
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































pitched and gabled roof, exposed rafters, and multipane 
windows. The site is located on top of a sand mound, and 
a historic artifact scatter is associated with the structure. 
CA-CCo-584H marks the location of camp no. I. A 
second Craftsman-style structure (CA-CCo-583H), built 
about 1915, is located at the feny terminus of the Jersey­
Bradford-Webb feny and is used by the feny operator. 

The remaining resources on Webb Tract include two 
isolated cement pads and three locations with isolated 
fragments of glass or ceramic material. The remaining 
labor camps have been bulldozed or dismantled and no 
longer exist. 

Although no prehistoric resources have been iden­
tified, Webb Tract contains several areas of Piper sandy 
loam soils. These high-sensitivity areas for prehistoric 
resources were examined in detail during the field survey, 
and no surface evidence of prehistoric resources was 
found. However, burials have rep9rtedly been removed 
from Piper sand mounds on the tract (Maniery pers. 
comm.). Subsurface sampling or testing is not practi­
cable, given the acreage (approximately 330 acres of 
Piper sand) involved. 

Bouldin Island 

Thirteen historic-period resources were identified on 
Bouldin Island, consisting of five historic sites and eight 
isolated features or artifacts, representing two landings, 
six camps, and a pumping station. No records or evi­
dence of prehistoric sites have been found on the island. 
Table M2-3 in Appendix M21ists the resources identified 
on Bouldin Island. 

The five archaeological sites include CA-SJo-205H 
and -207H, which are trash scatters with 1920-era arti­
facts located in plowed fields. These two sites have been 
severely damaged by plowing activities, and the precise 
location of their origin could not be ascertained. Site CA­
SJo-206H is an intact trash deposit near the location of 
historic labor camp no. 25. Site CA-SJo-208H is the 
historic location of Schultz Landing, dated to about 1873, 
and was also used by Shima as labor camp no. 1 during 
the 1920s. Structural foundations and historic artifacts 
were found at this location. 

CA-SJo-209H is still used by the Bouldin Farming 
Company and is the site of the 1920s camp No. 21. Two 
Craftsman-style boarding houses with exposed rafters, 
pitched and gabled roofs, louvers, recessed porches, and 
paneled doors are situated on the top and .sides of the 
levees. Bulldozed foundation slabs and modem struc­
tures are also present at the site. 
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Some historic locations on the island are represented 
by an isolated concrete foundation with no associated 
historic material. Others have been virtually destroyed 
through agricultural use. 

HoUand Tract 

Prehistoric Resources. Four prehistoric archaeo­
logical sites and three isolated artifacts have been 
identified on Holland Tract (Table M2-4 in Appendix 
M2). Two of the resources (CA-CCo-146 and -147) 
were recorded previously. CA-Co-146 was recorded in 
thesouthwestcornerofthe island, and CA-CCo-147 was 
recorded about I ,000 feet north. Both sites were located 
on Piper sand mounds. Although CA-CCo-147 was 
reportedly destroyed (Cook and Elsasser 1956), PAR 
relocated and rerecorded the site during its survey. 
Cultural materials noted during the field survey included 
animal and human bone fragments; shell, obsidian, and 
chert flakes; and stone implements. Local landowners 
reported that approximately 70% of the site was washed 
away during the 1980 flood, although sand extraction is 
also said to have contributed to the mound's reduced size. 

Some confusion exists about the location and con­
dition of CA-CCo-146. CA-CCo-146 was excavated in 
1954 by Elsasser after a landowner reported fmding 
burials (Elsasser 1954, Hampson 1985). Elsasser re­
moved four burials from the site, including an infant 
buried with many ceremonial artifacts. A report prepared 
by Cook and Elsasser (1956) indicated that following the 
1954 excavation, a farmer leveled the mound for agri­
cultural use. The area where CA-CCo-146 was plotted 
was surveyed by PAR, but no cultural materials were 
identified at that location. 

Subsequent toP AR's survey, earthmoving work con­
ducted by reclamation district personnel uncovered disar­
ticulated human remains and a single artifact east of the 
recorded locations for both CA-CCo-146 and -14 7. PAR 
staff examined the find and supervised its reburial. No 
niidden or other cultural material was observed at the 
location. Because it was not determined whether the 
materials represented an archaeological site, this resource 
was not recorded and was subsequently referred to as the 
"unrecorded resource". 

Information obtained recently from the University of 
California, Davis, supports the theory that CA-CCo-146 
was misplotted originally and that the unrecorded re­
source is actually the remnants of CA-CCo-146 (Bio­
Systems Analysis 1993). This site was excavated by the 
University of California, Davis, in 1973 after burials 
were uncovered by the landowner. Several burials were 

Ch 3M. Cultural Resources 

September 1995 



excavated and are curated at the University of California, 
Davis. Given the uncertainty regarding the location of 
CA-CCo-146, a new trinomial (CA-CCo-678) was 
assigned to this location. 

In addition to the previously recorded sites, PAR 
identified and recorded two new sites (CA-CCo-593 and 
-594). CA-CCo-593 is a prehistoric occupation site on 
a Piper sand mound near the center of the tract. The top 
of the mound was plowed in the past, exposing burned 
and unburned human remains. During PAR's examina­
tion, shell beads, chipped and ground stone tool imple­
ments, obsidian and chert flakes, animal bone fragments, 
disarticulated human remains, and charcoal were noted 
on the surface of the site. 

CA-CCo-594, situated in the north-central portion of 
Holland Tract, consists of the remaining portion (appro­
ximately 5%) of a Piper sand mound. Most of the site 
was removed while the mound.was being excavated for 
use in levee reconstruction and repair work. A few 
pieces of chipped stone, a bone fragment, and one stone 
implement were found in this location. 

In 1989, following the inventory, CA-CCo-147 and 
CA-CCo-593 were damaged by unauthorized excavations 
by a Native American determined by the NAHC to be the 
most likely descendant. These excavations were repor­
tedly conducted to locate human remains. 

Additional archaeological resources that were not 
identified during the survey may be present on Holland 
Tract. Buried deposits and human remains have been 
found in Piper sands on Holland Tract and other islands. 
In many cases, no cultural materials are found above 
these deposits and bwials, making their discovery proble­
matic. Subswface sampling or testing is not practicable, 
given the acreage (approximately 220 acres of Piper 
sand) involved. 

In addition, approximately 100 acres ofPiper sand 
mounds on the southwest portion of the island could not 
be surveyed because OW does not own or control this 
parcel, and access was not granted to conduct surveys. 
Undiscovered resources may be present on this parcel. 

Historic-Period Resources. Of the 12 work camps 
on Holland Tract in 1917, only the remnants of two (CA­
CCo-585H and -586H) remain (fable M2-4). CA-CCo-
585H consists of Craftsman-style buildings among mod­
em structures. These structures are used seasonally as a 
duck hunting club. CA-CCo-586H marks the 1917 loca­
tion of camp no. 5. Other sites have been bulldozed and 
destroyed. The 1980 flood reportedly damaged many of 
the historic structures on the perimeter of the island, 
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leading to their demolition (Hampson 1985). Concrete 
pads and pice blocks are all that remain at these locations. 

Determination of Resource Significance 

There are three sets of criteria for assessing cultural 
resource significance: NRHP eligibility criteria, CEQA 
significance criteria, and NEPA significance criteria. 
Fallowing is the definition of the NRHP criteria for 
eligibility: 

The quality of significance in American history, 
architecture, archaeology, and culture is present 
in districts, sites, buildings, structures, and ob­
jects of state and local importance that possess 
integrity of location, design, setting, materials, 
worlananship, feeling and association, and that: 

• are associated with events that have made 
a contribution to the broad pattern of our 
history, 

• are associated with the lives of people sig­
nificant in our past; 

• embody the distinct characteristics of a 
type, period, or method of construction, or 
that represent the work of a master, or that 
possess high artistic values, or that repre­
sent a significant and distinguishable entity 
whose components may lack individual 
distinction; or 

• have yielded, or are likely to yield, infor­
mation important in prehistory or history 
(36 CFR 60.6). 

Under CEQA, important cultural resources are 
described as: 

• being associated with an event or person of 
recognized significance in California or 
American history, or recognized scientiflc 
importance in prehistory; 

• providing information which is both of 
demonstrable public interest and useful in 
addressing scientifically consequential and 
reasonable or archaeological research 
questions; 
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• having a special or particular quality such 
as oldest, best example, largest, or last 
surviving example; 

• at least 1 00 years old and possesses sub­
stantial stratigraphic integrity; or 

• being able to address important research 
questions that historical research has 
shown can be answered only with archaeo­
logical methods (State CEQA Guidelines 
Appendix K). 

Determination of resource significance for NEP A 
includes resources considered significant by: 

• inclusion in the records of recognized organiza­
tions, such as the NRHP, National Historic 
Landmarks, Points ofHistorical Interest, Native 
American Heritage CoiDJDission sacred lands 
files, and city and county registers; 

• public groups, such as Native American groups 
and historical societies; and 

• technical and professional groups and indivi­
duals. 

Section 106 of the NHPA, NEPA, and CEQA re­
quire consideration of effects of projects on traditional 
cultural values. Resources with contemporary or sacred 
values to Native Americans are considered significant. 
Because this project also requires compliance with Sec­
tion 1 06 of the NHP A, the impact assessment uses the 
NRHP significance criteria to assess project effects. 

Bacon Island 

PAR's 1989 research and inventory found that the 
resources on Bacon Island represent a cohesive record of 
agricultural development in the Delta. For this reason, 
PAR suggested that Bacon Island was potentially eligible 
for NRHP listing as a district under 36 CFR 60.4 criteria 
of (a) historic events, (b) significant people, (c) archi­
tecturally distinctive structures, and (d) important sources 
of information. 

PAR's study further recommended that additional 
work be conducted to determine the boundaries, con­
tributing elements, and period of significance of the 
potential historic district. In 1992, PAR conducted the 
additional archival and oral history research and prepared 
a detemrination ofNRHP eligibility for the Bacon Island 
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historic district. The following is extracted from PAR's 
report (PAR 1993a). 

Ten labor camps on the island and one bridge 
tender's residence remain on Bacon Island. A total of I OS 
buildings were associated with the camps. In addition to 
the buildings, two pump houses, siphons, canals, agri­
cultural fields, and a modern farming headquarters are 
present. Five of the camps appear to have archaeological 
elements, and two other archaeological sites exist on the 
island. 

Given the general theme of the island (agriculture), 
the condition of the existing camps, and the water con­
veyance and pumping system, PAR recommended that 
the resources on Bacon Island meet the NRHP's defi­
nition of district. The cultural landscape, water system, 
camp architecture and layout, and pump house locations 
are all integral parts of the operation of Bacon Island. 
The association of the island and the camps with Japa­
nese farmworkers and other ethnic groups qualifies the 
district as being eligible for listing in the NRHP under 
Criterion A The involvement of George Shima in island 
reclamation, camp construction, and ongoing farming 
operations qualifies the district as being eligible for list­
ing in the NRHP under Criterion B. 

Bacon Island resources are an intact example of 
architectural styles (vernacular Craftsman) and camp 
layout once found throughout the Delta, making the 
district eligible for listing in the NRHP under Criterion C. 
Finally, seven known archaeological sites are present on 
the island, and these sites contain material that is impor­
tant to ongoing research on Japanese-American culture. 
Therefore, the district meets NRHP eligibility Crite­
rion D. 

Webb Tract 

Six of the seven resources recorded on Webb Tract 
are not potentially eligible for NRHP listing because of 
their lack of research potential, isolated nature, or com­
mon occurrence throughout the Delta region (Maniery 
and Syda 1989). PAR suggested that CA-CCo-584H 
was potentially eligible for NRHP listing and recom­
mended that further work be conducted to determine the 
extent and integrity of the subsurface deposits and the 
site's research potential. 

In 1992, PAR conducted a test excavation at CA­
CCo-584H and determined that most of the artifacts dated 
to circa 1950s to 1970s. Some older materials were lo­
cated but only in disturbed contexts. This site does not 
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appear to meet the criteria for NRHP eligibility (PAR 
1993b). 

Bouldin bland 

In 1989, PAR suggested that CA-SJo-206H and CA­
SJo-208H were potentially eligible for listing in the 
NRHP and that further investigations of the subsurface 
integrity and research potential of the resources be 
conducted. In 1992, PAR conducted test excavations at 
the two sites to determine whether they were eligible for 
listing in the NRHP. Few artifacts were found at CA­
SJo-206H and most dated to post-1940. Given the 
paucity of the remains and their recent age, the site does 
not appear to meet the criteria for NRHP eligibility (PAR 
1993b). 

CA-SJo-208H contained two intact refuse features 
with 1920s bottles, ceramics, an~imetal. PAR suggested 
that materials from this site have the potential to address 
research questions, and that the site is thus eligible for 
listing in the NRHP under Criterion D (PAR 1993b ). 

Holland Tract 

PAR suggested that CA-CCo-147, -593, and -594 
are potentially eligible for NRHP listing under Criter­
ion D because of their potential to yield information 
important in reconstructing prehistoric lifeways and eco­
nomic exchange patterns and in answering questions 
concerning the development of prehistoric culture in the 
Delta. The standing structures on the tract are not unique 
in the Delta region and are not considered potentially 
eligible for NRHP listing. Other resources on the island 
consist of isolated prehistoric artifacts or historic cement 
foundations and are not eligible for NRHP listing. 

Subsequent to the completion of PAR's report, 
human remains and cultural materials believed to mark 
the location of CA-CCo-146 were identified. Because of 
consultation with lead state and federal agencies regard­
ing which sites required further evaluative studies, this 
site was added to those recommended by PAR for addi­
tional work. At that time, it was decided that no further 
work was necessary at CA-CCo-594 because too little of 
the site remained for it to be eligible for NRHP listing. 

In 1992, BioSystems Analysis conducted test exca­
vations at CA-CCo-147, CA-CCo-593, and CA-CCo-
678. BioSystems Analysis determined that CA-CCo-147 
contained intact subsurface deposits and intact burials. 
BioSystems Analysis has concurred that CA-CCo-147 is 
eligible for listing in the NRHP and is also important 
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because of the values that Native Americans place on 
burials (BioSystems Analysis 1993). 

CA-CCo-593 consisted of a shallow disturbed 
deposit with few artifacts and disarticulated human 
remains. This site does not appear to be eligible for 
listing in the NRHP under Criterion D for its archaeolo­
gical value. However, the site may contain intact burials 
with importance to Native Americans. 

CA-CCo-678 does not contain intact archaeological 
deposits and does not appear to meet NRHP eligibility 
Criterion D for its archaeological value. However, intact 
human remains that have importance to Native Ameri­
cans have been found at this site. 

In addition to the known sites on Holland Tract, 
additional buried resources on the 1 00-acre parcel that 
were not surveyed may exist. Given the scarcity of these 
types of resources and the fact that they often contain 
burj.als, these resources are likely to be significant. 

IMPACT ASSESSMENT 
METHODOLOGY 

Analytical Approach and 
Impact Mechanisms 

hnpacts could result from the following elements of 
the DW project alternatives: 

• neglect of historic properties, resulting in their 
deterioration or destruction; 

• demolition of buildings or structures; 

• placement of fill for levee construction and 
periodic replenishment and other components 
of construction (e.g., sand borrowing and con­
struction of siphons and pumps) that affect 
historic properties; 

• flooding of islands for water storage resulting in 
the wet/dry cycling and saturation of cultural 
materials and human remains; 

• wave erosion of the archaeological sites during 
flooded periods; 

• ground disturbance related to habitat manage­
ment or enhancement activities that could dis­
turb historic properties; and 
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• presence of hWlters and others increasing the 
potential for vandalism of archaeological sites 
on the islands. 

Criteria for Determining 
Impact Significance 

Section 106 of the NHP A, NEP A, and CEQA 
describe the criteria for impact assessment for cultw-al 
resources. Under Section 106, three possible fmdings of 
effect can be made: no effect, no adverse effect, and 
adverse effect. ACHP regulations defme an Wldertaking 
as having an effect on historic property when the Wlder­
taking: 

may alter the characteristics of the property that 
may qualify the property for inclusion in the 
NRHP, including alteration pf the property's 
location, setting, or use. An Wldertaking may 
have an adverse effect when the effect on a his­
toric property may diminish the integrity of the 
property's location, design, setting, materials, 
workmanship, feeling, or association. Adverse 
effects on historic properties include, but are 
not limited to: 

• physical destruction or alteration of all or 
part of the property; 

• isOlation of the property from or alteration 
of the property's setting when that charac­
ter contributes to the property's qualifica­
tion for the NRHP; 

• introduction of visual, audible, or atmos­
pheric elements that are out of character 
with the property or alter its setting; 

• neglect of a property resulting in its deter­
ioration or destruction; and 

• transfer, lease, or sale of the property (36 
CFR 800.9). 

Note that these are the ways in which adverse effects can 
occur; not all these elements would result from imple­
mentation of the DW project alternatives. 

Under CEQA, an impact is considered significant if 
the project may cause damage to an important cultural 
resource. 
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Impacts would be significant Wlder NEP A if a 
project would diminish the integrity of a resource's loca­
tion, design, setting, materials, workmanship, feeling, or 
association or cause the loss or destruction of significant 
scientific, cultural, or historical resources ( 40 CFR 
1508.27). 

Section 106 of the NHPA, NEPA, and CEQA 
require consideration of effects of projects on traditional 
cultural values. Significant impacts would occur if areas 
with contemporary or sacred values to Native Americans 
would be adversely affected by the project. 

An impact would be considered beneficial if it would 
result in the protection, stabilization, or restoration of 
cultural properties listed or eligible for listing in the 
NRHP or sites determined to be important Wlder CEQ A. 

Less-than-significant impacts would occur if sites 
determined ineligible for listing in the NRHP or sites not 
considered important Wlder CEQA were affected by the 
project. · 

IMPACfS AND MIDGATION MEASURES 
OF ALTERNATIVE 1 

Alternative I involves storage of water on Bacon 
Island and Webb Tract (reservoir islands) and manage­
ment of Bouldin Island and Holland Tract (habitat 
islands) primarily as wildlife habitat. 

This section describes the impacts of Alternative I 
on cultural resources and outlines mitigation measures 
that may avoid, minimize, rectify, reduce, or compensate 
for the predicted impacts. Determination of which miti­
gation measures will be required will be made by the lead 
state and federal agencies in consultation with the SHPO 
as part of the determination and eligibility and effect 
process, as required by Section I 06 of the NHP A The 
NAHC and appropriate Native American groups will 
have been consulted. Implementation of the selected 
mitigation measures will be ensured through the devel­
opment and execution of a P A. Signatories to the P A will 
be DW, the Corps, SWRCB, the SHPO, and ACHP. The 
PA will require that an HPMP be prepared to outline the 
specific mitigation for each site affected by the project. 

Ch JM. Cultural Resources 

September 1995 

:-: 



Prehistoric Resources 

Bacon Island 

No NRHP-eligible prehistoric resources are present 
on Bacon Island. Therefore, no impacts are anticipated. 

Webb Tract 

No NRHP-eligible prehistoric resources have been 
identified on Webb Tract; however, 335 acres of Piper 
sands that could contain buried resources are present on 
the tract. In addition, burials have reportedly been un­
covered on Webb Tract in the past. 

Bouldin Island 

No NRHP-eligible prehistoric resources are present 
on Bouldin Island Therefore, no impacts are anticipated. 

Holland Tract 

CA-CCo-593, a prehistoric archaeological site, is 
within the APE for Alternative 1. The site consists of a 
shallow disturbed deposit with few artifacts and disarticu­
lated human remains. This site does not appear to be 
eligible for listing in the NRHP under Criterion D for its 
archaeological value. Although no intact burials were 
found at CA-CCo-593, their presence cannot be ruled 
out, given the amount of disarticulated skeletal materials 
observed during the survey and test excavation. If intact 
human remains are present at the site, they may have 
importance to Native Americans. In addition, Piper 
sands on Holland Tract could contain buried resources. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact M-1: Disturbance of Buried Resources 
(If Present) in the Archaeologically Sensitive Piper 
Sands on Webb Tract. -Because the value of arch­
aeological resources often depends on their integrity, 
project activities that disturb buried resources could rend­
er them insignificant. If significant buried resources are 
present on Webb Tract and they are disturbed by imple­
mentation of the alternative, such disturbance would be 
considered a significant impact Implementing Mitigation 
Measure M-1 would reduce Impact M-1 to a less-than­
significant level. 
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Mitigation Measure M-1: Prepare an 
HPMP to Provide for the Long-Term Monitoring 
and Treatment of Archaeologically Sensitive Areas 
on Webb Tract. Prior to implementation of Alterna­
tive 1, the project applicant shall prepare an HPMP that 
will specify notification procedures in the event of 
discovery of cultural materials or human remains in the 
archaeologically sensitive Piper sand deposits. The 
HPMP will include a monitoring plan to address impacts 
resulting from inadvertent discovery of cultural resources 
and human remains, and will outline treatment and man­
agement requirements for these resources. Treatment of 
archaeological resources usually consists of data recovery 
excavations designed to retrieve important information 
that would be lost as a result of project implementation. 
If human remains are identified, consultation with the 
NAHC will be required for development of appropriate 
mitigation measures. 

Impact M-2: Disturbance of Intact Burials at 
CA-CCo-593 (If Present) on Holland Tract. Ground­
disturbing activities, such as plowing and planting, asso­
ciated with habitat management or enhancement could 
Wicoverpreviously undiscovered burials at CA-CCo-593. 
Disturbance of intact burials would be considered a sig­
nificant impact. Implementing Mitigation Measure M-2 
would reduce Impact M-2 to a less-than-significant level. 

Mitigation Measure M-2: Design Habitat 
Management and Enhancement Activities to Prevent 
Disturbance ofCA-CCo-593 on Holland Tract. Prior 
to implementation of Alternative 1, the project applicant 
shall prepare an HPMP that considers the possibility that 
intact human remains exist at CA-CCo-593. The HPMP 
will specify that no deep plowing (more than 18 inches 
deep) or planting of invasive vegetation will be permitted 
on the site. Currently, the HMP calls for the area to be 
planted in herbaceous grasses (see Appendix H3, "Habi­
tat Management Plan for the Delta Wetlands Habitat 
Islands"). 

Impact M-3: Disturbance of Intact Burials in 
CA-CCo-593 (If Present) Resulting from Vandalism 
on Holland Tract. Implementation of Alternative I 
could result in disturbance of intact burials, if they are 
present at CA-CCo-593, as a result of increased visitation 
and the potential for pot hunting and vandalism. Dis­
turbance of intact burials would be considered a signi­
ficant impact. Implementing Mitigation Measure M-3 
would reduce Impact M-3 to a less-than-significant level. 

Mitigation Measure M-3: Prepare an 
HPMP to Address Disturbance of Human Remains 
at CA-CCo-593 on Holland Tract. Prior to project 
implementation, the project applicant shall prepare an 
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HPMP that specifies the notification procedures that will 
be followed if intact human remains are discovered at 
CA-CCo-593. The HPMP will include a monitoring plan 
to address impacts resulting from inadvertent discovery 
of human remains, pot hunting, and vandalism and will 
outline treatment and management requirements for 
human remains should they be discovered. Consultation 
with the NAHC will also be outlined in the HPMP. 
Treatment could include measures such as ceasing 
ground-distmbing activities on the site, fencing the site to 
prevent access, and increasing monitoring of the site. If 
the burials cannot be protected, treatment could include 
removing them from the site and reburying them else­
where. 

Impact M-4: Disturbance of Buried Resources 
(If Present) in the ArchaeologicaUy Sensitive Piper 
Sands on HoUand Tract. Piper sands on Holland Tract 
could contain buried resources. Ground-disturbing acti­
vities, such as plowing and plaJ}ting associated with 
habitat management or enhancement, could uncover pre­
viously undiscovered resources on Holland Tract. Be­
cause the value of archaeological resources often depends 
on their integrity, project activities that disturb buried 
resources could render them insignificant. If significant 
buried resources are present and they are disturbed by 
implementation of Alternative 1, such disturbance would 
be considered a significant impact. Implementing 
Mitigation Measure M-4 would reduce Impact M-4 to a 
less-than-significant level. 

Mitigation Measure M-4: Prepare an 
HPMP to Provide for the Long-Term Monitoring 
and Treatment of ArchaeologicaUy Sensitive Areas 
on HoUand Tract. Prior to project implementation, the 
project applicant shall prepare an HPMP that will specify 
notification procedures in the event of discovery of 
cultural materials or human remains in the archaeologi­
cally sensitive Piper sand deposits. The HPMP will 
include a monitoring plan to address impacts resulting 
from inadvertent discovery of cultural resources and 
human remains and will outline treatment and manage­
ment requirements for these resources. Treatment of 
archaeological resources usually consists of data recovery 
excavations designed to retrieve important information 
that would be lost as a result of project implementation. 
If human remains are identified, consultation with the 
NAHC will be required for development of appropriate 
mitigation measures. 
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Historic-Period Resources 

Bacon Island 

PAR has suggested that resources on Bacon Island 
constitute a historic district eligible for NRHP listing. 
Findings indicate that 10 labor camps and one bridge 
tender's residence, totaling 1 06 buildings, are contribu­
ting elements to the district. In addition, there are two 
pump houses, siphons, canals, agricultural fields, and a 
modern farming headquarters on Bacon Island. Five of 
the camps appear to have archaeological elements, and 
two other archaeological sites on the island that are not 
associated with labor camps exist. 

Because properties on Bacon Island appear to be 
eligible for NRHP listing as a historic district, the effect 
of implementation of Alternative 1 on the district as a 
whole must be assessed. The definition of an NRHP dis­
trict implicitly recognizes that the importance of the 
whole is greater than the sum of its contributing parts. By 
definition, the loss of a single contributing element within 
an NRHP district has a deleterious effect on the integrity 
and research potential of the remaining contributing ele­
ments and on the district as a whole. If a project com­
ponent affects one contributing element of the district, it 
affects the entire district. 

The majority of resources on Bacon Island eligible 
for NRHP listing will be affected by reconstruction of the 
levees and inundation. Most of the structures lie on the 
perimeters of the islands in areas that would be disturbed 
by reconstruction of levees. Structures on the sides or 
near the bases of levees would be subject to significant 
impacts resulting from fill placement. 

Webb Tract 

No historic-period resources eligible for NRHP 
listing are present on Webb Tract. Therefore, no impacts 
are anticipated. 

Bouldin Island 

PAR suggested that one historic archaeological site 
(CA-SJo-208H) on Bouldin Island was eligible for listing 
in the NRHP under Criterion D. 
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Holland Tract 

No historic-period resources eligible for NRHP list­
ing are present on Holland Tract. Therefore, no impacts 
are anticipated. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact M-5: Demolition of the NRHP-Eligible 
Historic District on Bacon Island. Although a small 
number of buildings may be preserved, most of the 
district eligible for NRHP listing will be demolished and 
inundated. This impact is considered significant and 
unavoidable. Mitigation measures can be implemented 
to recover some of the historical values that would be lost 
as a result of Alternative I implementation. Implemen­
ting Mitigation Measw-es M-5 through M-8 would reduce 
Impact M-5, but not to a less-tl_lan-significant level. 

Mitigation Measure M-5: Prepare an 
HPMP and a Data Recovery Plan for Archaeological 
Deposits on Bacon Island. Prior to project implemen­
tation, the project applicant shall prepare an HPMP that 
will outline how significant archaeological materials 
should be treated The HPMP will require preparation of 
a data recovery plan that specifies how important archae­
ological data will be recovered. 

Mitigation Measure M-6: Prepare a Video­
tape of Public Broadcasting System Quality of the 
NRHP-Eligible Historic District on Bacon Island. 
Prior to project implementation, the project applicant 
shall prepare a video that captures some of the qualities 
that make the historic district significant. This production 
should be prepared to meet the technical requirements for 
airing on the Public Broadcasting System (PBS), as 
specified in the PBS producers' handbook. To meet PBS 
requirements, the video must be at least 27 minutes long. 

Mitigation Measure M-7: Prepare a Popu­
lar Publication on Bacon Island Resources for Use by 
Museums, Cultural Centen, and Schools. Prior to 
project implementation, the project applicant shall pro­
duce a popular publication to.ilisseminate historical infor­
mation on the NRHP-eligible historic district on Bacon 
Island to the public. This document should combine 
historical photographs with information gathered from 
historical research and interviews to describe the history 
ofBacon Island. The publication should be prepared for 
use by schools, historical societies, local museums, and 
the general public. 
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Mitigation Measure M-8: Complete His­
toric American Building Survey/Historic American 
Engineering Record Forms, Including Photographic 
Documentation, That Preserve Information about the 
NRHP-Eligible District on Bacon Island. Prior to 
project implementation, the project applicant shall 
complete architectural and engineering documentation for 
contributing elements in the NRHP-eligible historic 
district, consisting of measured drawings, photographs, 
and written data. These are used to preserve information 
about a historic building, site, structure, or object that 
may be demolished or subject to loss of historical inte­
grity. Documentation may be included in the Historic 
American Building Survey and the Historic American 
Engineering Record Collections in the Library of 
Congress. 

Impact M-6: Disturbance of Archaeological Site 
CA-SJo-208H on Bouldin Island. Archaeological site 
CA-SJo-208H could be affected by activities related to 
implementation of Alternative 1. Because the value of 
archaeological resources often depends on their integrity, 
project activities that disturb significant buried resources 
could render them insignificant. This impact is con­
sidered significant. Implementing Mitigation Measme 
M-9 would reduce Impact M-6 to a less-than-significant 
level. 

Mitigation Measure M-9: Prepare an 
HPMP and a Data Recovery Plan for Archaeological 
Deposits on Bouldin Island. Prior to project implemen­
tation, the project applicant shall prepare an HPMP that 
will outline how significant archaeological materials 
should be treated. The HPMP will require that a data 
recovery plan be prepared that specifies how important 
archaeological data will be recovered. 

IMPACTS AND MITIGATION MEASURES 
OF ALTERNATIVE 2 

The impacts and mitigation measmes of this alter­
native are the same as those of Alternative I. 

IMPACTS AND MITIGATION MEASURES 
OF ALTERNATIVE 3 

Alternative 3 involves storage of water on Bacon 
Island, Webb Tract, Bouldin Island, and Holland Tract, 
with secondary uses for wildlife habitat and recreation. 
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This section describes the impacts of Alternative 3 
on cultural resources and outlines mitigation measures 
that may avoid, minimize, rectify, reduce, or compensate 
for the predicted impacts. Determination of which miti­
gation measures will be required will be made by the lead 
state and federal agencies in consultation with the SHPO 
as part of the determination of eligibility and effect 
process, as required by Section 106 of the NHP A The 
NARC and appropriate Native American groups will 
have been consulted. Implementation of the selected 
mitigation measures will be ensured through the develop­
ment and execution of a P A A single PA covering all 
historic properties on the four islands that will be affected 
by the project will be prepared. Signatories to the P A 
will be DW, the Coq>s, SWRCB, the SHPO, and ACHP. 
The PA will require that an HPMP be prepared to outline 
the specific mitigation for each site affected by the 
project. 

Prehistoric Resou~s 

Bacon Island 

As described above under "Impacts and Mitigation 
Measures of Alternative 1 ", no prehistoric resources 
eligible for NRHP listing exist on Bacon Island; there­
fore, no impacts are anticipated. 

Webb Tract 

The effect of implementation of Alternative 3 on 
prehistoric resources on Webb Tract would be identical 
to that described above under "Impacts and Mitigation 
Measures of Alternative 1 ". 

Bouldin Island 

As described above under "Impacts and Mitigation 
Measures of Alternative 1 ", no prehistoric resources 
eligible for NRHP listing exist on Bacon Island; there­
fore, no impacts are anticipated. 

HoUand Tract 

Three prehistoric archaeological sites (CA-CCo-
147, CA-CCo-593, and CA-CCo-678) on Holland Tract 
are eligible for NRHP listing under Criterion D or have 
other values that make them significant. CA-CCo-147 
and CA-CCo-678 contain intact human remains. No 
intactbm"ialswerefotmd at CA-CCo-593; however, their 
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presence cannot be ruled out, given the amount of disar­
ticulated skeletal materials observed during the survey 
and test excavation. 

Of the three sites, only CA-CCo-147 appears to 
retain a substantial archaeological deposit. CA-CCo-593 
is shallow and disturbed. If CA-CCo-678 had a cultural 
deposit, most of it was removed during leveling of the 
mound. Piper sands on Holland Tract could contain 
buried resources. If buried resources are present, acti­
vities associated with implementation of Alternative 3 
would result in significant impacts. 

Approximately 100 acres ofPiper sand mounds have 
not been surveyed because they are not owned or under 
the control of the project applicant, and the current owner 
did not permit the area to be surveyed. Additional signi­
ficant resources could be present on this parcel. 

These resources could be affected by several differ­
ent mechanisms, including flooding of islands for water 
storage, resulting in wet/dry cycling and saturation of 
cultural materials and human remains; wave erosion of 
archaeological deposits during flooded periods; and 
presence of hunters and others, increasing the potential 
for vandalism on the islands. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact M-7: Disturbance ofBuried Resources 
(If Present) in. the Archaeologically Sensitive Piper 
Sands on Webb Tract. This impact is described above 
tmder Impact M-1. This impact is considered significant. 
Implementing Mitigation Measure M-1 would reduce 
Impact M-7 to a less-than-significant level. 

Mitigation Measure M-1: Prepare an 
HPMP to Provide for the Long-Term Monitoring 
and Treatment of Archaeologically Sensitive Areas 
on Webb Tract. This mitigation measure is described 
above under "Impacts and Mitigation Measures of 
Alternative 1 ". 

Impact M-8: Damage or Destruction of Known 
Archaeological Sites Resulting from Inundation, 
Wave Action and Erosion, or Vandalism on HoUand 
Tract. Sites on Holland Tract could be affected by 
implementation of Alternative 3 because of inundation, 
wave action and erosion, or vandalism. These sites con­
tain significant archaeological materials and/or burials 
with importance to Native Americans. Because the value 
of archaeological resources often depends on their inte­
grity, project activities that disturb the resources could 
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render them insignificant. Project activities could also 
disturb burials. Therefore, this impact is considered sig­
nificant and unavoidable. 

No mitigation is available to reduce this impact to a 
less-than-significant level because the sites contain values 
(i.e., human remains important to Native Americans) that 
are not amenable to mitigation through data recovery. 
Mitigation measures are available that would recover or 
protect some of the cultural values that would be lost as 
a result of project implementation. Implementing Mitiga­
tion Measures M-1 0 through M-14 would reduce Impact 
M-8, but not to a less-than-significant level. 

Mitigation Measure M-10: Prepare an 
HPMP and Conduct Data Recovery Excavations 
(Only Appropriate for CA-CCo-147) for Archaeo­
logical Materials on Holland Tract. Prior to imple­
mentation of Alternative 3, the project applicant shall 
prepare an HPMP that will outline how significant arch­
aeological materials should be treated. The HPMP will 
require that a data recovery plan be prepared that speci­
fies how important archaeological data will be recovered 
from CA-CCo-14 7. Data recovery could include removal 
of burials. 

Mitigation Measure M-11: Cap Archaeo­
logical Sites on Holland Tract. Where appropriate, 
prior to implementation of Alternative 3, the project 
applicant shall cap archaeological sites to protect sites 
from pot hunting and vandalism. 

Mitigation Measure M-12: Construct Fenc­
ing or Other Barriers to Prevent Site Access on 
HoUand Tract. Where appropriate, prior to implemen­
tation of Alternative 3, the project applicant shall con­
struct fences or other barriers to restrict access to 
archaeological sites and help protect sites from pot 
hunting and vandalism. 

Mitigation Measure M-13: Construct 
Levees or Beach Slopes around Archaeological Sites 
to Decrease Wave Action and Erosion on Holland 
Tract. Where appropriate, prior to implementation of 
Alternative 3, the project applicant shall construct levees 
or beach slopes around sit@S to reduce the potential for 
wave action and erosion. 

Mitigation Measure M-14: Prepare an 
HPMP to Provide for the Long-Term Monitoring of 
Known Archaeological Sites on Holland Tract. Prior 
to implementation of Alternative 3, the project applicant 
shall prepare an HPMP that includes a monitoring plan to 
identifY impacts on intact burials that could result from 
inundation, wave action and erosion, and vandalism. The 
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HPMP will address treatment of intact burials in known 
sites that are inadvertently discovered during project con­
struction and implementation. The HPMP will include 
notification procedures to be followed when intact burials 
are identified and will outline treatment and management 
requirements for human remains, should they be dis­
covered. Treatment could include removing the burials 
from the site and reburying them elsewhere. 

Impact M-9: Disturbance of Buried Resources 
(H Present) in the ArchaeologicaUy Sensitive Piper 
Sands on HoUand Tract. Piper sands on Holland Tract 
could contain buried resources. Inundation, wave action 
and erosion, and vandalism could uncover previously 
undiscovered resources on Holland Tract. Because the 
value of archaeological resources often depends on their 
integrity, activities associated with implementation of 
Alternative 3 that disturb buried resources could render 
them insignificant. If significant buried resources are 
present and they are disturbed by the project, such dis­
turbance would be considered a significant impact. 
Implementing Mitigation Measure M-4 would reduce 
Impact M-9 to a less-than-significant level. 

Mitigation Measure M-4: Prepare an 
HPMP to Provide for the Long-Term Monitoring 
and Treatment of Archaeologically Sensitive Areas 
on HoUand Tract. This mitigation measure is described 
above under "Impacts and Mitigation Measures of 
Alternative 1 ". 

Impact M-10: Disturbance of Unknown Resour­
ces on Unsurveyed Portions of Holland Tract. 
Approximately 100 acres ofPiper sand mounds have not 
been surveyed because they are not owned or under the 
control of the project applicant, and the current owner did 
not permit the area to be surveyed. Ground-disturbing 
activities, iD.undation, wave action and erosion, and 
vandalism associated with implementation of Alterna­
tive 3 could uncover previously undiscovered resources 
on Holland Tract. Because the value of archaeological 
resources often depends on their integrity, project activi­
ties that disturb buried resources could render them insig­
nificant. If significant buried resources are present and 
they are disturbed by the project, such disturbance would 
be considered a significant impact. Implementing Miti­
gation Measure M-15 would reduce Impact M-1 0 to a 
less-than-significant level. 

Mitigation Measure M-15: Survey Unsur­
veyed Portions of Holland Tract and Determine Eli­
gibility for NRHP Listing and Appropriate Treat­
ment. Prior to implementation of Alternative 3, the 
project applicant shall survey the unsurveyed portions of 
Holland Tract to identify potentially significant cultural 
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resources. If potentially significant cultural resources are 
identified, their significance and appropriate treatment 
will be detennined in accordance with the stipulations of 
the P A. If significant resources are identified during the 
SI.UVey, mitigation measures similar to those specified for 
the known resources would be implemented. 

Historic-Period Resources 

Bacon Island 

The effect of implementation of Alternative 3 on 
historic-period resources on Bacon Island would be 
identical to that described above under "Impacts and 
Mitigation Measures of Alternative 1". 

Webb Tract 

As described above under "Impacts and Mitigation 
Measures of Alternative 1 ", no historic-period resources 
eligible for NRHP listing exist on Webb Tract; therefore, 
no impacts are anticipated. 

Bouldin Island 

The effect of implementation of Alternative 3 on 
historic-period resources on Bouldin Island would be 
identical to that described above under "Impacts and 
Mitigation Measures of Alternative 1". 

HoUand Tract 

As described above under "Impacts and Mitigation 
Measures of Alternative 1 ", no historic-period resources 
eligible for NHRP listing exist on Holland Tract; there­
fore, no impacts are anticipated. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact M-11: Demolition ofthe NRHP-Eiigible 
Historic District on Bacon Island. This impact is 
described above under Impact M-5. This impact is con­
sidered significant and unavoidable. Implementing Miti­
gation Measures M-5 through M-8 would reduce Impact 
M-11, but not to a less-than-significant level. These 
mitigation measures are described above un(ier "Impacts 
and Mitigation Measures of Alternative 1 ". 
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Mitigation Measure M-5: Prepare an 
HPMP and a Data Recovery Plan for Archaeological 
Deposits on Bacon Island. 

Mitigation Measure M-6: Prepare a Video­
tape of Public Broadcasting System Quality of the 
NRHP-Eiigible Historic District on Bacon Island. 

Mitigation Measure M-7: Prepare a Popu­
lar Publication on Bacon Island Resources for Use by 
Museums, Cultural Centers, and Schools. 

Mitigation Measure M-8: Complete Histor­
ic American Building Survey/Historic American En­
gineering Record Forms, Including Photographic 
Documentation, That Preserve Information about the 
NRHP-Eiigible District on Bacon Island. 

Impact M-12: Disturbance of Archaeological 
Site CA-SJo-208H on Bouldin Island. This impact is 
described above under Impact M-6. This impact is 
considered significant. Implementing Mitigation Mea­
sure M-9 would reduce Impact M-12 to a less-than­
significant level. 

Mitigation Measure M-9: Prepare an 
HPMP and a Data Recovery Plan for Archaeological 
Deposits on Bouldin Island. This mitigation measure 
is described above under "Impacts and Mitigation Mea­
sures of Alternative 1 ". 

IMPACTS AND MITIGATION MEASURES 
OF THE NO-PROJECT ALTERNATIVE 

The shift :fi:om current agricultural practices to more 
intensive agriculture on the DW project islands under the 
No-Project Alternative would barely alter existing con­
ditions. On Bacon and Bouldin Islands and Webb Tract, 
changing crop types and weed management practices 
would have little effect on cultural resources. On Holland 
Tract, any intensification of activities that affected Piper 
soils could increase the extent and severity of disturbance 
of prehistoric resources. Reintroduction of hog feeding 
could affect the Piper sand mounds if animals are con­
centrated in those areas. 

If the DW project does not proceed, cultural re­
sources on the islands would nonetheless be disturbed, 
primarily by continued agricultural activity. Activities 
that would continue to affect the resources include graz­
ing, plowing and planting, and levee construction and 
replenishment. The following describes the impacts that 
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would result :from implementation of the No-Project 
Alternative. 

The project applicant would not be required to 
implement mitigation measures if the No-Project Alter­
native were selected by the lead agencies. However, 
mitigation measures are presented for impacts of the No­
Project Alternative to provide information to the review­
ing agencies regarding the measures that would reduce 
impacts if the project applicant implemented a project 
that required no federal or state agency approvals. This 
information would allow the reviewing agencies to make 
a more realistic comparison of the DW project alterna­
tives, including implementation of recommended mitiga­
tion measures, with the No-Project Alternative. 

Under strictly agricultural operations, mitigation of 
impacts on cultural resources would not be required 
under Section I 06 of the NHP A, which applies only if 
federal funds or permits are required by a project With 
the discovery of Native American burials on the Holland 
Tract sites, however, the California Public Health and 
Safety Code and the Public Resources Code apply, and 
the NAHC has the right to request appropriate reinter­
ment of the remains. If agreement between the land­
owner and the NAHC cannot be reached, the landowner 
is nonetheless required to reinter the human remains and 
items associated with Native American burials with 
appropriate dignity on the property in a location not 
subject to further subsurface disturbance. Any disturb­
ance or removal of human remains without authority of 
law is a felony under the California Public Health and 
Safety Code. 

Prehistoric Resources 

Bacon Island 

As described above under "Impacts and Mitigation 
Measures of Alternative I ", no prehistoric resources 
eligible for NRHP listing exist on Bacon Island; there­
fore, no impacts are anticipated. 

Webb Tract 

No prehistoric resources eligible for NRHP listing 
have been identified on Webb Tract; however, 335 acres 
of Piper sands that could contain buried resources are 
present on the tract. In addition, burials have reportedly 
been uncovered on Webb Tract in the past. 
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Bouldin bland 

As described above under "Impacts and Mitigation 
Measmes of Alternative I", no prehistoric resources 
eligible for NRHP listing exist on Bouldin Island; there­
fore, no impacts are anticipated. 

Holland Tract 

Three prehistoric archaeological sites (CA-CCo­
I47, CA-CCo-593, and CA-CCo-678) on Holland Tract 
are eligible for NRHP listing under Criterion D or have 
other values that make them significant. CA-CCo-I47 
and CA-CCo-678 contain intact human remains. No 
intact burials were found at CA-CCo-593; however, their 
presence cannot be ruled out, given the amount of disar­
ticulated skeletal materials observed during the survey 
and test excavation. 

Of the three sites, only CA-CCo-I47 appears to 
retain a substantial archaeological deposit. CA-CCo-593 
is shallow and disturbed. If CA-CCo-678 had a cultural 
deposit, most of it was removed during leveling of the 
mound. Piper sands on Holland Tract could contain 
buried resources. If buried resources are present, activi­
ties associated with implementation of the No-Project 
Alternative would adversely affect those resources. 

Approximately I 00 acres of Piper sand mounds have 
not been surveyed because they are not owned or under 
the control of the project applicant, and the current owner 
did not permit the area to be surveyed. Additional 
significant resources could be present on this parcel. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Disturbance of Buried Resources (If Present) in 
the Arcbaeologically Sensitive Piper Sands on Webb 
Tract as a Result of Agricultural Activities. No 
prehistoric resources eligible for NRHP listing have been 
identified on Webb Tract; however, approximately 
335 acres of Piper sands on Webb Tract could contain 
significant buried resources. Because the value of 
archaeological resources often depends on their integrity, 
continued agricultural activities under the No-Project 
Alternative that disturb buried resources could render 
them insignificant. Implementing the following measure 
would reduce this effect of the No-Project Alternative. 
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Prepare aD HPMP to Provide for the Long­
Term Monitoring ud Treatment of Archaeologically 
Senaitive Areu on Webb Tract. This measw-e is 
described above as Mitigation Measw-e M-1. 

Damage to Known ud Unknown Prehiltoric 
Sitel Reaulting from Agricultural Activitiel on 
Hollud Tract. There are three significant known 
prehistoric cultural resources on Holland Tract that 
would be disturbed by continued agricultural activities 
under the No-Project Alternative. The proximity of site 
CA-CCo-147 to corrals and salt blocks results in heavy 
use by cattle, leading to disturbance of the site. Plowing 
ofCA-CCo-678 and CA-CCo-593 has exposed cultural 
materials and would continue to disturb the sites and 
possibly uncover hwnan remains. Activities that have 
rendered CA-CCo-594 ineligible for listing in the NRHP 
(i.e., sand extraction) could further adversely affect CA­
CCo-678, -147, and -593. 

Additionally, Piper sands on Holland Tract could 
contain buried resources. If buried resources are present, 
continued agricultural activities could adversely affect 
those resources. 

The integrity of the sand mounds that are known to 
contain or that potentially contain Native American 
burials and artifacts is threatened by the continued use by 
cattle and sand extraction. Continued deflation of peat 
soils caused by agricultural operations would increase the 
exposure of the Piper sand mounds, thereby increasing 
the potential for erosion of the margins, especially when 
combined with trampling by cattle. hnplementing the 
following measure would reduce this effect of the No­
Project Alternative. 

Prepare aD HPMP to Provide for the Long­
Term Monitoring of Known and Unknown Archaeo­
logical Sites .on Holland Tract. If the No-Project 
Alternative is selected, the project applicant should pre­
pare an HPMP that includes a monitoring plan to identify 
impacts on intact burials that could result from agricul­
tural activities, such as plowing, grazing, and sand extrac­
tion. The HPMP would address treatment of intact 
burials that are inadvertently discovered in known sites 
during agricultural activities. The HPMP would include 
notification procedures to be followed when intact burials 
are identified, and would outline treatment and manage­
ment requirements for hwnan remains, should they be 
discovered. Treatment could include removing the 
burials from the site and reburying them elsewhere. 
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Historic-Period Resources 

Bacon hlud 

As described above under "hnpacts and Mitigation 
Measures of Alternative 1 ", PAR has suggested that 
resources on Bacon Island are eligible for NRHP listing 
as a historic district The majority of NRHA-eligible 
resources on Bacon Island will be affected by the 
continued deterioration of structures, modifications that 
are not consistent with their historic character, and 
possible demolition. 

Webb Tract 

As described above under "hnpacts and Mitigation 
Measures of Alternative 1 ", no historic-period resources 
eligible for NRHP listing exist on Webb Tract; therefore, 
no impacts are anticipated. 

Bouldin Island 

PAR suggested that one historic archaeological site 
(CA-SJo-208H) on Bouldin Island is eligible for listing 
in the NRHP under Criterion D. This site will not be 
affected by continued agricultural activities. 

Holland Tract 

As described above under "hnpacts and Mitigation 
Measures of Alternative I ", no historic-period resources 
eligible for NRHP listing exist on Holland Tract; there­
fore, no impacts are anticipated. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Damage to Historic Structures Resulting from 
Agricultural Practices on Bacon Island. Under the 
No-Project Alternative, an indirect effect of agriculture 
on cultural resources results from the use of historic 
structures as boarding houses. Normal wear and tear and 
modification of the structures without concern for their 
historic integrity could reduce their significance. Con­
tinued use of the structures in this manner probably 
would result in a need for replacement, perhaps accompa­
nied by demolition of the historic structures. Occupation 
of the historic structures provides some protection be­
cause they are less vulnerable to vandalism. hnplement-
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ing the following measure would reduce this effect of the 
No-Project Alternative. 

Prepare an HPMP to Provide for the Long­
Term Maintenance and Protection of Historic Pro­
perties on Bacon Island. If the No-Project Alternative 
is selected, the project applicant should prepare an 
HPMP addressing the effects of continued agricultural 
use on the historic structures on Bacon Island. 

CUMULATIVE IMPACTS 

Cwnulative impacts are the result of the incremental 
impacts of the proposed action when added to other past, 
present, and reasonably foreseeable future actions. The 
following discussion considers only those impacts that 
may contribute cumulatively to impacts on cultural 
resources in the vicinity of the fJW project islands. 

Cumulative Impacts, Including 
Impacts of Alternative 1 

Prehistoric Resources 

Impact M-13: Destruction of or Damage to Pre­
historic Archaeological Sites in the Delta. Fourteen 
prehistoric sites have been found near the DW project 
site. Many of these have been adversely affected by agri­
cultural activities, leveling, and sand extraction occurring 
in the Delta. The effects of the DW project would not 
contribute to the overall loss of prehistoric resources in 
the Delta because the single prehistoric archaeological 
site within the APE for the DW project is not eligible for 
listing in the NRHP. This impact is considered less than 
significant. 

Mitigation. No mitigation is required. 

· Historic-Period Resources 

Impact M-14: Destruction of or Damage to the 
NRHP-Eiigible Historic Districts Representing 
Agricultural Labor Camp Systems in the Delta. 
Dwlng the last 25 years, the majority of agricultural labor 
camps in the Delta have been demolished or modified or 
have deteriorated. The resources on Bacon Island repre­
sent one of the last intact agricultural labor camp systems 
in the Delta. The destruction of the resources on Bacon 
Island that are eligible for NRHP listing as a historic 
district would add to the loss of this historic resource type 
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in the Delta. This impact is considered significant and 
unavoidable. Implementing Mitigation Measures M-5 
through M-8 would reduce Impact M-14, but not to a 
less-than-significant leveL These mitigation measures 
are described above under "Impacts and Mitigation 
Measures of Alternative 1 ". 

Mitigation Measure M-5: Prepare an 
HPMP and a Data Recovery Plan for Archaeological 
Deposits on Bacon Island. 

Mitigation Measure M-6: Prepare a Video­
tape of Public Broadcasting System Quality of the 
NRHP-Eiigible Historic District on Bacon Island. 

Mitigation Measure M-7: Prepare a 
Popular Publication on Bacon Island Resources for 
Use by Museums, Cultural Centers, and Schools. 

Mitigation Measure M-8: Complete His­
toric American Building Survey/Historic American 
Engineering Record Forms, Including Photographic 
Documentation, That Presen-e Infonnation about the 
NRHP-Eiigible District on Bacon Island. 

Cumulative Impacts, Including 
Impacts of Alternative 2 

The cumulative impacts of Alternative 2 are the 
same as those of Alternative 1. 

Cumulative Impacts, Including 
Impacts of Alternative 3 

Prehistoric Resources 

Impact M-15: Destruction of or Damage to Pre­
historic Archaeological Sites in the Delta. Fourteen 
prehistoric sites have been found near the DW project 
site. Many of these have been adversely affected by 
agricultural activities, leveling, and sand extraction oc­
curring in the Delta. The effects of the DW project would 
contribute to the overall loss of prehistoric resources in 
the Delta. Because implementing Alternative 3 would 
result in significant and unavoidable effects on prehistoric 
resources on Holland Tract, this cumulative impact is 
considered significant and unavoidable. 

Although no mitigation to reduce this impact to a 
less-than-significant level exists, implementing the fol­
lowing mitigation measures will reduce the magnitude of 
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this cumulative impact. These mitigation measures are 
described above under "Impacts and Mitigation Measures 
of Alternative 1 " and "Impacts and Mitigation Measures 
of Alternative 3 ". 

Mitigation Measure M-4: Prepare an 
HPMP to Provide for the Long-Term Monitoring 
and Treatment of Archaeologically Sensitive Areas 
on Holland Tract. 

Mitigation Measure M-11: Cap Archaeo­
logical Sites on HoUand Tract. 

Mitigation Measure M-12: Construct Fenc­
ing or Other Barriers to Prevent Site Access on 
Holland Tract. 

Mitigation Measure M-13: Construct Levees 
or Beach Slopes around Archaeological Sites to 
Decrease Wave Action and :t:rosion on Holland 
Tract. 

Mitigation Measure M-14: Prepare an 
HPMP to Provide for the Long-Term Monitoring of 
Known Archaeological Sites on Holland Tract. 

Mitigation Measure M-15: Survey Unsur­
veyed Portions of Holland Tract and Determine 
Eligibility for NRHP Listing and Appropriate Treat­
ment. 

Historic-Period Resources 

Impact M-16: Destruction of or Damage to the 
NRHP-Eiigible Historic Districts Representing Agri­
cultural Labor Camp Systems in the Delta. This 
cumulative impact is described above under Impact M-
14. This impact is considered significant and unavoid­
able. Implementing Mitigation Measures M-5 through 
M-8 would reduce Impact M-16, but not to a less-than­
significant level. These mitigation measures are de­
scribed above under "Impacts and Mitigation Measures 
of Alternative 1 ". 

Mitigation MeasUl'e M-5: Prepare an 
HPMP and a Data Recovery Plan for Archaeological 
Deposits on Bacon Island. 

Mitigation Measure M-6: Prepare a Video­
tape of Public Broadcasting System Quality of the 
NRHP-Eiigible Historic District on Bacon Island. 
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Mitigation Measure M-7: Prepare a Popu­
lar Publication on Bacon Island Resources for Use by 
Museums, Cultural Centers, and Schools. 

Mitigation Measure M-8: Complete Histor­
ic American Building Survey/Historic American En­
gineering Record Forms, Including Photographic 
Documentation, That Preserve Information about the 
NRHP-Eiigible District on Bacon Island. 

Cumulative Impacts, Including Impacts 
of the No-Project Alternative 

Destruction of or Damage to Prehistoric Archae­
ological Sites and Historic Resources in the Delta. 
Direct effects of the No-Project Alternative contribute to 
the cumulative destruction of or damage to prehistoric 
archaeological sites and historic resources in the Delta. 
Under the No-Project Alternative, known and unknown 
prehistoric resources on the DW project islands would 
continue to be disturbed by agricultural activities, 
including grazing, plowing, and planting. Additionally, 
use of historic structures as boarding houses or for other 
agricultural support activities could increase wear and 
tear on the structures. Implementing the following 
measures would reduce this cumulative effect. These 
measures are described above under "Impacts and 
Mitigation Measures of the No-Project Alternative". 

Prepare and HPMP to Provide for the Long­
Term Monitoring and Treatment of Archaeologically 
Sensitive areas on Webb Tract. 

Prepare an HPMP to Provide for the Long­
Term Monitoring of Known and Unknown Archaeo­
logical Sites on Holland Tract. 

Prepare an HPMP to Provide for the Long­
Term Maintenance and Protection of Historic Pro­
perties on Bacon Island. 

CITATIONS 

References to the Code of Federal Regulations 
(CFR) are not included in this list. CFR citations in text 
refer to title and section (e.g., 36 CFR 60.6 refers to 
Title 36 of the CFR, Section 60.6). 
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Chapter 3N. Affected Environment and Environmental 
Consequences - Mosquitos and Public Health 

SUMMARY 

This chapter discusses public health concerns related to transmission of disease by mosquitos and wildlife vectors 
in the Delta, describes mosquito control and abatement practices on the DW project islands, and assesses potential 
impacts of the DW project alternatives on mosquito production levels, mosquito abatement requirements, and transmission 
of diseases by wildlife. 

The potential for creation of mosquito breeding habitat on the resetvOir islands under Alternative 1, 2, or 3 was 
assessed for frve habitat condition classes: full storage, partial storage, shallow storage, nonstorage, and shallow-water 
wetland. Shallow-water wetland conditions would have the greatest potential for producing problem numbers of 
mosquitos. The impact analysis presented in this chapter assumes, as a worst-case analysis, that water would be stored 
and released on the reservoir islands in a manner that would create the largest acreage of shallow-water wetlands during 
mosquito breeding seasons. If the resetvoir islands are used for water transfers and banking, the frequency of storage 
periods is expected to increase and the frequency of nonstorage periods and shallow-water wetland periods is expected 
to decrease. However, conditions under water transfers and banking are speculative and were not used in the analysis 
of impacts. Under Alternative 1 or 2, seasonal and permanent wetland and seasonal flooded agricultural habitats that 
would be created on the habitat islands and managed for wildlife would also provide potential mosquito breeding sites 
during flood periods. 

Implementing Alternative 1, 2, or 3 could result in the need for a significant increase in abatement levels on the DW 
project islands. Coordination with responsible mosquito abatement districts (MADs) and implementation of appropriate 
abatement practices would offset the creation of potential mosquito production sources under the DW project alternatives. 
The DW project would also contribute to the cumulative increase in mosquito abatement needs resulting from 
implementation of future projects in the Delta that benefit mosquito breeding conditions (e.g., projects for wetland habitat 
restoration) or that increase human populations near existing mosquito production areas (e.g., residential housing and 
marina developments). This cumulative impact is considered significant and unavoidable. 

Implementing Alternative 1, 2. or 3 would also result in the beneficial impact of reducing or eliminating the need for 
mosquito abatement activities during full-storage periods on the resetvOir islands. 

Exposure of people to wildlifo species that transmit diseases could increase on the habitat islands under Alternatives 
1 or 2. However, this impact is considered less than significant because wildlife-transmitted diseases are not considered 
a significant risk to public health in the Delta, and the increase in risk under Alternative 1 or 2 would be minor. 

The No-Project Altei'hative would benefit mosquito abatement needs by eliminating habitats considered problem 
mosquito production sources. However, increased corn production under the No-Project Alternative, primarily on 
Holland and Webb Tracts, could result in a substantial increase in mosquito production during the fall flooding. 
Coordination with responsible MADs and implementation of appropriate abatement practices would offietthe effects of 
fall flooding practices under the No-Project Alternative. 
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INTRODUCfiON 

This chapter discusses impacts of the DW project on 
mosquito production levels~ disease transmission by mos­
quito, tick, and wildlife vectors~ and mosquito abatement 
efforts. These impacts would result from water storage 
operations on the DW reservoir islands and wildlife 
habitat management activities associated with manage­
ment of the DW habitat islands. The HMP incorporated 
into the project description for Alternatives 1 and 2 
provides foc compensation habitat to be developed on the 
habitat islands to offset the effects ofDW reservoir island 
operations on wildlife and on lands considered jurisdic­
tional wetlands Wlder Section 404 of the Clean Water 
Act. The impact assessment for Alternatives 1 and 2 is 
therefore based oo the assumption that project implemen­
tation would include the establishment of compensation 
habitat acreages specified in the HMP. Under Alterna­
tive 3, all four DW project islap.ds would be used as 
reservoirs, and the NBHA on Bouldin Island would be 
used to provide limited compensation habitat. 

The following chapters and appendices provide more 
detailed infoonation on existing habitat conditions on the 
DW project islands that affect the likelihood of disease 
transmission by vectors and provide information on pre­
dicted future habitat conditions for each alternative: 

• Chapter 3G, "Vegetation and Wetlands"~ 

• Appendix G2, "Prediction of Vegetation on the 
Delta Wetlands Reservoir Islands"; 

• Appendix G3, "Habitat Management Plan for 
the Delta Wetlands Habitat Islands"; 

• Appendix G4, "Simulated End-of-Month Water 
Storage on Reservoir Islands for the Delta Wet­
lands Project Alternatives"; and 

• Appendix GS, "SUilUillii)' of Jurisdictional Wet­
land Impacts and Mitigation". 

The 1990 draft EIR/EIS on the DW project did not 
address mosquitos or other -public health issues. This 
chapter was added to the EIR/EIS in response to com­
ments oo the 1990 draft EIR/EIS from MADs and others. 

AFFECI'ED ENVIRONMENT 

This section describes conditions affecting produc­
tion of mosquitos, and disease transmission by mosquitos 
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and other vectors oo the DW project islands. Information 
oo habitat conditions that govern the production of mos­
quitos is based in part on information collected for the 
1990 draft EIR/EIS and has been updated to current 
conditions where these changes would affect the impact 
analysis. 

As a result of land management decisions made since 
1988, some changes in agricultural land use and vege­
tation conditions on the islands have occurred. Some of 
these changes were made in response to annual fluctua­
tioos in agricultural market conditions. Because some of 
the changes resulted from project-related actions and 
influences, information from the 1990 draft EIR/EIS 
(based on 1988 conditions) provides the most reliable 
descriptioo of typical preproject habitat conditions to use 
in assessing the impacts of the DW project alternatives. 

Sources of Information 

Information on mosquito ecology, control methods, 
existing levels of abatement, and midge production was 
collected from documents issued by MADs, mosquito 
ecology and abatement literature, and contacts with the 
San Joaquin CoWlty MAD (SJCMAD) and the Contra 
Costa MAD (CCMAD). DHS provided information on 
the status of Lyme disease, bubonic plague, and rabies in 
the Delta region. 

Status of Mosquito Control 
in the Delta 

Mosquito Breeding Conditions in the Delta 

All species of mosquitos require standing water to 
complete the growth cycle; therefore, any body of stand­
ing water represents a potential mosquito breeding site. 
Mosquitos are produced year roWld on Delta islands, but 
mosquito production diminishes substantially during the 
cool season (typically late October through April) 
(Lucchesi and Kramer pers. comms. ). 

Water quality affects the productivity of a potential 
mosquito breeding site. Typically, water bodies with 
poor circulation, higher temperatures, and higher organic 
content (and therefore with poor water quality) produce 
greater numbers of mosquitos than water bodies having 
good circulation, lower temperatures, and lower organic 
content (Collins and Resh 1989). Additionally, irrigation 
and flooding practices may influence the level of mos­
quito production associated with a water body. Typically, 
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water bodies with water levels that slowly increase or 
recede produce greater numbers of mosquitos than water 
bodies with water levels that are stable or that rapidly 
fluctuate. 

Among the habitat types on the DW project islands 
and in the Delta. two general classes of habitats, open­
water and flooded habitats, can provide suitable condi­
tions for mosquito production. 

Open-Water Habitats. Open-water habitats on the 
DW project islands include perennially inundated ditches, 
sloughs, and ponds (Table JN-1). The shallow edges of 
sloughs, ditches, and ponds are typically lined with 
riparian or marsh vegetation. 

Sloughs and ponds that have good water quality 
(good circulation, low temperatures, and low organic 
cootent) usually do not provide optimum breeding habitat 
for mosquitos. Permanent bodies of open water with 
these characteristics typically sUstain stable nutrient con­
tent and support rich floral and faunal species diversity, 
including mosquito predators and pathogens. Wave 
action across larger bodies of water in the Delta phy­
sically retards mosquito production by inhibiting egg 
laying and larval survival (USFWS 1992). 

Mosquito larvae prefer stagnant water and the pro­
tected microhabitats provided by stems of emergent vege­
tation. Therefore, if not properly maintained, ditches can 
be major producers of mosquitos. Periodic dredging of 
ditches substantially reduces mosquito production by 
enhancing water circulation and preventing encroachment 
of emergent vegetation into ditch channels (Lucchesi 
pers. comm.). 

Open-water habitats existing on the DW islands 
support established populations of mosquitofish (Gam­
busia a.ffinis) and other mosquito predator populations, 
including predacious insects such as backswimmers and 
dragonflies, that assist in suppressing mosquito produc­
tion at these sites by feeding on mosquito larvae at the 
water's surface (Lucchesi and Kramer pers. comms. ). 

Flooded Habitats. Flooded habitats on the DW 
project islands and in the Delta include exotic and fresh­
water marshes and agricultural lands that may seasonally 
retain surface water (Table JN-1). These habitats are 
inundated by subsurface or surface irrigation or exist at 
the edges of ditches, sloughs, and ponds. 

Mosquitos are adapted to breed during periods of 
temporary flooding and can complete .their life cycles 
before water evaporates and predator populations be­
come well established (USFWS 1992). Water manage-
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ment practices associated with agriculture and creation of 
seasooal wetlands for waterfowl use result in the types of 
flooding that can produce problem numbers of mosquitos 
(USFWS 1992, Kramer and Lucchesi pers. comms.). 

Delta agricultural lands flooded to pre-irrigate fields, 
cootrol weeds, or attract migrating and wintering water­
fowl typically produce problem numbers of mosquitos 
from May through October. For example, substantial 
increases in mosquito production have been recorded in 
agricultural fields on Bouldin Island that are flooded in 
late summer to control weeds (Lucchesi pers. comm.). 
Mosquito production can be reduced substantially if 
fields are not flooded until the end of October, when 
temperatures usually drop enough to curtail mosquito 
production (Kramer and Lucchesi pers. comms.). 

Most crop irrigation does not produce appreciable 
numbers of mosquitos because water is typically applied 
rapidly and removed from fields (USFWS 1992). Irri­
gated pastures, however, are typically nutrient rich and 
are irrigated for 7-1 0 days. This environment is condu­
cive to production of large numbers of mosquitos and 
provides sufficient time for them to complete their life 
cycles. Therefore, irrigation of pastures may result in a 
severe mosquito problem if the pastures are flooded at 
any time from May through October (Kramer pers. 
comm.). 

Mosquito Abatement Districts 

The DW project islands are located in two MADs. 
Bouldin and Bacon Islands are within the jurisdiction of 
SJCMAD, and Holland and Webb Tracts are within the 
jurisdiction of CCMAD. Both MADs receive most of 
their revenue from property taxes and are responsible for 
controlling mosquitos as pest species and as disease 
vectors (Kramer and Lucchesi pers. comms.). 

California law dictates that if a mosquito source 
exists as a result of human-made conditions, the party 
responsible for those conditions is liable for the cost of 
abatement. The law is enforced at the discretion of the 
responsible MAD (California Health and Safety Code 
Sections 2200-2294 ). In 1993, CCMAD implemented a 
policy that would require landowners to either provide 
abatement or enter into a service contract with the district 
if abatement costs exceed $500 per mosquito production 
source (Kramer and Waletzko pers. comms.). Although 
SJCMAD does not charge landowners for abatement, the 
district maintains an option to do so if funding for the 
MAD declines (Lucchesi pers. comm.). 
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CCMAD has adopted the California Mosquito and 
Vector Control Association's draft Wetlands Policy 
Statement as its policy for wetland creation and restor­
ation projects. Elements of this policy directly applicable 
to the DW project instruct MADs to: 

participate in all levels of wetlands planning in 
order to identify and minimize all real or poten­
tial public health impacts created by mosquitoes 
and other vectors; work cooperatively with all 
respons1ble participants on any wetlands project 
to achieve as many of the stated goals of the 
project as possible; and provide the necessary 
information to ensure that any mosquito or other 
vector swveillance and control funds are pro­
vided for in the necessary Operation and 
Maintenance Plan of all wetlands projects. 
(Waletzko pers. comm.) 

SJCMAD has not adopted specific policies or guide­
lines for wetland creation and reStoration projects; how­
ever, general abatement policies are codified in Division 
IS ofthe SJCGP (Lucchesi pers. comm.). 

Mosquito Species of Concern 

On Delta islands, SJCMAD and CCMAD are pri­
marily concerned with controlling seven species of mos­
quitos that can transmit malaria and several types of ence­
phalitis or cause a substantial nuisance in surrounding 
communities. 

The floodwater mosquito (Aedes melanimon) and 
the pasture mosquito (Aedes nigrormaculis) are the pri­
mary nuisance species produced on the DW project 
islands. These mosquitos commonly breed in irrigated 
pastures and seasonal wetlands and may travel several 
miles from breeding areas in search of hosts (Kramer and 
Lucchesi pers. comms.). Floodwater mosquitos are po­
tential vectors of California encephalitis, and both species 
are potential vectors of western equine encephalitis and 
St. Louis encephalitis (Bohart and Washino 1978). 

The encephalitis mosquito (Culex tarsalis) breeds in 
almost any freshwater pond. -Birds appear to be the pri­
mary hosts of this species, but domestic animals and 
humans serve as occasional hosts (Bohart and Washino 
1978). This species is the primary carrier in California 
of western equine encephalitis, St. Louis encephalitis, and 
California encephalitis and is considered the most impor­
tant disease vector in the state (Sacramento-Yolo County 
Mosquito Abatement and Vector Control District 1990). 
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The western malaria ~osquito (Anopheles free­
borni) is the prinuuy vector of malaria in the western 
United States. Algal mats that form in stagnant water are 
the preferred egg-laying habitat for this species (Stroh 
pers. comm.). Depending on ambient temperatures, 
development from the egg to the adult stage may take 12-
20 days. In the Delta region, the western malaria mos­
quito may migrate up to 5 miles from production areas 
(Bohart and Washino 1978). · 

The mosquito Aedes dorsalis breeds in intertidal 
marshes, wbiclt are not found on the DW project islands. 
A. dorsalis can travel up to 20 miles from breeding areas, 
however, and can become a major pest in the project area 
iflarge numbers move inland (Bohart and Washino 1978, 
Kramer pers. comm. ). This species is a suspected vector 
of California encephalitis (Bohart and Washino 1978). 

The cool-weather mosquito (Culiseta inornata) is 
most abundant in fall and spring (Bohart and Washino 
1978). This species feeds primarily on domestic animals 
and has been identified as a vector of western equine 
encephalitis. It is not considered an important public 
health vector, however, because humans are not preferred 
hosts and the species has not been found to cany western 
equine encephalitis in California. 

House mosquitos (Culex pipiens) usually breed in 
waters with a high content of organic material and gener­
ally do not travel far from breeding sites (Bohart and 
Washino 1978, Sacramento-Yolo County Mosquito 
Abatement and Vector Control District 1990). Although 
birds are their primary hosts, house mosquitos will bite 
people~ They are the primary vector of St. Louis ence­
phalitis outside the western United States but are not 
considered a problem vector of St. Louis encephalitis in 
California (Bohart and Washino 1978). 

Mosquito Control Methods 

SJCMAD and CCMAD use a combination of 
various abatement procedures to control mosquitos, each 
of which may have maximum effectiveness under differ­
ent habitat conditions or periods of the mosquito life 
cycle (Kramer and Lucchesi pers. comms.). 

Criteria for Detennining the Need for Control at 
a Mosquito Source. According to MADs, state laws 
and regulations require that mosquitos be controlled if 
diseases transmitted by mosquitos are identified in or 
near human populations, or if swveillance of mosquito 
populations for the incidence of mosquito-transmitted 
diseases indicates the likelihood of transmission (USFWS 
1992). The decision to control mosquitos as a nuisance 
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to bwnan populations is at the discretion of each MAD. 
Fackxs influencing this decision may include the nwnber 
of service calls received from a given locality, the proxi­
mity of mosquito sources to population centers, the 
availability of fimds for abatement, the density of mos­
quito larvae present in a mosquito production source, and 
the nUmber of adult mosquitos captured per night in light 
traps (USFWS 1992, Waletzko and Lucchesi pers. 
comms.). 

Once a recurring mosquito production source bas 
been identified, abatement schedules are often adopted 
and maintained for that source (USFWS 1992, Waletzko 
pers. comm.). SJCMAD and CCMAD monitor larval 
and adult mosquito populations at known mosquito pro­
duction sources to determine when problems may occur 
and when treatment should take place (Kramer and 
Lucchesi pers. comms.). 

Biological Control. Mo~uitofish are the primary 
biological control used by SJCMAD and CCMAD. 
Populations ofmosquitofish bred in captivity are stocked 
in open water and flooded habitats; additionally, natural­
ized populations of mosquitofish in Delta waters enter 
DW island waters through irrigation and drainage 
ditches. Mosquito larvae, however, are not the preferred 
food item so biological controls are not effective in most 
situations unless they are used as part of an integrated 
mosquito control program (Kramer pers. comm. ). Addi­
tionally, if emergent vegetation is established in dense 
stands, it can provide an ideal substrate for mosquito 
production and physically prevent mosquitofish from 
feeding on mosquito laJvae (USFWS 1992, Kramer pers. 
comm.). 

Souru Reductions. Source reductions are manage­
ment actions that physically eliminate environmental con­
ditions necessary for mosquito production. These actions 
include dewatering ponded areas, improving drainage on 
cultivated fields, removing emergent vegetation from 
drainage ditches, and improving water circulation 
(USFWS 1992). SJCMAD and CCMAD have ongoing 
programs of source reduction (Kramer and Lucchesi pers. 
comms.). 

Pesticides. Pesticides that are designed to control 
mosquito larvae or adults are available to SJCMAD and 
CCMAD. However, because of public concerns regard­
ing environmental effects, SJCMAD and CCMAD have 
reduced their reliance on these chemicals as part of their 
abatement programs (Kramer and Lucchesi pers. 
comms.). 

SJCMAD uses several types of organophosphorus 
and pyrethrum pesticides to control adult mosquitos in 
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populated areas and at mosquito production sources 
(Lucchesi pers. comm.). Controlling mosquitos in larval 
stages, however, is the preferred method because mos­
quitos are removed before they can reproduce and be­
cause treating larvae is less costly than treating adults 
(USFWS 1992). 

Bacillus thuringiensis israe/ensis {Bti) is a bacterial 
lmvicide that. although expensive, is a preferred method 
of treatment in wetlands where removal of nontarget 
species may be a concern (USFWS 1992). Bti is effec­
tive only against first and second larval instar stages and 
does not work well in the organic soils common in the 
project area (Kramer pers. comm.). 

Methoprene is sometimes used by CCMAD to con­
trol larvae on irrigated pastures (Kramer pers. comm.). 
Methoprene is a growth-regulating chemical that mimics 
insect juvenile hormone in mosquito larvae and prevents 
larvae from developing into adults. Methoprene usually 
dissipates from the environment within 48 hours after 
application (Sacramento-Yolo County Mosquito Abate­
ment and Vector Control District 1990). 

Rapidly dissipating petroleum-based oils are also 
used to control larvae. These oils form an impenetrable 
film on water surfaces, preventing larvae from obtaining 
oxygen. SJCMAD and CCMAD frequently use oils to 
control larvae on irrigated pastures (Kramer and Lucchesi 
pers. comms.). 

Ecological Control. Ecological control methods 
take advantage of ecological relationships to reduce the 
population size or production rate of mosquitos. Ecolo­
gical control methods include designing irrigation sys­
tems to rapidly supply and remove water, manipulating 
water levels in wetlands, and maintaining constant water 
quality. (Collins and Resh 1989.) 

Mosquito Habitat Conditions on the 
DW Project Islands 

Potential mosquito breeding habitats existing on the 
DW project islands include grain and seed croplands, 
exotic and freshwater marshes, irrigated pastures, ditches 
and sloughs, and ponds. Except for permanent ponds, 
these habitats provide suitable mosquito breeding sites 
only during periods when surface water is present. Other 
habitat types on the DW project islands, including ripar­
ian woodlands, herbaceous uplands, perennial croplands, 
fallow fields, and developed lands, typically do not pro­
duce substantial numbers of mosquitos (Table 3N-l). 
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Bacoa bland 

Most ofBacoo Island is intensively fanned, primarily 
to produce potatoes and asparagus (see Table 3G-4 in 
Chapter 3G, "Vegetation and Wetlands"). There is no 
irrigated pasture on the island, less than 2% of the island 
is open-water habitat, and less than 1% is marsh (Table 
3N-l). 

In recent years, SJCMAD. has treated approximately 
3.5 acres of ponds receiving tailwater from potato pro­
cessing on Bacon Island to control bouse mosquitos 
(Figure 3N-l ). SJCMAD treats tail water ponds with Bti 
and oil when the ponds are receiving discharge and 
stocks the ponds with mosquitofish during nondischarge 
periods (mosquitofi.sh cannot survive in water discharged 
from potato-processing plants). (Lucchesi pers. comm.) 

SJCMAD receives a few service requests per year 
from resorts near Bacon Island 9uring holiday periods 
when resort visitation is greatest. Generally, however, 
SJCMAD does not consider Bacon Island a problem 
mosquito-production area because most of the island is 
fanned to produce crops that are cultivated in a manner 
that typically does not promote mosquito production 
(Lucchesi pers. comm.). 

Webb Tract 

Approximately 491'/o of Webb Tract is farmed to 
produce com and small grain crops. Approximately 17% 
of the island is marsh, 3% is open water, and 1% is 
irrigated pasture (Table 3N-l ). The remainder of the 
island consists mostly of riparian upland habitat types. 

CCMAD does not consider Webb Tract a problem 
mosquito production source and has not implemented 
mosquito control measures on the island in recent years 
(Waletzko pers. comm.). 

Bouldin Island 

The agricultural land on Bouldin Island (nearly 76% 
of the island) is farmed to produce com, wheat, and sun­
flowers. Open-water and marsh habitats constitute 
approximately 4% ofthe island (Table 3N-l). 

Mosquito production on Bouldin Island generates 
service calls to SJCMAD when the mosquitos move east 
from the island to Tower Park Marina at Terminous 
(Lucchesi pers. comm.). During the past 5 years, 
SJCMAD has averaged five to seven service calls per 
year, primarily during August and September. During 
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September 1992, however, the district received 18 
service requests. SJCMAD attributes the increase to 
earlier-than-IXml81 flooding of harvested wheat fields for 
weed control during warm fall weather (Lucchesi pers. 
comm.). 

SJCMAD believes that water management practices 
associated with corn cultivation on Bouldin Island from 
late summer through October create habitat suitable for 
producing problem numbers of mosquitos (Lucchesi pers. 
comm.). The year before corn is planted, fields are 
generally shallow-flooded from about mid-September to 
October 1 for pre-irrigation and weed control, and they 
are drained by the end of December. Flooding before the 
onset of cooler weather (usually by November 1) creates 
conditioos Oooducive to producing large numbers of pas­
ture and western malaria mosquitos. SJCMAD annually 
treats these areas to control mosquito production and 
stocks fields with mosquitofish immediately after they are 
flooded (Lucchesi pers. comm.). 

In fall 1992, approximately 1,000 acres on Bouldin 
Island were flooded and treated by SJCMAD with aerial 
applications of Bti (Wilkerson and Lucchesi pers. 
comms.). Adulticides were applied aro\Uld the peri­
meters of some breeding areas to remove adult mosquitos 
before they could breed, and at Tower Park Marina on 
adjacent Tenninous Tract to alleviate mosquito nuisances 
(Figure 3N-l) (Lucchesi pers. comm.). 

HoUand Tract 

Approximately 18% of the project area on Holland 
Tract is farmed in com and wheat, II% is irrigated 
pasture, and approximately 3% is open-water and fresh­
water marsh habitats (Table 3N-l ). 

Floodwater, pasture, Aedes dorsalis, and ence­
phalitis mosquitos are the most prevalent species of mos­
quitos on the island. CCMAD considers irrigated pas­
tures to be major and recurring mosquito production 
sources on Holland Tract (Kramer pers. comm.). 
CCMAD does not consider the project area for Alterna­
tives 1 and 2 on Holland Tract to be a problem mosquito 
production source. During 1989-1991, however, 
CCMAD spent approximately $37,000 and 58 work days 
annually to inspect mosquito production sources and to 
control mosquitos on approximately 520 acres of irri­
gated pastures located in the southwestern quadrant of 
Holland Tract (Figure 3N-l). These pastures are fre­
quently flooded for 7-10 days and produce large numbers 
of floodwater arid pasture mosquitos (Waletzko pers. 
comm.). If monitoring of production sources indicates 
that larvae densities exceed CCMAD's established mos-
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quito production standards, pastures are treated with oil 
ormethoprene (Kramerpers. comm.). 

Mosquitos typically migrate north from Holland 
Tract and frequently cause nuisance problems in the 
Oakley area to the west and the Discovery Bay area to the 
sooth(Kramerpers. comm.). From 1989 through 1991, 
CCMAD averaged 68 mosquito service request calls per 
year from locations within a S-mile radius of Holland 
Tract (Waletzko pers. comm.). 

Other Publie Health Concerns 

Other public health concerns on the DW project 
islands include midge production and the transmission of 
Lyme disease by ticks, bubonic plague by fleas, and 
rabies by wildlife and other animals. However, as de­
scribed below, none of these public health concerns are 
considered a risk to public he&lth in the Delta. 

Midge Production 

Midges are nonbiting insects that breed in ponded 
water and, as adults, are similar in appearance to mos­
quitos. Large populations of midges can be a nuisance to 
humans and have been known to swarm in large num­
bers, causing traffic accidents along SR 4 by reducing 
driver visibility (Stroh pers. comm.). 

No public agency is responsible for controlling 
midge production, and the control of midges is not expli­
citly mandated by state law. If midges become a signi­
ficant nuisance or pose a safety hazard, however, the 
owner of the land where midges are produced may be 
held liable for midge control under current state health 
and safety codes (Lucchesi pers. comm.). 

Lyme Disease 

Lyme disease is transmitted to humans by some 
species of ticks. In California, incidences of Lyme 
disease are most frequently reported from the coastal 
foothill region. Lyme disease is rare in the Sacramento 
and San Joaquin Valleys and is considered by DHS to be 
a very low risk to public health in the Delta area. (Reilly 
pers. comm.) 
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Bubonic Plague 

Bubonic plague is transmitted to humans by fleas 
that have fed on ground squirrels and other rodents in­
fected with the plague bacteria. The plague in California 
occurs mostly in the foothill regions of the Sierra Nevada 
and coastal ranges at elevations above 4,000 feet. Inci­
dence ofbubooic plague in the Central Valley is very rare 
and the plague is considered by DHS to be a very low 
risk to public health in the Delta area (Reilly pers. 
comm.). 

Rabies 

Rabies is a viral disease of mammals that is, except 
under unusual circuntstan<x:s transmitted through the bite 
of an infected animal. In the Delta, skunks, gray foxes, 
and bats are the main carriers of the disease. Rabies is 
endemic throughout California but is not considered by 
DHS to be a high risk in the Delta area (Reilly pers. 
comm.). 

IMPACI' ASSESSMENT 
MEmODOLOGY 

Changes in mosquito abatement requirements for the 
DW project islands were evaluated through comparison 
of predictions of future mosquito breeding conditions 
under the DW project alternatives with existing mosquito 
abatement requirements. Predictions of future mosquito 
breeding conditions are based on predicted future habitat 
conditioos, which are described in Appendices G2, "Pre­
diction of Vegetation on the Delta Wetlands Reservoir 
Islands", and G3, "Habitat Management Plan for the 
Delta Wetlands Habitat Islands". 

The risks to public health associated with midge 
production and transmission of Lyme disease, bubonic 
plague, and rabies are low, and risk levels are not ex­
pected to substantially change with implementation of the 
DW project alternatives. These public health concerns, 
therefore, are not considered to be potential impacts of 
the DW project alternatives. 

Analytical Approach and 
Impact Mechanisms 

hnpact mechanisms include habitat-type conversions 
and changes in water management practices resulting 
from project implementation. Proposed management of 
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reservoir islands and creation of wetland, pasture, and 
cornfield habitats 011 the habitat islands may increase or 
decrease the amount of potential breeding habitat for 
mosquitos, wildlife..bmle diseases, or other pests. Chan­
ges in the timing of water application and withdrawal on 
the OW project islands may increase or decrease the 
amount of potential breeding habitat for mosquitos or 
other pests. Changes in land and water management may 
increase the presence of wildlife species, particularly 
migratory waterfowl, that are hosts for transmittable 
diseases. 

The following were used to predict future mosquito 
breeding conditions and abatement requirements for the 
OW project islands: 

• literature 011 mosquito ecology and control 
methods; 

• contacts with SJCMAD and CCMAD personnel 
knowledgeable about the mosquito ecology, 
mosquito control problems, and mosquito con­
trol history of Delta islands; and 

• information on acreages of habitat types and 
flood conditions to be created on the OW 
project islands (see Appendix G3, "Habitat 
Management Plan for the Delta Wetlands 
Habitat Islands", and Appendix G4, "Simulated 
End-of-Month Water Storage on Reservoir 
Islands for the Delta Wetlands Project Alter­
natives"). 

In the analysis, the growing season for vegetation 
and the breeding periods for mosquitos were assumed to 
extend :from May through October (Lucchesi and Kramer 
pers. comms.). Additionally, predictions of the frequency 
and extent of water storage, nonstorage, and shallow­
flooding conditions on the reservoir islands under the 
OW project alternatives were essential to the analysis of 
mosquito breeding potential. Although farming will 
cease on the OW project islands, potential exists for some 
level of continuing subsidence on these islands. As a 
result, the water storage capacity of the reservoir islands 
could increase in future years. The rate of subsidence, 
however, would be substantially less than under existing 
conditions. Reduced rates of subsidence and increased 
water storage capacity on the reservoir islands would not 
be expected to substantially increase or decrease the level 
of mosquito production from levels predicted in this 
analysis. 

Although additional water associated with water 
transfers may be banked on the reservoir islands, the fre­
quency and magnitude of nonproject water-banking 
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activities is Wlknown and is not included in this analysis 
(see Chapter 2, "Delta Wetlands Project Alternatives"). 
Increased periods and depths of inundation that would be 
associated with water banking activities, however, may 
reduce mosquito production levels during banking 
periods (see "Full Storage" and "Partial Storage" below, 
under "Mosquito Breeding Conditions"). 

Retervoir bland• 

The frequencies of future periods of water storage, 
nonstorage, and shallow flooding on Bacon Island and 
Webb Tract are difficult to predict because conditions 
would vary with water availability in the Delta. Appen­
dix G4, "Simulated End-of-Month Water Storage on 
Reservoir Islands for the Delta Wetlands Project Alter­
natives", presents results of simulations of water storage 
operations under the OW project alternatives based on 
Delta flows recorded over the 70-year period from 1922 
to I 991. These simulations are used to predict the fre­
quency of island flooding conditions in future years. The 
future availability of water for storage, however, may not 
follow simulated storage frequencies. 

Sequence ofWater Storage Operations. Predic­
tion of future conditions on a particular reservoir island 
is further complicated because OW may sequentially fill 
the reservoir islands and, when feasible, rotate the 
sequence of island flooding between years to maximize 
the opportunity for creating shallow-water wetland 
habitats (see Chapter 2, "Delta Wetlands Project Alter­
natives"). Alternately, OW may simultaneously fill the 
reservoir islands when water is available for diversion 
onto both islands. The analysis of mosquito breeding 
conditions is based on the assumption that the reservoir 
islands would be sequentially filled to provide the great­
est opportunity to create shallow-water wetlands and 
thus, as a worst-case scenario, the greatest potential for 
creating mosquito breeding habitat. In the assumed order 
of sequential filling for Alternatives I and 2, Bacon 
Island (having the greatest storage capacity) would be 
filled to capacity before water is diverted to Webb Tract, 
and Webb Tract would be emptied before water is 
released from Bacon Island. Under Alternative 3, the 
order of diversion would be Bacon Island, Webb Tract, 
Bouldin Island, and Holland Tract; these islands would be 
emptied in the reverse order. 

Definitions of Habitat Condition Classes for the 
Reservoir Islands. Based on mosquito production po­
tentials associated with different ranges of reservoir water 
volumes, reservoir volumes were divided into the five 
habitat condition classes: full storage, partial storage, 
shallow storage, nonstorage, and shallow-water wetland. 
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Descriptions of these habitat condition classes are given 
in Appendix 02, "Prediction of Vegetation on the Delta 
Wetlands Reservoir Islands". However, the mosquito 
production analysis asswnes sequential diversions, with 
the reservoir islands filled to storage capacity, and the 
vegetation analysis asswnes simultaneous diversions, 
with "full storage", as defined in Appendix 02, being 
achieved before full storage capacity is filled. Therefore, 
the total storage volume when all reservoir islands are at 
full storage would be greater for this analysis than that 
described in Appendix 02. For this analysis, the reser­
voir islands would be completely inundated at a total 
storage volume of 189 T AF under Alternative 1 or 2 and 
396 TAF under Alternative 3. 

Habitat Islands 

Water management to maintain lake, permanent 
wetland, seasonal wetland, and agricultural habitats on 
Bouldin Island and Holland Tract under Alternatives 1 
and 2 is described in Appendix 03, "Habitat Manage­
ment Plan for the Delta Wetlands Habitat Islands". The 
annual sequence of water management on the habitat 
islands would be followed according to predetermined 
flooding schedules established in April of each operating 
year. 

No-Projed Alternative 

Predictions of island conditions under the No-Project 
Alternative are based on the results of a feasibility study 
prepared for DW by The McCarty Company, Diversified 
Agricultural Services (McCarty pers. comm.). This 
report outlines island-by-island recommendations for 
intensifYing the production and yield of various crops. 
DiversifYing crops and emphasizing perennial crops are 
general recommendations for all islands. 

Criteria for Determining 
Impact SignifiCance 

SWRCB and the C011>s determined that for this 
analysis, an alternative would be considered to have a 
significant impact on mosquito abatement if habitat 
changes would necessitate increasing levels of mosquito 
abatement programs in order to maintain mosquito 
populations at preproject levels. Habitat changes that 
could result in a substantial decline of available mosquito 
breeding habitat or greater efficiency of CCMAD or 
SJCMAD abatement programs are considered to be 
beneficial impacts. 
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An alternative would also be considered to result in 
a significant impact if it would substantially increase 
potential exposure of people to wildlife-transmitted 
diseases coosidered a high health risk in the Delta area by 
DHS. 

IMPACTS AND MmGATION 
MEASURES OF 

ALTERNATIVE 1 

Impacts of Alternative 1 were analyzed for the 
period during which potential problem numbers of mos­
quitos could be produced on the DW project islands 
(May 1 through October 31) (Kramer and Lucchesi pers. 
comms.). As stated above, because DW may rotate the 
sequence of :filling the reservoir islands, the analysis was 
conducted for the project operating regime that would 
create the greatest potential for production of problem 
numbers of mosquitos. 

Mosquito Breeding Conditions 

Bacon Island and Webb Tract 

Tables 3N-2 and 3N-3 present the monthly fre­
quency with which each flood habitat condition class 
would OCCW" on the reservoir islands during the mosquito 
breeding season. Mosquito breeding conditions would be 
the same on Bacon Island and Webb Tract for each 
habitat condition class, but the frequency with which each 
class OCClD"S on each island may differ. The frequency of 
full-, partial-, and shallow-storage periods would be 
expected to increase, and nonstorage and shallow-water 
wetland periods would be expected to decrease on both 
islands, however, if the DW reservoir islands were used 
for storage of water for transfer or for water banking (see 
Chapter 2, "Delta Wetlands Project Alternatives"). 
Because the frequency and magnitude of such activities 
is tmeertain at this time and these activities would require 
separate authorization. their impacts on mosquito pro­
ductioo and abatement are not assessed in this document. 

Full Storage. During full-storage periods, mosquito 
production on the reservoir islands would be minimal. At 
full storage, water depths would exceed 1 0 feet over most 
of the islands and, because the water level would be at the 
riprapped levee slopes, reservoir edges would lack emer­
gent vegetation that could be used as breeding areas by 
problem numbers of mosquitos. As described above, 
deep, open-water habitats are poor mosquito breeding 
areas because the wave action generated over large water 
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bodies disrupts the ability of larvae to penetrate the water 
surface and because vegetation necessary for egg laying 
and cover for larvae is lacking. 

Water would be diverted onto the reservoir islands 
as it becomes available in the Delta and would be dis­
charged into the Delta during periods of water demand. 
Consequently, reservoir water would be circulated and 
water levels would fluctuate as water is diverted or dis­
charged. Periods of good water circulation and rapid 
changes in water levels on the reservoir islands would 
probably disrupt mosquito production during some full­
storage periods (USFWS 1992, Lucchesi pers. comm.). 

Partial Storage. Partial-storage conditions would 
provide shallow to deep water storage pools, exposed 
island bottoms, and above-water riprapped levee slopes. 
Reservoir island habitat conditions will vary more under 
partial-storage conditions than under other storage con­
ditions because, during partial-storage periods, a greater 
range of reservoir sizes and water depths can occur. Par­
tial-storage reservoir conditions would range from satur­
ated soils at shorelines to water depths of over 1 0 feet. 
Portions of the reservoir with depths over 3 feet would 
not encourage breeding of problem numbers of mosquitos 
because habitat conditions would be similar to those 
described for full-storage periods. 

Mosquito production could occur in shallow-water 
areas near the edges of the reservoir in a partial-storage 
condition. During May partial-storage periods in most 
years, however, little or no vegetation would be present 
to provide egg-laying sites or cover for larvae, or to break 
up wave action in shallow water areas because previous 
storage or flooding to create shallow-water wetlands 
would have removed vegetation from island bottoms. 

The rate at which herbaceous vegetation would 
become reestablished on islands following complete or 
partial drawdowns of the reservoir is unknown. Vege­
tation density during nonstorage and partial-storage 
periods is expected to be reduced as a result of gradual 
loss of seeds and other plant propagules because of 
deterioration from inundation, export from the islands 
during water releases, and periodic disruption of seed 
production by water storage during the growing season. 
To enhance the value of shallow-water wetlands, DW 
may choose to periodically seed islands during spring and 
summer nonstorage periods with watergrass and other 
food plants for waterfowl. 

For partial-storage periods, the potential for sub­
stantial mosquito production is greatest dwing July and 
August. In years when July and August partial-storage 
periods follow one or more months of nonstorage, dense 
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vegetation could become reestablished on the island 
bottoms. Shallow and relatively stable storage pools 
present during these months in some years, coupled with 
dense vegetation and high ambient temperatures, would 
create optimal mosquito breeding conditions. 

Mosquito breeding conditions on portions of island 
bottooJs exposed during partial-storage periods would be 
the same as those described below for nonstorage 
conditions. 

ShaDow Storage. Shallow storage occurs when 
stored water volumes are equal to water volumes used to 
create shallow-water wetlands. Mosquito breeding con­
ditions under shallow storage would be similar to those 
described for partial storage except that the reservoir area 
available for breeding would be smaller. Shallow storage 
that occurs after nonstorage during the growing season · 
would create vegetation conditions similar to those of 
shallow-water wetland periods (described below). 

Nonstorage. Nonstorage periods follow complete 
water releases from the reservoir islands and precede fall 
planned flooding to create seasonal wetlands. Islands 
would be constructed with a drainage system to allow the 
lowest portions of island bottoms to drain. Drainage 
would reduce ponding in depressions at elevations above 
the elevation of the drawdown pool, eliminating potential 
sites for mosquito production. Some level of mosquito 
production, however, may occur in undrained pools, 
small pools that result from seepage onto the island, and 
areas with saturated soils. 

Following drawdown, some mosquito production 
may occur in saturated areas. Mosquito breeding con­
ditions, however, would not be optimal because most 
areas of the island bottoms would lack sufficient vegeta­
tion. During penods of nonstorage from April through 
October, plants would be expected to germinate within 
the first 30 days of nonstorage, although bare ground 
would be the predominant condition. Vegetation would 
grow rapidly following germination. Substantial mos­
quito production may occur in small pools or areas of 
saturated soils that are revegetated. 

Permanent open-water habitat in borrow areas and 
in the drainage circulation network would be created 
lUlder Alternative 1. Conditions in this habitat would be 
less than favorable for mosquito production because 
water depths would range between 2 feet and 4 feet, and 
insufficient time would exist for emergent vegetation to 
become established before subsequent deep-water stor­
age would occur. 
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Shallow-Water Wetlands. Shallow-water wetland 
conditions would occur during periods when no storage 
occurs and water is diverted onto the reservoir islands to 
flood vegetation and attract waterfowl and other wetland­
associated wildlife. Shallow-water wetlands would be 
created at DWs discretion. For this analysis, however, it 
was asswned that DW would create shallow-water wet­
lands eaclt year in which no water had been stored for 60 
or more consecutive days during the growing season 
(May through October). Approximately 3,700 acres on 
Bacon Island and 3,850 acres on Webb Tract could be 
managed as shallow-water wetlands (JSA 1993). 

Shallow-water wetlands would be managed until the 
first water storage period or through April if no storage 
occurs. Wetlands would be flooded between September 
and November (flooding dates would vary with vegeta­
tion maturity) to create shallow-water wetlands. DW will 
construct an inner levee system on the reservoir islands 
that would maintain at least 65% of the islands in a 
flooded condition, maintain mean water depths of I foot 
over SOOAI of the flooded area, and allow water to circulate 
through wetlands. Open-water habitats in borrow areas 
and the drainage circulation network would be as de­
scribed for nonstorage conditions. Higher elevation fields 
around the perimeters of islands would be filled first and 
the water allowed to flow through weirs to lower eleva­
tion fields and toward island interiors. This procedure 
would provide some water circulation, improving water 
quality and reducing the potential for substantial mos­
quito production. In addition, the network of inner 
levees, the drainage circulation network, pumps, and 
other water control structures associated with the project 
would allow rapid drainage of shallow-water wetlands for 
mosquito control. 

Problem numbers of mosquitos could be produced 
for as long as 60 days when seasonal wetlands are flood­
ed on September I. If DW does not seed the islands, 
mosquito breeding conditions would be less than optimal 
because vegetation would be sparse and water would 
have greater wave action than in shallow-water wetlands 
that are seeded (see Chapter 30, "Vegetation and Wet­
lands"). 

Bouldin Island and Holland Tract 

Habitats would be created and managed on Bouldin 
Island and Holland Tract primarily to offset project 
impacts on Swainson's hawks, greater sandhill cranes, 
wintering waterfowl, and jurisdictional waters of the 
United States. Seven habitat types that could potentially 
produce problem numbers of mosquitos would be created 
on the habitat islands: seasonal managed wetland and 
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mixed agriculture/seasonal wetland, com rotated with 
wheat, pastureslhayfields, seasonal ponds, permanent 
lakes, emergent marsh, and borrow ponds. 

A detailed description of how. the habitat islands 
would be designed and managed is contained in DWs 
habitat management plan, presented in Appendix 03, 
"Habitat Management Plan for the Delta Wetlands 
Habitat Islands". 

Tables 3N-4 and 3N-5 present the acreage of each 
habitat type that would be flooded during the mosquito 
breeding season (May 1-0ctober 31 ). Up to 25% of each 
seasonal wetland area and agricultural field may be left 
dry. Aaeages of eaclt habitat type differ between islands; 
however, mosquito breeding conditions associated with 
each habitat type are the same. 

Seuonal Managed Wetlands and Mixed Agri­
culture/Seasonal Wetland. Approximately 3,760 acres 
of seasonal managed wetlands and mixed agriculture/sea­
sonal wetland habitat would be developed on the habitat 
islands. These habitat types would be managed under 
identical flood regimes, and watergrass and smartweed 
are expected to be the dominant plant species. However, 
narrow strips of com would be planted throughout mixed 
agriculture/seasonal wetland habitats. 

Wetland areas would consist of a minimum of 
65 acres and would be designed to allow rapid drawdown 
or flooding if necessary to control mosquito production. 
Additionally, water would be circulated through wetlands 
to maintain water quality and inhibit mosquito produc­
tion. 

These wetland habitats would be slowly flooded 
through fall and winter to average depths of 12 inches 
and would be slowly drawn down from early spring 
through May. When first flooded, wetland areas would 
support dense stands of emergent vegetation. After 6-8 
weeks of flooding, most vegetation is expected to fall 
over and become submerged because of wave action and 
waterfowl foraging. Flooding of these habitats potentially 
could produce problem numbers of mosquitos from 
September I through October 31. Wetlands that remain 
flooded from May 1 to May 30, however, would lack 
emergent vegetation. This condition, in combination with 
wave action, would be expected to substantially reduce 
the potential for production of problem numbers of 
mosquitos. 

Com Rotated with Wheat. Approximately 2,585 
acres of com rotated with wheat would be developed on 
each island. Each cornfield and wheat field would consist 
of at least 65 acres and would be designed to allow rapid 
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draw down or flooding if necessary to control mosquito 
production. Additionally, water would also be circulated 
through fields to maintain water quality and inhibit mos­
quito production. 

Fields would be slowly flooded through fall and 
winter to depths averaging 12 inches and would be 
slowly drawn down from early winter through April 15. 
Between 500/o and 67% of fields would be harvested in 
120-foot-wide strips. Unharvested com and wheat would 
be allowed to remain standing until wave action, root 
deterioration, and waterfowl foraging caused stalks and 
stems to fall over. Cornfields and wheat fields potentially 
could produce problem numbers of mosquitos from 
September 1 through October 31. Some mosquito pro­
duction may occur during summer irrigation periods; 
however, production levels would be similar to those 
associated with com and wheat irrigation practices else­
where in the Delta. 

PastureJHay. Approximately 205 acres of pasture/ 
hay fields would be maintained on the habitat islands. 
Pastures would be shallow-flooded after the mosquito 
breeding season from November to February. During 
inigation periods from May through early summer, how­
ever, substantial numbers of mosquitos could be pro­
duced if flood irrigation water is allowed to remain on 
fields for more than 3 days. 

Seasonal Ponds. Approximately 134 acres of small, 
2- to 1 0-acre seasonal ponds would be created to provide 
brood water for ducks from February through July. 
Between 700/o and I 000/o of pond area would be flooded 
to depths of 6-12 inches. 

Seasonal ponds could potentially produce substantial 
numbers of mosquitos because they would be flooded 
during periods ofhigh ambient temperatures, would sup­
port emergent vegetation, and would be flooded to depths 
favored by mosquitos. Mosquito production levels, 
however, would be reduced because ponds would be ini­
tially flooded during periods of cold ambient temperature. 
Mosquito predator populations would become estab­
lished before the mosquito breeding period begins. 

Permanent Lakes. Two permanent lakes of 50 
acres and 60 acres would be created on Bouldin Island. 
Lakes would be excavated and maintained with ground­
water inflow and supplemented with irrigation as needed 
to maintain desired water levels. Lakes would be exca­
vated to permanently maintain open-water areas and 
stands of emergent vegetation along shorelines and island 
edges. 
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Mosquitos are adapted to breed in habitats that are 
not ecologically stable. Immediately following lake 
coostn.Jctioo, permanent ponds could potentially produce 
substantial numbers of mosquitos, but over time, 
mosquito predator populations would become estab­
lished. Because lakes would be open-water areas and 
seasonally stable lake levels would be maintained, lake 
environments would stabilize and mosquito production 
would be expected to decline. 

Permanent lakes are being constructed to provide 
values similar to those of lakes that would be inundated 
on Webb Tract. The existing lakes on Webb Tract do not 
produce mosquitos in sufficient numbers to require 
abatement (Kramer pers. comm. ). If lakes constructed on 
Bouldin Island can be maintained in an ecological con­
dition similar to lakes on Webb Tract, production of 
problem numbers of mosquitos would be unlikely after 
the lakes have stabilized. 

Emergent Manh. Approximately 400 acres of 
pennanent emergent marsh would be created on Bouldin 
Island and Holland Tract. Marshes would be dominated 
by tule and cattail and would be flooded all year to depths 
ranging from 12 inches to 36 inches. To maintain be­
tween 400/o and 700/o in open-water areas, the marshes 
would be drawn down every few years to remove emer­
gent vegetation. 

Immediately following marsh construction or mainte­
nance drawdown periods, marshes could potentially pro­
duce substantial numbers of mosquitos. Following main­
tenance drawdown periods, marshes would be rapidly 
reflooded, reducing the likelihood that substantial num­
bers of mosquitos would be produced during these 
periods (see Appendix GS, "Summary of Jurisdictional 
Wetland hnpacts and Mitigation"). Because stable water 
levels and open water areas would be maintained, marsh 
environments would stabilize and mosquito production 
would be expected to decline. Substantial numbers of 
mosquitos, however, could be produced in dense stands 
of emergent vegetation, such as cattail and tule. This 
vegetation would protect larvae from wave action and 
predators, such as mosquitofish. 

Borrow Ponds. Approximately 90 acres ofborrow 
ponds may be created on Bouldin Island to provide 
borrow material for inner levee and perimeter levee 
maintenance and repair. Borrow ponds would be re­
charged with groundwater and surface runoff, so water 
levels would fluctuate seasonally. Borrow ponds would 
not be expected to produce problem numbers of mos­
quitos because periodic excavations would gradually 
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deepen ponds and steepen shorelines. Steep shorelines 
would not support extensive stands of emergent vege­
tation. 

Changes in the Need for 
Mosquito Abatement 

Baeon bland and Webb Tract 

Potential for Increase in Adult Mosquito Popu­
lations. The highest potential for production of problem 
numbers of mosquitos on the reservoir islands would 
occur in certain years when islands support partial-stor­
age, shallow-storage, or shallow-water wetland condi­
tions from June through October. These years would 
include periods when partial- and shallow-storage pool 
shorelines and shallow-water wetlands are heavily vege­
tated. Substantial mosquito production would not be 
expected during May because full-storage, partial-stor­
age, shallow-storage, and shallow-water wetland condi­
tions that would exist through winter would remove 
vegetation from the islands. 

Potential for Increase in Mosquito Abatement 
Levels. The potential for an increase in mosquito abate­
ment levels would fluctuate among years and would 
depend on the availability of water for storage on the 
reservoir islands. The greatest potential for increased 
need for abatement would be expected from September 
1 to October 31 in years when islands could be managed 
as shallow-water wetlands (Tables 3N-2 and 3N-3). 

Bouldin Island and Holland Tract 

Potential for Increase in Adult Mosquito Popu­
lations. Creating permanent lakes, emergent marshes, 
and borrow ponds would result in a short-term impact on 
mosquito production because permanent wetlands tend to 
develop and maintain mosquito predator populations. 
Mosquito production will stabilize once natural predator/ 
prey ratios reach equilibrium. However, the time re­
quired for newly created or restored permanent wetlands 
to mature is unpredictable (l.JSFWS 1992). 

Although mosquito production in permanent wet­
lands may stabilize at lower levels as the wetland eco­
systems evolve, these sites may have the potential for 
long-term impacts because the defmition of a mosquito 
production problem can be independent of the number of 
mosquitos produced. For example, if the human popu­
lation adjacent to an existing mosquito production source 
were increased, the number of service calls to the respon-
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sible MAD from residents could increase without a 
change in existing mosquito production levels. 

Seasooal wetlands, including flooded cornfields and 
wheat fields, have the highest potential to produce prob­
lem numbers of mosquitos from September 1 through 
October 31 because they duplicate habitat conditions 
D10St preferred by the species. Seasonal wetlands simu­
late water conditions that are associated with natural 
intermittent flood events and to which most species of 
mosquitos have adapted Seasonal wetlands flooded from 
May 1 to May 31 would not be expected to produce 
problem numbers of mosquitos because most emergent 
vegetation would have been removed as a result of wave 
action and waterfowl forage activities. 

Potential for Increase in Mosquito Abatement 
Levels. With implementation of Alternative 1, appro­
ximately 3,695 acres of potential mosquito breeding 
habitat would be created on the habitat islands during 
peak flood periods (i.e., October 16-31) (Tables 3N-4 
and 3N-S). This represents approximately 2,100 more 
acres of potential mosquito habitat than were treated by 
MADs in 1991 (Holland Tract) and 1992 (Bouldin 
Island). Therefore, mosquito production might increase 
enough to require higher levels of mosquito abatement 
than are currently required. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact N-1: Reduction or Elimination of Mos­
quito Abatement Activities during FuU-Storage 
Periods on the Reservoir Islands. Implementation of 
Alternative 1 would substantially reduce mosquito pro­
duction and, subsequently, the need for abatement on the 
reservoir islands during full-storage periods. Therefore, 
this impact is considered beneficial. 

Mitigation. No mitigation is required. 

Impact N-2: Increase in Abatement Levels on 
the Habitat Islands and during Partial-Storage, 
Shallow-Storage, or Shallow-Water Wetland Periods 
on the Reservoir Islands. Implementation of Alter­
native 1 would result in an increase in mosquito breeding 
habitat on both the reservoir and habitat islands, at least 
during certain times of the year. Therefore, an increase 
in mosquito production would likely occur on the habitat 
islands and, during some years, on the reservoir islands 
Wider partial-storage, shallow-storage, or shallow-water 
wetland conditions. Substantially more people would be 
exposed to mosquitos as a result of the recreation pro­
grams for hunting, boating, and other uses on the DW 
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~islands than are exposed wuler existing conditions 
(see Chapter 3J, "Recreation and Visual Resources", for 
details on the recreation program). Increased exposure of 
people to mosquitos would result in an increased need for 
abatement Therefore, this impact is considered signifi­
cant 

Implementing Mitigation Measure N-1 would reduce 
Impact N-2 to a less-than-significant level. 

Mitigation Meuure N-1: Coordinate Pro­
ject Activities with SJCMAD and CCMAD. OW, 
OFG, and the HMAC shall consult and coordinate with 
SJCMAD and CCMAD during design, implementation, 
and operations phases of the project. OW will be 
responsible for coordination with MADs regarding 
mosquito control measures for the reservoir islands, and 
OW, OFG, and the HMAC will be responsible for 
coordination regarding the habitat islands. Consultation 
and coordination with SJCMAD and CCMAD shall 
include the following actions: · 

• Consult with SJCMAD and CCMAD during the 
project design phase to incorporate design ele­
ments of the reservoir and habitat islands to 
reduce the mosquito production potential of the 
project. Measures considered should include 
designing water delivery and drainage systems 
to allow for rapid manipulation of water levels 
on the habitat islands. The project design for 
the reservoir islands allows for the rapid mani­
pulation of water levels in water storage areas. 

• Pennit SJCMAD and CCMAD personnel unre­
stricted access to the OW project islands to 
monitor or control mosquito populations. 

• Regularly consult with SJCMAD and CCMAD 
to identify mosquito management problems, 
mosquito monitoring and abatement proce­
dures, and opportunities to adjust operations to 
reduce mosquito production during problem 
periods. 

• Consult with SJCMAD and CCMAD to identify 
annual mosquitofish.stocking requirements. 

• If it is necessary for SJCMAD and CCMAD to 
increase mosquito monitoring and control pro­
grams beyond preproject levels, consult with 
SJCMAD and CCMAD to identify opportun­
ities for OW to share costs or otherwise partici­
pate in implementing mosquito a~atement pro­
grams. 
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Ineldenee ofWUdlife-Transmitted 
Dileuel Affecting Humans 

Public health issues of concern in the proposed OW 
project area include the transmission of human diseases, 
such as rabies, bubonic plague, and Lyme disease, by 

, wildlife and other animals. Wildlife species that could 
transmit these diseases to humans are not expected to be 
present on the reservoir islands because their habitats 
would be eliminated as a result of water storage. How­
ever, habitats created on the habitat islands may increase 
the populations of wildlife species known to serve as 
hosts of wildlife-transmitted diseases. People using the 
habitat islands for recreation may experience increased 
exposure or closer proximity to these wildlife popu­
lations. However, such exposure would still not be con­
sidered a risk to public health in the Delta (Lucchesi and 
Reilly pers. comms.). 

3N-14 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact N-3: Increase in Potential Exposure of 
People to WUdlife Species That Transmit Diseases. 
Under Alternative I, the populations of wildlife species 
known to serve as hosts of wildlife-transmitted diseases 
affecting humans could increase on the habitat islands. 
Increased recreational use of these areas would increase 
the potential exposure of people to these species. How­
ever, transmission of wildlife-transmitted diseases such 
as Lyme disease, bubonic plague, and rabies is not now 
considered a significant risk to public health in the Delta, 
and the increase in risk under Alternative I would be 
minor. Therefore, the potential change in risk to public 
health from exposure to wildlife species on the habitat 
islands is considered less than significant. 

Mitigation. No mitigation is required. 

IMPACTS AND MITIGATION 
MEASURES OF 

ALTERNATIVE2 

The potential for mosquito production for each habi­
tat condition class on the reservoir islands under Alter­
native 2 would be the same as described for Alterna­
tive I. However, the frequency of each habitat condition 
class may differ (Tables 3N-6 and 3N-7). The habitat 
islands would be managed as described for Alternative I. 

The frequency with which mosquito breeding habitat 
would be created on Bacon Island would probably be 

Ch 3N. Mosquitos and Pubbc Health 
September 1995 



/ ' 

increased because partial-storage, shallow-storage, and 
shallow-water wetland periods would increase. The 
frequency of these habitat conditions on Webb Tract 
would probably decrease from May through August but 
increase during September and October, when the island 
could be managed for shallow-water wetlands. 

Although the frequency of creation of mosquito 
habitat would differ, impacts and mitigation measures 
tmder Alternative 2 are generally the same as those under 
Alternative 1. The impact associated with the incidence 
of wildlife-transmitted diseases would also be the same 
under Alternative 2. 

IMPACTS AND MmGATION 
MEASURES OF 

ALTERNATIVE 3 

Alternative 3 would include storage of water on all 
four DW project islands, with secondary uses for wildlife 
habitat and recreation. The portion of Bouldin Island 
north of SR 12 would be managed as a wildlife habitat 
area (the NBHA) and would not be used for water 
storage. 

Mosquito Breeding Conditions· 

The potential for mosquito production for each habi­
tat condition class on the reservoir islands would be the 
same as described for Alternative 1. However, the fre­
quency of occurrence of each class may differ (Tables 
3N-8, 3N-9, 3N-10, and 3N-ll). 

Approximately 3,440 acres on Bouldin Island and 
2,690 acres on Holland Tract during nonstorage periods 
could be flooded in fall to create shallow-water wetlands 
(JSA 1993). Although more acreage would be flooded 
under Alternative 3 than under Alternative 1 or 2, mos­
quito production levels would be expected to be lower 
because periodic inundation would result in lowered 
vegetation density and increased wave action. 

On the portion of Bouldin Island north of SR 12 that 
would be managed as a wildlife habitat area, approxi­
mately SO acres of perennial ponds, 330 acres of seasonal 
wetlands, and 170 acres of com would be created on 
existing agricultural croplands. 

Mosquito production associated with perennial 
ponds would be similar to that described for permanent 
lakes on the habitat islands under Alternatives 1 and 2. 
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Seasonal wetlands and cornfields in the habitat area 
would be designed and managed as described for sea­
sonal wetlands and cornfields on the habitat islands. 
Mosquito production would be the same. 

Changes in the Need for 
Mosquito Abatement 

The potential for an increase in mosquito abatement 
levels would depend on the availability of water for 
storage on the reservoir islands and would therefore fluc­
tuate between years. The greatest potential for increased 
need for abatement would be expected to occur from 
September 1 to October 31 in years when the islands 
could be managed for shallow-water wetlands. 

hnpacts and the mitigation measure for the reservoir 
islands tmder Alternative 3 are similar to those described 
under Alternative 1. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact N-4: Reduction or Elimination of 
Mosquito Abatement Activities during FuU-Storage 
Periods on the Reservoir Islands. This impact is 
described above under Impact N-1. This impact is 
considered beneficial. 

Mitigation. No mitigation is required. 

Impact N-5: Increase in Abatement Levell 
during Partial-Storage, Shallow-Storage, or Shallow­
Water Wetland Periods on the Reservoir Islands and 
in the NBHA. This impact is similar to Impact N-2, 
described above. This impact is considered significant. 

hnplementing Mitigation Measure N-1 would reduce 
Impact N-5 to a less-than-significant level. 

Mitigation Measure N-1: Coordinate 
Project Activities with SJCMAD and CCMAD. This 
mitigation measure is described above under "Impacts 
and Mitigation Measures of Alternative 1 ". 

Incidence of Wildlife-Transmitted 
Diseases Affecting Humans 

Wildlife species that could transmit diseases to 
humans are not expected to be present on the reservoir 
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islands under Alternative 3 because their habitats would 
be substantially reduced as a result of water storage. 
Habitats created on the NBHA may increase the popu­
lations of these species in that area , but that increase 
would be negligible relative to the reduction in popula­
tions resulting from water storage. Therefore, imple­
menting Alternative 3 would not affect the incidence of 
wildlife-transmitted diseases affecting humans. 

IMPACI'S AND MmGATION 
MEASURES OF TilE 

NO-PROJECI' ALTERNATIVE 

The No-Project Alternative would increase the acre­
age of land cultivated for annual grains, perennial crops, 
orchards, and vineyards. Irrigated pasture and marsh 
habitats would be reduced by 1 , 7 64 acres and acreage of 
open-water habitats would be similar to existing acreage 
(Table 3N-12). · 

The project applicant would not be required to 
implement mitigation measures if the No-Project Alter­
native were selected by the lead agencies. However, 
mitigatimmeasures are presented for impacts ofthe No­
Project Alternative to provide information to the review­
ing agencies regarding the measures that would reduce 
impacts if the project applicant implemented a project 
that required no federal or state agency approvals. This 
infonnation would allow the reviewing agencies to make 
a more realistic comparison of the DW project alterna­
tives, including implementation of recommended mitiga­
tion measures, with the No-Project Alternative. 

Mosquito Breeding Conditions 

Bacon bland and Webb Tract 

Existing marsh habitats (34 acres) and irrigated 
pastures ( 61 acres) would be eliminated from Bacon 
Island and Webb Tract, respectively, and marsh habitats 
would be reduced by 899 acres (94.1%) on Webb Tract 
under the No-Project Alternative (Table 3N-12). Al­
though SJCMAD and CCMAD currently do not consider 
either island to. be a significant mosquito production 
source (Lucchesi and Waletzko pers. comms.), conver­
sion of these habitats to agricultural uses could reduce the 
potential for future mosquito production problems on 
these islands (Kramer pers. comm.). 
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Bouldin bland and HoUand Tract 

Implementing the No-Project Alternative would 
eliminate existing marsh habitats and irrigated pastures 
(170 acres) on Bouldin Island. Marsh habitat and irri­
gated pastures on Holland Tract would be reduced by 285 
acres (99.3%) and 315 acres (55.1%), respectively 
(Table 3N-12). Both islands support problem mosquito 
production sources that require frequent monitoring and 
treatment by SJCMAD and CCMAD (Lucchesi and 
Waletzko pers. comms.). 

Changes in the Need for 
Mosquito Abatement 

Potential for Reduction of Existing Mosquito Breed­
ing Habitat 

Implementing the No-Project Alternative could 
result in lower levels of mosquito abatement by elimi­
nating habitats that have the potential to produce problem 
numbers of mosquitos and reducing or eliminating habi­
tats currently identified by SJCMAD and CCMAD as 
problem mosquito production sources (Figure 3N-l ). 

Potential for an Increase in Adult Mosquito Popu­
lations as a Result of Increased Com Production 

An increase of 127% in annual grain production, and 
specifically an'increase in com cultivation, primarily on 
Holland and Webb Tracts (Table 3N-12), could result in 
increased mosquito production during the fall pre-irri­
gation and weed control periods. As a result, higher 
levels of mosquito abatement may be required. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Reduction in Mosquito Abatement Activities on 
the DW Project hlands. Implementation of the No­
Project Alternative would reduce mosquito production by 
eliminating habitats that have the potential to produce 
problem numbers of mosquitos. Subsequently, the need 
for abatement on the DW project islands would be re­
duced. 

Increase in Mosquito Production Levels as a 
Result of Increased Com Production. Implementation 
of the No-Project Alternative could involve increased fall 
flooding to control weeds in cornfields, which could 
result in substantial increases in mosquito production. 
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Implementing the following mitigation measure would 
reduce this effect of the No-Project Alternative. 

Coordinate Project Activities with SJCMAD 
ud CCMAD. OW should notify SJCMAD and 
CCMAD ofpopa!JOd fall cornfield flooding schedules at 
least 2 months in advance. Additionally, DW should 
allow SJCMAD and CCMAD to have access to the DW 
islands to monitor mosquito production, control mos­
quitos, and conduct other related abatement activities. 

Incidence ofWUdlife-Trusmitted 
Dilealel Affecting Humans 

Under the No-Project Alternative, populations of 
wildlife species that could transmit diseases to hwnans 
are not expected to increase. Increased agricultural 
production may reduce populations by disturbing or 
eliminating their habitats through plowing and vegetation 
removal. Therefore, implementing the No-Project Alter­
native would not affect the incidence of wildlife-trans­
mitted diseases affecting hwnans. 

CUMULATIVE IMPACTS 

This section briefly analyzes cwnulative impacts 
related to mosquito production and abatement issues. 
The analysis identifies other projects or activities in the 
Delta region and surrounding areas that may affect 
mosquito production conditions that may also be affected 
by the OW project. These projects are swnmarized in 
Appendix 2, "Supplemental Description of the Delta 
Wetlands Project Alternatives". Beneficial and negative 
cwnulative effects are identified, and the overall effect of 
DW project impacts on regional habitats is described. 

Cumulative Impacts, Including 
Impacts of Alternative 1 

Chuges in Reservoir Island Storage Conditions 

DWR recently installed four additional pwnping 
units at SWP's Banks Pwnping Plant near Clifton Court 
Forebay, increasing total SWP pwnping capacity from 
6,400 cfs to 10,300 cfs. If SWP export pwnping is 
increased to full capacity in future years, the frequency 
with which each storage class would occur on the OW 
project islands would change. Tables JN-2 and 3N-3 
present the storage class frequencies for the reservoir 
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islands under this cwnulative scenario for Alternative 1 
based m the 70-year hydrologic record for the Delta. In 
most mmtbs the frequency with which full-, partial-, and 
shallow-storage conditions would occur would be re­
duced and the occurrence of nonstorage conditions and 
the opportunity to create shallow-water wetland condi­
tions would be increased. Consequently, the availability 
ofma;quito breeding habitat would generally be reduced 
fum May through August and would be increased during 
September and October under Alternative I. 

Impact N-6: Increase in Abatement Levels 
during Partial-Storage, Shallow-Storage, or Shallow­
Water Wetland Periods on the Reservoir Islands 
under Cumulative Conditions. If SWP export pwnp­
ing is inaeased to full capacity in future years, the avail­
ability of mosquito breeding habitat would generally be 
reduced from May through August and increased during 
September and October. As described under Impact N-2, 
increased need for abatement is considered a significant 
impact. 

Implementing Mitigation Measure N-1 would reduce 
Impact N-6 to a less-than-significant level. 

Mitigation Measure N-1: Coordinate 
Project Activities with SJCMAD and CCMAD. This 
impact is described above under "Impacts and Mitigation 
Measures of Alternative I". 

Related Future Projects 

Related future projects that may contribute cwnula­
tively to impacts on mosquito abatement programs de­
scribed in this chapter include wetland habitat restoration 
programs that would increase mosquito breeding habitat 
within mosquito flight ranges of SJCMAD or CCMAD 
jurisdictional boundaries. 

DWR has propa!lOd projects to develop seasonal and 
permanent wetland habitats on Sherman Island and 
Twitchell Island in the west Delta (DWR 1990). Imple­
menting these projects would create up to 10,000 acres 
of wetlands on Sherman Island and 3,600 acres on 
Twitchell Island in Sacramento County. Without mitiga­
tion, these projects could significantly increase MAD 
abatement requirements if mosquito production on re­
stored wetlands results in a greater potential for disease 
transmittal by mosquitos or an increase in the nwnber of 
service requests to MADs. 

Additionally, mosquito abatement programs may be 
affected by projects that increase hwnan populations near 
existing mosquito production areas. Residential housing 
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developments are proposed for Hotchkiss Tract and 
Bethel Island west ofHolland Tract Service calls gener­
ated fran new developments could substantially increase 
abatement costs to MADs. 

Impact N-7: Cumulative Increase in Mosquito 
Abatement Needl Relulting from Implementation of 
Future Projecta, lnc:luding the DW Project. Imple­
menting future projects that benefit mosquito breeding 
conditions (e.g., wetland habitat restoration projects) or 
that increase hmnan populations near existing mosquito 
production areas (e.g., residential housing and marina 
devel~) cootribute to the need for mosquito abate­
ment in the DW project area. Mitigation should be 
implemented for each project during the project evalu­
ation and approval process to minimize the cumulative 
effects oo mosquito abatement. However, because there 
is no guarantee that mitigation measures would be imple­
mented for other future projects, this impact is considered 
significant and unavoidable. 

Mitigation. No mitigation is available to 
reduce this impact to a less-than-significant level. 

Cumulative Impacts, Including 
Impacts of Alternative 2 

As shown oo Tables 3N-6 and 3N-7, the changes in 
:frequencies with which habitat condition classes for the 
reservoir islands could occur under the cumulative sce­
nario for Alternative 2 would be similar to the changes in 
frequencies shown for Alternative 1 (i.e., the availability 
of mosquito breeding habitat on the reservoir islands 
would generally be reduced :from May through August 
and increased during September and October). 

The cumulative impacts associated with this alter­
native would be the same as those described for cumu­
lative conditions with Alternative 1. 

Cumulative Impacts, Including 
Impacts of Alternative 3 

As shown on Tables 3N-8 through 3N-ll, the fre­
quencies with which habitat condition classes for the 
reservoir islands could occur under the cumulative sce­
nario for Alternative 3 would be similar to changes in 
:frequencies shown for cumulative conditions with Alter­
native 1 (i.e., the availability of mosquito breeding habitat 
oo the reservoir islands would generally be reduced :from 
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May through August and increased during September and 
October). 

The cumulative impacts associated with this alter­
native would be the same as those described for cumu­
lative impacts with Alternative 1. 

Cumulative Impacts, Including Impacts 
of the No-Project Alternative 

Cumulative Increase in Mo1quito Abatement 
Needs Resulting from Implementation of Future 
Projedl, Including the No-Project Alternative. 
Implementing future projects that benefit mosquito 
breeding conditions (e.g., wetland habitat restoration 
projects) or that increase human populations near existing 
mosquito production areas (e.g., residential housing and 
marina developments) contribute to the need for mos­
quito abatement in the DW project area. The No-Project 
Alternative could contribute to this cumulative effect by 
increasing mosquito production levels on the four DW 
project islands during fall flooding. 
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Table 3N-1. Acreages of Wetlands and Other Potential Mosquito Breeding Sites on the DW Project Islands 

Bacon Island• Webb Tract' Bouldin Island• Holland Tract'b All Islands• 

Percentage Percentage Percentage Percentage Percentage 
Habitat Type• Acres ofTotal Acres ofTotal Acres ofTotal Acres ofTotal Acres ofTotal 

Canals and ditches 91.8 1.66 49.7 0.91 118.1 1.97 39.4 1.26 299.0 1.49 
I 

Ponds 1.5 0.03 105.7 1.93 0.0 0.00 16.6 0.53 123.8 0.62 

Freshwater marsh 2.7 0.05 172.0 3.14 21.1 0.35 27.8 0.89 223.6 1.11 

Exotic marsh 30.4 0.55 783.3 14.32 114.7 1.92 195.5 6.24 1,123.9 5.58 

Irrigated pasture 0.0 0.00 61.0 1.12 34.2 0.57 349.8 11.16 445.0 2.21 

Croplandd 3,091.5 55.81 2,694.7 49.27 4,530.3 75.69 550.9 17.57 10,867.4 53.99 

Other habitat types• 2.321.5 41.91 1.602.6 29.30 1.166.6 19.49 1.955.2 62.36 7.045.9 35.00 

Totals 5,539.4 100 5,469.0 100 5,985.0 100 3,135.2 100 20,128.6 100 

• Acreages are derived from Table 30-4 in Chapter 30, "Vegetation and Wetlands". 

b Acreages are not provided for the portion of Holland Tract that would be included under Alternative 3. Habitat acreages for Alternative 3 are presented in Table 30-4 in Chapter 30, "Vegetation and 
Wildlife". 

• Habitat types are defined in Chapter 30, "Vegetation and Wetlands". 

d Includes corn, wheat, milo, potato, and sunflower crops. 

• Other habitat types include developed areas and riparian, upland, fallow, and other cropland habitats. 



Full Partial 

Table 3N-2. Frequency of Habitat Condition Classes on Bacon Island under Alternative 1 and 
Cumulative Conditions for Alternative 1 (Percentage ofY cars) 

Alternative 1 Cumulative Alternative 1 

Shallow-
Shallow Water Full Partial Shallow 

Shallow-
Water 

Month Storage Storage Storage Nonstorage Wetland Storage Storage Storage Nonstorage Wetland 

May 74.3 4.3 . 1.4 20.0 0.0 67.1 0.0 1.4 31.4 0.0 

June 70.0 
I 

8.7 0.0 21.4 0.0 64.3 2.9 0.0 32.9 0.0 

July 45.7 11.4 8.6 34.3 0.0 2.9 0.0 0.0 97.1 0.0 

August 15.7 2.9 5.7 75.7 0.0 1.4 0.0 0.0 98.6 0.0 

September 11.4 2.9 0.0 61.4 24.3 4.3 4.3 0.0 0.0 91.4 

October 

Note: 

30.0 1.4 0.0 22.9 45.7 18.6 1.4 0.0 2.9 77.1 

Percentages may not total I 00 because of rounding. 

Frequencies were estimated based on the 70-year hydrologic record presented in Appendix 04, "Simulated End-of-Month Water Storage on Reservoir Islands for the Delta Wetlands Project 
Alternatives". The frequency with which each habitat condition class would occur in future years, however, is unpredictable. Frequencies do not include periods when reservoir islands may be 
used for water transfers or banking. If reservoir islands arc used to transfer or bank water, the frequency of storage periods could be expected to increase and the frequency of nonstorage and 
shallow-water wetland periods could be expected to decrease. 
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Full Partial 
Month Storage Storage 

May 48.6 I 15.9 

June 37.1 21.7 

July 7.1 22.9 

August 2.9 5.7 

September 8.6 2.9 

October 22.9 5.7 

;er:.~"'. 

Table 3N-3. Frequency of Habitat Condition Classes on Webb Tract under Alternative 1 and 
Cumulative Conditions for Alternative 1 (Percentage of Years) 

Alternative 1 Cumulative Alternative 1 

Shallow-
Shallow Water Full Partial Shallow 
Storage Non storage Wetland Storage Storage Storage Nonstorage 

1.4 34.3 0 45.7 11.4 1.4 41.4 

2.9 38.6 0 35.7 11.4 4.3 48.6 

1.4 68.6 0 1.4 0 0 98.6 

0 91.4 0 1.4 0 0 98.6 

0 37.1 51.4 2.9 1.4 0 0 

0 7.1 64.3 11.4 2.9 0 1.4 

Note: Percentages may not total 100 because of rounding. 

Shallow-
Water 

Wetland 

0 

0 

0 

0 

95.7 

84.3 

Frequencies were estimated based on the 70-year hydrologic record presented in Appendix 04, "Simulated End-Qf-Montb Water Storage on Reservoir Islands for the Delta Wetlands Project 
Alternatives". The frequency with which each habitat condition class would occur in future years, however, is unpredictable. Frequencies do not include periods when reservoir islands may be 
used for water transfers or banking. If reservoir islands are used to transfer or bank water, the frequency of storage periods could be expected to increase and the frequency of nonstorage and 
shallow-water wetland periods could be expected to decrease. 



Table 3N-4. Flooded Habitat Acreages by Date on Bouldin Island under Alternatives I and 2 during the Mosquito Breeding Season 

Acres bl: Manasement Periodb 

5/1- 5/16- 611- 8/1- 9/1- 9/16- 10/1- 10116-
5/15 5/30 7/30 8/30 9115 9/30 lOllS 10131 

Seasonal managed wetland and mixed agricul-
ture/seasonal wetland 432 432 0 0 432 432 686 1,446 

Com rotated with wheat l 0 0 0 0 102 204 509 712 

Pasture/hay" 0 0 0 0 0 0 0 0 

Seasonal ponds 66 66 66 0 0 0 0 0 

Permanent lakes 111 111 111 111 111 111 111 111 

Emergent marsh 208 208 208 208 208 208 208 208 

Borrow ponds ~ ~ ~ ~ ~ ~ M ~ 

Total 906 906 474 408 942 1,044 1,603 2,632 

• Habitat types are described in Appendix 03, "Habitat Management Plan for the Delta Wetlands Habitat Islands". 

b Acreages are derived from Table 3 in Appendix 03. 

• Approximately 205 acres of pasture/hay would be flooded on habitat islands for wildlife after the mosquito breeding season. Mosquito breeding habitat, however, would be 
created during spring and summer irrigation periods. 
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Table 3N-5. Flooded Habitat Acreages by Date on Holland Tract under Alternatives 1 and 2 during the Mosquito Breeding Season 

Acres b~ Manasement Periodb 

5/1- 5/16- 6/1- 8/1- 9/1- 9/16- 1011-
5/15 5/30 7/30 8/30 9115 9/30 10/15 

Seasonal managed wetland and mixed 
agriculture/seasonal wetland 

I 
100 100 0 0 100 100 

Com rotated with wheat 0 0 0 0 60 119 

Pasture/hay" 0 0 0 0 0 0 

Seasonal ponds 68 68 68 0 0 0 

Permanent lakes 33 33 33 33 33 33 

Emergent marsh 194 194 194 194 194 194 

Borrow ponds _Q _Q _Q _Q _Q _Q 

Total 395 395 295 227 397 446 

• Habitat types are described in Appendix G3, "Habitat Management Plan for the Delta Wetlands Habitat Islands". 

b Acreages are derived from Table 3 in Appendix G3. 

,......~:'-~"'.... 

10116-
10/31 

258 416 

298 418 

0 0 

0 0 

33 33 

194 194 

_Q _o 
783 1,061 

• Approximately 205 acres of pasture/hay would be flooded on habitat islands for wildlife after the mosquito breeding season. Mosquito breeding habitat, however, would be 
created during spring and summer irrigation periods. 
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Full Partial 
Month Storage Storage 

May 54.3 7.1 
I 

June 30.0 7.1 

July 15.7 7.1 

August 4.3 2.9 

September 11.4 2.9 

October 30.0 1.4 

Table 3N-6. Frequency of Habitat Condition Classes on Bacon Island under Alternative 2 and 
Cumulative Conditions for Alternative 2 (Percentage of Years) 

Alternative 2 Cumulative Alternative 2 

Shallow-
Shallow Water Full Partial Shallow 
Storage Non storage Wetland Storage Storage Storage Non storage 

1.4 37.1 0.0 44.3 2.9 0.0 52.9 

2.9 60.0 0.0 20.0 1.4 0.0 78.6 

37.1 40.0 0.0 2.9 0.0 0.0 97.1 

8.6 84.3 0.0 1.4 0.0 0.0 98.6 

0.0 57.1 28.6 4.3 4.3 0.0 0.0 

0.0 14.2 54.3 18.6 1.4 0.0 1.4 

Note: Percentages may not total I 00 because of rounding. 

Shallow-
Water 

Wetland 

0.0 

0.0 

0.0 

0.0 

91.4 

78.6 

Frequencies were estimated based on the 70-year hydrologic record presented in Appendix 04, "Simulated End-of-Month Water Storage on Reservoir Islands for the Delta Wetlands Project 
Alternatives". The frequency with which each habitat condition class would occur in future years, however, is unpredictable. Frequencies do not include periods when reservoir islands may be 
used for water transfers or banking. If reservoir islands arc used to transfer or bank water, the frequency of storage periods could be expected to increase and the frequency of nonstorage and 
shallow-water wetland periods could be expected to decrease. 
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Full Partial 
Month Storage Storage 

May 38.6 I 11.4 

June 17.1 10.0 

July 2.9 4.3 

August 1.4 1.4 

September 8.6 2.9 

October 20.0 5.7 

(""J.""i;-;~., 

Table 3N-7. Frequency of Habitat Condition Classes on Webb Tract under Alternative 2 and 
Cumulative Conditions for Alternative 2 (Percentage of Y cars) 

Alternative 2 Cumulative Alternative 2 

Shallow-
Shallow Water Full Partial Shallow 
Storage Nonstorage Wetland Storage Storage Storage Nonstorage 

0 50.0 0 28.6 7.1 1.4 62.9 

0 72.9 0 11.4" 2.9 0 85.7 

2.9 90.0 0 1.4 0 0 98.6 

1.4 95.7 0 1.4 0 0 98.6 

0 10.0 78.6 2.9 1.4 0 0 

0 4.3 75.7 11.4 2.9 0 1.4 

Note: Percentages may not total I 00 because of rounding. 

Shallow-
Water 

Wetland 

0 

0 

0 

0 

95.7 

84.3 

Frequencies were estimated based on the 70-ycar hydrologic record presented in Appendix 04, "Simulated End-of-Month Water Storage on Reservoir Islands for the Delta Wetlands Project 
Alternatives". The frequency with which each habitat condition class would occur in future years, however, is unpredictable. Frequencies do not include periods when reservoir islands may be 
used for water transfers or banking. If reservoir islands are used to transfer or bank water, the frequency of storage periods could be expected to increase and the frequency of nonstorage and 
shallow-water wetland periods could be expected to decrease. 



Full Partial 
Month Storage Storage 

May 62.9 4.3 
I 

June 48.6 2.9 

July 31.4 38.6 

August 11.4 10.0 

September 11.4 5.7 

October 30.0 1.4 

Table 3N-8. Frequency of Habitat Condition Classes on Bacon Island under Alternative 3 and 
Cumulative Conditions for Alternative 3 (Percentage of Years) 

Alternative 3 Cumulative Alternative 3 

Shallow-
Shallow Water Full Partial Shallow 
Storage Nonstorage Wetland Storage Storage Storage Non storage 

1.4 31.4 0 47.1 2.9 0 50.0 

0 48.6 0 21.4 8.6 1.4 68.6 

0 30.0 0 5.7 7.1 0 87.1 

1.4 77.1 0 1.4 0 0 98.6 

0 54.3 28.6 4.3 4.3 0 7.1 

0 15.7 52.9 18.6 1.4 0 1.4 

Note: Percentages may not total I 00 because of rounding. 

Shallow-
Water 

Wetland 

0 

0 

0 

0 

84.3 

78.6 

Frequencies were estimated based on the 70-year hydrologic record presented in Appendix G4, "Simulated End-of-Month Water Storage on Reservoir Islands for the Delta Wetlands Project 
Alternatives". The frequency with which each habitat condition class would occur in future years, however, is unpredictable. Frequencies do not include periods when reservoir islands may be 
used for water transfers or banking. If reservoir islands are used to transfer or bank water, the frequency of storage periods could be expected to increase and the frequency of nonstorage and 
shallow-water wetland periods could be expected to decrease. 
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Full Partial 
Month Storage Storage 

May 54.3 I 4.3 

June 32.9 4.3 

July 18.6 4.3 

August 2.9 2.9 

September 8.6 2.9 

October 21.4 5.7 

/~~··.1;'h,'; 

Table 3N-9. Frequency of Habitat Condition Classes on Webb Tract under Alternative 3 and 
Cumulative Conditions for Alternative 3 (Percentage of Years) 

Alternative 3 Cumulative Alternative 3 

Shallow-
Shallow Water Full Partial Shallow 
Storage Nonstorage Wetland Storage Storage Storage Non storage 

0 41.4 0 42.9 4.3 0 52.9 

0 62.9 0 18.6 2.9 0 78.6 

0 77.1 0 2.9 0 1.4 95.7 

0 94.3 0 1.4 0 0 98.6 

0 12.9 75.7 2.9 1.4 0 2.9 

0 4.3 68.6 11.4 2.9 0 1.4 

Note: Percentages may not total tOO because of rounding. 

,..-,-_,, .. ,., 
'I 

Shallow-
Water 

Wetland 

0 

0 

0 

0 

92.9 

84.3 

Frequencies were estimated based on the 70-year hydrologic record presented in Appendix 04, "Simulated End-of-Month Water Storage on Reservoir Islands for the Delta Wetlands Project 
Alternatives". The frequency with which each habitat condition class would occur in future years, however, is unpredictable. Frequencies do not include periods when reservoir islands may be 
used for water transfers or banking. If reservoir islands are used to transfer or bank water, the frequency of storage periods could be expected to increase and the frequency of nonstorage and 
shallow-water wetland periods could be expected to decrease. 



Full Partial 

Table 3N-1 0. Frequency of Habitat Condition Classes on Bouldin Island under Alternative 3 and 
Cumulative Conditions for Alternative 3 (Percentage of Years) 

Alternative 3 Cumulative Alternative 3 

Shallow-
Shallow Water Full Partial Shallow 

Shallow-
Water 

Month Storage Storage Storage Nonstorage Wetland Storage Storage Storage Non storage Wetland 

May 42.9 5.8 0 51.4 0 32.9 2.9 0 67.1 0 
I 

June 18.6 7.2 1.4 72.9 0 11.4 5.8 0 82.9 0 

July 4.3 5.7 0 90.0 0 1.4 0 0 98.6 0 

August 1.4 1.4 0 97.1 0 1.4 0 0 98.6 0 

September 4.3 1.4 1.4 5.7 87.1 1.4 0 0 0 98.6 

October 

Note: 

17.1 1.4 1.4 2.9 77.1 5.7 0 0 1.4 92.9 

Percentages may not total 100 because of rounding. 

Frequencies were estimated based on the 70-year hydrologic record presented in Appendix 04, "Simulated End-of-Month Water Storage on Reservoir Islands for the Delta Wedands Project 
Alternatives". The frequency with which each habitat condition class would occur in future years, however, is unpredictable. Frequencies do not include periods when reservoir islands may be 
used for water transfers or banking. If reservoir islands are used to transfer or bank water, the frequency of storage periods could be expected to increase and the frequency of nonstorage and 
shallow-water wetland periods could be expected to decrease. 
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Full Partial 
Month Storage Storage 

May 20.0 I 7.2 

June 10.0 4.3 

July 2.9 1.4 

August 1.4 0 

September 1.4 0 

October 11.4 1.4 

~""'~.-,'\ 
\ 

Table 3N-11. Frequency of Habitat Condition Classes on Holland Tract under Alternative 3 and 
Cumulative Conditions for Alternative 3 (Percentage ofYears) 

Alternative 3 Cumulative Alternative 3 

Shallow-
Shallow Water Full Partial Shallow 
Storage Nonstorage Wetland Storage Storage Storage Nonstorage 

1.4 71.4 0 12.9 8.6 1.4 77.1 

0 85.7 0 7.1 0 0 92.9 

0 95.7 0 1.4 0 0 98.6 

0 98.6 0 0 0 0 100.0 

0 2.9 95.7 1.4 0 0 0 

4.3 1.4 81.4 4.3 0 1.4 1.4 

Note: Percentages may not total 100 because of rounding. 

Shallow-
Water 

Wetland 

0 

0 

0 

0 

98.6 

92.9 

Frequencies were estimated based on the 70-year hydrologic record presented in Appendix 04, "Simulated End-of-Month Water Storage on Reservoir Islands for the Delta Wetlands Project 
Alternatives". The frequency with which each habitat condition class would occur in future years, however, is unpredictable. Frequencies do not include periods when reservoir islands may be 
used for water transfers or banking. If reservoir islands are used to transfer or bank water, the frequency of storage periods could be expected to increase and the frequency of nonstorage and 
shallow-water wetland periods could be expected to decrease. 



Table 3N-12. Predicted Changes in Acreages of Habitat Types under the No-Project Alternative 

Bacon Island Webb Tract Bouldin Island Holland Tract Total 

Estimated Change 
between 1987 and 

1987 No-Project 1987 No-Project 1987 No-Project 1987 No-Project 1987 No-Project No-Project 
Habitat Type" Acreage Acreage Acreage Acreage Acreage Acreage Acreage Acreage Acreage Acreage Acreages 

Ditches and sloughs 92 92 50 50 118 118 45 45 305 305 0 
I 

Ponds 2 2 106 106 0 0 23 23 131 131 0 

Freshwater marsh 3 0 172 16 21 0 28 2 224 18 -206 

Exotic marsh 30 0 783 40 115 0 259 0 1,188 40 -1,148 

Irrigated pasture 0 0 61 0 34 0 571 256 666 256 -410 

Crops, orchards, vineyards 
4,439 5,095 2,695 4,961 4,530 5,426 1,541 3,693 13,205 19,175 5,970 

Fallowed lands 355 0 638 0 712 0 785 0 2,490 0 -2,490 

Other habitat typesb 617 351 965 296 455 440 998 230 3.035 __!.ill -1,718 

Total 5,539 5,540 5,470 5,469 5,985 5,984 4,250 4,249 21,244 21,242 

Notes: Minor discrepancies in totals are the result of rounding. 

• Habitat types are defined in Chapter 30, "Vegetation and Wetlands". 

b Includes developed lands and riparian and upland habitats. 
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Chapter 30. Affected Environment and Environmental 
Consequences - Air Quality 

SUMMARY 

This chapter discusses air quality on and near the DW project islands and analyzes the impacts on air quality 
conditions in project area air basins that could resuh from implementation of the DW project alternatives. The pollutants 
studied for this analysis are carbon monoxide (CO), ozone precursors (reactive organic gases [ROO] and oxides of 
nitrogen [NOJ), and particulate matter smaller than 10 microns in diameter (PMIO). 

Construction and operation under Alternative I, 2, or 3 would result in significant increases in emissions of ROO 
and NO x• and construction under Alternative I, 2, or 3 would result in significant increases in PM I 0. The following 
mitigation measures would "reduce construction impacts, but not to less-than-significant levels: perform routine 
maintenance on construction equipment, require borrow sites to be chosen closest to fill locations, prohibit unnecessary 
idling of construction equipment engines, and implement construction practices that reduce generation of particulate 
mauer. Recreation-generated vehicle and boat trips would be the primary source of air pollutant emissions during project 
operations. There are no mitigation measures to reduce these project operation impacts to a less-than-significant level. 
To partially reduce project operation impacts, DW should coordinate with the local air districts to implement measures 
that would reduce or offset DW project air emissions. Because the feasibility and effectiveness of those measures are not 
known, these impacts are considered significant and unavoidable. However, if the project description were modified to 
reduce the number of recreation facilities built on the DW project islands, this impact could be reduced to a less-than­
significant level. 

Implementation of Alternative I, 2, or 3 would result in increases in CO emissions during project construction and 
operation. Because the project area is a CO attainment area under state and federal standards, these changes in CO 
generation are considered less than significant. However, mitigation measures are recommended for the construction 
period to reduce the quantity of CO generated. 

Under DW project operation, the reduction in agriculture-related activ~ties would result in a beneficial decrease in 
PM I 0 emissions. 

Operation of the No-Project Alternative includes intensified agricultural activity with some increase in recreational 
uses. Implementation of the No-Project Alternative would result in increases in CO, ROO, NO,.. and PMIO emissions. 

Implementation of Alternative I, 2, or 3 in conjunction with cumulative development and increased recreational use 
of the Delta would contribute to the cumulative production of ozone precursors (ROO and NO.) and CO in the Delta. 
This cumulative impact is considered significant and unavoidable. 

AFFECTED ENVIRONMENT 

Sources of Information 

All information on air quality used in this analysis 
was collected in preparation of this document; the 1990 
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draft EIRIEIS did not contain a chapter on air quality. 
This section describes the air quality environment in the 
DW project vicinity at the time this draft EIRIEIS was 
prepared. The information used to describe these exist­
ing air quality conditions was derived from many sow-ces, 
including the California Air Resources Board (ARB), the 
San Joaquin Valley Unified Air Pollution Control District 
(SJVUAPCD), and the Bay Area Air Quality 
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Management District (BAAQMD). Federal and state 
ambient air quality standards are described below for 
each pollutant to provide the context for the discussion of 
existing air quality conditions in the project area. 
However, as explained below under "Criteria for Deter­
mining Impact Significance", these standards will not be 
used as part of the significance criteria. 

Information on sulfur dioxide was not included in 
this chapter because sulfur dioxide is emitted primarily 
by industrial sources and is not considered to be a pollu­
tant of concern in the DW project area, which is in attain­
ment with state and federal standards for sulfur dioxide. 
Nitrogen dioxide is included in the group of pollutants 
discussed in this chapter as NO,.. Nitrogen dioxide is 
usually not discussed separately from other NO,. com­
pounds in analyses of nonindustrial projects because high 
nitrogen dioxide concentrations are most often associated 
with industrial combustion sources. 

Regional Geography, Topography, 
and Climate 

Two of the DW project islands, Bacon and Bouldin 
Islands, are located in San Joaquin County, which is in 
the San Joaquin Valley Air Basin (SJV AB); the other two 
project islands, Holland and Webb Tracts, are in Contra 
Costa County, which is in the San Francisco Bay Area 
Air Basin (SFBAAB). 

The project islands are all located in the Delta, a 
flat, sea-level area with moderate temperatures and rain­
fall. The Delta is upwind from major population centers 
in the Sacramento Valley Air Basin and the SJV AB. 
Pollutants generated in the Delta are transported to these 
areas, which already tend to experience high levels of 
pollution. The Delta, in turn, receives pollutant transport 
from the Bay Area. 

Carbon Monoxide 

Federal and State Air Quality Standards 

CO is a public health concern because it combines 
readily with hemoglobin, reducing the amount of oxygen 
transported to the bloodstream. CO binds to hemoglobin 
200-250 times more strongly than oxygen. Thus, rela­
tively low concentrations of CO can significantly affect 
the amount of oxygen in the bloodstream.. Both the 
cardiovascular system and the central nervous system can 
be affected when 2.5%-4.00/o of the hemoglobin in the 
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bloodstream is bound to CO rather than to oxygen. The 
state and federal ambient air quality standards have been 
set at levels to keep CO from combining with more than 
1.5% of the blood's hemoglobin (EPA 1979, ARB 1982). 
CO is of concern primarily during winter, when vehicle­
related emissions are greatest and atmospheric stability 
allows the buildup of high CO concentrations. 

State and federal CO standards have been set for 
both 1-hour and 8-hour averaging times. The average 
CO level measured over any 1-hour period is not to 
exceed the 1-hour standards, and the average CO level 
measured over any 8-hour period is not to exceed the 8-
hour standards. The state 1-hour CO standard is 20 parts 
per million (ppm), and the federal 1-hour standard is 35 
ppm. The state and federal 8-hour standards are both 9 
ppm State CO standards are phrased as values not to be 
exceeded. Federal CO standards are phrased as values 
not to be exceeded more than once per year. 

Existing Air Quality Conditions 

Air Quality Monitoring Data. Within the 
SJV AB, only the metropolitan area of Fresno is a non­
attainment area for CO under both federal and state stan­
dards. The metropolitan areas ofBakersfield, Modesto, 
and Stockton are nonattainment areas under federal stan­
dards. The remaining portions of the SN AB, including 
Bacon and Bouldin Islands, are in attainment under state 
and federal CO standards. 

Within the SFBAAB, only the urban portion of 
Santa Clara County is a nonattainment area for CO under 
state standards. The remaining portions of the SFBAAB, 
including Holland and Webb Tracts, are in attainment of 
the state CO standards. All urban portions of all counties 
in the SFBAAB are nonattainment areas for CO under 
federal standards. The remaining portions of the 
SFBAAB, including the DW project area, are in attain­
ment under the federal CO standards. The BAAQMD 
has submitted a request to redesignate federal CO nonat­
tainment areas in the SFBAAB as CO maintenance areas 
(Marshall pers. comm.). 

Table 0 1-1 in Appendix 0 I , "Air Quality Moni­
toring Data and Pollutant Emissions under Existing Con­
ditions and the Delta Wetlands Project Alternatives", 
shows air quality monitoring data for CO for 1989-1993. 
Data are included for all monitoring stations in Contra 
Costa and San Joaquin Counties; however, few of the 
monitoring stations are located near the DW project area. 
Only the Delta monitoring stations, at Bethel Island Road 
and Pittsburg in Contra Costa County, are discussed in 
this chapter. 
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As shown in Table 01-1, the highest 1-how- CO 
concentration at the Bethel Island Road station dw-ing 
1989-1993 was 5.0 ppm and occurred in 1993. The 
highest 8-how- CO concentration was 3.9 ppm and 
occurred in the same year. There were no days with CO 
concentrations over the state and federal standard of9.0 
ppm at this station dw-ing this period. 

The highest 1-how- CO concentration at the Pitts­
burg station during 1989-1993 was 12.0 ppm and 
occurred in 1989. The highest 8-how- CO concentration 
was 4.8 ppm and occurred in the same year. There were 
no days with co concentrations over the state and federal 
standard of9.0 ppm at this station during this period. 

Existing Emissions on the DW Project Islands. 
As shown in Table 30-1, approximately 1 ,554 pounds of 
CO are being emitted each day on the OW project islands 
as a result of existing agricultw-al and recreational activi­
ties (see Appendix 01 for more detailed information 
regarding existing CO emis5ions). This estimate was 
derived using the methods described below that were 
used to estimate project-related emissions. 

Ozone 

Federal and State Air Quality Standards 

Ozone is a public health concern because it is a 
respiratory irritant that increases human susceptibility to 
respiratory infections. Ozone can cause significant 
damage to leaf tissues of crops and natw-al vegetation and 
can damage many materials by acting as a chemical 
oxidizing agent. 

Ozone is of concern primarily during summer when 
high temperatw-es, the presence of sunlight, and an at­
mospheric inversion layer induce photochemical reac­
tions that convert ROG and NOx into ozone. Because 
ozone is not emitted directly into the atmosphere, but is 
created by reactions of these ozone precursors in the 
presence of sunlight, emissions of ROG and NOx are 
estimated in this chapter as a way of assessing potential 
for ozone generation. 

State and federal standards for ozone have been set 
for a 1-hour averaging time. Tile state 1-how- ozone stan­
dard is 0.09 ppm, not to be exceeded. The federal !-how­
ozone standard is 0.12 ppm, not to be exceeded more 
than three times in any 3-year period. 
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Existing Air Quality Conditions 

Air Quality Monitoring Data. The SN AB and 
SFBAAB are both nonattainment areas for ozone under 
state standards. Tile SJV AB is also a nonattainment area 
for ozooe tmder federal standards. SFBAAB is an ozone 
maintenance area under federal standards (Marshall pers. 
comm.). 

Table 01-2 in Appendix 01 shows air quality 
monitoring data for ozone for 1989-1993. As shown in 
Table 01-2, the highest 1-how- ozone concentration at 
the Bethel Island Road station in this 4-year period was 
0.12 ppm and occurred in 1990. There were 29 days 
with ozooe concentrations over the state standard of 0.09 
ppm at this station during this period. The federal stan­
dard of0.12 ppm was not exceeded at this station dw-ing 
1989-1993. 

The highest 1-how- ozone concentration at the 
Pittsbw-g station during 1989-1993 was 0.13 ppm and 
occurred once in 1993. There were 16 days with ozone 
concentrations over the state standard of 0.09 ppm at this 
station dw-ing this 5-year period. 

Existing Emissions on the DW Project Islands. 
As shown in Table 30-1, approximately 116 pounds of 
ROO and 459 pounds ofNOx, the ozone precw-sors, are 
being emitted each day on the OW project islands as a 
result of existing agricultw-al and recreational activities 
(see Appendix 01 for more detailed information regard­
ing existing ROG and NOx emissions). These estimates 
were derived using the methods described below for 
estimating project-related emissions. 

PMlO 

Federal and State Air Quality Standards 

At one time, the federal and state particulate matter 
standards applied to a broad range of particle sizes. The 
high-volume samplers used at most monitoring stations 
were most effective in collecting particles smaller than 30 
microns in diameter (1 micron is equal to about 0.00004 
inch) (Powell 1980). Health concerns associated with 
suspended particles focus on those particles small enough 
to reach deep into the lungs when inhaled. Few particles 
larger than 10 microns in diameter reach the lungs. Con­
sequently, both the federal and state air quality standards 
for particulate matter were revised to apply only to these 
small particles (generally designated as PMlO). 
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State standards for inhalable particulate matter have 
been set for two periods, a 24-hour average and an annual 
geometric mean of the 24-hour values; federal standards 
have been set for a 24-hour average and an annual arith­
metic mean of the 24-hour values. (See Appendix 01, 
"Air Quality Monitoring Data and Pollutant Emissions 
under Existing Conditions and the Delta Wetlands Project 
Alternatives", for a description of the geometric and 
arithmetic means.) The state PM10 standards are 50 
micrograms per cubic meter {J.lg/m3

) as a 24-hour aver­
age and 30 J.J.g/m3 as an annual geometric mean. The 
federal PMIO standards are 150 J.J.g/m3 as a 24-hour 
average and 50 J.J.g/m3 as an annual arithmetic mean. 

Existing Air Quality Conditions 

Air Quality Monitoring Data. The SJV AB and 
the SFBAAB are both nonattainment areas for PMI 0 
under state standards. The SJV AB is also a nonattain­
ment area for PMIO wtder federal standards, and the 
SFBAAB is an W1Classified area, with pending redesigna­
tion as a nonattainment area, wtder federal standards 
(Marshall pers. comm.). 

Table 01-3 in Appendix 01 shows air quality 
monitoring data for PMI 0 for 1989-1993. As shown in 
Table 01-3, the highest 24-hour PMI 0 concentration at 
the Bethel Island Road station during this 5-year period 
was 141.0 J.J.g/m3 and occurred in 1990. There were 30 
days with PMIO concentrations over the state standard of 
50 J.J.g/m3

. The federal standard was not exceeded at this 
station during this period. 

The Pittsburg station is not designed to monitor for 
PMIO concentrations. 

Existing Emissions on the DW Project Islands. 
As shown in Table 30-1, approximately 32,143 powtds 
ofPM10 are being emitted each day on the OW project 
islands as a result of existing agricultural and recreational 
activities (see Appendix 01 for more detailed informa­
tion regarding existing PM 1 0 emissions). This estimate 
was derived using the methods described below for esti­
mating project-related emissions. 

Air Quality Management Programs 

State 

The California Clean Air Act requires that an air 
quality attainment plan be prepared for areas that violate 
air quality standards for CO, sulfur dioxide, nitrogen 
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dioxide, or ozone. No locally prepared attainment plans 
are required for areas that violate state PM I 0 standards. 
PMlO attainment issues are being addressed by the ARB. 
The air quality attainment plan requirements established 
by the California Clean Air Act are based on the severity 
of air pollution problems caused by locally generated 
emissions. Upwind air pollution control districts are 
required to establish and implement emission control 
programs commensurate with the extent of pollutant 
transport to downwind districts. 

The SJVUAPCD's 1991 Air Quality Attainment 
Plan was approved by the ARB in January 1992. The 
BAAQMD prepared a Clean Air Plan that was approved 
in 1991 and submitted an update of its air quality 
attainment plan to the ARB in 1994. This update has 
been verbally approved by ARB and written approval is 
expected by January 1996. 

Federal 

The federal Clean Air Act mandated the estab­
lishment of ambient air quality standards and requires 
areas that violate those standards to prepare and imple­
ment plans to achieve the standards. These plans are 
called State hnplementation Plans (SIPs). A separate SIP 
must be prepared for each nonattainment pollutant. 
Although the SFBAAB is currently awaiting redesig­
nation of its CO nonattainment areas as CO maintenance 
areas, it does have a SIP for CO. This SIP is not truly 
applicable, however, because the CO standards included 
in that plan have already been achieved (Marshall pers. 
comm.). SIPS for CO, ozone, and PMIO have been 
prepared for the SJV AB but they have not yet been 
approved by EPA (Stagnaro pers. comm.). 

Consistency with Local Air Quality 
Management Programs 

According to the BAAQMD, there are no aspects of 
the OW project that would cause it to be inconsistent with 
the BAAQMD's 1991 Clean Air Plan or the 1994 update 
(Steinberger and Marshall pers. comms.). According to 
the SJVUAPCD, the OW project would not be incon­
sistent with the SJVUAPCD 1991 Air Quality Attain­
ment Plan if the project includes all the mitigation mea­
sures for construction-related PMIO emissions outlined 
in Rule 8020 of SJVUAPCD Regulation 8 (Stagnaro 
pers. comm.). Rule 8020 requires that the following 
actions be taken to minimize PMIO emissions at con­
struction· sites (SJVU APCD 1993): 
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• All disturbed areas of a construction site, 
including storage piles of fill dirt and other 
bulk materials that are not being actively used 
for a period of7 days or more shall be stabil­
ized using water, chemical dust stabilizers, or 
planting of vegetation. Application of the 
stabilizing material must effectively stabilize 
the disturbed area and limit visible dust emis­
sions. 

• Appropriate dust control measures must be 
utilized during land preparation, demolition, 
excavation, or extraction. Appropriate dust 
control measures may consist of effective 
application of water or pre-soaking. 

• Visible dust emissions from onsite unpaved 
roads and offsite unpaved access roads must 
be effectively limited using water or chemical 
dust stabilizers or _suppressants. 

• Mud and dirt must be removed from paved 
public roads, including shoulders, adjacent to 
the construction site. The use of dry rotary 
brushes or blower devices for this purpose is 
expressly prohibited. Additionally, the use of 
paved access aprons, gravel strips, and wheel 
washers is strongly encouraged to minimize 
the need for removal of mud and dirt from 
paved public roads. 

• All areas used for storage of construction 
vehicles, equipment, and materials shall com­
ply with the measures described above. 

Because the actions described above have been 
included in construction mitigation for each of the DW 
project islands where appropriate, the project would not 
be inconsistent with the SJVUAPCD 1991 Air Quality 
Attainment Plan. 

Conformity with State 
Implementation Plans 

Projects involving federal funding or federal 
approval are required to show conformity with EPA's 
general conformity rule if they would result in emission 
of over a certain amount of nonattainment pollutants. 
These pollutant threshold levels, called "de minimis" 
emission levels, vary from pollutant to pollutant and 
depend on the attainment status of individual air basins. 
As discussed above, pollutants for which the DW project 
area is in nonattainment are ozone (formed by ROG and 
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NOx in the presence of sunlight) and PM I 0. According 
to EPA. the applicable de minimis levels for this project 
are 100 tons per year (tpy) ofROG, 50 tpy ofNOx, and 
70 tpyofPMIO. Tables 30-2 and 30-3 show the results 
of confocmity screening for Alternatives 1 and 3, respec­
tively. 

IMPACf ASSESSMENT 
METHODOLOGY 

Under existing conditions, emissions are generated 
by agricultural and recreational activities. Under Alter­
natives 1, 2, and 3, emissions would be generated during 
activities associated with construction offacilities (i.e., 
transport of employees and materials to the islands, rock 
placement, and earthmoving) and operation (i.e., dis­
charge pump operation, recreational activities, and agri­
cultural activities). Under the No-Project Alternative, 
emissions would be generated by agricultural and recre­
ational activities that would be expected to occur on the 
islands if the DW project is not implemented. 

Analytical Approach and 
Impact Mechanisms 

This section describes the methods used to estimate 
CO, ROG, NOx, and PMIO emissions generated by 
construction, operation, and agricultural activities under 
the DW project alternatives, as well as under existing 
conditions. Maintenance activities, consisting of boat and 
maintenance vehicle trips to the project islands, were 
assessed in preliminary stages of the analysis. Few 
vehicle and boat trips are associated with maintenance, 
and in general, these constitute a minor component of 
pollutant emissions associated with the DW project. 
Because vehicle and boat trips are the only activities 
associated with emissions during maintenance, main­
tenance-related emissions contribute a negligible fraction 
of operation-related emissions, and therefore are not 
considered further in this chapter. The methods de­
scribed below were designed to estimate pollutant emis­
sions for the worst-case scenario, under which all 
activities assessed for a given condition would occur 
simultaneously. 

Construction-Related Emissions 

Construction-related emissions were calculated only 
for Alternatives I and 3 because project-related con­
struction does not occur under existing conditions and 
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would not occur under the No-Project Alternative. Addi­
tionally, emissions generated during construction Wlder 
Alternative 2 would be the same as the emissions gener­
ated during construction Wlder Alternative 1. 

The average amoWlt of CO, ROG, NOx, and PMlO 
that would be emitted on each island during each day of 
construction was calculated based on the average nwnber 
of vehicle and boat trips expected to take place per day, 
as well as the nwnber of hours of rock placement and the 
nwnber of cubic yards of earth moved per day during the 
construction period (Forkel and Stewart pers. comms.). 
It should be noted that the boat trips included in this 
analysis are not feny trips, but are trips made by private 
boats. Additionally, all trips referred to in this chapter, as 
well as in the traffic chapter, are one-way trips, rather 
than roWld trips. 

The total nwnber of hours of rock placement that 
would take place and the total amount of earth that would 
need to be moved on each DW project island were each 
divided by 375, to represent the average amount of these 
activities that would take place on each day of con­
struction during the 1.5-year construction period. It was 
asswned that there would be 250 days of construction 
each year, for a total of 375 construction days in a 1.5-
year period, except on Bouldin Island Wlder Alterna­
tive 3, in which case the construction period was assumed 
to be 2.5 years, or 625 days. 

The average nwnber of hours of rock placement 
expected to occur per day was multiplied by emission 
rates for cranes taken from the EPA docwnent Compi­
lation of Air Pollution Emission Factors, also known as 
AP-42 (EPA 1985), to calculate the average amount of 
each pollutant emitted by rock placement cranes during 
each day of construction on each DW project island (see 
Tables 01-8 through 01-15 in Appendix 01). A similar 
process was applied to the average nwnber of cubic yards 
of earth moved per day on each island. The average 
number of vehicle and boat trips expected to occur each 
day on each island was multiplied by emission rates taken 
from AP-42 to calculate the average amount of each 
pollutant emitted by construction vehicles and boats 
during each day of construction on each island (see 
Tables 01-8 through 01-15 in Appendix 01). 

In addition to combustion-related emissions of 
PMlO, PMlO emissions generated through construction­
related ground disturbance were estimated through multi­
plication of the total acreage of each DW project island 
by a ground-disturbance PM1 0 emission rate taken from 
AP-42. It was assumed that an estimate based on each 
acre being disturbed once would approximate the actual 
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practice of some acres being disturbed nwnerous times 
and others being left Wldisturbed. 

Operation-Related Emissions 

Three different activities, water pumping, recrea­
tion, and agriculture, are associated with operation of the 
DW project The methods used to assess pollutant emis­
sions resulting from these activities are described below. 

Pumping. Emissions generated during pwnping 
were calculated only for Alternatives 1 and 3 because 
discharge pumping of stored water is not conducted Wlder 
existing conditions and would not occur Wlder the No­
Project Alternative. Although the amoWlt of discharge 
Wlder Alternative 2 would be slightly different from the 
amount of discharge Wlder Alternative 1 , Alternative 2 is · 
similar enough to Alternative 1 that little variation in 
pumping emissions is expected to occur. It should be 
noted that the project's pwnps are likely to be electrically 
powered but may instead be diesel fueled. This analysis 
assesses the worst-case scenario (i.e., that the pwnps 
would be diesel fueled). If electric pwnps are used, no 
pollutant emissions would be generated by pumping. 

The average amount of CO, ROG, NOx, and PMlO 
emitted each day by diesel pwnps discharging water from 
the DW project islands was calculated based on the total 
DW discharge for export shown in Tables 3A-6 and 3A-
10 of Chapter 3A, "Water Supply and Water Project 
Operations", for Alternatives 1 and 3, respectively. This 
amount of water was multiplied by an average fuel con­
sumption rate per acre-foot of water pwnped to calculate 
the total amount of fuel needed to pump water from each 
island annually (Forkel pers. comm.). This annual 
amm.mt of fuel consumption was divided by 365 to repre­
sent the amoimt of fuel needed to pwnp the average 
volume each day. Although the amoWlt of water pwnped 
per day would vary from year to year and month to 
month, in order to determine an average amount of emis­
sions generated per day, pwnping was assumed to be 
evenly distributed throughout the year. The average daily 
fuel consumption for pwnping was then multiplied by 
diesel fuel combustion emission rates taken from AP-42 
to calculate the average amount of each pollutant emitted 
on each island during each day of discharge (see Tables 
01-8 through 01-15 in Appendix 01 ). It should be 
noted that although there would be a minimal amoWlt of 
water storage on the habitat islands Wlder Alternatives 1 
and 3, the amoWlt ofpwnping would not be sufficient to 
cause a noticeable effect on discharge-related emissions. 

Operation of the siphon booster pwnps was not 
included in this analysis because these pwnps are small 
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and would only be used in the event that gravity fails to 
successfully divert water onto the DW project islands. 
Emissions from the booster pumps are expected to be 
minimal, especially when compared with emissions 
generated during discharge. 

Recreation. Recreation-related air pollutant emis­
sions were calculated for existing conditions, Alterna­
tive 1, Alternative 3, and the No-Project Alternative. 
Recreation-related emissions for Alternative 2 would be 
almost identical to recreation-related emissions for 
Alternative 1. 

The impact analysis compared recreation-related 
emissions estimated for the peak recreation season under 
each alternative with emissions for the peak season under 
existing conditions. Trip generation estimates for recre­
ation-related vehicle and boat use for all seasons of 
recreational activity (see Table 3L-5 in Chapter 3L, 
"Traffic") were used to determine the season with the 
greatest amount of recreational trip generation. The trip 
generation estimates are described in the following sec­
tions. 

Under existing conditions and the No-Project Alter­
native, the hunting season would be the peak recreation 
season (see Chapter 3J, "Recreation and Visual Re­
sources"). Therefore, peak emissions generated by recre­
ational activities under existing conditions and the No­
Project Alternative were estimated based on estimates of 
hunting activities during the hunting season. Under 
Alternatives 1 and 3, summer would be the peak recrea­
tion season (see Chapter 3J). Boating, fishing, hunting, 
and other miscellaneous recreational activities were 
included in the analysis of trip generation for recreation, 
as described below. However, because summer is the 
peak recreation season assessed for the air quality impact 
analysis for Alternatives 1 and 3, hunting is not included 
as a source of recreation-related emissions for the peak 
use impact assessment for these alternatives because 
hunting would not occur during summer. 

Existing Conditions and the No-Project 
Alternative. Hunting-related vehicle trips were esti­
mated for existing conditions and the No-Project Alterna­
tive using the number of ll.@lual hunter use-days expected 
on the DW project islands (Table 3J-2 in Chapter 3J, 
"Recreation and Visual Resources"). One hunter use-day 
represents participation by one individual in hunting 
activities for any portion of a 24-hour period. The follow­
ing a.sswnptions were used to determine annual hunting­
related vehicle trips: 

• Hunters would not stay ovCrni.ght; therefore, 
each hunter use-day represents one hunter. 
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• Vehicle occupancy would be two people per 
vehicle. 

• Each vehicle would make two trips (one trip 
to the island and one trip back). 

The annual number of vehicle trips was then divided by 
the number of days that hwtting is or would be allowed in 
a year, giving the average number of recreation-related 
vehicle trips occurring per day during the hunting season. 
The number of days hunting would be allowed during the 
year was assumed to be the same for existing conditions 
and the No-Project Alternative, as shown for the No­
Project Alternative in Table 3J-16. To calculate recrea­
tion-related emissions for existing conditions and the No­
Project Alternative, the average number of vehicle trips 
expected to occur during the hunting season was multi­
plied by automobile emission rates taken from AP-42 
(see Tables 01-4 through 01-7 and 0-16 through 0-19). 

Alternatives 1 and 3. Hunting-related 
vehicle trip generation for Alternatives 1 and 3 was 
estimated in the same manner as for existing conditions. 
However, the DW project alternatives would include 
lodging facilities for hunters; therefore, the number of 
hunters was estimated based on the following assump­
tions: an overnight hunter accounts for two hunter use­
days, 70% of the hunters would stay overnight at the 
project facilities, and the remaining 30% of the hunters 
would come for day use only. Also, it was assumed that 
10% of the bunters using Webb Tract would travel by 
private boats and would not use the ferry. 

Estimates of annual bunter use-days shown in Table 
3J-ll in Chapter 3J were used for the trip generation 
analysis for Alternatives 1 and 3. These numbers repre­
sent the maximum amount of hunting that would occur 
during the approximately 5- to IS-year period following 
project start-up. After this initial period, hunting activity 
on the DW project islands is expected to decrease. These 
maximum numbers were used for a worst-case analysis. 
Additionally, the number of days that hunting would be 
allowed in future years under each alternative was taken 
from Tables 3J-3, 3J-4, 3J-12, 3J-13, 3J-14, 3J-15, and 
3J-16 in Chapter 3J. Depending on the alternative and 
the island under consideration, days on which hunting 
would be allowed varied from 47 to 86. 

Hunting also would result in boating on the interior 
of the project islands under Alternatives 1 and 3. Trip 
generation for hunting-related boating was estimated 
based on the number of hunters expected to use the 
project islands each day, assuming an occupancy of two 
people per boat. This activity is not considered a part of 
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pleasure boating activities, which would take place in the 
Delta on the exterior of the DW project islands. Addi­
tionally, hwtting-related boat trips would be much shorter 
in duration, and boats used for hunting are smaller than 
pleasure boats. 

Boating activity associated with Alternatives 1 and 
3 would result in both vehicle traffic and boat traffic. 
Trip generation for boating-related boats and vehicles for 
Alternatives 1 and 3 was estimated for each season using 
peak-use estimates for each season. Boat berths that 
would be constructed under the DW project alternatives 
are projected to have an average boat occupancy rate of 
70% (see Chapter 3J, "Recreation and Visual Re­
sources"). Estimates of the percentage of docked boats 
that are used on a peak day were used to estimate the total 
nmnber ofboats that would be used per peak day for each 
season under Alternatives 1 and 3. Estimates were based 
on the asswnptions that each boat would complete two 
trips each day, and that the occupancy rate would be three 
people per boat. · 

The nmnbers of boating-related vehicle trips under 
Alternatives 1 and 3 were calculated based on the 
nmnbers ofboaters (assuming three boaters per boat), the 
nmnber of peak -day boat trips, and an occupancy rate of 
two people per car. Therefore, the number of boating­
related vehicle trips would be 1.5 times the number of 
boat trips during every season except hunting season. 
Because 5% of the hunters are asswned to engage in 
pleasure boating, 5% of the hunting-related vehicle trips 
were subtracted from the boating-related vehicle trips 
during the hunting season. 

Generation of vehicle trips related to other recrea­
tional activities under Alternatives 1 and 3 was estimated 
for each season using the number of recreationists other 
than boaters or hwtters expected to use each island. This 
nmnber was estimated in relation to the number of boat­
ers expected to use the islands. See Chapter 3J, 
"Recreation and Visual Resources", for further explana­
tion of this estimate. It was assumed that 90% of these 
recreationists would drive to the islands or, in the case of 
Webb Tract, to the feny. A vehicle occupancy of two 
people per car was assumed. 

To calculate recreation-related emissions for Alter­
natives 1 and 3, the number of vehicle and boat trips 
expected to occur during summer under each alternative 
was multiplied by automobile and boat emission rates 
taken from AP-42 (see Tables 01-8 through 01-15). 

Agriculture. Agricultural emissions were calcu­
lated for existing conditions and conditions under Alter­
native 1 and the No-Project Alternative. Agricultural 
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emissions under Alternative 2 would be identical to agri­
cultural emissions under Alternative 1. No agricultural 
use of the DW project islands is expected to occur under 
Alternative 3; therefore, no agricultural emissions were 
estimated for that alternative. 

Agricultw'al emission calculations were divided into 
two categories: emissions generated by agricultural 
equipment, nonharvest vehicles, and agricultural boats 
and emissions generated by harvest vehicles. Agricultural 
equipment is used for activities such as harvesting and 
tilling. Harvest vehicles are used to deliver harvested 
crops. Nonharvest vehicles are used for all other farm­
related trips. It should be noted that the boat trips 
included in this analysis are not feny trips but are trips 
made by private boats. See Tables 0 1-4 through 0 1-19 
for calculations of agricultural emissions. 

Existing Conditions. To calculate emissions 
generated by agricultural equipment, nonharvest vehicles, 
and agricultural boats under existing conditions, the 
average daily gas and diesel consumption by agricultural 
equipment, nonharvest vehicles, and agricultural boats on 
the DW project islands was multiplied by fuel-com­
bustion emission rates taken from AP-42. It was assumed 
that agricultural activities are conducted approximately 
250 days per year on the DW project islands (Forkel 
pers. cornm.). Therefore, the total amount of gas and 
diesel fuel consumed annually by agricultural equipment, 
nonharvest vehicles, and agricultural boats on each island 
wtder existing conditions was divided by 250, giving the 
estimated average amount of fuel consumed per day. 

In addition to the emission calculations described 
above, further calculations were needed to determine the 
quantity of PMl 0 that would be generated through 
ground disturbance caused by agricultural equipment. 
This quantity was estimated by multiplying the total acre­
age farmed under existing conditions by a ground-dis­
turbance factor, then multiplying by a ground-disturbance 
PMlO emission rate taken from AP-42. The ground­
disturbance factor is equal to the average number of times 
an acre of active farmland is expected to be disturbed per 
year, which was assumed to be five, representing tilling, 
seeding, two episodes of weeding, and harvesting. It 
should be noted that ground disturbance is the greatest 
source ofPMlO emissions in the project area under any 
condition. 

To calculate enuss10ns generated by harvest 
vehicles under existing conditions, the average daily 
number of existing harvest vehicle trips occurring on the 
DW project islands was multiplied by emission rates 
taken from AP-42. 
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No-Project Alternative. To calculate all 
emissions, including ground-disturbance PMIO emis­
sions, generated by agricultural equipment, nonharvest 
vehicles, and agricultural boats 1mder the No-Project 
Alternative, the quantities of such emissions under exist­
ing conditions were multiplied by a production factor. 
This production factor is equal to the amount of agricul­
tural production expected to occur under the No-Project 
Alternative divided by the amount of agricultural pro­
duction occuning under existing conditions. The amount 
of agricultural production expected to occur under the 
No-Project Alternative was taken from Table 3I-IO and 
the am01mt of agricultural production occurring under 
existing conditions was taken from Table 3I-6 in Chapter 
3L "Land Use and Agriculture". For more information on 
the agricultural analysis, see Chapter 31. 

To calculate emissions generated by harvest 
vehicles under Alternative I, the quantity of such emis­
sions under existing conditions was multiplied by the 
acreage factor discussed below. 

Alternative 1. To calculate all emissions, 
including ground-disturbance PMIO emissions, generated 
by agricultural equipment, nonharvest vehicles, and 
agricultural boats under Alternative I, the quantities of 
such emissions under existing conditions were multiplied 
by an acreage factor. An acreage factor is used for this 
calculation rather than a production factor because no 
information was available regarding the amount of crop 
production expected to occur under Alternative I. This 
acreage factor is equal to the number of acres expected to 
remain in conventional agricultural use under Alterna­
tive I, which is I,120 acres on Holland Tract, divided by 
the number of acres farmed under existing conditions on 
Holland Tract. 1here would be no land used for conven­
tional agriculture on the other islands under Alternative I. 
1be number of acres expected to remain in conventional 
agricultural use under Alternative 1 was taken from the 
text of Chapter 3I, and the number of acres farmed under 
existing conditions on Holland Tract was taken from 
Table 3I-6. 

An additional type of agriculture, habitat-related 
farming, would take place under Alternative I~ this agri­
cultural use does not curreQ..tly occur and would not occur 
under the No-Project Alternative. Habitat-related farm­
ing would be an additional source of ground-disturbance 
PMIO emissions. Because habitat-related farming would 
not be very intensive, vehicle emissions associated were 
considered negligible and were not included in this 
analysis. The following information on the amount and 
type of habitat-related farming that would take place 
under Alternative I was taken from Appendix G3, 
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"Habitat Management Plan for the Delta Wetlands 
Habitat Islands". 

The most intensive types of habitat-related farming 
activity were considered: com and wheat in rotation, 
small grains, pasture, and seasonal wetland. For com and 
wheat rotation and small grains, it was assumed that the 
gro1md would be disturbed approximately three times a 
year for tilling, seeding, and harvesting. For pasture, it 
was assumed that the ground would rarely be disturbed. 
For seasonal wetland, it was asswned that the ground 
would be disturbed approximately once each year for 
disking and seeding. To determine habitat-related farm­
ing PM1 0 emissioos, the acreages that would be used for 
these various purposes were multiplied by the number of 
disturbances expected per year and the product was then 
multiplied by a ground-disturbance PMl 0 emission factor 
taken from AP-42. 

To calculate emissions generated by harvest ve­
hicles under Alternative I, the quantity of such emissions 
under existing conditions was multiplied by the acreage 
factor discussed above. 

Local Permitting Requirements 

The DW project would involve the use of several 
discharge pmnps to move water from the islands to desti­
nations determined by purchasers. These pumps are 
likely to be electrically powered but may be diesel fueled. 
This analysis assumes the worst-case scenario (i.e., that 
the pumps are diesel fueled). 

1be SNUAPCD requires that a permit be obtained 
for any engine over 50 brake horsepower (bhp) that is 
fueled by diesel or natural gas unless that pump is port­
able and would be used for less than 6 months conse­
cutively in the same spot (Stagnaro pers. comm.). Such 
a portable pump would need to be registered with the 
SJVUAPCD in accordance with its portable equipment 
registration rule. Discharge pumps for the project in­
clude both permanently installed 200-hp pumps and 
portable 200-hp pumps that would not be used for more 
than 6 months consecutively in the same spot (Forkel 
pers. comm.). Portable pumps used on Bacon and 
Bouldin Islands would need to be registered with the 
SJVUAPCD and permits would be needed for the 
permanent pumps on Bacon and Bouldin Islands. If 
electricity is used to power these pumps instead of diesel 
fuel, neither registration nor permitting would be re­
quired. 

The BAAQMD does riot require permits for internal 
combustion engines ofless than 250 hp unless they would 

Chapter 30. Air Quality 

September 1995 



emit more than 150 pmmds per day (ppd) of any pollu­
tant. All discharge pumps for the OW project would 
have 200-hp engines; however, the discharge pumps on 
Holland and Webb Tracts would each emit 107 ppd of 
NOx under Alternative 3, for a total of 214 ppd (see 
AppeodixOl, TableOl-14). Under Alternative 1, there 
would be no discharge pumps on Holland Tract, but 
approximately 143 ppd ofNOx would be emitted by dis­
charge pumps on Webb Tract (see Appendix 01, Table 
01-10). Because pump-related NOx emissions would 
exceed the 150-ppd limit under Alternative 3, permits 
from the BAAQMD would be required for those pumps 
oo Holland and Webb Tracts under Alternative 3 (Carter 
pers. comm.). 

Criteria for Determining 
Impact Significance 

Significant Impacts 

Because project-related pollution cannot be quan­
tified in terms of concentration (ppm), it is quantified in 
tenns of absolute amount (ppd). Therefore, significance 
must be determined based on threshold quantities in ppd, 
as determined by the air districts, rather than on state and 
federal standards, which are expressed in ppm. 

New Source Review (NSR) thresholds represent the 
absolute amount of a pollutant that a new source is 
allowed to emit. In the SJVUAPCD, formal thresholds 
have not yet been developed. In the interim, the follow­
ing thresholds are being used to assess significance: 55 
ppd of ROG, 55 ppd of NOx, and 82 ppd of PMlO 
(Stagnaro pers. comm.). In the BAAQMD, the estab­
lished thresholds of significance are 150 ppd of ROG, 
150 ppd ofNOx, and 150 ppd ofPMIO (BAAQMD 
1985). 

Because of the proximity of the four islands, the 
most conservative set of pollutant thresholds, those 
recommended for use by the SJVUAPCD, are used for 
determining impact significance. Therefore, to constitute 
a significant impact, a project alternative must generate 
more ROG, NO,., or PMl 0 than- is generated under exist­
ing conditions by an amount exceeding 55 ppd ofROG, 
55 ppd ofNOx, or 82 ppd ofPMlO. These thresholds 
have been applied in this analysis to the total amount of 
each pollutant generated on all four islands. Because the 
project area is a CO attainment area under state and 
federal standards, generation of CO during either con­
structioo or operatioo is not considered significant. How­
ever, an assessment of the quantity of CO generated by 
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the project is included in the impact section for infor­
mational purposes. 

Beneficial lmpactl 

For a project alternative to result in a beneficial 
impact, it must generate less ROG, NOx, or PMl 0 than is 
generated under existing conditions by an amount 
exceeding 55 ppd of ROO, 55 ppd ofNOx, or 82 ppd of 
PMlO. As described above, because the project area is 
a CO attainment area under state and federal standards, 
reductioo in CO generation during either construction or 
operation is considered less than significant. 

IMPACI'S AND MmGATION 
MEASURES OF 

ALTERNATIVE 1 

Alternative 1 involves storage of water on Bacon 
Island and Webb Tract (reservoir islands), with Bouldin 
Island and Holland Tract (habitat islands) managed 
primarily as wildlife habitat. Reservoir islands would be 
managed primarily for water storage, with wildlife habitat 
and recreation constituting incidental uses. The impacts 
of Alternative 1 on air quality conditions in the project 
area are described below. In cases in which an impact is 
designated as significant, appropriate mitigation is 
recommended Tables 01-8 through 01-11 of Appendix 
01 show CO, ROG, NOx, and PMl 0 emissions for 
Alternative 1 in detail. 

Carbon Monoxide Emissions 

On Bacon Island, implementation of Alternative 1 
would generate 164 ppd of CO during the 1.5-year con­
struction period and 4,848 ppd of CO during an average 
year of operation. On Webb Tract, implementation of 
Alternative 1 would generate 308 ppd of CO during the 
1.5-year construction period and 4,848 ppd of CO during 
an average year of operation. On Bouldin Island, imple­
mentatioo of Alternative 1 would generate 356 ppd of CO 
during the 1.5-year construction period and 4,379 ppd of 
CO during an average year of operation. On Holland 
Tract, implementation of Alternative 1 would generate 
68 ppd of CO during the 1.5-year construction period and 
2,738 ppd of CO during an average year of operation. 
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Summary of Project Impacts and Recommended 
Mitigation Measurea 

Impact 0-1: Increase in CO Emi11ions on the 
DW Project Islands during Construction. As shown 
in Table 30-1, implementation of Alternative I would 
generate 897 ppd of CO on all four project islands during 
the construction period. Under existing conditions, there 
would be no construction-related emissions; however, 
daily operational emissions would continue. Although 
existing fanning activities would gradually be phased out 
over the period of construction, under the worst-case sce­
nario, existing fanning activities would still be conducted. 
lberefore, under the worst-case scenario, there would be 
an increase in CO emissions of 897 ppd for all four 
project islands during project construction. As explained 
in the section on significance criteria, because the project 
area is a CO attainment area under state and federal CO 
standards, this impact is considered less than significant. 

Implementing Mitigation Measures 0-1, 0-2, and 
0-3 is not required but would reduce the quantity of CO 
generated during construction under Alternative 0-1. 

Mitigation Measure 0-1: Perform Routine 
Maintenance of Construction Equipment. During 
construction under Alternative I, the primary source of 
CO emissions and other pollutants, including ROG and 
NO,., is the exhaust generated by earthmoving equipment 
and other construction and transport vehicles. Therefore, 
DW shall require construction crews to perform routine 
maintenance of earthmoving equipment, as well as all 
other construction and transport vehicles. Routine main­
tenance involves oil changes and tuneups performed at 
least as frequently as recommended by the manufacturers. 
This measure shall be included as a condition of the con­
struction contract and shall be enforced through weekly 
inspection by the project proponent. 

Mitigation Measure 0-2: Choose Borrow 
Sites Close to FiU Locations. The project applicant 
shall require construction crews to take borrow material 
from appropriate sites located closest to intended fill 
locations. This measure would reduce the overall amount 
of equipment and vehicle operation, thereby reducing 
exhaust emissions of co~d other pollutants, including 
ROO, NO,., and PMI 0. This measure would also reduce 
the amount of PMI 0 emitted into the air by vehicles 
traveling over unpaved or dusty surfaces, which is the 
main source of PMIO emissions during construction. 
This measure shall be included as a condition of the 
construction contract and shall be enforced through 
weekly inspection by DW. 
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Mitigation Measure 0-3: Prohibit Unne­
cessary Idling of Construction Equipment Engines. 
DW sball prohibit construction crews from leaving con­
struction equipment or other vehicle engines idling when 
not in use for more than 5 minutes. This measure would 
reduce the amount of CO and other pollutants, including 
ROG, NOx, and PMIO, emitted in engine exhaust. This 
measure shall be included as a condition of the con­
struction contract and shall be enforced through weekly 
inspection by DW. 

Impact 0-2: Increase in CO Emissions on the 
DW Project Islands during Project Operation. As 
shown in Table 30-I, implementation of Alternative I 
would generate 16,813 ppd of CO on all four project 
islands during an average year of operation. Under 
existing conditions, approximately 1,568 ppd of CO are 
generated. The difference between Alternative I emis­
sions and existing CO emissions is 15,245 ppd. This in­
crease in CO emissions would result from pumping and 
recreational activities being increased Wlder Alterna­
tive I. As explained in the significance criteria section, 
because the project area is a CO attainment area under 
state and federal standards, this impact is considered less 
than significant. 

Mitigation. No mitigation is required. 

Ozone Precursor Emissions 

On Bacon Island, implementation of Alternative I 
would generate 45 ppd of ROG and 281 ppd of NOx 
during the 1.5-year construction period, and 931 ppd of 
ROG and 1,918 ppd ofNOx during an average year of 
operation. On Webb Tract, implementation of Alterna­
tive I would generate % ppd of ROG and 516 ppd of 
NOx during the 1.5-year construction period, and 931 
ppd ofROG and 1,918 ppd ofNOx during an average 
year of operation. On Bouldin Island, implementation of 
Alternative I would generate 139 ppd ofROG and I,053 
ppd ofNOx during the 1.5-year construction period, and 
837 ppd of ROG and I,614 ppd of NOx during an 
average year of operation. On Holland Tract, implemen­
tation of Alternative I would generate 23 ppd of ROG 
and 141 ppd of NOx during the 1.5-year construction 
period, and 512 ppd of ROG and I ,009 ppd of NOx 
during an average year of operation. 
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Summary of Project lmpadl aud Recommended 
Mitigation Meaaure1 

lmpad 0-3: Increase in ROG Embsions on the 
DW Project Ialands during Construction. As shown 
in Table 30-1, implementation of Alternative 1 would 
generate 304 ppd of ROO on all four project islands 
during the construction period. Therefore, Wlder the 
worst-case scenario, there would be an increase in ROO 
emissions of 304 ppd for all four project islands during 
project construction. This increase is greater than the 
55-ppd threshold foc ROO in the project area. Therefore, 
this impact is considered significant. 

Implementing Mitigation Measures 0-1, 0-2, and 
0-3 (described above) would decrease construction­
related ROO emissions, but only by less than 5% 
(Sacramento Metropolitan Air Quality Management 
District [SMAQMD] 1994 ). This reduction is not large 
enough to reduce hnpact 0-3 to a less-than-significant 
level. Therefore, this impact is considered significant and 
Wlavoidable. 

Mitigation Measure 0-1: Perform Routine 
Maintenance of Construction Equipment 

Mitigation Measure 0-2: Choose Borrow 
Sites Close to Fill Locations 

Mitigation Measure 0-3: Prohibit Unne­
cessary Idling of Construction Equipment Engines 

Impact 0-4: Increase in NOs Emissions on the 
DW Project Islands during Construction. As shown 
in Table 30-1, implementation of Alternative 1 would 
generate 1,991 ppd of NOs on all four project islands 
during the construction period. Therefore, Wlder the 
worst-case scenario, there would be an increase in NOx 
emissions of 1,991 ppd for all four project islands during 
project construction. This increase is greater than the 
55-ppd threshold for NOs in the project area. Therefore, 
this impact is considered significant. 

hnplementing Mitigation Measures 0-1, 0-2, and 
0-3 (described above) would reduce construction-related 
NOs emissions, but only by less than 5% (SMAQMD 
1994). This reduction is not large enough to reduce 
Impact 0-4 to a less-than-significant level. Therefore, 
this impact is significant and Wlavoidable. 

Mitigation Measure 0-1: Perform Routine 
Maintenance of Construction Equipment 

Mitigation Measure 0-2: Choose Borrow 
Sites Close to Fill Locations 
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Mitigation Meaaure 0-3: Prohibit Unne­
eeasary Idling of Construction Equipment Engines 

Impact 0-S: Increase in ROG Embsions on the 
DW Project Ialands during Project Operation. As 
shown in Table 30-1, implementation of Alternative 1 
would generate 3,210 ppd of ROO on all four project 
islands during an average year of operation. Under 
existing conditions, approximately 116 ppd ofROO are 
generated. The difference between Alternative I and 
existing ROO emissions is 3,094 ppd. This increase in 
ROO emissions would be generated by pumping and 
recreatiooal activities associated with Alternative I. This 
inerease is more than the 55-ppd threshold for ROG in 
the project area. Therefore, this impact is considered 
significant and unavoidable. 

Implementing Mitigation Measure 0-4 would re­
duce this impact, but not to a less-than-significant level. 
However, if the project description were modified to 
reduce the nwnber of recreation facilities built on the DW 
project islands, this impact could be reduced to a less­
than-significant level. 

Mitigation Measure 0-4 : Coordinate with 
Local Air Districts to Reduce or Offset Emissions. 
DW shall coordinate with the SJVUAPCD and the 
BAAQMD to implement measures to reduce or offset 
ROG and NO'" emissions of DW project operations. 
These measures may include implementing an air emis­
sions offset program or a reduction credit program, as 
described below. 

Preliminary discussions with the local air districts 
(Stagnaro and Marshall pers. conuns.) indicate that emis­
sion offset programs may be available to DW. For ex­
ample, emission reduction credits (ERCs) for stationary 
sources can be purchased from stationary source owners 
who shut down or install more emission controls than are 
required by their SJVUAPCD permits. Credits may also 
be obtained from the BAAQMD emissions bank. ERCs 
could be purchased from stationary source owners in the 
SJV AB for a price agreed upon between the source 
owner and DW. Another option, mobile source ERCs, 
can be obtained by retiring (purchasing and destroying) 
older vehicles. DW would be responsible for retiring the 
vehicles or could hire a third party to perform that func­
tion. 

Impact 0-6: Increase in NO. Emissions on the 
DW Project hlands during Project Operation. As 
shown in Table 30-1, implementation of Alternative I 
would generate 6,459 ppd of NO'" for all four project 
islands during an average· year of operation. Under 
existing conditions, approximately 459 ppd of NO. are 
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generated. The difference between Alternative 1 and 
existing NOa emissions is 6,000 ppd. This increase in 
NOa emissions would be generated by pumping and 
recreational activities associated with Alternative 1. This 
increase is moce than the 55-ppd threshold for NO a in the 
project area. Therefore, this impact is considered signifi­
cant and unavoidable. 

Implementing Mitigation Measure 0-4 would re­
duce this impact, but not to a less-than-significant level. 
However, if the project description were modified to 
reduce the number of recreation facilities built on the DW 
project islands, this impact could be reduced to a less­
than-significant level. 

Mitigation Measure 0-4 : Coordinate with 
Local Air Districts to Reduce or Offset Emissions. 
This mitigation measure is described above. 

PMlO Emissions 

On Bacon Island, implementation of Alternative 1 
would generate 1,802 ppd of PMl 0 during the 1.5-year 
construction period and 10 ppd of PMl 0 during an 
average year of operation. On Webb Tract, implemen­
tation of Alternative 1 would generate 1,800 ppd of 
PMl 0 during the 1.5-year construction period and 1 0 ppd 
of PMlO during an average year of operation. On 
Bouldin Island, implementation of Alternative 1 would 
generate 2,014 ppd ofPMlO during the 1.5-year con­
struction period and 4,331 ppd of PMlO during an 
average year of operation. On Holland Tract, imple­
mentation of Alternative 1 would generate 1,374 ppd of 
PMl 0 during the 1.5-year construction period and 2,635 
ppd ofPMl 0 during an average year of operation. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact 0-7: Increase in PMlO Emissions on the 
DW Project Islands during Construction. As shown 
in Table 30-1, implementation of Alternative 1 would 
generate 6,990 ppd ofP~lO on all four project islands 
during the construction period. Therefore, under the 
worst-case scenario, there would be a 6,990-ppd increase 
in PMl 0 emissions for all four project islands during 
project construction. This increase is greater than the 
82-ppd threshold for PMlO in the project area. There­
fore, this impact is considered significant. 

Implementing Mitigation Measures 0-1,0-2, and 
0-3 (described above) would reduce construction-related 
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PMl 0 emissions by less than 5%. Implementing Miti­
gatioo Measure 0-5 (described below) would result in a 
reduction of approximately 37%. (SMAQMD 1994.) 
The canbinatioo of these reductions would not be enough 
to reduce Impact 0-7 to a less-than-significant level. 
Therefore, this impact is considered significant and un­
avoidable. 

Mitigation Measure 0-l: Perform Routine 
Maintenance of Construction Equipment 

Mitigation Measure 0-2: Chooae Borrow 
Sites Cioae to Fill Locations 

Mitigation Measure 0-3: Prohibit Unne­
cessary Idling of Construction Equipment Engines 

Mitigation Measure 0-S: Implement Con­
struction Practices That Reduce Generation of Par­
ticulate Matter. DW shall require construction crews to 
implement the following measures throughout the con­
struction period to reduce generation of particulate matter 
at and in the vicinity of construction sites: 

• Use appropriate dust control measures, in­
cluding effective application of water or pre­
soaking, during land preparation and excava­
tion. 

• Cover or water all soil transported offsite to 
prevent excessive dust release. 

• Sprinkle all disturbed areas, including soil 
piles left for more than 2 days, onsite unpaved 
roads, and offsite unpaved access roads, with 
water to sufficiently control windblown dust 
and dirt. Watering shall be conducted once 
during the morning work hours and once dur­
ing afternoon work hours. The frequency of 
watering shall be increased to control dust if 
wind speeds exceed 15 mph. 

• Sweep roads, including shoulders, adjacent to 
the project at least daily to remove silt accu­
mulated from construction activities. The use 
of dry rotary brushes or blower devices for 
this purpose is expressly prohibited. Addi­
tionally, the use of paved access aprons, 
gravel strips, and wheel washers is strongly 
encouraged to minimize the need for removal 
of silt from paved public roads. 

• Limit construction vehicle speeds to 15 mph 
on unpaved surfaces. 
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• Prolubit dust-producing construction activities 
when wind speeds reach or exceed 20 mph. 

• All areas used for storage of construction 
vehicles, equipment, and materials shall com­
ply with the measures described above. 

These measures shall be included as a condition of 
the construction contract and shall be enforced through 
weekly inspection by the project proponent 

Impact 0-8: Dec:reue In PMIO Emi11ion1 on 
the DW Project bland• during Project Operation. 
As shown in Table 30-1, implementation of Alterna­
tive 1 would generate 6,987 ppd of PMI 0 on all four 
project islands during an average year of operation. 
Under existing conditions, approximately 32,143 ppd of 
PM I 0 are generated. The difference between Alterna­
tive I and existing PMI 0 emissions is 25,156 ppd. This 
decrease in PMIO emissions woul9 result from agricul­
tural activities being decreased under Alternative I. This 
agriculture-related decrease in PMIO emissions is much 
more than enough to offset the increase in PMIO emis­
sions generated by pumping and recreational activities 
associated with Alternative I. Emission levels related to 
agricultural activities are much higher for PM 1 0 than for 
other pollutants because PMI 0 is generated by ground 
di.stwbance as well as by fuel combustion. Furthermore, 
ground disturbance emits a far greater amount ofPMIO 
than combustion does. This decrease is far greater than 
the 82 ppd threshold for PMI 0 in Alternative I. There­
fore, this impact is considered beneficial. 

Mitigation. No mitigation is required. 

IMPACI'S AND MITIGATION 
MEASURES OF 

ALTERNATIVE 2 

The only difference between Alternative 2 and 
Alternative I is the quantity and frequency of water diver­
sions and discharges. As explained in the methodology 
section of this chapter, pollutant emissions generated 
under Alternative 2 would be-identical to those under 
Alternative I for all activity categories, except pumping, 
where there would be a slight difference. Operation­
related impacts tmder Alternative 2 would be significant, 
as tmder Alternative I. It is expected that, even with the 
slight difference in pumping emissions, Alternatives 1 
and 2 would result in the same number of unavoidable 
impacts. Construction-related impacts and mitigation 
measures of Alternative 2 would be the same as those of 
Alternative I. 
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IMPACI'S AND MITIGATION 
MEASURES OF 

ALTERNATIVE 3 

Alternative 3 involves storage of water on Bacon 
Island, Webb Tract, Bouldin Island, and Holland Tract, 
with secondary uses for wildlife habitat and recreation. 
The portion of Bouldin Island north of SR 12 would be 
managed as a wildlife habitat area and would not be used 
for water storage. The impacts of Alternative 3 on air 
quality in the project area are described below. In cases 
in which an impact is designated as significant, appro­
priate mitigation is recanmended. Tables 01-12 through 
01-15 of Appendix 01 show CO, ROG, NO,., and PMIO 
emissions for Alternative 3 in detail. 

Carbon Monoxide Emissions 

On Bacon Island, implementation of Alternative 3 
would generate 164 ppd of CO during the 1.5-year con­
struction period and 4,840 ppd of CO during an average 
year of operation. On Webb Tract, implementation of 
Alternative 3 would generate 308 ppd of CO during the 
1.5-year construction period and 4,840 ppd of CO during 
an average year of operation. On Bouldin Island, imple­
mentation of Alternative 3 would generate 1,112 ppd of 
CO during the 2.5-year construction period and 4,402 
ppd of CO during an average year of operation. On 
Holland Tract, implementation of Alternative 3 would 
generate 258 ppd of CO during the 1.5-year construction 
period and 3,526 ppd of CO during an average year of 
operation. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact 0-9: Increase in CO Emissions on the 
DW Project Islands during Construction. As shown 
in Table 30-1, implementation of Alternative 3 would 
generate 1,842 ppd of CO for all four project islands dur­
ing the construction period. Therefore, under the worst­
case scenario, there would be a 1,842-ppd increase in CO 
emissions for all four project islands during project con­
struction. As explained above under "Criteria for Deter­
mining Impact Significance", because the project area is 
a CO attainment area under state and federal standards, 
this impact is considered less than significant. 

Implementing Mitigation Measures 0-1, 0-2, and 
0-3 is not required but would reduce the quantity of CO 
generated during construction under this alternative. 
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These mitigation measmes are described above Wlder 
"Impacts and Mitigation Measures of Alternative 1 ". 

Mitigation Measure 0-1: Perform Routine 
Maintenance of Construction Equipment 

Mitigation Measure 0-2: Choose Borrow 
Sitel Cloae to Fill Locations 

Mitigation Measure 0-3: Prohibit Unne­
cellary Idling of Construction Equipment Engine• 

Impact 0-10: lncreue in CO Emissions on the 
DW Project bland• during Project Operation. As 
shown in Table 30-1, implementation of Alternative 3 
would generate 17,608 ppd of CO on all four project 
islands dwing an average year of operation. Under exist­
ing conditions, approximately 1,554 ppd of CO would be 
generated. The difference between Alternative 3 and 
existing CO emissions is 16;054 ppd. This increase 
would result from CO emissions generated by pwnping 
and recreational activities associated with Alternative 3. 
As explained in the section on significance criteria, 
because the project area is a CO attainment area Wlder 
state and federal standards, this impact is considered less 
than significant. 

Mitigation. No mitigation is required. 

Ozone Precursor Emissions 

On Bacon Island, implementation of Alternative 3 
would generate 45 ppd of ROG and 281 ppd of NOx 
during the 1.5-year construction period, and 928 ppd of 
ROG and 1,882 ppd of NO, during an average year of 
operation. On Webb Tract, implementation of Alterna­
tive 3 would generate 96 ppd ofROG and 516 ppd of 
NO, during the 1.5-year construction period, and 928 
ppd of ROG and 1,882 ppd of NO, during an average 
year of operation. On Bouldin Island, implementation of 
Alternative 3 would generate 427 ppd ofROG and 3,131 
ppd ofNOx during the 2.5-year construction period, and 
845 ppd of ROG and 1,721 ppd of NO, during an 
average year of operation, On Holland Tract, imple­
mentation of Alternative 3 would generate 69 ppd of 
ROG and 244 ppd of NO. during the 1.5-year construc­
tioo period, and 677 ppd ofROG and 1,398 ppd of NO, 
during an average year of operation. 
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Summary of Project lmpadl and Recommended 
Mit~ation Measures 

Impact 0-11: Increase in ROG Emissions on 
the DW Project Islands during Construction. As 
shown in Table 30-1, implementation of Alternative 3 
would generate 637 ppd of ROG for all four project 
islands during the construction period. Therefore, Wlder 
the worst-case scenario, there would be an 637-ppd 
increase in ROG emissions for all four project islands 
during project conslruction. This increase is greater than 
the 55-ppd threshold for ROG in the project area. There­
fore, this impact is considered significant. 

Implementing Mitigation Measures 0-1, 0-2, and 
0-3 (described above Wlder "Impacts and Mitigation 
Measures of Alternative 1 ") would reduce construction­
related ROG emissions, but only by less than 5% 
(SMAQMD 1994). This reduction is not large enough to 
reduce Impact 0-11 to a less-than-significant level. 
Therefore, this impact is considered significant and 
Wlavoidable. 

Mitigation Measure 0-1: Perform Routine 
Maintenance of Construction Equipment 

Mitigation Measure 0-2: Choose Borrow 
Sites Close to Fill Locations 

Mitigation Measure 0-3: Prohibit Unne­
cessary Idling of Construction Equipment Engines 

Impact 0-12: Increase in NO. Emissions on the 
DW Project Islands during Construction. As shown 
in Table 30-1, implementation of Alternative 3 would 
generate 4,172 ppd of NO, on all four project islands 
during the construction period. Therefore, Wlder the 
worst-case scenario, there would be a 4, 172-ppd increase 
in NO, emissions for all four project islands during 
project construction. This increase is greater than the 
55-ppd threshold for NO, in the project area. Therefore, 
this impact is considered significant. 

Implementing Mitigation Measures 0-1, 0-2, and 
0-3 would reduce construction-related NO, emissions, 
but only by less than 5% (SMAQMD 1994). This reduc­
tioo is not large enough to reduce Impact 0-12 to a less­
than-significant level. Therefore, this impact is con­
sidered significant and Wlavoidable. 

Mitigation Measure 0-1: Perform Routine 
Maintenance of Construction Equipment 

Mitigation Measure 0-2: Choose Borrow 
Sites Close to Fill Locations 
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Mitigation Meuure 0-3: Prohibit Unne­
cesaary Idling of Conatruction Equipment Englnea 

Impact 0-13: Increaae In ROG Emiuion• on the 
DW Project Island• during Project Operation. As 
shown in Table 30-1, implementation of Alternative 3 
would generate 3,378 ppd ofROG on all four project 
islands during an average year of operation. Under 
existing conditions, approximately 116 ppd ofROG are 
generated. The difference between Alternative 3 and 
existing ROG emissions is 3,262 ppd. This increase in 
ROG emissions would be generated by pumping and 
recreational activities associated with Alternative 3. This 
increase is greater than the 55-ppd threshold for ROG in 
the project area. Therefore, this impact is considered 
significant and unavoidable. 

Implementing Mitigation Measure 0-4 would re­
duce this impact, but not to a less-than-significant level. 
However, if the project descrip~on were modified to 
reduce the number of recreation facilities built on the OW 
project islands, this impact could be reduced to a less­
than-significant level. 

Mitigation Meuure 0-4: Coordinate with Local 
Air Districts to Reduce or Offset Emissions. This 
mitigation measure is described above under "Impacts 
and Mitigation Measures of Alternative 1 ". 

Impact 0-14: lncrU.e in NOs Emissions on the 
DW Project Islands during Project Operation. As 
shown in Table 30-1, implementation of Alternative 3 
would generate 6,883 ppd of NOs on all four project 
islands during an average year of operation. Under exist­
ing conditions, approximately 459 ppd ofNOx are gener­
ated. The difference between Alternative 3 and existing 
NOx emissions is 6,424 ppd. This increase in NO 
emissions would be generated by pumping and recrea­
tional activities associated with Alternative 3. This 
increase is greater than the 55-ppd threshold for ROG in 
the project area. Therefore, this impact is considered 
significant and unavoidable. 

Implementing Mitigation Measure 0-4 would re­
duce this impact, but not to a less-than-significant level. 
However, if the project description were modified to 
reduce the number of recreation facilities built on the DW 
project islands, this impact could be reduced to a less­
than-significant level. 

Mitigation Measure 0-4 : Coordinate with 
Local Air Districts to Reduce or Offset Emissions. 
This mitigation measure is described above under 
"Impacts and Mitigation Measures of Alternative 1 ". 
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PM10 Emisaiona 

On Bacon Island, implementation of Alternative 3 
would generate 1,802 ppd of PMl 0 during the 1.5-year 
construction period and 8 ppd of PMlO dwing an 
average year of operation. On Webb Tract, implemen­
tation of Alternative 3 would generate 1,800 ppd of 
PMl 0 during the 1.5-year construction period and 8 ppd 
of PMlO during an average year of operation. On 
Bouldin Island, implementation of Alternative 3 would 
generate 1,438 ppd of PMl 0 dwing the 2.5-year con­
struction period and 8 ppd ofPMlO during an average 
year of operation. On Holland Tract, implementation of 
Alternative 3 would generate 1,385 ppd ofPM10 during 
the 1.5-year construction period and 8 ppd of PMlO 
during an average year of operation. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact 0-15: Increase In PM10 Emi11ion1 on 
the DW Project Islancla during Construction. As 
shown in Table 30-1, implementation of Alternative 3 
would generate 6,425 ppd ofPM10 for all four project 
islands during the construction period. Therefore, under 
the worst-case scenario, there would be a 6,425-ppd 
increase in PM10 emissions for all four project islands 
during project construction. This increase is greater than 
the 82-ppd threshold for PMlO in the project area. 
Therefore, this impact is considered significant. 

Implementing Mitigation Measures 0-1,0-2, and 
0-3 would reduce construction-related PMlO emissions 
by less than 5%. Implementing Mitigation Measure 0-5 
would result in a reduction of approximately 37%. 
(SMAQMD 1994.) The combination of these reductions 
would not be enough to reduce Impact 0-7 to a less-than­
significant level. Therefore, this impact is considered 
significant and unavoidable. 

Mitigation Measure 0-1: Perform Routine 
Maintenance of Construction Equipment 

Mitigation Measure 0-2: Choose Borrow 
Sitea Close to Fill Location• 

Mitigation Measure 0-3: Prohibit Unne­
cessary Idling of Construction Equipment Enginea 

Mitigation Measure 0-5: Implement Con­
struction Practices That Reduce Generation of Par­
ticulate Matter 
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Impact 0-16: Decrease in PMIO Emilsiona on 
the DW Project lalanda during Project Operation. 
As shown in Table 30-1, implementation of Alternative 
3 would generate 31 ppd of PMl 0 for all four project 
islands during an average year of operation. Under 
existing conditions, approximately 32,143 ppd ofPMl 0 
are generated The difference between Alternative 3 and 
existing PMIO emissions is 32,112 ppd. This great 
decrease in PMl 0 emissions would result from the dis­
continuation of agricultural activities under Alternative 3. 
This agricultw-e-related decrease in PMIO emissions is 
much more than enough to offset the relatively minor 
increase in PMlO emissions generated by pumping and 
recreational activities associated with Alternative 3. 
Emission levels related to agricultural activities are much 
higher foc PMl 0 than for other pollutants because PMIO 
is generated by ground disturbance as well as by fuel 
combustion Furthennore, ground disturbance emits a far 
greater amount of PMIO than combustion does. This 
decrease is greater than the ~2-ppd threshold for PMl 0 
in the project area. Therefore, this impact is considered 
beneficial. 

Mitigation. No mitigation is required. 

IMPACI'S AND MITIGATION 
MEASURES OF THE 

NO-PROJECI' ALTERNATIVE 

Because the No-Project Alternative would not in­
volve any construction, only operational impacts are 
discussed in this section. Operation of the No-Project 
Alternative includes intensified agricultural activity with 
some increase in recreational uses compared with exist­
ingconditions. Tables 01-16 through 01-19 of Appen­
dix 01 show CO, ROG, NOx, and PMIO emissions for 
the No-Project Alternative in detail. 

The project applicant would not be required to 
implement mitigation measures if the No-Project Alter­
native were selected by the lead agencies. However, 
mitigation measures are presented for impacts ofthe No­
Project Alternative to provide information to the review­
ing agencies regarding tRe measures that would reduce 
impacts if the project applicant implemented a project 
that required no federal or state agency approvals. This 
infonnation would allow the reviewing agencies to make 
a more realistic comparison of the DW project alterna­
tives, including implementation of recommended mitiga­
tion measures, with the No-Project Alternative. 
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Carbon Monoxide Emilsiona 

On Bacon Island, implementation of the No-Project 
Alternative would generate 1,561 ppd of CO during an 
average year of operation. On Webb Tract. implemen­
tation of the No-Project Alternative would generate 984 
ppd of CO during an average year of operation. On 
Bouldin Island, implementation of the No-Project Alter­
native would generate 1,106 ppd of CO during an aver­
age year of operation On Holland Traet. implementation 
of the No-Project Alternative would generate 563 ppd of 
CO during an average year of operation. 

Summary of Project Impac:ta and Recommended 
Mitigation Measures 

Increase in CO Emissions on the DW Project 
Islands. As shown in Table 30-1, implementation of the 
No-Project Alternative would generate 4,215 ppd of CO 
on all four project islands during an average year of 
operation. Under existing conditions, approximately 
1,554 ppd of CO are generated. The difference between 
estimated emissions for the No-Project Alternative and 
existing CO emissions is 2,661 ppd. This increase in 
emissions is attributable to the increase in recreational 
and agricultural activities associated with the No-Project 
Alternative. 

Ozone Precunor Emissions 

On Bacon Island, implementation of the No-Project 
Alternative would generate 89 ppd ofROG and 271 ppd 
of NOx during an average year of operation. On Webb 
Tract. implementation of the No-Project Alternative 
would generate 84 ppd of ROG and 345 ppd of NOx 
during an average year of operation. On Bouldin Island, 
implementation of the No-Project Alternative would 
generate 95 ppd ofROG and 389 ppd ofNOx during an 
average year of operation. On Holland Tract, imple­
mentation of the No-Project Alternative would generate 
48 ppd ofROG and 194 ppd ofNOx during an average 
year of operation. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Increase in ROG Emissions on the DW Project 
Islands. As shown in Table 30-1, implementation of the 
No-Project Alternative would generate 315 ppd ofROG 
for all four project islands during an average year of 
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opecatioo. Under existing conditions, approximately 116 
ppd ofROG are generated. The difference between esti­
mated ROG emissions Wlder the No-Project Alternative 
and existing conditions is 199 ppd. This increase in 
emissions is attributable to the increase in recreational 
and agricultural activities associated with the No-Project 
Alternative. 

Increase In NOs Emi11iona on the DW Project 
blandl. As shown in Table 30-1, implementation of the 
No-Project Alternative would generate 1,198 ppd of NO" 
on all four project islands during an average year of oper­
ation Under existing conditions, approximately 459 ppd 
ofNOs are generated. The difference between estimated 
NOs emissions Wlder the No-Project Alternative and 
existing conditions is 739 ppd. This increase in emis­
sions is attributable to the increase in recreational and 
agricultural activities associated with the No-Project 
Alternative. 

PMlO Emission• 

On Bacon Island, implementation of the No-Project 
Alternative would generate 26,432 ppd ofPMl 0 during 
an average year of operation. On Webb Tract, imple­
mentation of the No-Project Alternative would generate 
26,835 ppd ofPMl 0 during an average year of operation. 
On Bouldin Island, implementation of the No-Project 
Alternative would generate 12,271 ppd ofPMIO during 
an average year of operation. On Holland Tract, imple­
mentation of the No-Project Alternative would generate 
16,105 ppd ofPMl 0 during an average year of operation. 

Summary or Project Impact• and Recommended 
Mitigation Measures 

Increase in PMlO Emissions on the DW Project 
Islands. As shown in Table 30-1, implementation of the 
No-Project Alternative would generate 81,643 ppd of 
PMlO for all four project islands during an average year 
of operation. Under existing conditions, approximately 
32,143 ppd of PMIO are generated. The difference 
between estimated PMl 0 emissions Wlder the No-Project 
Alternative and existing conditions is 49,500 ppd. This 
increase in emissions is attributable to the increase in 
agricultural activities that would be associated with the 
No-Project Alternative. Recreation vehicles would con­
tribute a negligible amount of PMIO under the No­
Project Alternative. The reason that this increase in 
PMlO emissions would be so great is that J,>MlO emis­
sion levels generated by ground disturbance tend to be 
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very high because of the intensity of such activity and the 
ease with which dust is lifted by such activity. 

CUMULATIVE IMPACI'S 

Cumulative impacts are the result of the incremental 
impacts of the proposed action when added to other past, 
present, and reasonably foreseeable future actions. The 
following discussion considers those impacts that may 
contribute cumulatively to impacts on air quality in the 
vicinity of the DW project islands. 

Cumulative lmpacta, Including 
Impacts or Alternative 1 

Because prevailing winds blow many pollutants 
from the Delta into the Central Valley, air pollutants 
generated by the DW project and other Delta projects 
would contribute to air quality problems existing 
throughout the Central Valley area and would add to 
pollutant levels in the Delta. Mobile sources are the 
primary cause of cumulative ozone precursor and CO 
emissions in the region, and agricultural activity is the 
primary cause ofPMlO emissions in the Delta area. 

Boat and automobile traffic associated with recrea­
tional use of the four DW project islands would be the 
principal source of air pollutants during project opera­
tions (see Appendix 01, "Air Quality Monitoring Data 
and Pollutant Emissions Wlder Existing Conditions and 
the Delta Wetlands Project Alternatives"). Implementing 
Alternative 1 would reduce agricultural production on the 
DW project islands, thereby reducing PMlO emissions 
during project operations. Therefore, the cumulative 
analysis focuses on present and future projects or condi­
tions-that would contribute to CO, ROG, and NOs emis­
sions in the vicinity of the DW project islands. 

CWTellt and planned recreation facilities in the Delta 
generate boat and automobile traffic in the vicinity of the 
DW project islands. The Delta currently supports more 
than 120 commercial recreation facilities (marinas), 20 
public facilities, and approximately 20 private recreation 
associations (DWR 1993). Recreation areas support boat 
launching, boat docking, fishing, camping, and other 
activities (see Chapter 3J, "Recreation and Visual Re­
sources"). Figure 3J-l in Chapter 3J shows existing 
Delta recreational facilities located in the vicinity of the 
DW project islands. Future marina and recreation devel­
opment will most likely occur to support population 
growth in the Sacramento, Stockton, and Bay Area 
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regions. Currently, few new or expanded recreation 
facilities (i.e., marinas) are planned in the vicinity of the 
DW project islands. Recently approved or proposed 
recreation devel~ projects include the expansion of 
the Harbor Marina and the Willow Benn Marina on 
Andrus Island in Sacramento Cowtty (Sacramento CoWl­
ty Department ofEnvironmental Review and Assessment 
1995a, 1995b ), approved development of recreational 
vehicle sites at the Tower Park Marina on Terminous 
Tract in San Joaquin County (Keranen pers. comm.), and 
proposed development of a 25-berth marina on the north 
end of Bethel Island and possible expansion of marina 
facilities on the south end of Holland Tract in Contra 
Costa Cowtty (Drake pers. comm.). Implementation of 
recreation facilities proposed wtder Alternative I, in 
addition to existing recreational and residential develop­
ment and other new recreation projects in the Delta, 
would increase cumulative mobile source emissions gen­
erated by automobile and boat traffic. 

Impact 0-17: Increase in Cumulative Produc­
tion of Ozone Precunon and CO in the Delta. Imple­
mentation of Alternative 1 in conjWlction with cumulative 
development and increased recreation use in the Delta 
would increase the production of ozone precursors (ROG 
and NO") and CO over existing levels. This impact is 
considered significant and wtavoidable. 

Implementing Mitigation Measure 0-4 would re­
duce this impact, but not to a less-than-significant level. 
However, if the project description were modified tore­
duce the number of recreation facilities built on the DW 
project islands, this impact could be reduced to a less­
than-significant level. 

Mitigation Measure 0-4 : Coordinate with 
Local Air Districts to Reduce or Offset Emissions. 
This mitigation measure is described above Wlder 
"Impacts and Mitigation Measures of Alternative I ". 

Cumulative Impacts, Including 
Impacts of Alternative 2 

The cwnulative impaets of this alternative would be 
the same as those described for Alternative I. 

Cumulative Impacts, Including 
Impacts of Alternative 3 

The cwnulative impacts of this alternative would be 
the same as those described for Alternative I. 
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Cumulative Impacts, Including Impacts 
of the No-Project Alternative 

By increasing recreational and agricultural activities 
on the DW project islands, implementation of the No­
Project Alternative would contribute to air pollutant 
emissions in the project vicinity. 

Increase in Cumulative Production of Ozone 
Precunon, CO, and PMIO in the Delta. Implemen­
tation of the No-Project Alternative in conjwtction with 
existing recreational and agricultural uses would increase 
cumulative emissions of CO, ROG, and NO" and levels 
of PMI 0 generated in the Delta. 
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Table 30-1. Pollutant Emissions under Existing Conditions and DW Project 
Alternatives (Pounds per Day) 

, Existing 
Conditions 

1993 

1,554 

116 

459 

32,143 

Alternative 1 
2020 

Construction 

897 

304 

1,991 

6,990 

Operation 

16,813 

3,210 

6,459 

6,987 

Alternative 3 
2020 

Construction 

1,842 

637 

4,172 

6,425 

Operation 

17,608 

3,378 

6,883 

31 

Notes: Emissions under Alternative 2 would be almost identical to those shown for Alternative 1. 

/"~·":' ·::, 

No-Project 
Alternative 

2020 

4,215 

315 

1,198 

81,643 

Construction emissions would continue during the period of construction, which is 1. 5 years, except on Bouldin Island under 
Alternative 3, in which case it is 2.5 years. 

Sources: Appendix 01, Tables 01-4 through 01-19. 



Table 30-2. Total Pollutant Emissions Used for Confonnitr Screenins for Alternative 1 ~Tons~ Year~ 

San Joaquin County Contra Costa County 

Construction Operation Construction Operation 
Existing Alternative 1 Alternative 1 Minus Minus Existing Alternative I Alternative 1 Minus Minus 

Conditions Construction Operation Existing Existing Conditions Construction Operation Existing Existing 

ROO 8 23 ss 15 47 6 IS 46 9 40 

NO, 31 167 128 136 97 26 82 114 56 88 

PM10 2,113 ,477 331 (1,636) (1,782) 604 397 544 (207) (60) 

Notes: Emissions under Alternative 2 would be almost identical to those shown for Alternative I. 

These quantities were calculated from the daily emission values shown in Appendix 01, based on assumptions of250 days per year of agricultural activity; 365 days. per year of water pumping and boating; and 47 or 86 days 
per year of hunting, depending on alternative and island. 

De minimis thresholds for this project are I OOI()IIS per year of RO(}, SO t()11!11ef year of NO ., and 70 tons per year of PM 10. See text for further explanations. 
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ROO 

NO. 

PMIO 

Existing 
Conditions 

8 

31 

2,113 

Alternative 3 
Construction 

S9 

426 
I 

40S 
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Table 30-3. Total Pollutant Emissions Used for Confonni!X Screeninl! for Alternative 3 Q:ons ~Year~ 

San Joaquin County Contra c;:osta County 

Construction Operation Construction Operation 
Alternative 3 Minus Minus Existing Alternative 3 Alternative 3 Minus Minus 

Operation Existing Existing Conditions Construction Operation Existing Existing 

84 Sl 76 6 21 76 IS 70 

19S 39S 164 26 9S 180 69 IS4 

3 (1,708) (2,110) 604 398 3 (206) (601) 

Notes: 1'hese ~were calwlated &om the daily emimrion values shown in Appendix 01, based on assumptions of2SO days per year of agricultural activity; 36S days per year of water pumping and boating; and 47 or 86 days 
per year-of hunting, depending on alternative and island. 

De minimis thresholds for this project are 100 tons per year of ROO, SO tons per year ofNO., and 70 tons per year ofPMIO. See text for further explanations. 
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Chapter 4. Permit and Environmental Review and 
Consultation Requirements 

This chapter provides preliminary information on the major requirements for permitting and enviromnental review and 
consultation for implementation of the D W project. Certain state and federal regulations require issuance of permits prior 
to project implementation; other regulations require agency consultation but may not require issuance of any entitlements 
prior to project implementation. The DW project's requirements for permits and environmental review and consultation may 
change during the EIRIEIS review process as discussions with involved agencies proceed. 

INTRODUCTION 

Table 4-1 provides a preliininary list of federal, state, 
and local permits and approvals that may be required for 
the DW project alternatives. Preparation of this EIRIEIS 
has proceeded concurrently with environmental review 
and consultation required by federal and state environ­
mental laws other than NEPA and CEQA. Table 4-2lists 
these environmental review and consultation require­
ments. The following sections describe the major state 
and federal laws that specify permitting and environ­
mental review and consultation requirements. Not every 
permit or environmental review presented in Tables 4-1 
and 4-2 is described. 

CLEAN WATER ACT, SECTION 404 
(33 usc 1344) 

Under Section 404 of the Clean Water Act, a Depart­
ment of the Army pennit must be obtained from the 
Corps for the discharge of dredged or fill material into 
waters of the United States, including wetlands. The 
Corps reviews applications for permits in accordance 
with Section 404 guidelines, which have been established 
by the Corps and EPA. The guidelines require that "no 
discharge of dredged or ti}.l materials shall be permitted 
if there is a practicable alternative to the proposed dis­
charge which would have less adverse impact on the 
aquatic ecosystem, so long as the alternative doesn't have 
other significant adverse environmental consequences". 
The Corps must also determine that the project is not 
contrary to the public interest (33 CFR 323.6). 
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An alternatives analysis was prepared and submitted 
to EPA and the Corps in partial compliance with EPA's 
Section 404(b )(1) guidelines ( 40 CFR 230.10( a], [b ], 
and [d)) (see Appendix 4, "Section 404[b][l] Alterna­
tives Analysis for the Delta Wetlands Project"). The 
information from this EIRIEIS will be used to complete 
compliance with the Section 404(b )( 1) requirements and 
will be used during the Corps' public interest review. 

To issue a permit under Section 404, the Corps must 
ensure that the discharge will not violate the state's water 
quality standards. Therefore, in California, the proponent 
of any activity that may result in a discharge to a surface 
water of the United States must obtain water quality 
certification or a waiver of certification from SWRCB 
(pursuant to Section 401 of the Clean Water Act). 

RIVERS AND HARBORS ACI' OF 1899, 
SECTION 10 (33 USC 403) 

Section 1 0 of the Rivers and Harbors Act of 1899 
prohibits the unauthorized obstruction or alteration of any 
navigable waters of the United States without a permit 
from the Corps. Examples of activities requiring a permit 
from the Corps are the construction of any structure in or 
over any navigable water; excavation or deposition of 
materials in such waters; and various types of work per­
formed in such waters, including placement of fill and 
stream channelization. 

The project applicant has submitted to the Corps a 
joint Department of the Army permit application pursuant 
to Section 1 0 of the Rivers and Harbors Act and Section 
404 of the Clean Water Act The Corps' compliance with 
Section 404 of the Clean Water Act and NEPA will also 
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sa:\sfY requirements under Section 10 of the Rivers and 
Harbors Act. 

ENDANGERED SPECIES ACI' 
(16 USC 1531 ET SEQ.) 

Sectioo 7 of the Endangered Species Act of 1973, as 
81Ilended, requires federal agencies, in consultation with 
USFWS and NMFS, to ensure that their actions do not 
jeopardize the continued existence of endangered or 
threatened species, or result in the destruction or adverse 
modification of the critical habitat of these species. The 
required steps in the Sectioo 7 consultation process are as 
follows: 

• Agencies must request information from USFWS 
and NMFS on the existence in a project area of 
listed species or species pr9posed for listing. 

• Followingreceiptofthe USFWSINMFS response 
to this request, agencies generally prepare a biolo­
gical assessment (BA) to determine whether any 
listed species or species proposed for listing are 
likely to be affected by a proposed action. 

• Agencies must initiate formal consultation with 
USFWS and NMFS if the proposed action would 
affect listed species. 

• USFWS and NMFS must prepare a biological 
opinion to determine whether the action would 
jeopardize the continued existence oflisted spe­
cies or adversely modify their critical habitat. 

• If a finding of jeopardy or adverse modifications 
is made in the biological opinion, USFWS and 
NMFS must recommend reasonable and prudent 
alternatives that would avoid jeopardy and the 
federal agency must modify project approval to 
ensure that listed species are not jeopardized and 
that their critical habitat is not adversely modified 
(unless an exemption from this requirement is 
granted). 

The Section 7 consultation process for the DW 
project has been initiated with the Sacramento Endan­
gered Species Office ofUSFWS and with NMFS. ABA 
was submitted to USFWS and NMFS for their review 
and concurrence on October 26, 1989. USFWS con­
curred with the 1989 BA conclusion that the DW project 
would not cause adverse impacts on the. four listed 
species (valley elderberry longhorn beetle, bald eagle, 
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American peregrine falcon, and Aleutian Canada goose) 
(White pers. comm.); therefore, no formal consultation 
was required. Between 1989 and the drafting of this 
EIRIEIS, changes in the DW project alternatives and new 
listings required preparation of a supplemental BA for 
terrestrial species listed under the Endangered Species 
Act (Appendix H3, "Federal Endangered Species Act 
Biological Assessment: Impacts of the Delta Wetlands 
Project on Wildlife Species") and a new BA for fish 
species (Appendix F3, "Biological Assessment: Impacts 
of the Delta Wetlands Project on Fish Species"). Consul­
tation with USFWS and NMFS is being performed con­
currently with the Corps' NEP A process. 

FISH AND WILDLIFE COORDINATION 
ACI' (16 USC 661 ET SEQ.) 

The Fish and Wildlife Coordination Act requires 
federal agencies to consult with USFWS and state fish 
and game agencies before undertaking or approving pro­
jects that control or modify surface water (water pro­
jects). This consultation is intended both to promote the 
cooservatioo of wildlife resources by preventing their loss 
or damage and to provide for the development and im­
provement of wildlife resources in connection with water 
projects. Federal agencies undertaking water projects are 
required to include recommendations made by USFWS 
and state fish and game agencies in project reports, give 
full coosideratioo to these recommendations, and include 
in project plans ~easures to reduce impacts on wildlife. 

The Corps' compliance with the Fish and Wildlife 
Coordination Act (for permit review) is achieved by 
USFWS and DFG comments being obtained and, where 
possible, concerns being resolved through the CEQA/ 
NEPA process (Elder pers. comm.). 

NATIONAL IDSTORIC PRESERVATION 
ACI' (16 USC 470 ET SEQ.) 

Sectioo 106 of the National Historic Preservation Act 
requires federal agencies to evaluate the effects of federal 
undertakings on historical, archeological, and cultural 
resources. Agencies are required to identify historical or 
archeological properties near proposed project sites, 
including properties listed in the NRHP and those pro­
perties that the agency and the SHPO agree are eligible 
for listing in the NRHP. If the project is determined to 
have an adverse effect on NRHP-listed properties or 
those eligible for listing in the NRHP, the agencies are 
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required to consult with the SHPO and the ACHP to 
develop alternatives or mitigation measures to allow the 
project to proceed. 

Section I 06 consultation with the SHPO has been 
initiated foc the DW project. A programmatic agreement 
(P A) outlining the steps and timing of compliance with 
Section I 06 and addressing the project's potential effect 
on cultural resources has been drafted and is being 
circulated for signature by the ACHP, the SHPO, the 
Corps, SWRCB, and the project applicant. 

AMERICAN INDIAN RELIGIOUS 
FREEDOM ACI' OF 1978 

This legislation sets forth the policy of the U.S. 
Department of the Interior to protect and preserve the 
observance of traditional Native American religions. The 
act requires federal agencies tO evaluate their policies and 
procedures to ensure compliance with this policy. 

Beginning in 1992 (before the beginning of any con­
structioo activities that could have project-related impacts 
on Native American resources), the Corps and SWRCB 
contacted local tribal representatives for input regarding 
the treatment of Native American cultural resources that 
may be affected by project construction and operation. 
This consultation process is being coordinated with com­
pliance with Section I 06 of the NHP A. 

FARMLANDS PROTECI'ION 
POLICYACI' 

Memoranda from the U.S. Council on Environmental 
Quality to heads of agencies dated August 30, 1976, and 
August II, 1980, and the Farmlands Protection Policy 
Act of 1981 require agencies preparing EISs to include 
farmland assessments designed to minimize adverse 
impacts on prime and unique farmlands. As described in 
Chapter 31, "Land Use and Agriculture", implementation 
of the DW project alternatives would cause losses of 
farmland acreage in areas in Contra Costa and San 
Joaquin Counties. 

The environmental analysis of the DW project alter­
natives includes a thorough discussion of impacts on 
prime and unique farmlands. The analysis includes an 
evaluation offannlands using CDC and NRCS (formerly 
SCS) classifications and an evaluation of the project's 
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effects on prime and unique farmlands as determined by 
the CDC's Farmland Mapping and Monitoring Program. 

EXECUTIVE ORDERS 11988 
(FLOODPLAIN MANAGEMENT) 

AND 11990 (PROTECfiON 
OF WETLANDS) 

Executive Order 11988 requires federal agencies to 
prepare floodplain assessments for proposed actions 
located in oc affecting floodplains. If an agency proposes 
to conduct an action in a floodplain. it must consider 
alternatives to avoid adverse effects and incompatible 
development in the floodplain. If the only practicable 
alternative involves siting in a floodplain, the agency 
must minimize potential harm to or in the floodplain and 
explain why the action is proposed in the floodplain. The 
DW project involves compatible construction in a flood­
plain. 

Executive Order 11990 requires federal agencies to 
prepare wetland assessments for proposed actions located 
in or affecting wetlands. Agencies must avoid under­
taking new construction in wetlands unless no practicable 
alternative is available and the proposed action includes 
all practicable measures to minimize harm to wetlands. 
Chapter 3G, "Vegetation and Wetlands", and Appendix 
GS, "Summary of Jurisdictional Wetland Impacts and 
Mitigation", describe impacts on wetlands and mitigation 
measures for reducing significant impacts. 

WATER COMMISSION ACI' 
(CALIFORNIA WATER CODE 

SECfiON 1000 ET SEQ.) 

The Water Commission Act establishes a system of 
state-issued permits and licenses to appropriate water. 
SWRCB is responsible for administering appropriative 
water rights. Within its authority, SWRCB approves 
diversions of water to beneficial uses and changes in the 
purpose of use, points of diversion, and places of use of 
water. 
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CALIFORNIA ENDANGERED SPECIES ACI' 
(CALIFORNIA FISH AND GAME 

CODE SECS. 2050 ET SEQ.) 

The California Endangered Species Act requires a 
state lead agency to consult formally with DFG when a 
proposed action may affect state-listed endangered or 
threatened species. The provisions of the California 
Endangered Species Act and the federal Endangered 
Species Act will often be activated simultaneously. The 
asses.<ment of project effects on species listed Wlder both 
the California and federal Endangered Species Acts is 
addressed in USFWS's and NMFS's biological opinions. 
However, for those species listed only Wlder the Cali­
fornia Endangered Species Act, SWRCB must formally 
consult with DFG, and DFG must issue a biological 
opinion separate from USFWS's biological opinion. For 
this project, there are two species (Swainson's hawk and 
greater sandhill crane) listed only Wlder the California 
Endangered Species Act A separate BA has been pre­
pared for these species. OFG will be required to issue a 
biological opinion on the project's effects on these species 
and the project applicants will be required to enter into an 
agreement with DFG regarding mitigation for manage­
ment of the species. Consultation with DFG (and 
USFWS and NMFS) is being performed concurrently 
with SWRCB's CEQA process. 

As a private applicant, DW must also comply with the 
take prohibitions of the California Endangered Species 
Act by obtaining an "incidental take" management permit 
pursuant to Section 2081. 

CITATIONS 

References to the Code of Federal Regulations 
(CFR) and the U.S. Government Code (USC) are not 
included in this lisL CFR and USC citations in text refer 
to title and section (e.g., 33 CFR 323.6 refers to Title 33 
of the CFR, Section 323.6). 

Elder, Jean. Project manager. U.S. Army Corps of 
Engineers, Sacramento, GA. January 27, 1993 -
telephone conversation. 

White, Wayne S. Field supervisor. Fish and Wildlife 
Enhancement, Sacramento Field Office, U.S. Fish and 
Wildlife Service, Sacramento, CA. November 12, 
1992 - letter regarding updated species list for the 
proposed Delta Wetlands' Delta lsl~d Project, 
Lafayette, Contra Costa CoWlty, California. 
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Table 4-1. Permits and Approvals That May Be Required for the DW Project Ahematives Page 1 of3 

Agency and Requirements 

FEDERAL 

U.S. Anny Corps or EncJneen 

Department of the Anny permit pursuant td Section 404 of the Clean 
Water Act 

Department ofthe Anny permit pursuant to Section 10 ofthe Rivers 
and Harbors Act of 1899 

STATE 

California Department of Fish and Game 

Streambed alteration agreement 

California Department of Water Reao~~~US, Division of Safety of 
Dams 

Approval of plans and specifications 

Notice of completion and statement of actual cost; certificate of 
approval to impound water 

California State Water Resources Control Board 

Pennit to appropriate and store water 

Statement of riparian water diversion and use 

Water quality certification pursuant to Section 401 ofthe Clean Water 
Act 

Agency Authority 

The Corps issues pennits for discharge of dredged or fill materials into 
waters of the United States, including wetlands; permits are issut:d 
following public interest review and analyses according to EPA's 
Section 404(b )( 1) guidelines 

The Corps issues permits for activities in or affecting navigable waters 
ofthe United States 

DFG enters into agreements with project applicants proposing changes 
in conditions of rivers, streams, lakes, or other regulated areas 

DOSD reviews and grants approval of plans and specifications for 
construction of reservoirs where the barrier will exceed 6 feet in height 
to ensure that no threat to life or property could occur because of 
seepage, earth movement, or other types of reservoir-induced darn 
failures 

DOSD evaluates the safety of newly constructed reservoirs and grants 
approval to initiate storage operations 

SWRCB issues permit to allow the appropriation of unappropriated 
water from surface sources and grants approval to divert water to 
storage or for direct diversion and to change purpose of use 

SWRCB requires submittal of altatement for applicants wishing to 
divert water under a riparian claim 

SWRCB certifies that an applicant for a Department of the Anny 
permit pursuant to Section 404 ofthe Clean Water Act complies with 
the state's water quality standards 

Project Activities Subject to Requirements 

Construction activities; location of siphon. pwnp, and recreation 
facilities; and other activities requiring the discharge of dredged or fill 
material into waters ofthe United States, including wetlands 

Construction of intake structures, fish screens, discharge pumps, boat 
docks, or other facilities affecting navigable Delta waters 

Construction of intake structures, fish screens, discharge pumps, boat 
docks, or other facilities within regulated areas 

Designing and constructing water impoundment facilities (on Bouldin 
Island for Alternative 3) 

Storage ofwater in a reservoir (on Bouldin Island for Alternative 3) 

Diversion of Delta water, storage of appropriated water, and later 
disclwge of water for sale as export or outflow 

Diversion of Delta water for cireulation on the islands to provide 
wetlands and wildlife habitat benefits 

Sune as for Department of Anny pennit pursuant to Section 404 of the 
Clean Water Act 



Agency and Requirements 

Reclonal Water Quallty Control Boanl 

Issuance of or waiver from discharge requirements 

State Lands Commission 

Land use lease 

Dredging permit 

California Department of Transportation 

Encroachment permit 

Department of Transportation, Division of Aeronautics 

State airport permit 

REGIONAL AND LOCAL AGENCIES AND UTILITIES 

Bay Area Air Quality Mana1ement District 

Authority to constructlpennit to operate 

San Joaquin Valley Unllled Air PoUutlon Control District 

Authority to construct/permit to operate 

Table 4-1. Continued 

Agency Authority 

RWQCB may set waste discharge requirements for any proposed 
activity that would discharge waste into surface waters, projects that 
affect groundwater quality, and projects from which waste would be 
discharged in a diffused manner; waivers are also granted based on 
project sponsor's water quality control plans (RWQCB waste discharge 
requirements constitute NPDES permits where such permits are· 
required) 

The SLC grants a lease to use state-owned lands, including tidelands 
and submerged lands 

The SLC issues a permit to parties proposing to dredge or deposit 
material on state-owned lands as elements of various projects 

Page2of3 

Project Activities Subject to Requirements 

Any earthmoving activities, such as grading, excavating, and other 
construction; discharge of water from dewatering activities into storm 
drains and creeks; and discharge of wastewater from conveyance 
cleaning 

Use of state-owned land for construction or siting of project facilities, 
such as boat docks, in tidelands and submerged lands 

Construction of diversion and discharge facilities, if state-owned lands 
are dredged or altered 

Caltrans issues encroachment pennits for projects affecting areas within Activities that may affect SR 12 
the rights-of-way (ROWs) of state-owned roadways 

Caltrans issues special use airport permits for airports not open to the 
general public, access to which is controlled by the owner in support of 
commercial activities, public service operations, and/or personal use 

BAAQMD issues permits based on emission estimates and subsequent 
tests performed at the construction facility 

SJVUAPCD issues permits based on the size of stationary or portable 
internal combustion engines proposed for use 

Operational activities of the airport on Bouldin Island that include 
agricultural and private commercial activities 

Installation and subsequent operation of internal combustion equipment 
that generates any pollutant in excess of I SO pounds/day or is greater 
than 2SO hp in size 

Use, during construction and operation of the project, of stationary or 
portable internal combustion engines over SO hp, if fueled by diesel or 
natural gas 



r~. 

Agency and Requirements 

Contra Costa and San Joaquin Counties 

Building permit 
I 

Road encroachment permit and design approval 

Grading permit 

San Joaquin County 

Minor use permit 

Reclamation Districts 

Access easement and permission to cross levees 

/'"''~ 

Table 4-l. Continued 

Agency Authority 

County planning department issues permits for all permanent structures 

County public works department issues permits and approves designs 
for construction within the ROWs of any county-maintained roads 

County planning department and public works department issues 
permits for grading activities associated with construction activities 

County issues permits for the opening of a new airport or modification 
of an existing airport 

Individual reclamation districts grant easements and regulate access to 
levees under district jurisdiction 

.r·-·""'"'· 
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Project Activities Subject to Requirements 

Construction of pump stations and recreation facilities 

Construction of conveyance facilities within the ROWs of county­
maintained roads 

Grading of project site 

Operational activities ofthe airport on Bouldin Island that include 
agricultural, recreational, and private commercial activities 

Construction of conveyance and related facilities on reclamation district 
lands 



Agency and Requirements 

FEDERAL 

U.S. Fish lllld WUdUfe Senk:e 

Consultation pursuant to Section 7 ofthe Endangered Species 
Act I 

Fish and Wildlife Coordination Act 

National Marine Fisheries Service 

Consultation pursuant to Section 7 of the Endangered Species 
Act 

Environmental Protection Acency 

Clean Water Act and National EDviromnental Policy Act 

Fedenl Aviation Administration 

Completion requirement ofFonn 7480-1 for change in use 
approval 

STATE 

CaUfomla Department of Fish 111111 Game 

Consultation pursuant to the California Endangered Species Act 

Fish and Wildlife Coordination Act 

Table 4-2. Other Enviromnental Review and Consultation Requirements 

. Agency Authority 

Federal agencies must consult with USFWS when their actions 
may affect species listed under the Endangered Species Act 

Federal agencies must consult with USFWS when undertaking 
projects that control or modifY surface water 

Federal agencies must consult with NMFS when their actions 
may affect anadromous or marine species listed under the 
Endangered Species Act 

EPA has oversight responsibility to ensure that federal and state 
agencies comply with the provisions ofthe Clean Water Act and 
NEPA 

FAA requires that all persons notifY FAA prior to change in the 
status or use of a civil or joint-use airport 

State lead agencies must consult with DFG when their actions 
may affect species listed under the California Endangered Species 
Act 

Federal agencies must consult with state fish and game agencies 
when undertaking projects that control or modifY surface water 

Project Activities Initiating Review 
and Consultation Requirements 

Pqe I of2 

Corps approval of the project because the Corps has determined 
that the project may affect species listed under the Endangered 
Species Act 

Corps approval ofthe project; consultation will be achieved 
through the Corps' NEPA prooess in approving the project 

Corps approval of the project because the Corps has determined 
that the project may affect species listed under the Endangered 
Species Act 

Need for a Department of the Anny permit under Section 404 of 
the Clean Water Act and for preparation of an EIS under NEPA 

Operational activities of the airport on Bouldin Island, including 
agricultural and private CX1111111erCial activities 

SWRCB approval of the project because SWRCB has 
determined that the project may affect species only lilted under 
the California Endangered Species Act (Swaimon'a hawk and 
greater sandhill crane) 

Corps approval of the project; consultation will be covered 
through the Corps' NEPA and SWRCB's CEQA prooess in 
approving the project 
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Agency and Requirements 

Offtce of Hlstorlc Preservation and Advisory CouncU on 
Historic Preservation 

I 
Archaeological survey review (Archaeological Resource 
Protection Act, National Historic Preservation Act); PA for 
project effects on archaeological resources on the project site 

Native American Herlta1e Commission 

Consultation with certain Native Americans in compliance with 
California Public Resources Code Section S097.98 and 
California Health and Safety Code Section 10SO.S 

REGIONAL AND LOCAL AGENCIES 

Contra Costa and San Joaquin Counties 

Confonnance with general plan 

Table 4-2. Continued 

Agency Authority 

The SHPO reviews and comments on any archaeological 
surveys; if resources are identified, the SHPO must be consufted 
to determine the eligibility for nomination to the National 
Register of Historic Places. The Advisory Council on Historic 
Preservation must concur with the PA 

The commission identifies persons who may be likely 
descendants ofNative Americans whose remains may be found 
and requires that consultation with identified persons be initiated 

County planning department reviews local agency projects for 
confonnity with the general plan 

Project Activities Initiating Review 
and Consultation Requirements 

Page 2 of2 

Archaeological survey conducted and determinations of 
eligibility and effect prepared; PA cin:ulated and signed by the 
project applicant, SWRCB, the Corps, the SHPO, and the 
Advisory Council on Historic Preservation 

Plans for physical alteration of a known cultural resource site that 
has a likely potential for containing remains of Native Americans 

Project effects on land use 





( 

Chapter 5. List of Preparers 

JONES & STOKES ASSOCIATES 

The following Jones & Stokes Associates staff members contributed to the preparation of the 
draft EIR/EIS: 

Jordan Lang 

Ken Bogdan 

Aimee Dour 

Dan Airola 

Amanda Brodie 

Russ Brown 

Steve Chainey 

Christy Corzine 

Aimee Dour 

Jim Estep 

Delta Wetlands Draft EIR!EJS 
87-11 9MM!CH5 

Project Management 

Principal-in-Charge 

Project Manager 

Project Coordinator 

Technical Team 

...... ': 

Wildlife 

Land Use and Agriculture, Recreation and Visual 
Resources, Utilities and Highways 

Lead, Water Supply and Water Project Operations; 
Lead, Hydrodynamics; Lead, Water Quality 

Vegetation and Wetlands, Wildlife, Mosquitos and 
Public Health 

Traffic 

Lead, Flood Control; Lead, Land Use and Agriculture; 
Lead, Utilities and Highways; Recreation and Visual 
Resources 

Vegetation and Wetlands, Wildlife 

5-1 
Ch 5. List o[Preparers 

September 1995 



Virginia Getz 

Jeanine Hinde 

Steve Holl 

Jim Jokerst 

Mark Matthies 

Dana McGowan 

Stephanie Myers 

Kimberly Pell 

Pete Rawlings 

TimRimpo 

Warren Shaul 

Wayne Shijo 

Roger Trott 

Ed Whisler 

Amanda Brodie 
Jeanine Hinde 

Fern Weston 

Roberta Childers 
Karen Rusk 

JeffLafer 
Shawn Y otter 
Sara Brennan 
Joanne Field 

Della Wetlands Draft EIRIEJS 
87-1 19MMICH5 

Vegetation and Wetlands, Wildlife 

Lead, Recreation and Visual Resources 

Wildlife 

Vegetation and Wetlands 

Vegetation and Wetlands 

Lead, Cultural Resources 

Wildlife 

Lead, Air Quality; Lead, Traffic 

Lead, Vegetation and Wetlands; Lead, Wildlife; Lead, 
Mosquitos and Public Health; Recreation and Visual 
Resources 

Air Quality 

Lead, Fisheries; Hydrodynamics 

Traffic; Air Quality 

Lead, Economic Issues; Land Use and Agriculture 

Wildlife 

Production Team 

Report Coordination 

Lead Word Processing Operator 

Editing 

Data Tabulation; Computer Modeling 

5-2 
Ch 5. List of Preparers 

September 1995 



Christy Anderson 
TonyRypich 
Nancy Hartwick 
Mary Engbring 
Laurie Ahlf 
Joanne Gorbach 
Debbie Bloom 
Wendy Shaul 

PAR & Associates 

BioSystems Analysis 

Pacific Copy 

Graphic Artists 

SUBCONSULT ANTS 

Cultural Resource Surveys 

Cultural Resource Analysis 

Report Reproduction 

PREPARATION TEAM FOR THE HABITAT MANAGEMENT PLAN 

Frank Wernette 

Jim Canaday 

Pete Rawlings 

Virginia Getz 

Jim Estep 

Delta Wetlands Draft ElR/EIS 
87-119MMICH5 

California Department ofFish and Game 

California State Water Resources Control Board 

Jones & Stokes Associates 

Jones & Stokes Associates 

Jones & Stokes Associates 

5-3 
Ch 5. Listo[Preparers 

September 1995 



Delta Wetlands Draft £/RIElS 
87-1 19MMICH5 5-4 

Ch 5. List of Preparers 
September 1995 



Chapter 6. Glossary of Technical Terms 

Note: All acronyms used in the text are defined under "List of Acronyms" found after the Table of 
Contents and Lists of Tables and Figures in the front of this document. 

Acre-foot. The quantity ofwater that would cover 1 acre to a depth of 1 foot (43,560 cubic feet or 
326,700 gallons). 

Actual exports. Actual exports are the least of the following: the amount specified by the export 
limits (i.e., as percentage of inflow), available water (i.e., water available after outflow require­
ments are met), an~ permitted export pumping rate. 

Adulticides. Mosquito pesticides that target adult-stage mosquitos. 

Agricultural yield. A measurement of the level of crop production for a given area, generally given 
in tons or tons per acre. 

Allowable export. Water allowable for export under the 1995 WQCP is the lesser of the amount 
specified by the export limits (i.e., percentage of total Delta inflow) and the amount remaining 
after outflow requirements are met (i.e., available water). 

Anadromous species. Fishes that inhabit marine waters during juvenile and adult life stages and 
migrate to fresh water to spawn. 

Appropriative water rights. Water rights held in the form of conditional permits or licenses from 
SWRCB, which allow the diversion of a specified amount of water from a source for reasonable 
and beneficial use during all or a portion of the year. In California, previously issued appro­
priative water rights are superior to and take precedence over newly granted rights. SWRCB's 
authorizations contain terms and conditions to protect prior water right holders, including Delta 
and upstream riparian water users, and to protect the public interest in fish and wildlife resources. 
To a varying degree, SWRCB reserves jurisdiction to establish or revise certain permit or license 
terms and conditions for salinity control, protection of fish and wildlife, protection of vested 
water rights, ana coordination of terms and conditions between the major water supply projects. 

Aquifer. A porous soil or geological formation lying between impermeable strata in which water 
may move for long distances; yields groundwater to springs and wells. 

Available water. Under the 1995 WQCP, available water is total Delta inflow less Delta outflow 
requirements. 
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Biological oxygen demand (BOD). A measure of rapidly oxidized or decayed organic materials. 

Blowout ponds. Small lakes on Webb and Holland Tracts scoured in the island bottoms by inrushing 
floodwaters caused by levee failures in 1950 on Webb Tract and in 1980 on both islands. 

BorTOw area. An excavated area or pit created by the removal of earth material to be used as fill in 
a different location. 

Bti (Bacillus thuringiensis israelensis). A bacterial larva that consumes first and second larval instar 
stages of mosquitos. 

Buttress. An exterior pier, often sloped, used to steady a structure by providing greater resistance 
to lateral forces to prevent buckling. See also "toe berm". 

Calibration. See "Model calibration". 

Candidate species (also· candidate threatened or endangered species). Taxa (species or 
subspecies) of plants and animals currently being considered for listing to be protected as special­
status species by USFWS. 

Carriage water. Delta outflow beyond the basic outflow required to meet water quality standards. 
The additional Delta outflow required (carriage water) is a function of Delta export pumping and 
south Delta inflow, and is necessary to maintain acceptable chloride concentrations in export 
water as Delta exports are increased. 

Central Valley Project (CVP). The federal water project in California's Central Valley operated by 
Reclamation. 

Channel depletion. The water removed from Delta channels by diversions for irrigation and by 
open-water evaporation. 

Color. A variable of water that reflects its organic content (primarily humic and fulvic acids). 

Confirmation. See "Model Confirmation". 

Conjunctive use. A term used to describe operation of a groundwater basin in coordination with 
a surface water system. 

Consumptive use. Loss of water on the DW project islands and other Delta islands through crop 
ET and open-water evaporation and use for shallow-water management for wetlands and wildlife 
habitat. Rainfall and channel depletion supply the consumptive use water. 

Conveyance. The flow capacity of a channel related to the hydraulic radius, used to describe the 
flow in channels. 
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Conveyance capacity. The volume of water that can be transported by a canal, aqueduct, or ditch. 
Conveyance capacity is generally measured in cfs. 

Cubic feet per second (cfs). A measure of a moving volume of water, sometimes shortened to 
"second-feet". 

Cultural resource. Any building, site, district, structure, object, data, or other material significant 
in history, architecture, archaeology, or culture. 

DA YFWW. DWR's database of daily hydrologic conditions, including measured Delta inflows and 
exports, estimated consumptive use, and net Delta outflow. The daily data have been compiled 
for each water year (October 1 to September 30) beginning with 1930 and are updated annually. 
USGS and DWR streamflow gages are the sources of inflow measurements for the Sacramento, 
San Joaquin, Mokelumne, Cosumnes, and Calaveras Rivers. Yolo Bypass and several miscel­
laneous inflows between Sacramento and Stockton are also estimated from available streamflow 
gages. CVP and SWP operations records are the source of export pumping data. DA YFLOW 
provides an accounting of historical Delta boundary (systemwide) hydrology that is used for 
evaluating flow-related conditions in the Delta. 

Delta exports. Water exported from the Delta through the North Bay Aqueduct, Contra Costa 
Canal, the CVP Delta-Mendota Canal at Tracy Pumping Plant, and the SWP California Aqueduct 
at Harvey 0. Banks Pumping Plant. 

Delta-Mendota Canal (DMq. The major conveyance facility of the CVP, which carries water from 
the Delta to as far south as the southern San Joaquin Valley. 

Delta outflow criteria. Minimum water quality or flow standards for the Delta and Suisun Marsh, 
such as those required by the 1995 WQCP. 

DeltaSOS. A computer spreadsheet model developed by JSA that simulates the effects of regulatory 
standards and water management projects on the Delta. 

Delta standards. A general term referring to all applicable water quality objectives; flow require­
ments; and other restrictions on diversions, exports, channel flows, or gate operations. 

Delta Standards and Operations Simulation model. See "DeltaSOS". 

Direct economic effects. Changes in the earnings of households generated by DW project opera­
tions and changes in fiscal conditions (property and sales tax revenues and public costs) asso­
ciated with DW project operations. 

Direct employment. Employment generated in businesses that are part of the DW project (i.e., 
agriculture; recreational uses; and construction, operations, and maintenance of project facilities). 
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Direct fiShery effects. Mortality offish attributable to DW diversions, including entrainment in DW 
diversions and losses resulting from changes in habitat. 

Direct income. Earnings of households generated in businesses that are part ofDW project opera­
tions. 

Disinfection byproducts (DBP). A class of chemicals created during chlorination or other oxidation 
treatment processes used to disinfect municipal water supplies. Organic content and chloride and 
bromide concentrations are the primary variables that influence the formation of DBP com­
pounds. 

Dissolved oxygen (DO). Oxygen dissolved in water that is available to supply oxidation and 
respiration requirements. 

Diversions. Water diverted at control points, including reservoir control points. Diversions typically 
represent basin irrigation diversions, water transfers, municipal diversions, and exports. 

Division of Safety of Dams (DSOD). A division of the California Department of Water Resources 
responsible for reviewing design and construction of dams and levees that hold over a 6-foot 
depth of water. 

Drawdown. The lowering ofthe water level of a reservoir or other body ofwater as a result ofthe 
withdrawal of water. 

DWRSIM. DWR's operations planning model, used to estimate possible effects of increased 
demands, new facilities, or new standards on SWP operations. 

Eight-River Index. The sum of the unimpaired runoff as published in the DWR Bulletin 120 for the 
following locations: Sacramento River flow at Bend Bridge, near Red Bluff; Feather River, total 
inflow to Oroville Reservoir; Yuba River flow at Smartville; American River, total inflow to 
Folsom Reservoir; Stanislaus River, total inflow to New Melones Reservoir; Tuolumne River, 
total inflow to Don Pedro Reservoir; Merced River, total inflow to Exchequer Reservoir; and San 
Joaquin River, total inflow to Millerton Lake. 

Electrical conductivity (EC). A general measure of dissolved salts in water; the most commonly 
measured water quality variable in the Delta. 

Employment multiplier. The number of jobs associated with a $1 million change in final demand 
in a specified industry and a specified region. 

Endangered species. Any plant or animal species or subspecies whose survival is threatened with 
extinction. 

Entrainment. The process in which fish are drawn into water diversion facilities along with water 
drawn from a channel or other water body by siphons and/or pumps. Entrainment loss includes 
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all fish not salvaged (i.e., eggs, larvae, juveniles, and adults that pass through the fish screens, are 
impinged on the fish screens, or are eaten by predators). 

Entrapment zone. An area or zone of the Bay-Delta estuary where riverine current meets upstream­
flowing estuarine currents and variations in flow interact with particle settling to trap particles. 
The entrapment zone generally corresponds to a surface salinity. range of2-10 mS/cm conduc­
tance. The entrapment zone is an important aquatic habitat region associated with high levels 
of biological productivity. 

Erosion. A combination of processes (e.g., wind or tidal action) in which the materials of the earth's 
surface are loosened, dissolved, or worn away and transported from one place to another by 
natural agents. 

Ethnography. The comprehensive, descriptive study of a particular culture. 

Evapotranspiration (E1). Loss of water from the earth's surface by evaporation from soil or water 
and by transpiration from plants. 

Exotic. Not native to the region in which it is found~ refers to vegetation and wildlife species. 

Export limits. The 1995 WQCP specifies that Delta exports are limited to a percentage of total 
Delta inflow (generally 35% during February-June and 65% during July-January). 

Exports. The water pumped from the Delta to south-of-Delta users by DWR at the Banks Pumping 
Plant and Reclamation at the CVP Tracy Pumping Plant and the amount diverted by CCWD at 
its Rock Slough intake. 

FaHow. adj. Relating to farmland that is not in active use for the growing of crops. v. To remove 
land from active crop production. 

Farmland conversion. The process or result of changing land from agricultural use to a different 
(generally more intensive) land use. 

Farmland of statewide importance. Land with a good combination of physical and chemical 
features for the production of agricultural crops. 

Final demand. Sum of all purchases for final use or consumption. 

Full-time equivalent (FfE) employment. A unit for measuring employment in terms of number 
of jobs, where one job equals 40 hours of work per week. The actual number of employee jobs 
supported by a business may differ based on how total work hours are divided among employees. 

Future permitted export pumping capacity. In the future, new permit conditions may be 
established for the SWP, thereby allowing the permitted export pumping rate of the SWP pumps 
to be increased to the physical export pumping capacity of 10,300 cfs. If that occurs, the com-
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bined permitted export pumping rate of the SWP and CVP pumps could then equal up to 
14,900 cfs or 14,500 cfs. 

Gas field. An area that contains closely contiguous reservoirs of commercially valuable gas. 

General plan designation. A specified land use (e.g., agricultural, residential, or commercial) 
established for a given area by the local governing city or county in its general plan, as required 
by California law (California Government Code Sections 65300 et seq.). 

Geotechnical. Of or pertaining to the practical application of geologic science to civil engineering 
problems. 

Habitat evaluation procedures (HEP). A method for analyzing impacts on wildlife resources that 
models the preproject and postproject quality and quantity of habitats for a set of species selected 
to represent all wildlife. 

Habitat suitability index {HSI). A rating of the overall quality of a habitat for a species calculated 
using a model that combines ratings of different individual habitat variables. 

Habitat unit (HU). A unit of habitat value determined by multiplying habitat acreages for different 
areas by each area's habitat suitability index. 

Historical conditions. The combination of measured inflows and exports, estimated channel 
depletion and Delta outflow, simulated channel flows, and measured or simulated EC and other 
water quality variables. 

Historical Delta flows. Measured Delta inflows and exports, estimated Delta outflow, and simulated 
net channel flows corresponding to the inflows and exports. 

Hydraulic gradient. Difference in water surface elevation between two points; describes the water 
surface slope that controls the movement of water along a channel. 

Hydraulic head. The pressure created by water within a given volume. 

Hydraulic radius. Channel cross-section area divided by the perimeter of the channel; used in this 
EIRIEIS as the effective depth of water in a channel. 

Hydraulics. Study of the practical effects and control of moving water; used to refer to the rela­
tionship between channel geometry and flow, velocity, and depth ofwater. 

Hydrology. General description ofthe movement ofwater in the atmosphere, on the earth surface, 
in the soil, and in the ground; used in this EIRIEIS to refer to rainfall and streamflow conditions. 

Hydrostatic pressure. The pressure of water at a given depth caused by the weight of the fluid 
above it. 
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Income. The earnings of households associated with a given industry, consisting of employee 
compensation (salary and wages) and proprietors earnings (profit and dividends) but excluding 
proprietor contributions to welfare and pension funds. Income is classified as direct or secondary 
(see "Direct income" and "Secondary income"). 

Income multiplier. The amount of income associated with a dollar change in final demand in a 
specified industry and a specified region. 

Indirect employment. Employment generated in businesses supplying goods and services related 
to DW project operations. 

Indirect fishery effects. Mortality of fish attributable to other diversions that results from DW 
effects on Delta flow conditions. 

Induced employment. Employment generated as a result of consumer spending by employees who 
are directly and indirectly affected by DW project operations. 

Inflow. The total streamflow entering the Delta from the Sacramento and San Joaquin Rivers, Yolo 
Bypass, and the eastside streams. 

Intactness. The visual integrity of the natural and constructed landscape and its freedom from 
encroaching elements. 

Interceptor well. A pumped well located on an island levee for controlling groundwater flow off 
the island. 

Kilovolt (kV). A metric unit of energy equal to 1,000 volts. 

Levee crest. The top of a levee. 

Level of service (LOS). A measurement of the relative amount of traffic congestion at an 
intersection or on a roadway. The scale ofmeasurement ranges from "A" to "F", with "A" 
representing the least congestion and "F" the most congestion. 

Liquefaction. The process in which soil loses cohesion when subject to seismic activity (i.e., 
shaking). 

Midges. Nonbiting...insects that breed in ponded water and, as adults, are similar in appearance to 
mosquitos and can be a nuisance to humans when the insects swarm. 

Midwater trawl index. The annual index is the sum of the weighted catch of fish of four monthly 
samples (September-December) from numerous locations in the Delta and Suisun Bay. The 
index is assumed to be a measure of abundance when considered in relation to the catch for all 
other years ofthe sampling record (1967-1995). In the Bay-Delta estuary, the index has been 
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developed for striped bass, American shad, delta smelt, Sacramento splittail, longfin smelt, and 
other species. 

Mitigation. Methods to avoid, reduce, rectify, eliminate, or compensate for adverse project impacts. 

Mixing. Exchange of mass between two volumes; used in this EIRIEIS to refer to the movement of 
salt or fish from one location to another caused by the tidal movement of water within the Delta 
channels. 

Mixing zone. A localized region surrounding a discharge pipe (or diffuser) that is used for initial 
mixing and dilution of a discharge with the channel water. 

Model calibration. Adjustments made to a model (i.e., equations or coefficient values) to provide 
results that more closely follow observed data; used especially during initial model development 
and testing. 

Model confirmation. Comparative testing of model results with measured data to determine the 
adequacy of model simulations for describing the observed behavior of the modeled variables; 
used especially during model application to conditions different from those used to calibrate the 
model. 

Mosquito abatement districts (MADs). Agencies responsible for controlling mosquitos as disease 
vectors and as a nuisance to humans. 

National Register of Historic Places (NRHP). A register of districts, sites, buildings, structures, 
and objects significant in American history, architecture, archaeology, and culture, maintained 
by the Secretary of the Interior. 

Natural Resources Conservation Service land capability classification system. The land 
classification system that places soils into eight classes (1-VIII) according to the limitations on 
agricultural use imposed by ll specific soil and climatic criteria. The higher the class, the more 
restrictive the limitation. Classes I through IV are generally considered lands suitable for culti­
vation. Class I and II soils are defined as prime farmland. 

Net flow. Long-term average of flows in a channel; used to describe the magnitude and direction of 
flow in a channel after flows during a tidal cycle are averaged. 

Nonattainment area. An area that does not meet state and/or federal air pollution standards. 

Nongame rash. Fish species not considered sport fishes by anglers; nongame fish are generally found 
near the lower end of the food chain. 

Nonproject levees. Levees constructed and maintained by local landowners and reclamation 
districts. 
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Null zone. An area in a column of water where vertical velocity and net horizontal velocity near the 
bottom are zero during incoming (flood) and outgoing (ebb) tides. 

Outflow. The water flowing out of the Delta into San Francisco Bay. 

Outflow requirements. The 1995 WQCP specifies Delta outflow requirements that encompass 
water quality protection for agricultural and municipal and industrial uses, Suisun Marsh, and fish 
habitat. In standard DWR calculations of Delta operations (using DWRSIM), "outflow" repre­
sents the difference between inflow and exports~ the outflow term therefore includes in-Delta 
consumptive use. 

Overtopping. Flooding that occurs when a levee crest is lower than the adjacent water level. 

Peak flow. The maximum discharge of a stream during a specified period oftime. 

Peak-hour trips. The number of traffic trips made during the hour of the day with the most traffic. 
Also referred to as-peak-hour volume. 

Peat soils. Acidic, humus-rich soils that contain a large amount of unconsolidated, semi carbonized, 
partially decomposed plant debris formed in an anaerobic, water-saturated environment. 

Permeability. The capacity of a porous rock, sediment, or soil for transmitting a fluid. 

Permitted pumping rate. The Corps does not require a permit under Section 404 of the Clean 
Water Act for current SWP export pumping. However, the Corps would require a permit if 
SWP export pumping were to exceed a maximum 3-day average rate of6,680 cfs. Therefore, 
the maximum combined export pumping rate that does not require a Corps permit is 11,280 cfs 
(6,680 cfs for the SWP pumps and 4,600 cfs for the CVP pumps). The restrictions for the period 
of December 15 to March 15, as interpreted by DWR, allow a combined rate of 11,700 cfs in 
December and March and a combined maximum 3-day average rate of 12,700 cfs in January and 
February. For assessment of the DW project alternatives, it is assumed that the SWP and CVP 
pumps will always pump the maximum amount allowable (i.e., the lesser of available water and 
the amount specified by the export limits) within the limits of the permitted pumping rate. (See 
also "Future permitted export pumping capacity".) 

Phreatic. Of or pertaining to groundwater. 

Physical export pumping capacity. The SWP export pumps have a maximum physical pumping 
capacity of 10,300 cfs and the CVP export pumps have a maximum physical pumping capacity 
of 4,600 cfs, for a combined physical export pumping capacity of 14,900 cfs. At times, the canal 
capacity for the CVP is reduced to 4,200 cfs, reducing the combined physical export pumping 
capacity to 14,500 cfs. 

Piezometer. A sandpipe monitoring well used to measure the depth to the groundwater surface in 
the aquifer. 
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Piscivorous birds. Fish-eating birds, including connorants, herons, egrets, grebes, and mergansers. 

Planimeter. An instrument for measuring the area of a plane surface by tracing its boundary lines. 

Plankton. The usually microscopic animal and plant life floating or drifting in bodies of water, used 
as food by fish. 

Pollutant concentration. Concentration of any toxic or potentially toxic contaminant, expressed 
in ppt, ppm, or ppb. 

Prehistory. The period of time before written history, or the study of cultures before written history 
or of more recent cultures lacking fonnal historical records. 

Prime farmland. Land with the best combination of physical and chemical features for the pro­
duction of agricultural crops. 

PROSIM. Reclamation's operations planning model, used to estimate possible effects of increased 
demands, new facilities, or new standards on CVP operations. 

QWEST. A calculated flow parameter representing net flow between the central Delta and the 
western Delta. QWEST criteria have previously been considered for protection of central Delta 
fish. 

Reclamation. Extensive drainage of low-lying marshy lands for potential practical use. 

Recreation use-day. A standard unit of use consisting of a visit by one individual to an area for 
recreation purposes during any portion of a 24-hour period. 

Recruitment. The increase in population of an organism caused by natural reproduction or immi­
gration. 

Resident species. A species that carries out its entire life cycle within a given region. 

Reverse flow. The Delta outflow condition existing when in-Delta diversions or high Delta exports, 
in combination with low Delta inflow, cause net seaward flow to reverse so that San Francisco 
Bay water is moved toward the central and south Delta. 

Riparian. Living on or-adjacent to a water body, such as a river, lake, or pond. 

Riparian habitat. Woody vegetation (trees and shrubs) that grows in soils saturated for a substan­
tial portion of the year, especially on the edges of open water bodies (e.g., lakes, rivers, or 
ditches) or on levees. 
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Riparian water rights. Correlative entitlements to water that are held by owners of land bordering 
natural water courses. California requires a statement of diversion and use of natural flows on 
adjacent riparian land under a riparian right. 

Riprap. A lightweight stone covering used to protect soil or surfaces from erosion by water or the 
elements. 

Rock revetment. See "riprap". 

Sacramento Valley Four-River Index (or Sacramento Valley 40-30-30 water-year hydrologic 
classification index). The sum of the unimpaired runoff as published in the DWR Bulletin 120 
for the following locations: Sacramento River flow at Bend Bridge, near Red Bluff; Feather 
River, total inflow to Oroville Reservoir; Yuba River flow at Smartville; and American River, 
total inflow to Folsom Reservoir. 

Safe yield. The rate at which or amount that an aquifer may be pumped without exceeding recharge 
and incurring overdraft. 

Salinity. Salt measured in ppt, TDS, EC units, or mg/1. 

Salvage. Removal of fish from screens on diversion structures and the subsequent return of the fish 
to the water body. 

San Joaquin Valley Four-River Index (or San Joaquin Valley 60-20-20 water-year hydrologic 
classification index). The sum of the unimpaired runoff as published in the DWR Bulletin 120 
for the following locations: Stanislaus River, total inflow to New Melones Reservoir; Tuolumne 
River, total inflow to Don Pedro Reservoir; Merced River, total inflow to Exchequer Reservoir; 
and San Joaquin River, total inflow to Millerton Lake. 

Secondary economic effects. Changes in the earnings of households and in fiscal conditions 
(property and sales tax revenues and public costs) associated with changes in businesses sup­
plying goods and services related to OW project operations and with spending by employees 
directly and indirectly affected by OW project operations. 

Secondary employment. Indirect or induced employment. 

Secondary income. Earnings of households generated in businesses supplying goods and services 
related to OW ..project operations (indirect income) and generated as a result of spending by 
employees directly and indirectly affected by OW project operations (induced income). 

Sediment. Fragmented mineral or organic material transported or deposited by air, water, or ice. 

Seepage. A slow movement of water through permeable soils caused by increases in the hydraulic 
head. 
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Seismicity. The frequency, intensity, and distribution of earthquake activity in a given area. 

Settlement. The sinking of surface material as a result of compaction of soils or sediment caused by 
an increase in the weight of overlying deposits or by pressure resulting from earth movements. 

Simulation. The application of a mathematical representation or model to analyze a theoretical or 
physical process. 

Smolt. A juvenile fish that has undergone physiological change enabling it to survive in saltwater. 

Spawn. Laying of eggs, especially by fish. 

Special-status species. Those species listed as threatened or endangered by the state and federal 
governments or identified as possibly warranting such protection. 

Species. The basic category of biological classification intended to designate a single kind of animal 
or plant. 

Stage. Water surface elevation; the elevation above mean sea level (msl) datum. 

State Historic Preservation Officer. The official in each state authorized by the state at the request 
of the Secretary of the Interior to implement the NHP A. 

State Water Project (SWP). The water project operated by DWR that delivers water from the 
Sacramento Valley to southern California. 

Subsidence. A local or regional sinking of the ground. In the Delta, this results primarily from peat 
soil being converted into gas. 

Suspended sediment (SS). Sediments or other particulates that adsorb chemicals and block light 
transmission through water; a general indicator of surface erosion and runoff. 

Take. A term used in Section 9 of the federal Endangered Species Act that includes harassment of 
and harm to a species, entrainment, directly and indirectly caused mortality, and actions that 
adversely modify or destroy habitat. 

Threatened species. A species that is likely to become endangered in the foreseeable future and is 
included in the fedet:al or state list of threatened species. 

Tidal excursion. The distance between the most upstream position and most downstream position 
of a floating object that is released from a location at mean tide and tracked over a complete tidal 
cycle. 

Tidal flow. Flow caused by tidal changes in stage and hydraulic gradient; describes the fluctuating 
flows in a channel caused by the tide. 
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Tidal hydraulics or tidal hydrodynamics. Water movements caused by tidal forces; used to 
describe the movement of water caused by tidal stage variations in San Francisco Bay. 

Tidal prism. The volume of water that moves past a location as the result of a change in tidal stage; 
used in this EIRIEIS to refer to the change in volume between low tide and high tide, estimated 
as the upstream water surface area times the change in tidal stage. 

Toe benn. The section projecting at the base of a dam, levee, or retaining wall. See also "buttress". 

Total dissolved solids (TDS). The total dissolved solids content or total salt concentration in water. 

Transport. Movement of mass from one location to another; used in this EIRIEIS to refer to the 
movement of salt or fish from one location to another caused by net flows. 

Trihalomethane (THM). A class of carcinogenic substances, including chloroform and bromoform, 
formed from chlorination of drinking water supplies. 

Trihalomethane formation potential (THMFP). The potential for creation of trihalomethanes 
during chlorination or other oxidation treatment processes used for disinfection of municipal 
water supplies. 

Turbidity. The reduction of light transmission in water caused primarily by the suspension of clays, 
silts, and other fine materials. 

Unimpaired flow. Natural tributary inflow without storage or diversions. 

Unique fannland. Land with soils of lesser quality than the soils of prime farmland or farmland of 
statewide importance, used for the production of the state's leading cash crops. 

Unity. The visual coherence, composition, and harmony of the landscape considered as a whole. 

Vividness. The visual power or memorability of landscape components that combine in visual 
patterns. 

Volume-to-capacity (V/C) ratio. The ratio of the number of vehicles using a roadway or inter­
section to the maximum number of vehicles that could use the roadway or intersection. 

Waste grain. GrainJeft in fields as residue after harvesting, which is often eaten by wildlife species. 

Water demand. A monthly schedule ofwater deliveries added to a point of diversion or delivery 
in an operations model analysis. 

Waterfowl use-day. A standard unit for measuring use of an area by waterfowl; one waterfowl use­
day represents use of an area by ducks, geese, and/or swans for foraging or nesting during any 
portion of a 24-hour period. 
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Water right. A grant, permit, decree, appropriation, or claim to the use of water for beneficial 
purposes. California has a dual system of water rights: riparian and appropriative. Riparian 
water rights are held by owners ofland bordering a surface water source. Appropriative water 
rights allow the exclusive diversion of a specified amount of water from a source for a reasonable 
and beneficial use. (See also "Riparian water rights" and "Appropriative water rights".) 

Water Right Decision-1485 (D-1485). SWRCB's decision of August 1978 specifying water quality 
standards for the Delta and Suisun Marsh. 

Wetlands. Areas supporting vegetation typical of soils that are saturated for a major portion of the 
year. 

Wheeling. Use of SWP or CVP Delta pumping facilities to pump and convey water for another 
party. 

Williamson Act contract. A 10-year contract between a landowner and a county, established under 
the authority of the California Land Conservation Act of 1965, which places restrictions on the 
use of the private land in exchange for tax savings. 

Xl. The location in the Bay-Delta estuary relative to the Golden Gate Bridge (measured in 
kilometers) of the 2-ppt isohaline 1 meter off the bottom; an isohaline is a line connecting all 
points of equal salinity. 

Yield. An annual quantity of water that can be delivered to a service area from a water project on 
a specified delivery schedule. 
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