 


7.14.3 Determination of Effects on California Tiger Salamander 
Designated Critical Habitat 


There is no designated California tiger salamander critical habitat in the action area, as shown on 
Figure 6.8. 


7.15 Giant Garter Snake 


7.15.1 Determination of Effects on Giant Garter Snake 


Permanent effects of the proposed action on giant garter snake and its habitat would be small and 
would be offset with the creation or restoration of 21.68 acres of aquatic habitat and 105.03 acres of 
upland habitat. Toward this goal, DWR would create and enhance up to 18.78 acres of aquatic 
habitat and up to 130.64 acres of upland habitat at the I-5 ponds, as described in Table 3B-4 in 
Appendix 3B. The proposed action may affect the giant garter snake based on the following factors. 


• Project-related activities will occur within and adjacent to giant garter snake modeled habitat. 


• Giant garter snake presence has been recorded in the vicinity of areas proposed for clearing and 
construction. 


• Protection and restoration of giant garter snake habitat would beneficially affect the species. 


The proposed action is likely to adversely affect the giant garter snake as follows. 


• Harm could result from the permanent and temporary loss of 23.52 acres of aquatic habitat and 
108.95 acres of upland habitat potentially occupied by the species.  


• Harm could occur as a result of use of land clearing and construction equipment, vehicular 
transportation, and other construction, operations, and maintenance activities. 


• Harassment could result from noise, lighting, and vibrations, or other human disturbance 
adjacent to occupied giant garter snake habitat during construction, operations, and 
maintenance. 


These adverse effects would be minimized through implementation of avoidance and minimization 
measures to reduce the risk of harm or harassment of individuals and offset by the creation and 
restoration of 21.68 acres of aquatic habitat and 105.03 acres of upland habitat. 


Thus, the proposed action may affect, and is likely to adversely affect, the giant garter snake. 
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7.15.2 Cumulative Effects 


Potential cumulative effects on giant garter snake in the action area, as shown on Figure 6.9, include 
habitat loss and fragmentation, changes in agricultural and land management practices, predation 
from non-native and native species, and water pollution. Both habitat loss and fragmentation and 
changes in land management practices could result from conversion of agricultural land to more 
developed land uses, from conversion of agricultural land to different crop types having lower 
habitat suitability, or from changes to irrigation methods (e.g., conversion from flood irrigation to 
drip irrigation). Predation by existing introduced and native species is likely to be maintained at 
levels comparable to current conditions; the introduction of new predators or parasites is possible, 
but not foreseeable; nor are the consequences of such an introduction. Water pollution effects could 
result from a variety of causes, including agricultural practices, increased urbanization, and 
wastewater treatment plants. Water quality effects of urbanization include point-source and 
nonpoint-source water quality impairments, and there is a potential for those effects to further 
degrade water quality as additional urbanization occurs in the action area. Wastewater treatment 
plants also contribute to impaired water quality, but significant improvements in discharge water 
quality and reductions in discharge water volume have occurred in recent years, primarily in 
response to regulatory and economic factors increasing the value of reusable water; thus, this 
stressor is likely to diminish over time. Some of these effects would improve, and others would 
impair habitat quality for giant garter snake in the action area; their net effect would approximately 
maintain current conditions for the foreseeable future. These cumulative effects have little potential 
to impair the effectiveness of avoidance and minimization measures described in the proposed 
action, nor are they expected to alter the efficacy of offsetting measures in the proposed action such 
as habitat creation and restoration. 


Climate change is also likely to alter habitat conditions for giant garter snake between now and the 
completion of the proposed action. Foreseeable climate change effects, described in Chapter 4, 
Section 4.3.2. Physical Environment , include sea level rise, reduced Sierra Nevada winter snowpack, 
warmer water temperatures, and increased climate variability as seen in changes such as more 
severe winter storms, more intense droughts, and larger floods. These effects would tend to impair 
habitat quality and quantity for giant garter snake and would also increase the potential for year-to-
year fluctuations in population sizes, with potential adverse effects on species status in the action 
area. 


7.15.3 Determination of Effects on Giant Garter Snake 
Designated Critical Habitat 


Critical habitat has not been designated for the giant garter snake. 


7.16 Delta Green Ground Beetle 


7.16.1 Determination of Effects on Delta Green Ground Beetle 


There is modeled Delta green ground beetle habitat in the action area, but the construction footprint 
of the proposed action is outside of the modeled habitat for Delta green ground beetle; therefore, the 
proposed action would not affect the species. 


Activities associated with implementation of the CMP tidal habitat mitigation framework in the 
Cache Slough Complex overlap with Delta green ground beetle modeled habitat. An unknown area of 
modeled Delta green ground beetle habitat would be affected by tidal wetland restoration. Harm 
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could occur as a result of land clearing and construction equipment usage within vernal pool habitat 
where the Delta green ground beetle occurs. 


These adverse effects would be minimized through implementation of avoidance and minimization 
measures to reduce the risk of harm or harassment of individuals. Where suitable habitat cannot be 
avoided and is permanently lost, the lost suitable habitat would be offset through mitigation 
determined by site-specific permitting and the CMP (Section 3B.1, Introduction, and Section 3B.2.4, 
Mitigation Design Parameters, in Appendix 3B and Table 3B.1-2, CMP-0: General Design Guidelines in 
Attachment 3B.1). If Delta ground beetle habitat is permanently lost, the CMP and site-specific 
permitting approvals would ensure that there is no significant loss in habitat or habitat value by 
adjusting the overall commitment (Sections 3B.1 and 3B.2.4 in Appendix 3B and Table 3B.1-2, CMP-
0: General Design Guidelines in Attachment 3B.1). 


Thus, CMP tidal habitat mitigation framework may affect, and is likely to adversely affect, the Delta 
green ground beetle. 


7.16.2 Cumulative Effects 


Potential cumulative effects on Delta green ground beetle in the action area include habitat loss and 
impairment, primarily through conversion of vernal pools to more developed land uses and or 
degradation of vernal pool natural communities through habitat fragmentation and encroachment of 
development. This is unlikely to occur because of regulatory prohibitions on such activity. If it were 
to occur, via unauthorized actions, for example, such development could have an adverse effect on 
Delta green ground beetle in the action area.  


Climate change is likely to alter habitat conditions for Delta green ground beetle between now and 
the completion of the proposed action. The principal concern is climate change. Foreseeable climate 
change effects, described in Chapter 4, Section 4.3.2. Physical Environment, include increased climate 
variability as seen in changes such as more intense droughts and larger floods. These effects would 
tend to impair habitat quality and quantity for Delta green ground beetle, with potential adverse 
effects on species status in the action area. The environmental baseline for Delta green ground 
beetle may also be affected by future habitat protection and restoration efforts in the Delta that may 
protect existing habitat or create new habitat. 


7.16.3 Determination of Effects on Delta Green Ground Beetle 
Designated Critical Habitat 


Critical habitat has been designated for Delta green ground beetle and occurs in the western extent 
of the the action area, west of Hasting Tract. No construction activiies would take place in Delta 
green ground beetle crtical habitat; therefore, the proposed action would have no effect on 
designated critical habitat for Delta green ground beetle. 


7.17 Valley Elderberry Longhorn Beetle  


7.17.1 Determination of Effects on Valley Elderberry Longhorn 
Beetle  


Permanent effects of the proposed action on valley elderberry longhorn beetle and its habitat would 
be small and would be offset with the restoration or creation of 38.94 acres of riparian habitat. 
Toward this goal, DWR would create and enhance up to 204.79 acres of riparian habitat, primarily 
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on Bouldin Island, as described in Table 3B-4 in Appendix 3B. The proposed action may affect the 
valley elderberry longhorn beetle based on the following factors. 


• Project-related activities would occur within and adjacent to valley elderberry longhorn beetle 
modeled habitat.  


• Protection of riparian habitat suitable and managed for elderberry shrubs and planting of 
elderberry seedlings and associated natives in conservations areas would beneficially affect the 
species. 


The proposed action is likely to adversely affect the valley elderberry longhorn beetle as follows. 


• Harm could result from the permanent and temporary loss of 30.36 acres of modeled riparian 
habitat. 


• Harm could also result from the deposition of construction-related dust and other airborne 
particulate matter on elderberry shrubs, which could stress and damage shrubs, resulting in 
effects on valley elderberry longhorn beetle. 


• Harm could occur as a result of transplanting shrubs that are occupied and operating equipment 
in the vicinity of occupied shrubs if adults are actively dispersing between shrubs.  


• Harassment could result from lighting, dust, and other disturbances adjacent to occupied valley 
elderberry longhorn beetle habitat during construction, operations, and maintenance. 


These adverse effects would be minimized through implementation of avoidance and minimization 
measures to reduce the risk of injury, mortality, and harassment of individuals, and offset by the 
creation and enhancement of up to 38.94 acres of riparian habitat into which elderberry seedlings 
and transplanted shrubs would be planted. 


Thus, the proposed action may affect, and is likely to adversely affect, the valley elderberry longhorn 
beetle. 


7.17.2 Cumulative Effects  


Potential cumulative effects on valley elderberry longhorn beetle in the action area include habitat 
loss and impairment. Although unlikely to occur because of land use controls, such development 
could have an adverse effect on valley elderberry longhorn beetle in the action area.  


Climate change is also likely to alter habitat conditions for valley elderberry longhorn beetle 
between now and the completion of the proposed action. The principal concern is climate change. 
Foreseeable climate change effects, described in Chapter 4, Section 4.3.2. Physical Environment, 
include increased climate variability as seen in changes such as more severe winter storms, more 
intense droughts, and larger floods. These effects would tend to impair habitat quality and quantity 
for valley elderberry longhorn beetle, with potential adverse effects on species status in the action 
area. 


7.17.3 Determination of Effects on Valley Elderberry Longhorn 
Beetle Designated Critical Habitat 


Critical habitat has been designated for valley elderberry longhorn beetle, but does not occur within 
the action area. The proposed action would have no effect on designated critical habitat for valley 
elderberry longhorn beetle. 
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7.18 Vernal Pool Fairy Shrimp and Vernal Pool Tadpole 
Shrimp 


7.18.1 Determination of Effects on Vernal Pool Fairy Shrimp 
and Vernal Pool Tadpole Shrimp 


Permanent effects of the proposed action on vernal pool fairy shrimp and vernal pool tadpole 
shrimp and their habitat would be small and would be offset with protection and restoration of their 
habitat. The proposed action may affect the vernal pool fairy shrimp and vernal pool tadpole shrimp 
based on the following factors. 


• Project-related activities would occur within and adjacent to vernal pool fairy shrimp and vernal 
pool tadpole shrimp modeled habitat.  


• Protection and restoration of vernal pool fairy shrimp and vernal pool tadpole shrimp would 
benefit the species. 


The proposed action is likely to adversely affect the vernal pool fairy shrimp and vernal pool tadpole 
shrimp as follows. 


• Harm could result from the permanent loss of 0.42 acre of modeled habitat for the species.  


• Harm could result from altering the hydrology of vernal pool fairy shrimp and vernal pool 
tadpole shrimp habitat within 250 feet of construction areas, which could reduce the 
hydroperiod of affected habitat, making it less suitable for the species. 


• Harm could occur as a result of changes to water quality in watersheds that support vernal pool 
fairy shrimp and vernal pool tadpole shrimp habitat.  


These adverse effects would be minimized through implementation of avoidance and minimization 
measures to reduce the risk of injury and mortality of individuals and the conversion of habitat and 
offset by the protection or restoration of habitat. If an existing conservation bank is used to offset 
effects, up to 29.70 acres of credits would be provided. If DWR selects a non-bank site, habitat losses 
would be offset by the restoration and protection of up to 44.76 acres of existing habitat based on 
current project impact estimates. 


Thus, the proposed action may affect, and is likely to adversely affect, the vernal pool fairy shrimp 
and vernal pool tadpole shrimp. 


7.18.2 Cumulative Effects  


Potential cumulative effects on vernal pool fairy shrimp and vernal pool tadpole shrimp in the action 
area include habitat loss and impairment, primarily through conversion of vernal pool or degraded 
vernal pool natural communities to more developed land uses. This is unlikely to occur because of 
regulatory prohibitions on such activity. If it were to occur, for example via unauthorized actions, 
such development could have an adverse effect on vernal pool fairy shrimp and vernal pool tadpole 
shrimp in the action area.  


Climate change is likely to alter habitat conditions for vernal pool fairy shrimp and vernal pool 
tadpole shrimp between now and the completion of the proposed action. The principal concern is 
climate change. Foreseeable climate change effects, described in Chapter 4, Section 4.3.2, Physical 
Environment, include increased climate variability as seen in changes such as more intense droughts 
and larger floods. These effects would tend to impair habitat quality and quantity for vernal pool 
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fairy shrimp and vernal pool tadpole shrimp, with potential adverse effects on species status in the 
action area. The environmental baseline for vernal pool fairy shrimp and vernal pool tadpole shrimp 
may also be affected by future habitat protection and restoration efforts in the Delta that may 
protect existing habitat or create new habitat. 


7.18.3 Determination of Effects on Vernal Pool Fairy Shrimp 
and Vernal Pool Tadpole Shrimp Designated Critical 
Habitat 


There are 597,821 acres of critical habitat designated for vernal pool fairy shrimp, of which 1,475 
acres overlap with the action area. All overlapping acres fall within critical habitat Unit 19B. Of the 
1,475 acres of critical habitat that overlap with the action area, 10.1 acres of PCEs (0.21% of total 
designated critical habitat in Unit 19B), as represented by modeled habitat, are assumed to be 
adversely affected. 


The proposed action would not appreciably diminish the value of the designated critical habitat to 
conservation because of the implementation of avoidance and minimization measures and the 
purchase of 29.70 acres of conservation bank credits or the restoration and protection of 44.76 
acres of vernal pool fairy and tadpole shrimp habitat. 


There is no designated critical habitat for vernal pool tadpole shrimp in the action area. Because 
there is no vernal pool tadpole shrimp critical habitat in the action area, the proposed action will 
have no effect on vernal pool tadpole shrimp critical habitat. 


7.19 Vernal Pool Grasses 
Because they occupy the same habitat type and location in the action area, Colusa grass and Solano 
grass are treated together in this analysis. 


7.19.1 Determination of Effects on Vernal Pool Grasses 


Colusa grass and Solano grass habitat is located in the northwestern portion of the action area in 
Jepson Prairie and is limited to vernal pool complex, growing in the bottom of large, deep vernal 
pools. There are occurrences of both grasses in this region of the action area (California Department 
of Fish and Wildlife 2020b). The construction footprint of the proposed action is outside the range of 
Colusa grass and Solano grass; therefore, the proposed action would not affect Colusa grass and 
Solano grass.  


Activities associated with implementation of the CMP channel margin enhancement and tidal habitat 
mitigation framework have the potential to result in a in a loss of modeled Colusa grass and Solano 
grass habitat. An unknown area of modeled vernal pool grass habitat would be affected by channel 
margin enhancement and tidal wetland restoration activities. Harm could occur to vernal pool 
habitat as a result of land clearing and construction equipment where the vernal pool grasses occur. 


These adverse effects would be minimized through implementation of avoidance and minimization 
measures to reduce the risk of harm or harassment of vernal pool plants. Where suitable habitat for 
vernal pool plants cannot be avoided and is permanently lost, the lost suitable habitat would be 
offset through mitigation determined by site-specific permitting and the CMP (Sections 3B.1 and 
3B.2.4 in Appendix 3B and Table 3B.1-2, CMP-0: General Design Guidelines and CMP-8: Vernal Pool 
Complex in Attachment 3B.1). 
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Thus, the CMP channel margin and tidal habitat mitigation framework may affect, and is likely to 
adversely affect, Solano grass and Colusa grass. 


7.19.2 Cumulative Effects 


Potential cumulative effects on vernal pool grasses in the action area include habitat loss and 
impairment, primarily through conversion of vernal pool or degraded vernal pool natural 
communities to more developed land uses. This is unlikely to occur because of regulatory 
prohibitions on such activity. If it were to occur, for example via unauthorized actions, such 
development could have an adverse effect on vernal pool grasses in the action area.  


Climate change is likely to alter habitat conditions for vernal pool grasses between now and the 
completion of the proposed action. The principal concern is climate change. Foreseeable climate 
change effects, include increased climate variability as seen in changes such as more intense 
droughts and larger floods. These effects would tend to impair habitat quality and quantity for 
vernal pool grasses, with potential adverse effects on species status in the action area. The 
environmental baseline for vernal pool grasses may also be affected by future habitat protection and 
restoration efforts in the Delta that may protect existing habitat or create new habitat. 


7.19.3 Determination of Effects on Vernal Pool Grasses 
Designated Critical Habitat 


Critical habitat has been designated for Solano and Colusa grass, but critical habitat does not occur 
within the action area. The proposed action would have no effect on designated critical habitat for 
Solano and Colusa grass. 


7.20 Northwestern Pond Turtle 


7.20.1 Determination of Effects on Northwestern Pond Turtle 


Permanent effects of the proposed action on northwestern pond turtle and its habitat would be 
small and would be offset with compensatory mitigation acreage commitment of 33.70 acres of 
aquatic habitat and 115.49 acres of upland habitat. Toward this goal, DWR would create and 
enhance up to 373.47 acres of aquatic habitat and up to 774.43 acres of upland habitat at the I-5 
ponds, as described in Table 3B-4 in Appendix 3B. The proposed action may affect the northwestern 
pond turtle based on the following factors. 


⚫ Project-related activities will occur within and adjacent to northwestern pond turtle modeled 
habitat. 


⚫ Northwestern pond turtle presence has been recorded in the vicinity of areas proposed for 
clearing and construction. 


⚫ Protection and restoration of northwestern pond turtle habitat would beneficially affect the 
species. 


The proposed action is likely to adversely affect the northwestern pond turtle as follows. 


⚫ Harm could result from the permanent and temporary loss of 52.73 acres of aquatic habitat and 
170.87 acres of upland habitat potentially occupied by the species.  


⚫ Harm could occur as a result of use of land clearing and construction equipment, vehicular 
transportation, and other construction, operations, and maintenance activities. 
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⚫ Harassment could result from noise, lighting, and vibrations, or other human disturbance 
adjacent to occupied northwestern pond turtle habitat during construction, operations, and 
maintenance. 


These adverse effects would be minimized through implementation of avoidance and minimization 
measures to reduce the risk of harm or harassment of individuals and offset by the creation and 
enhancement of 233.94 acres of aquatic habitat and 456.10 acres of upland habitat at initial 
mitigation sites. 


Thus, the proposed action is not likely to adversely affect the continued existence of the 
northwestern pond turtle. 


7.20.2 Cumulative Effects 


Potential cumulative effects on northwestern pond turtle in the action area include habitat loss and 
fragmentation, altered hydrology, contaminants, predation by bullfrogs, road impacts, and climate 
change (88 Federal Register [FR] 68377). 


Climate change (including increased temperatures, severe drought, extreme flood events, and severe 
wildfire) is likely to alter habitat conditions for northwestern pond turtle between now and the 
completion of the proposed action. Foreseeable climate change effects, described in Chapter 4, 
Section 4.3.2, Physical Environment, sea level rise, include reduced Sierra Nevada winter snowpack, 
warmer water temperatures, and increased climate variability as seen in changes such as more 
severe winter storms, more intense droughts, and larger floods. These effects would tend to impair 
habitat quality and quantity for northwestern pond turtle and could threaten individuals and 
populations, with potential adverse effects on species status in the action area. 


7.20.3 Determination of Effects on Northwestern Pond Turtle 
Designated Critical Habitat 


Critical habitat has not been designated for the northwestern pond turtle. 


7.21 Western Spadefoot 


7.21.1 Determination of Effects on Western Spadefoot 


Permanent effects of the proposed action on western spadefoot and its habitat would be small and 
would be offset with compensatory mitigation acreage commitment of 0.60 acre of suitable aquatic 
habitat and 32.84 acres of suitable upland habitat. The proposed action may affect western 
spadefoot based on the following factors. 


⚫ Project-related activities will occur within and adjacent to western spadefoot modeled habitat. 


⚫ Protection and restoration of suitable western spadefoot habitat would beneficially affect the 
species. 


The proposed action is likely to adversely affect the western spadefoot as follows. 


⚫ Harm could result from the permanent and temporary loss of 0.20 acre of aquatic habitat and 
37.24 acres of upland habitat potentially occupied by the species.  


⚫ Harm could occur because of use of land clearing and construction equipment, vehicular 
transportation, and other construction, operations, and maintenance activities. 
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⚫ Harassment could result from noise, lighting, and vibrations, or other human disturbance 
occurring adjacent to occupied western spadefoot habitat during construction, operations, and 
maintenance. 


These adverse effects would be minimized through implementation of avoidance and minimization 
measures to reduce the risk of harm or harassment of individuals and offset by the creation and 
enhancement of 0.60 acre of suitable aquatic habitat and 32.84 acres of suitable upland habitat. 


Thus, the proposed action is not likely to adversely affect the continued existence of western 
spadefoot. 


7.21.2 Cumulative Effects 


Potential cumulative effects on western spadefoot in the action area include habitat loss, habitat 
fragmentation, degradation, or alteration from urbanization and land conversion, nonnative 
predators, disease, wildfire, chemical contamination, noise disruptions, and the effects of climate 
change related to drought and increasing temperatures, and their cumulative impacts (88 FR 
84261). 


Low but persistent level of habitat loss from development and land conversion is expected to occur 
to varying degrees within the range of western spadefoot in the future, especially near urbanized 
areas (88 FR 84262). Effects of habitat loss have resulted in the remaining habitat becoming 
fragmented and of lower quality.  


The effects of climate change through drought conditions and increased temperatures are likely to 
affect western spadefoot because the species is dependent on the timing and amount of seasonal 
precipitation to provide suitable breeding and foraging habitat. Additionally, the seasonal ponds 
must stay inundated and within specific temperature range to allow western spadefoot to meet its 
life-history needs. Drought conditions would decrease the availability and quality of breeding and 
foraging habitat, as well as dispersal opportunities. Increased ambient temperatures could influence 
pond temperatures and cause seasonal ponds to dry up sooner, thereby decreasing the availability 
of suitable habitat for western spadefoot (88 FR 84263). Foreseeable climate change effects are 
described in Chapter 4, Section 4.3.2, Physical Environment These effects would tend to impair 
habitat quality and quantity for western spadefoot and could threaten individuals and populations, 
with potential adverse effects on species status in the action area.  


7.21.3 Determination of Effects on Western spadefoot 
Designated Critical Habitat. 


Critical habitat has not been designated for western spadefoot. 


7.22 Conclusion 
The effects of the proposed action were assessed using the best available science. Table 7.22-1 
summarizes the effects determinations discussed in this chapter.  


Table 7.22-1. Determination of Effects on Species Addressed in this BA 


Common and 
Scientific Names 


Scientific Name Jurisdiction Status Effect Determination 


     







CA Department of Water Resources 


 


Effects Determination 
 


 


Delta Conveyance Project, Biological Assessment 
7-25 


May 2024 
ICF 103653 


 


Common and 
Scientific Names 


Scientific Name Jurisdiction Status Effect Determination 


Chinook salmon, 
Sacramento River 
Winter-Run ESU 


Oncorhynchus 
tshawytsch 


NMFS Endangered Species: May affect, likely to 
adversely affect 


Critical Habitat: Likely to 
adversely affect 


Chinook salmon, 
Central Valley Spring-
Run ESU 


Oncorhynchus 
tshawytsch 


NMFS Threatened Species: May affect, likely to 
adversely affect 


Critical Habitat: Likely to 
adversely affect 


Steelhead, California 
Central Valley DPS 


Oncorhynchus 
mykiss 


NMFS Threatened Species: May affect, likely to 
adversely affect 


Critical Habitat: Likely to 
adversely affect 


Green sturgeon, 
Southern DPS 


Acipenser 
medirostris 


NMFS Threatened Species: May affect, likely to 
adversely affect 


Critical Habitat: Likely to 
adversely affect 


Killer whale, 
Southern Resident 
DPS 


Orcinus orca NMFS Endangered Species: May affect, not likely to 
adversely affect 


Critical Habitat: No effect 


Delta smelt Hypomesus 
transpacificus 


USFWS Endangered Species: May affect, likely to 
adversely affect 


Critical Habitat: Likely to 
adversely affect 


Longfin smelt Spirinchus 
thaleichthys 


USFWS Proposed 
Endangered 


Species: May affect, likely to 
adversely affect 


 Critical Habitat: Not designated 


San Joaquin kit fox Vulpes macrotis 
mutica 


USFWS Endangered Species: May affect, not likely to 
adversely affect 
Critical Habitat: Not designated 


California least tern Sternula antillarum 
browni 


USFWS Endangered Species: May affect, not likely to 
adversely affect 
Critical Habitat: Not designated 


Least Bell’s vireo Vireo bellii pusillus USFWS Endangered  Species: May affect, likely to 
adversely affect 
Critical Habitat: No Effect 


Western yellow-
billed cuckoo 


Coccyzus 
americanus 
occidentalis 


USFWS Threatened Species: May affect, likely to 
adversely affect 
Critical Habitat: No Effect 


California red-legged 
frog 


Rana draytonii USFWS Threatened Species: May affect, likely to 
adversely affect 
Critical Habitat: Likely to 
adversely affect 


California tiger 
salamander 


Ambystoma 
californiense 


USFWS Threatened Species: May affect, likely to 
adversely affect 
Critical Habitat: No Effect 
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Common and 
Scientific Names 


Scientific Name Jurisdiction Status Effect Determination 


Giant garter snake Thamnophis gigas USFWS Threatened Species: May affect, likely to 
adversely affect 
Critical Habitat: Not designated 


Delta green ground 
beetle 


Elaphrus viridis USFWS Threatened Species: May affect, likely to 
adversely affect 


Critical Habitat: No Effect 


Valley elderberry 
longhorn beetle 


Desmocerus 
californicus 
dimorphus 


USFWS Threatened Species: May affect, likely to 
adversely affect 
Critical Habitat: No Effect 


Vernal pool fairy 
shrimp 


Branchinecta lynchi USFWS Threatened Species: May affect, likely to 
adversely affect 
Critical Habitat: Likely to 
adversely affect 


Vernal pool tadpole 
shrimp 


Lepidurus packardi USFWS Endangered Species: May affect, likely to 
adversely affect 
Critical Habitat: Not Effect 


Colusa grass Neostapfia colusana USFWS Threatened Species: May affect, likely to 
adversely affect 


Critical Habitat: No effect 


Solano grass Tuctoria mucronata USFWS Endangered Species: May affect, likely to 
adversely affect 


Critical Habitat: No Effect 


Northwestern pond 
turtle 


Actinemys 
marmorata 


USFWS Proposed 
Threatened 


Species: Not Applicable 


Critical Habitat: Not Proposed 


Western spadefoot Spea hammondii USFWS Proposed 
Threatened 


Species: Not Applicable 


Critical Habitat: Not Proposed 


DPS = distinct population segment; ESU = evolutionarily significant unit; NMFS = National Marine Fisheries Service; 
USFWS = U.S. Fish and Wildlife Service. 
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