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Summary 

INTRODUCI'ION 

The California State Wak:c Resources Control Board 
(SWRCB) and the U.S. Army of Corps of Engineers 
(Corps) have prepared this draft environmental impact 
n:port/enviromnental impact statement (EIRIEIS) for the 
Delta Wetlands (DW) project The draft EIRIEIS was 
prepared in accordance with the provisions of the Cali
fornia Environmental Quality Act (CEQA) and the Na
tional Environmental Policy A~t (NEPA). 

The applicant's proposed project, as evaluated in this 
draft EIRIEIS, would involve: 

• diverting and storing water on two Sacramento
San Joaquin Delta (Delta) islands (Bacon Island 
and Webb Tract, or "reservoir islands") for 
later discharge for export sales or to meet 
outflow requirements for the San Francisco 
Bay/Sacramento-San Joaquin Delta (Bay-Delta) 
estuary, 

• seasonally diverting wak:c to create and enhance 
wetlands and to manage wildlife habitat on two 
Delta islands (Bouldin Island and Holland 
Tract, or "habitat islands"); 

• constructing recreation facilities along the peri
meter levees on all four DW project islands; 
and 

• during periods of nonstorage, managing shallow 
wak:c within an inner levee system on the reser
voir islands. 

To operate its project, DW would improve and strengthen 
levees on all four islands and install additional siphons 
and water pumps on the perimeters of the reservoir 
islands. DW would operate the habitat islands to support 
wetlands and wildlife habitat 

BACKGROUND 

The Delta is part of an interconnected system that 
includes Suisun Marsh, San Francisco Bay, and the 
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Sacramento and San Joaquin Rivers. The Bay-Delta 
estuary is one of the most important and complex 
estuaries on the Pacific Coast, providing important 
aquatic and terrestrial habitat for fish, waterfowl, and 
other wildlife. Water that flows through the Delta sup
plies a portioo of the domestic water supply for over two
thirds of the state's population and irrigates several 
million acres of farmland. 

DW originally applied for water rights to seasonally 
store water on all four project islands. The DW project, 
as originally proposed, was analyzed in a draft EIRIEIS 
released in December 1990. In August 1993, DW sub
mitted new water right applications that revised the DW 
project description. This new draft EIRIEIS presents the 
environmental assessment of the DW project based on 
the new project description. 

The purpose of the DW project is to divert surplus 
Delta inflows, transferred water, or banked water for later 
sale and/or release for Delta export or to meet water qual
ity or flow requirements for the Bay-Delta estuary. Addi
tionally, the DW project would provide managed wet
lands and wildlife habitat areas and recreational uses. 

CEQAINEPA PROCESS 

The purposes of this EIRIEIS are to analyze and 
disclose the environmental effects of DW's project, to 
identify ways to reduce or avoid potential adverse envi
ronmental impacts resulting from the project, and to 
identify and assess alternatives to the proposed action. 

CEQA and NEPA require environmental analyses 
for local, state, and federal permitting processes. DW has 
applied to SWRCB's Division of Water Rights for the . 
necessary permits to divert water, store it on the DW 
project islands, and discharge it into Delta channels for 
export or to meet Bay-Delta estuary outflow require
ments. DW also has applied to the Corps for a permit 
under Sectioo 404 of the Clean Water Act and Section 10 
of the Rivers and Harbors Act of 1899 to discharge 
dredged or fill material into waters of the United States 
and for other project activities in navigable waters. 
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Because of DWs applications to SWRCB and the 
Corps. SWRCB is deemed the lead agency under CEQA 
and the Corps is deemed the lead agency under NEP A. 
The joint draft EIRIEIS has been prepared under the 
direction of the lead agencies to comply with the regu
latory requirements of both CEQA and NEP A. 

EIRIEIS Public Review Period 

This draft EIRIEIS is being circulated for a 60-day 
public review period. during which the public and inter
ested agencies are encouraged to submit comments on the 
document Comments should be sent directly to the 
Corps or SWRCB, the joint lead agencies. A public 
hearing will be conducted during the review period to 
solicit oral comments on this EIRIEIS. Once all com
ments have been assembled and reViewed, the Corps and 
SWRCB will prepare responses on all notable environ
mental issues that have been raised. These responses to 
comments, combined with the draft EIRIEIS, will con
stitute the final EIRIEIS. 

Water Right and Permit 
Application P~• 

DW has applied for water right permits for direct 
diversion er diversion to storage of surplus Delta inflows, 
storage of water, and discharge of water from the reser
voir islands and the habitat islands to Delta channels to 
meet Bay-Delta estuary water quality or flow require
ments, or rediversion of water from the Delta for export. 
SWRCB's decision on DWs water right applications will 
therefore address the availability of water for direct diver
sion, diversion to storage, discharge of water into the 
Delta, and export of stored water. Separate authorization 
would be required from SWRCB for approval of use/ 
point of diversion of the DW project to divert and dis
charge transferred or banked water. The EIRIEIS de
scribes the analysis of the effects of the diversion of water 
onto the DW project islands and rediversion of water for 
export at the Delta export pufiips and discusses the rela
tionship of such diversions and pumping to applicable 
federal and state restrictions. 

Department of the Army Corpa 
Permit Application P~• 

Section 404 of the Clean Water Act prohibits the 
discharge of dredged or fill material into waters of the· 
United States, including wetlands, unless a permit is ob-

Della Wetltmds Draft ElR/EIS 
87-119MMISUMMARY S-2 

tained from the Corps. Section 10 of the Rivers and Har
bors Act of 1899 prohibits placement of materials in 
navigable waters of the United States without a permit 
from the Corps. DW is required to obtain a permit from 
the Corps for DW project fill activities associated with 
perimeter and interior levee work on the reservoir 
islands; habitat enhancement activities on the habitat 
islands; and construction of boat docks, pumps, and 
siphons in Delta channels. As part of compliance with 
the Clean Water Act, Section 401 requires SWRCB 
certification that the proposed discharge complies with 
state water quality standards. 

PROJECf ALTERNATIVES 

Three project alternatives and the No-Project Alter
native, described below, were selected to represent the 
range of project operations for purposes of determining 
environmental impacts; all alternatives are designed to 
operate within the objectives of SWRCB's 1995 Water 
Quality Control Plan for the San Francisco Bay/ Sacra
mento-San Joaquin Delta Estuary ( 1995 WQCP): 

• Alternative 1 consists of operation of two reser
voir islands and two habitat islands and imple
mentation of a habitat management plan 
(HMP). Under Alternative 1, DW discharges 
would be subject to "percent of inflow" export 
limits specified in the 1995 WQCP. 

• Alternative 2 consists of operation of two reser
voir islands and two habitat islands and imple
mentation of an HMP. Under Alternative 2, 
DW discharges for export would not be subject 
to slrict interpretation of the 1995 WQCP "per
cent of inflow" export limits. 

• Alternative 3 consists of ~ation of four reser
voir islands, with limited compensation habitat 
provided in the North Bouldin Habitat Area 
(NBHA) on Bouldin Island. Under Alterna
tive 3, discharges for export would not be 
subject to strict interpretation of the 1995 
WQCP "percent of inflow" export limits. 

• The No-Project Alternative consists of intensi
fied agricultural production on all four DW 
project islands. 
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Alternatives 1 and 2 

Alternatives 1 and 2 entail the potential year-roWld 
diversion and storage of water on Bacon Island and 
Webb Tract. and wetland and wildlife habitat creation 
and management. with the incidental sale of water used 
for wetland and wildlife habitat creation. on Bouldin 
Island and Holland Tract. Recreation facilities would be 
CXliiSiructed along the perimeter levees of all four islands. 

To operate Alternative 1 or 2, OW would improve 
levees on the perimeters of the reservoir islands and 
install additional siphons and water pwnps. Inner levee 
systems would also be constructed on both the reservoir 
and habitat islands for shallow-water management. 

Under Alternative 1 or 2, during periods of avail
ability throughout the year, wat& would be diverted onto 
the reservoir islands to be stored for later sale or release 
and would be discharged from the islands into Delta 
channels for sale for beneficial uses for export or for Bay
Delta estuary needs during periods of demand. Dis
charges from the islands would be subject to state and 
federal regulatory standards, endangered species protec
tion measures, and Delta export pwnping capacities. 
Storage capacity on the reservoir islands would total an 
estimated 238 thousand acre-feet (T AF), allocated 
between Bacon Island and Webb Tract as 118 TAF and 
120 TAF, respectively. Water would be diverted onto the 
habitat islands to be used for creation and management of 
wetlands and wildlife habitat during periods of availa
bility and need. 

Portions of the habitat islands and the reservoir 
islands would support recreational activities. Up to 38 
private recreation facilities may be located on the peri
meter levees of all four islands. These recreation facili
ties, with up to 40 bedrooms each, will include boat 
docks in adjacent channels, with 30 boat berths, and boat 
docks on the island interiors, with up to 36 boat berths, 
that may be operated year roWld. Subject to restrictions 
in the HMP, waterfowl hWlting would be allowed on all 
four OW project islands. 

OW would operate a private airstrip on Bouldin 
Island for maintenance and recreational use. Use of the 
airstrip would be restricted by the HMP during the water
fowl season to minimize disturbance to wildlife. No 
restrictions would apply during other times of the year. 
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Alternative 3 

Under Alternative 3, all four OW project islands 
would be managed for year-roWld diversion and storage 
of water. This alternative represents the maximwn water 
appropriations that would be achieved if SWRCB grants 
OW's water right applications. It also represents the 
maximwn amount of water storage that would be feasible 
on the four project islands based on levee height and 
internal elevation. Storage capacity Wlder Alternative 3 
would total an estimated 406 TAF. Project operations 
Wlder this alternative would be the same as those Wlder 
Alternative 2 with respect to diversion, discharge, and 
recreation operations and construction of recreation 
facilities. Water storage operations would require sub
stantial investments in internal levee construction on 
Bouldin Island A habitat reserve would be created north 
of State Route (SR) 12 on Bouldin Island to compensate 
for some of the wildlife and wetland impacts associated 
with water storage operations. Additional offsite wildlife 
habitat and wetland compensation would be required for 
this alternative. 

No-Project Alternative 

The No-Project Alternative entails OW implement
ing intensive agricultural operations on the four project 
islands or selling the property to another entity that would 
likely implement intensive agriculture. The No-Project 
Alternative is based on the assumption that intensified 
agricultural conditions represent the most realistic sce
nario for the OW project islands if permit applications 
are denied. It is assumed that no new OW recreation 
facilities would be built. 

IMPACI' ASSESSMENT OF 
ALTERNATIVES 

Approach to Impact Analysis 

The impact analysis for each resource topic in the 
ElRJEIS identifies and compares the probable impacts of 
each alternative specific to the resource topic. These 
comparative analyses highlight differences and similar
ities in predicted impacts between the alternatives. 

For those chapters not addressing water resources, 
impacts were addressed through comparison between 
expected conditions associated with the OW project alter
natives and existing conditions. For those chapters asses-
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sing water resource effects of the DW project (Chapter 
JA. "Water Supply and Water Project Operations"; Chap
ter 3B, "Hydrodynamics"; Chapter 3C, "Water Quality"; 
and Chapter 3F, "Fishery Resources"), impacts were 
assessed through comparison between simulated (mod
eled) conditions associated with each alternative and with 
the No-Project Alternative as described below. 

Evaluating Environmental Changes and Effects on 
Water Resources 

Simulated effects of DW project operations on the 
Delta cannot be directly compared with the historical 
record ofDelta operations for purposes of impact assess
ment because historical Delta operations did not include 
current operating criteria; facilities; and conditions, such 
as upstream and export demands for water. To provide 
a point of reference for assessing the impacts of simulated 
operations of the DW project alternatives, it was there
fore necessary to also simulate a baseline condition con
sisting of the same operating conditions but without oper
ations of the DW project. This point of reference is the 
simulated No-Project Alternative. Simulation results for 
the DW project alternatives and the No-Project Alterna
tive are shown corresponding to the 70-year hydrologic 
record for water years 1992-1991. These simulation 
results, however, do not correspond to historical Delta 
opea-ations and should not be confused with actual Delta 
operating conditions for these years. They represent 
Delta operations, based on monthly averages, that would 
likely have occurred under the hydrologic conditions of 
those water years with a regulatory scenario consisting of 
the 1995 WQCP and with current facilities and upstream 
and export demand for water. 

Levell of Impac:ta Considered 

The impact analysis used in the resource chapters 
was designed to comply with CEQA and NEP A guide
lines. For each resource topic, three levels of impacts 
were considered: 

• direct impacts on lhiDW project islands and on 
adjacent Delta channels; 

• indirect impacts on the project vicinity, includ
ing the Delta, Suisun Marsh, San Francisco Bay 
and, in some cases, upstream areas, induced by 
direct project-related changes in the environ
ment; and 

• cumulative impacts. 
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The study area for analysis of direct project impact 
consists .of the four project islands, surrounding channels, 
and adjacent islands. The study area for analysis of 
indirect impacts is the vicinity of the statutory Delta, as 
defined by Section 12220 of the California Water Code, 
and the hydrologically related Suisun Marsh and San 
Francisco Bay. In some cases, upstream areas are 
included in the study area for indirect impacts. The study 
area for cumulative impact analysis consists of the combi
nation of the direct and indirect impact areas. 

Where uncertainty exists in predicting the extent of 
project construction and operations, the impact analysis 
is based on "worst-case" conditions. For example, 
because DW is not certain of the size of the various recre
ation facilities, the impact analysis is based on the 
assumption that the largest possible facility would be 
built at all locations, even though it may not be realistic 
to have a facility of this size at every location. 

Mitigation Measures 

Where the DW project alternatives are predicted to 
cause significant impacts, mitigation measures are identi
fied. In accordance with CEQA and NEPA guidelines, 
measures are proposed that would avoid, minimize, 
rectifY, reduce, or compensate for the predicted impacts. 

The feasibility and effectiveness of the mitigation 
measures are described to the extent possible. Mitigation 
measures may include modifYing the project design or 
operations to reduce predicted impacts to less-than-signi
ficant levels wherever feasible. Mitigation measures are 
presented for effects of the No-Project Alternative to 
provide information to the reviewing agencies regarding 
measures that would reduce effects of the No-Project 
Alternative. These measures would not be required 
tmder the No-Project Alternative; however, this informa
tion will allow the reviewing agencies to make a more 
realistic comparison of the DW project alternatives. 

Comparison of Impacts 
of Alternatives 

Results of impact analyses for each alternative are 
sununarized in Table S-1. This table shows impacts by 
resource topics, level of significance without mitigation, 
mitigation measures to reduce impacts, and level of signi
ficance with mitigation. The sequence of resource topics 
in the table conforms to the sequence of chapters in the 
document. 
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PERMIT AND ENVIRONMENTAL 
REVIEW AND CONSULTATION 

REQUIREMENTS 

In addition to the entitlements required by SWRCB 
and the Corps, the DW project will require compliance 
with other state end federal laws, including Section 7 of 
the Endangered Species Act, the Fish and Wildlife 
Coordination Act, Section 106 of the National Historic 
Preservation Act, and the California Endangered Species 
A.a. Entitlements may also be required from regional and 
local agencies, including the Bay Area Air Quality 
Management District, San Joaquin Valley Unified Air 
Pollution Control District, Contra Costa and San Joaquin 
County planning and public works departments, State 
Division of Aeronautics, and reclamation districts. 
Chapter 4, "Permit and Environmental Review and Con
sultation Requirements", describes these requirements. 

IMPACI' CONCLUSIONS 

In accordance with CEQA and NEPA, this EIRIEIS 
focuses on the predictable changes in the environment for 
each of the project alternatives. The changes in the envi
ronment analyzed in this document encompass water 
resources and the aquatic ecosystem~ vegetation, wet
lands, and wildlife resources; flood control~ public ser
vices and health; land uses~ cultural resources~ traffic and 
air quality; and economic issues. 

This EIRIEIS analyzes the environmental effects of 
DW' s project, identifies ways to reduce or avoid potential 
environmental impacts resulting from the project, and 
identifies and assesses alternatives to the proposed action. 
The following sections identify the environmentally su
perior alternative, the irreversible or irretrievable com
mitments of resources, growth inducement, unresolved 
issues, and areas of controversy regarding the proposed 
project. 

Environmentally Superior Alternative 

The alternatives selected for analysis in this EIRIEIS 
comply with the CEQA and NEPA requirement to 
analyze a reasonable range of alternatives and with the 
U.S. Environmental Protection Agency's (EPA's) Section 
404(b )( 1) guidelines requirement for. the Corps to 
demonstrate that it is issuing a pennit under Section 404 
of the Clean Water Act to the least environmentally 
damaging practicable alternative. The lead agencies ini
tially considered a broad range of actions that potentially 
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could have been considered as alternatives to the pro
posed project. This list of alternatives was then narrowed 
to those analyzed in this EIRIEIS to include only those 
reasonably foreseeable alternatives that could meet the 
overall project purpose, given considerations of cost, 
existing teclmology, and logistics. The Section 404(b )( 1) 
Alternatives Analysis for the Delta Wetlands Project, 
prepared under a separate cover for submittal to EPA and 
included as Appendix 4 of the draft EIRIEIS, presents the 
alternatives analysis leading up to the selection of alterna
tives for assessment in this EIRIEIS. The environmental 
impact assessment of this EIRIEIS, in combination with 
the Section 404(b )(1) alternatives analysis, presents the 
lead agencies' process for determining the environmen
tally superior alternative for CEQA and NEPA purposes 
and the least envirorunentally damaging practicable alter
native for Section 404(b )( 1) purposes. 

All the alternatives, including the No-Project Alter
native, would cause significant and unavoidable environ
mental impacts. Although no mitigation measures would 
be implemented if the lead agencies denied approval of 
the DW project and "adopted" the No-Project Alternative, 
it could be argued that because the No-Project Alter
native would not involve any significant water operations, 
it would cause the least severe environmental impacts. 
However, the No-Project Alternative was eliminated 
from consideration as a practicable alternative to the 
proposed project because it would not meet the project 
purpose. It is analyzed in this EIRIEIS only to satisfY the 
requirements of CEQA and NEP A. Therefore, it is not 
considered the environmentally superior alternative. 

Among those alternatives considered practicable, 
Alternative 3 would cause the most severe environmental 
impacts (see Table S-1). All impacts associated with 
reservoir island water operations under Alternatives 1 
and 2 would occur with implementation of Alternative 3, 
but would be greater because Alternative 3 would gener
ally have twice the storage capacity of Alternative 1 or 2. 
Alternative 3 would affect resources through water 
storage operations on Bouldin Island and Holland Tract 
that would not occur under Alternatives 1 and 2. Addi
tionally, Alternative 3 would not have the benefits asso
ciated with implementation of the HMP that would occur 
with Alternatives 1 and 2. 

The envirorunental effects of Alternative 1 and 2 are 
nearly identical. The project descriptions of the two 
alternatives differ only with regard to discharges of stored 
water. As stated above, under Alternative 2, discharges 
from staage would not be subject to strict interpretation 
of the 1995 WQCP "percent of inflow" export limit and 
would therefore be slightly more frequent than discharges 
under Alternative 1. Alternative 2 would allow more 
frequent discharges from the DW reservoir islands for 

Summary 
September 1995 



export at the CVP and SWP pumping plants and would 
have a slightly larger potential to increase the supply of 
water for export from the Delta. However, the period of 
discharge may be shorter for Alternative 2. Therefore, 
the monthly average changes in export simulated for 
Alternatives 1 and 2 were very similar. 

Because the difference between Alternatives 1 and 
2 is related to water operations, the differences in the 
environmental effects described below are related to 
water resources and the aquatic ecosystem: 

• Alternative 1 would allow a smaller average 
volume of discharge for export at the CVP and 
SWP pumping plants and would have slightly 
more evaporation loss from the reservoirs than 
Alternative 2. Therefore, Alternative 1 would 
have slightly more of an effect on consumptive 
use than Alternative 2. " 

• Alternative 2 could allow higher or more fre
quent discharges for export at the CVP and 
SWP pumping plants consistent with the maxi
mum monthly average and daily average dis
charge rates of the OW project and would result 
in slightly higher flows in the Delta channels 
between the OW reservoir islands and the 
pumping plants (i.e., Old and Middle River 
channels) than Alternative l. Therefore, Alter
native 2 would have slightly greater adverse 
hydrodynamic effects on these south Delta 
channels during OW discharge periods. 

• Alternative 2 would allow slightly more dis
charges for export than Alternative 1 during 
February, March, May, and June, months when 
fish are more sensitive to habitat changes. 
Therefore, Alternative 1 would have slightly 
less adverse effect on fish populations. 

Irrevenible or Irretrievable 
Commitments of Resources 

Irretrievable commitment of resources would occur 
as a result of implementation of the proposed project 
The resources that would be irretrievably committed are 
associated with construction, operation, and maintenance 
of the project facilities and include building materials, 
fossil fuels, labor, energy resources, and land converted 
from its present uses. However, most of the land con
verted for water storage and wetland and wildlife habitat 
creation could physically be converted back to existing 
land uses, although project pennit conditions would make 
this unlikely. 
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Growth Inducement 

The EIRIEIS estimates that annual mean monthly 
discharges for export under the OW project alternatives 
would total from 188 T AF to 302 T AF. According to 
DWR, current demands for water in California are esti
mated to exceed dependable supplies, and the water pro
vided by the OW project could help reduce that deficit 
However, the proposed project is considered growth 
inducing because it either would add water directly for 
export to municipal water supplies or agricultural pro
duction to support growth, or would be used for water 
quality or environmental requirements in substitution for 
other water that could be used to support growth. 

Unresolved Issues 

For purposes of the EIRIEIS analysis, the OW pro
ject is analyzed without consideration of subsequent 
environmental effects caused by the delivery of purchased 
OW water or by the storage of water under a third party's 
water rights because the identity of the end user of the 
OW water remains speculative. The OW project islands 
could also be used for interim storage of water being 
transferred through the Delta from sellers upstream to 
buyers served by Delta exports or to meet Bay-Delta 
estuary outflow requirements (water transfers), or for 
interim storage of water owned by parties other than OW 
for use to meet scheduled Bay-Delta estuary outflow 
requirements or for export (water banking). The effects 
caused by this type of use of the OW project are unre
solved and, if proposed by some party in the future, 
would be required to be addressed in a separate envi
ronmental analysis. 

Opportunities may exist to operate the OW project 
conjtmetively with the CVP and SWP, but these arrange
ments remain speculative and are beyond the scope of 
this EIRIEIS. A separate entity purchasing OW water 
could divert that water from Delta channels to storage on 
the OW islands and discharge it, probably through CVP 
or SWP facilities, for direct use, to increase groundwater 
or surface water storage, or for estuarine or Delta bene
ficial uses (increased outflow). The purchasing entity 
would affect SWP or CVP operations. to the same extent 
as any entity that diverts, stores, and discharges water in 
California. 
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Areu of Known Controveny 

The OW project alternatives would increase the 
supply of water available for export from the Delta. As 
stated above, the identity of the end user of the OW water 
remains speculative. However, the potential end use of 
the OW project water is considered one of controversy 
because of the diverse interests in competing demands for 
water for municipal, agricultural, and environmental 
needs. Other areas of controversy center arotmd the 
direct effects of the OW project. The OW project would 
involve significant direct adverse impacts on water qual
ity, utilities and highways, fisheries, vegetation and wet
lands, wildlife, visual resources, traffic, cultural re
sources, and mosquitos and public health that can be 
reduced to a less-than-significant level with implementa
tion of mitigation. The OW project would involve signi
ficant direct adverse impacts oniand use and agriculture, 
recreation and visual resources, traffic, cultural resources, 
and air quality that are not mitigable and are considered 
unavoidable. 
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Alternative 1 

Impact A-1: Increase in Delta Consumptive Use 
(LTS) 

• No mitigation is required. 

Cumulative lmpadl 

Impact A-4: Reduction in Delta Consumptive t!Jse 
under Cumulative Conditions (B) 

• No mitigation is required. 

;"'"~"''\ 

Table S-1. Sununary ofDW Project Impacts and Mitigation Meaaures 

Alternative 2 Alternative 3 

CHAPTER 3A. WATER SUPPLY AND WATER PROJECT OPERATIONS 

Impact A-2: Reduction in Delta Consumptive Use 
(B) 

• No mitigation is required. 

The cumulative impact listed for Alternative 1 is the 
same for Alternative 2. 

Impact A-3: Increase in Delta Consumptive Use 
(SU) 

• No mitigation is available. 

The cumulative impact listed for Alternative I is the 
same for Alternative 3. 

" 

CHAPTER 38. HYDRODYNAMICS 

Impact B-1: Hydrodynamic Effects on Local The impacts listed for Alternative 1 are the same for Impact 8-4: Hydrodynamic Effects on Local 
Channel Velocities and Stages during Maximum DW 
Diversions (LTS) 

Channel Velocities and Stages during Maximum DW Alternative 2. 
Diversions (LTS) 

• No mitigation is required. 

Impact B-2: Hydrodynamic Effects on Local 
Channel Velocities and Stages during Maximum DW 
Discharges (LTS) 

• No mitigation is required. 

Impact 8-3: Hydrodynamic Effects on Net Channel 
Flows(LTS) 

• No mitigation is required. 

Cumulative lmpadl 

Impact 8-7: Cumulative Hydrodynamic Effects on 
Local Channel Velocities and Stages during 
Maximum DW Diversions (LTS) 

• No mitigation is required. 

Impact 8-8: Cumulative Hydrodynamic Effects on 
Local Channel Velocities and Stages during 
Maximum OW Discharges (LTS) 

• No mitigation is required. 

Impact 8-9: Cumulative Hydrodynamic Effects on 
Net Channel Flows (S) 

• Mlt11ation Measure B-1: Operate the DW 
Project to Prevent Unacceptable Hydrodynamic 
Effects in the Middle River and Old River 
Channels during Flows That Are Higher Than 
Historical Flows (LTS) 

• No mitigation is required. 

Impact B-5: Hydrodynamic Effects on Local 
Channel Velocities and Stages during Maximum DW 
Discharges (LTS) 

• No mitigation is required. 

Impact 8-6: Hydrodynamic Effects on Net Channel 
Flows(LTS) 

• No mitigation is required. 

The cumulative impacts listed for Alternative I are the The cumulative impacts listed for Alternative I are the 
same for Alternative 2. same for Alternative 3. 
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Summary Table 

Altcrnative I Altemltive2 Ahemative3 

CIIAPTER3C. WATERQUALITY 

Impact C-1: Salinity (EC) Increase at Chipps Island The impacts and mitigation measures listed for Impact C-9: Salinity (EC) Increase at Chipps Island 
during Months with Applicable EC Objectives (S) during Months with Applicable EC Objectives (S) Altemative 1 are the same for Ahemative 2 

o MIUptloll Meaure C-1: Restrict DW 
Divasions to Limit EC Increases at Chipps Island 
(LTS) 

Impact C-1: Salinity (EC) Increase at Emmaton 
during April-August (S) 1 

o Mltl&adon Meaaure C-1: Restrict DW 
Divasions to Limit EC Increases at Enunaton 
(LTS) 

Impact C-3: Salinity (EC) Increase at Jersey Point 
during April-August (S) 

o Mltl&adon Meaaure C-3: Restrict DW 
Diversions to Limit EC Increases at Jersey Point 
(LTS) 

Impact C-4: Salinity (Chloride) Increase in Delta 
Exports (S) 

o Mltl&adon Meaaure C-4: Restrict DW 
Diversions or Discharges to Limit Chloride 
Concentrations in Delta Exports (LTS) 

Impact C-!1: Elevated IX>C Concentrations in Delta 
Exports (CCWD Rock Slough, SWP Banks, CVP 
Tracy) (S) 

o Mltl&atloll Meaaure C-!1: Restrict DW Dis
charges to Prevent IX>C Increases of Greater Than 
0.8 mgll in Delta Exports (LTS) 

Impact C-6: Elevated THM Concentrations in 
Treated Drinking Water &om Delta Exports (CCWD 
Rock Slough, SWP Banks, CVP Tracy) (S) 

o Mltl&atlon Mnsure C-6: Restrict DW 
Discharges to Prevent Increases of More Than 
20 ~gil in THM Concentrations or THM Concen
trations of Greater than 90 ~-tgll in Treated Delta 
Export Water(LTS) 

Impact C-7: Changes in Other Water Quality 
Variables in Delta Channel Receiving Waters (S) 

o Mltl1at1on Mnsure C-7: Restrict DW 
Discharges to Prevent Adverse Changes in Delta 
Channel WaterQuality(LTS) 

o Mltl&adon Meaare C-1: Restrict DW 
Diversions to Limit EC Increases at Chipps Island 
(LTS) 

Impact C-10: Salinity (EC) Increase at Enunaton 
during April-August (S) 

o Mltl&atlon Meaaure C-1: 'Restrict DW 
Diversions to Limit EC Increases at Emmaton 
(LTS) 

Impact C-11: Salinity (EC) Increase at Jersey Point 
during April-August (S) 

o Mltl&atlon Mnsure C-3: Restrict DW 
Diversions to Limit EC Increases at Jersey Point 
(LTS) 

Impact C-ll: Salinity (Chloride) Increase in Delta 
Exports (S) 

o Mltl&atlon Meaare C-4: Restrict DW 
Diversions or Discharges to Limit Chloride 
Concentrations in Delta Exports (L TS) 

Impact C-13: Elevated IX>C Conoentrations in Delta 
Exports (CCWD Rock Slough, SWP Banks, CVP 
Tracy) (S) 

o Mltl&atlon Meaare C-5: Restrict DW 
Discharges to Prevent IX>C Increases of Greater 
Than 0.8 mgll in Delta Exports (LTS) 

Impact C-14: Elevated THM Concentrations in 
Treated Drinking Water &om Delta Exports (CCWD 
Rock Slough, SWP Banks, CVP Tracy) (S) 

o Mlt11atlon Mnsure C-6: Restrict DW Dis
charges to Prevent Increases of More Than 20 ~gil 
in THM Concentrations or THM Concentrations of 
Greater than 90 1-'gll in Treated Delta Export Water 
(LTS) 

Impact C-15: Changes in Other Water Quality 
Variables in Delta Channel Receiving Waters (S) 

o Mlt11at1on Meaaure C-7: Restrict DW 
Discharges to Prevent Adverse Changes in Delta 
Channel WaterQuality(LTS) 
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Summary Table 

Alternative 1 

Impact C-8: Potential Contamination of Stored 
Water by Pollutant Residues (S) 

o Mltlcatlon Meutlft C-8: Conduct Assessments 
of Potential Contamination Sites and Remediate as 
Ne<:essary (L TS) 

Cumulative Impacts 
I 

Alternative 2 

Impact C-17: Salinity (EC) Increase at Chipps The cumulative impacts and mitigation measures 
Island during Months with Applicable EC Objectives listed for Alternative I are the aame for Alternative 2. 
under Cumulative Conditions (S) 

o Mltlcatlon Meuare C-1: Restrict DW 
Diversions to Limit EC Increases at Chipps Island 
(LTS) 

Impact C-18: Salinity (EC) Increase at Enunaton 
during April-August under Cumulative Conditions 
(S) 

o Mltlcatlon Meuure C-2: Restrict DW 
Diversions to Limit EC Increases at Emmaton 
(LTS) 

Impact C-19: Salinity (EC) Increase at Jersey Point 
during April-August under Cumulative Conditions 
(S) 

o Mltlcatlon Meuare C-3: Restrict DW 
Diversions to Limit EC Increases at Jersey Point 
(LTS) 

Impact C-20: Salinity (Chloride) Increase in Delta 
Exports under Cumulative Conditions (S) 

o Mltlptlon MNIIIft C-4: Restrict DW 
Diversions or Discharges to Limit Chloride 
Concentrations in Delta Exports (L TS) 

Impact C-21: Elevated DOC Concentrations in 
Delta Exports (CCWD Rock Slough, SWP Banks, 
CVP Tracy) under Cumulative Conditions (S) 

o Mltlcatlon Meuure C-5: Restrict DW Dis
dtarges to Prevent DOC Increases of Greater Than 
0.8 mg/1 in Delta Exports (LTS) 

Impact C-22: Elevated THM Concentrations in 
Treated Drinking Water from Delta Exports (CCWD 
Rock Slough, SWP Banks, CVP Tracy) under 
Cumulative Conditions (S) 

Alternative 3 

Impact C-16: Potential Contamination of Stored 
Water by Pollutant Residues (S) 

o Mltlcatlon Measure C-8: Conduct Assessments 
of Potential Contamination Sites and Remediate as 
Necessary (LTS) 

The cumulative impacts and mitigation measures 
listed for Alternative 1 are th~same for Alternative 3. 

/--,~....., 

Page3of24 

No-Project Alternative 



Alternative 1 

• Mltlaatlon Meuure C-6: Restrict OW 
Di1c1wJes to Prevent lnaeasea of More Than 
20 14WI in THM Concentntions or THM Concen
trations of Greater than 90 14gll in Treated Delta 
Export Water(LTS) 

Impact C-23: Changes in Other Water Quality 
Variables in Delta Channel Receiving Waters under 
Cumulative Conditions (S) 

• Mltl1at1on Meaure C-7: Restrict OW 
Disdwgea to Prevent Adverse Changes in Delta 
Channel Water Quality (LTS) 

Impact C-24: Increase in Pollutant Loading in Delta 
Channels (SU) 

• Mltl1at1on Measure C-9: Clearly Post Waste 
Disdwge Requirements, Provide Waste 
Collection Facilities, and Educate Recreationisls 
regarding Illegal Disclwges of Waste (SU) 

Impact D-1: Increase in Long-Term Levee Stability 
on Reservoir Islands (B) 

• No mitigation is required. 

Impact D-2: Potential for Seepage from Reservoir 
Islands to Adjacent Islands (LTS) 

• Measures that would minimize effects of this 
impact have been incorporated by the project 
applicant into this alternative's project description. 
No additional mitigation is required. 

Impact D-3: Potential for Wind and Wave Erosion 
on Reservoir Islands (L TS) 

• Measures that would minimize effects of this 
impact have been incorporated by the project 
applicant into this ahemative's project description. 
No additional mitigation is required. 

Impact D-4: Potential for Erosion of Levee Toe 
Benns at Pump Stations and Siphon Stations on 
Reservoir Islands (L TS) 

• Measures that would minimize effects of this 
impact have been incorporated by the project 
applicant into this alternath· c '> oroject description. 
No additional mitigatiOii> ,, '" '!'•ired. 

Summary Table 

Alternative 2 Alternative 3 

\ 

CHAPTER 30. FLOOD CONTROL 

The impacts listed for Alternative 1 are the same for 
Alternative 2. 

Impact D-7: Increase in Long-Term Levee Stability 
on Reservoir Islands (B) 

• No mitigation is required. 

Impact D-8: Potential for Seepage from Reservoir 
Islands to Adjacent Islands (LTS) 

• Measures that would minimize effects of this 
impact have been incorporated by the project 
applicant into this alternative's project description. 
No additional mitigation is required. 

Impact D-9: Potential for Wind and Wave Erosion 
on Reservoir Islands (L TS) 

• Measures that would minimize effects of this 
impact have been incorporated by the project 
applicant into this alternative's project description. 
No additional mitigation is required. 

Impact D-10: Potential for Erosion of Levee Toe 
Benns at Pump Stations and Siphon Stations on 
Reservoir Islands (LTS) 

• Measures that would minimize effects of this 
impact have been incorporated by the project 
applicant into this alternative's project description. 
No additional mitigation is required. 
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No-Project Altemative 

Dea-ease in Long-Term Levee Stability 

• Buttreas Perimeter Levees 

Increase in Potential for Seepage onto Project Islands 

lnaeue in Potential for Levee Failure during Seismic 
Activity 



Alternative I 

hnpact D-!5: Decreuc in Potential for Levee Failure 
on DW Project Islands during Seismic Activity (B) 

• No mitigation is required. 

hnpact 1)..(;: Increase in Long-T enn Levee Stability 
on Habitat Islands (B) 

• No mitigation is required. 
I 

Ahcmative2 

,-r·"~. 

Sununary Table 

Ahemativel 

hnpact D-U: Deaease in Potential for Levee Failure 
on DW Project Islands during Seismic Activity (B) 

• No mitigation is required. 
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No-Project Ahemative 

-------------------------------------------------------------------------------------------------------------------------------------------------
Cumulative hnpacts \ 

Impact D-t:z: Decreuc in Cumulative Flood Hazard 1bc cumulative impacts listed for Alternative I are the 1bc cumulative impacts listed for Ahemative I are the Increase in Cumulative Risk of levee Failure in the 
in the Deha (B) same for Alternative 2. same for Ahemative 3. Delta 

• No mitigation is required. 

hnpact D-13: Decrease in the Need for Public 
FiMncing of Levee Maintenance and Repair on the 
DW Project Islands (B) 

• No mitigation is required. 

Impact E-1: Increase in the Structural Integrity of 
County Roads (B) 

• No mitigation is required. 

hnpact E-1: Reduction in Ferry Traffic from Jersey 
lslmd to Webb Tract (LTS) 

• No mitigation is required. 

hnpact E-3: Increase in the Risk to Gas Lines 
Crossing Exterior Levees on Bacon Island (L TS) 

• No mitigation is required. 

Impact E-4: Increase in PG&E Response Time to 
Repair a Gas Line Failure on Bacon Island (LTS) 

• No mitigation is required. 

Impact E-!5: Inundation of Electrical Transmission 
Utilities on the Reservoir Islands (S) 

• Mlt11atlon Measure E-1: Relocate Electrical 
Transmission Lines to the Perimeter Levee around 
Webb Tract (LTS) 

CHAPTER JE. UTILITIES AND HIGHWAYS 

1bc impacts and mitigation measures listed for 
Alternative I are the same for Ahemative 2 

Impact E-13: Increase in the Structural Integrity of 
County Roads (B) 

• No mitigation is required. 

Impact E-14: Increase in the Risk of Structural 
Failure ofSR 12 (LTS) 

• Mlt11at1on Measure E-8: Coordinate Design mel 
Construction of Wilkerson Dam with Caltrlns and 
DSOD(LTS) 

Impact E-1!5: Increase in the Fog Hazard on SR 12 
(SU) 

• No mitigation is available. 

Impact E-16: Reduction in Ferry Traffic from Jersey 
Island to Webb Tract (LTS) 

• No mitigation is required. 

Impact E-17: Increase in the Risk to Gas Lines 
Crossing Exterior Levees on Bacon Island (LTS) 

• No mitigation is required. 

• Buttress Perimeter Levees 

Increase in the Risk of Road Failure and Maintenance 
and Repair Needs 

• Buttrcu Perimeter Levees 

lncreue in Maintenance Requirements for Gas Lines on 
Bacon Island 

Increase in the Risk of Structural Failure and Increase 
in Maintenance Requirements for Existing Trans
mission Utilities 

• Buttress Perimeter Levees 



Ahemative 1 

Impact E-6: Possible Need to Increase Capacity of 
the Existing Electrical Transmission Lines on the OW 
Project Islands (LTS) 

• No mitigation is required. 

Impact E-7: Possible Need to Expand the Existing 
Electrical Transmission Lines on Webb Tract, 
Bouldin Island, and Holland Tract to Serve a 
Proposed Siphon Station and Recreation Faciliti4lll (S) 

• Mltltatlon Measure E-:Z: Extend Electrical 
Transmission Lines to Serve New Siphon and 
Pump Stations and Recreation Facilities (LTS) 

Impact E-8: Increase in Demand for Police Services 
on the OW Project Islands (S) 

• Mltlaatlon Measure E-3: Provide Adequate 
Lighting in and around Buildings, Walkways, 
Parking Areas, and Boat Berths 

Mltltatlon Measure E-4: Provide Private 
Security Services for Recreation Facilities and 
Boat Docb (LTS) 

Impact E-9: Increase in Demand for Fire Protection 
Services on the DW Project Islands (S) 

• Mltlaatlon Meuure E-5: Incorporate Fire 
Protection Features into Recreation Facility 
Design 

• Mltltatlon Measure E-6: Provide Fire Protection 
Services to Webb Tract and Bacon Island (LTS) 

Impact E-10: Increase in Demand for Water Supply 
Services (LTS) 

• Mltlcatlon Measure E-7: Obtain Appropriate 
Local and State Permits for Recreation Facility 
Services and Utilities (LTS) 

Impact E-ll: Increase in Demand for Sewage 
Disposal Services (LTS) 

• Mltlcatlon Measure E-7: Obtain Appropriate 
Local and State Permits for Recreation Facility 
Services and Utilities (L TS) 

Alternative 2 

Summary Table 

Alternative 3 

Impact E-18: Increase in PG&E Response Time to 
Repair a Oas Line Failure on Bacon Island (L TS) 

• No mitigation is required. 

Impact E-19: Inundation of Electrical Transmission 
Utilities on the Reservoir Islands (S) 

• Mltlptlon Measure E-9: Relocate Electrical 
Transmission Lines to the Perimeter Levees around 
Webb and Holland Tracts and Bouldin Island 
(LTS) \ 

Impact E-:ZO: Possible Need to Increase Capacity of 
the Existing Electrical Transmission Lines on the 
Reservoir Islands (LTS) 

• No mitigation is required. 

Impact E-:ZI: Possible Need to Expand the Existing 
Electrical Transmission Lines on Webb Tract, Bouldin 
Island, and Holland Tract to Serve Proposed Siphon 
and Pump Stations and Recreation Facilities (S) 

• Mltltatlon Measure E-:Z: Extend Electrical 
Transmission Lines to Serve New Siphon and 
Pump Stations and Recreation Facilities (LTS) 

Impact E-:Z:Z: Increase in Demand for Police Services 
on the OW Project Islands (S) · 

• Mltlaatlon Measure E-3: Provide Adequate 
Lighting in and around Buildings, Walkways, 
Parking Areas, and Boat Berths 

• Mltlcatlon Measure E-4: Provide Private 
Security Services for Recreation Facilities and Boat 
Docks(LTS) 

Impact E-:23: Increase in Demand for Fire Protection 
Services on the OW Project Islands (S) 

• Mltlcatlon Measure E-5: Incorporate Fire 
Protection Features into Recreation Facility Design 

• Mltlcatlon Measure E-6: Provide Fire Protection 
Services to Webb Tract and Bacon Island (LTS) 
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Alternative I 

lmpad E-11: Increase in Demand for Solid Waste 
Removal (LTS) 

• Mltl1at1on Meuure E-7: Obtain Appropriate 
Local and State Permits for Recreation Flcility 
Services and Utilities (LTS) 

Cumulative Impact. 

lmpad E-17: Cumulative Dec:rease in the Risk of 
Structural Failure of Roadways and Utilities (B) 

• No mitigation is required. 

Impact F-1: Alteration of Habitat (S) 

• Mlt11at1on Meuure F-1: Implement Fish 
Habitat Management Actions (L TS) 

lmpad F-1: Increase in Temperature-Related 
Mortality of Juvenile Chinook Salmon (S) 

• Mltliatlon Measure F-1: Monitor the Water 
Temperature ofDW Discharges and Reduce DW 
Discharges to Avoid Producing Any Increase in 
Channel Temperature Greater Than t•F (LTS) 

Impact F -3: Potentiai Increase in Accidental Spills 
of Fuel and Other Materials (LTS) 

• No mitigation is required. 

./~~ 

Summary Table 

Ahemative2 

The cumulative impact listed for Alternative I is the 
same for Alternative 2. 

Alternative 3 

Impact E-14: Increase in Demand for Water Supply 
Services (L TS) 

• Mltl1atlon Measure E-7: Obtain Appropriate 
Local and State Permits for Recreation Flcility 
Services and Utilities (LTS) 

Impact E-1!5: Increase in Demand for Sewage 
Disposal Services (L TS) 

• Mltl1at1on Meuure E-7:'obtain Appropriate 
Local and State Permits for Recreation Facility 
Services and Utilities (LTS) 

Impact E-26: Increase in Demand for Solid Waste 
Removal (L TS) 

• M1t11at1on Measure E-7: Obtain Appropriate 
Local and State Permits for Recreation Facility 
Services and Utilities (LTS) 

The cumulative impact listed for Alternative I is the 
same for Alternative 3 

CHAPTER 3F. FISHERY RESOURCES 

The impacts and mitigation measures listed for 
Alternative l are the same for Alternative 2. 

Impact F-9: Alteration of Habitat (S) 

• Mlt11at1on Measure F-1: Implement Fish Habitat 
Management Actions (L TS) 

Impact F-10: Increase in Temperature-Related 
Mortality of Juvenile Chinook Salmon (S) 

• Mltlcation Measure F-1: Monitor the Water 
Temperature ofDW Discharges and Reduce OW 
Discharges to Avoid Producing Any Increase in 
Channel Water Temperature Greater than I •F 
(LTS) 

Impact F-11: Potential Increase in Accidental Spills 
of Fuel and Other Materials (LTS) 

• No mitigation is required. 

. "\ 
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No-Project Ahemative 

Cumulative Increase in the Risk of Structural Failure of 
Roadways and Utilities 

• Buttress Perimeter Levees 



Altcmative 1 

Impact F-4: Potential Increase in the Mortality of 
Chinook Salmon Resulting from the Indirect Effects 
ofDW Project Diversions and Discharges on Flows 
(S) 

• Mltl1at1on Meaure F-3: Operate the DW 
Project under Operations Objectives That Would 
Minimize Changes in Cross-Delta Flow 
Conditions during Peak Out-Migration of 
Mokelumne and San Joaquin River Chinook 1 
Salmon (LTS) 

Impact F-!5: Reduction in Downstream Transport 
and Increase in Entrainment Loss of Striped Bass 
Eggs and Larvae, Delta Smelt Larvae, and Longfm 
Smelt Larvae (S) 

• Mltl1at1on Measure F-4: Operate the DW 
Project under Operations Objectives That Would 
Minimize Adverse Transport Effects on Striped 
Bass, Delta Smelt, and Longfm Smelt (L TS) 

Impact F-6: Change in Area of Optimal Salinity 
Habitat (L TS) 

• No mitigation is required. 

Impact F-7: Increase in Entrainment Loss of 
Juvenile Striped Bass and Delta Smelt (S) 

• Mltl1at1oa Measure F-!5: Operate the DW 
Project under Operations Objectives That Would 
Minimize Entrainment of Juvenile Striped Bass 
and Delta Smelt (L TS) 

Impact F-8: Increase in Entrainment Loss of 
Juvenile American Shad and Other Species (LTS) 

• No mitigation is required. 

Cwnulatlve Impacts 

Impact F-17: Alteration of Habitat under 
Cumulative Conditions (L TS) 

• No mitigation is required. 

Impact F-18: Potential Increase in Accidental Spills 
of Fuel and Other Materials under Cumulative 
Conditions (L TS) 

• No mitigation is required. 

Summary Table 

Ahemativel 

The cumulative impacts and mitigation measures 
listed for Alternative I are the same for Alternative 2. 

Alternative) 

Impact F-12: Potcntiallncreaae in the Mortality of 
Chinook Salmon Resulting from the Indirect Effects of 
DW Project Diversions and Discharges on Flows (S) 

• Mltliatlon Meuure F-3: Operate the DW 
Project under Operations Objectives That Would 
Minimize Changes in Cross-Delta Flow Conditions 
during Peak Out-Migration of Mokelumne and San 
Joaquin River Chinook Salmon (LTS) 

Impact F-13: Reduction in Downstream Transport 
and Increase in Entrainment Loss of Striped Bass Eggs 
and Larvae, Delta Smelt Larvae, and Longfm Smelt 
Larvae (S) 

• Mitigation Measure F-4: Operate the DW Project 
under Operations Objectives That Would Minimize 
Adverse Transport Effects on Striped Bass, Delta 
Smelt, and Longfm Smelt (L TS) 

Impact F-14: Change in Area of Optimal Salinity 
Habitat (LTS) 

• No mitigation is required. 

Impact F-1!5: Increase in Entrainment Loss of 
Juvenile Striped Bass and Delta Smelt (S) 

• Mlt11at1on Measure F-!5: Operate the DW Project 
under Operations Objectives That Would Minimize 
Entrainment of Juvenile Striped Bass and Delta 
Smelt(LTS) 

Impact F-16: Increase in Entrainment Loss of 
Juvenile American Shad and Other Species (LTS) 

• No mitigation is required. 

The cumulative impacts and mitigation measures 
listed for Alternative I are the same for Alternative 3. 
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Alternative I 

Impact F-19: Potentialln<:rease in the Mortality of 
Chinook Salmon Resulting from the Indirect Effects 
of OW Project Diversions and Disdwges on Flows 
wxler Cumulative Conditions (S) 

• Mltlaatlon Meaure F-3: Operate the OW 
Project under Operations Objectives That Would 
Minimize Changes in Cross-Delta Flow 
Conditions during Peak Out-Migration of I 
Molc.elunme and San Joaquin River Chinook 
Salmon (L TS) 

Impact F-20: Reduction in Downslream Transport 
and Increase in Entrailmlent Loss of Striped Bass 
Eggs and Larvae, Delta Smelt Larvae, and Longfm 
Smelt Larvae under Cumulative Conditions (S) 

• Mltlaatlon Measure F -4: Operate the OW 
Project under Operations Objectives That Would 
Minimize Adverse Transport Effects on Striped 
Bass, Delta Smelt, and Longfm Smelt (LTS) 

Impact F-21: Change in Area of Optimal Salinity 
Habitat under Cumulative Conditions (L TS) 

• No mitigation is required. 

Impact F-22: lnaease in Entrainment Loss of 
Juvenile Striped Bass and Delta Smelt under 
Cumulative Conditions (S) 

• Mltlaatlon Meaure F-5: Operate the OW 
Project wxler Operations Objectives That Would 
Minimize Entrainment of Juvenile Striped Bass · 
and Delta Smelt (LTS) 

Impact F-23: lnaease in Entrainment Loss of 
Juvenile American Shad and Other Species under 
Cumulative Conditions (L TS) 

• No mitigation is required. 

/'"''~ 
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Altemative2 Ahemative3 N~Projec:t Alternative 
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Alternative 1 

bnpad G-1: lncreue in Freshwater Marslund 
Exotic Manh Habitats (B) 

• No mitigation is required. 

bnplld G-1: Loss of Riparian and Pmnanent Pond 
Habitats (LTS) 

• Meuures that would minimize effects of this 
impact have been incorporated by the project 
applicant into this ahemative's project description. 
No additional mitigation is required. 

llllpad G-3: Loss of Upland and Agricuhural 
Habitats (LTS) 

• Measures that would minimize effects of this 
impact have been incorporated by the project 
applicant into this ahemative 'a project description. 
No additional mitigation is required. 

llllplld G-4: Loss of Special-Status Plants (S) 

• Mltla•tlon Meaure G-1: Site Project Facilities 
to Avoid Special-Status Plant Populations 

• Mltla•tlon Meaure G-1: Protect Special-Status 
Plant Populations from Construction and 
Rel:reational Activities 

• Mlt11•t1on Meaure G-3: Develop and Imple
menta Special-Status Plant Species Mitigation 
Plan(LTS) 

Cumulative Impacts 

lm,.t G-7: Inae.ue in Wetland and Riparian 
Habitats in the Delta (B) 

• No mitigation is required. 

Summary Table 

Alternative 2 Alternative 3 

CHAPTER 3G. VEGETATION AND WETLANDS 

The impacts and mitigation measures listed for 
Alternative 1 are the II8IIIC for Alternative 2. 

The cumulative impact listed for Alternative I is the 
same for Alternative 2. 

Impact G-5: Loss of Jurisdictional Wetlands on 
Reservoir Islands (S) 

• Mltl1•t1on Meuure G-4: Develop and 
Implement an Offsite Mitigation Plan (L TS) 

Impact G-6: Loss of Special-Status Plants (S) 

• Mltl1•tlon Measure G-1: Site Project Facilities 
to Avoid Special-Status Pladt Populations 

• M1t11•tlon Meuure G-2: Protect Special-Status 
Plant Populations from Construction and 
Recreational Activities 

• Mltl1•tlon Meuure G-3: Develop and 
Implement a Special-Status Plant Species 
Mitigation Plan (L TS) 

Impact G-8: Cumulative Loss of Section 404 
Jurisdictional Emergent Wetland and Riparian 
Habitats (LTS) 

• No mitigation is required. 
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No-l'n!ject Alternative 

Loss of Special-Status Plants 

• Protect Special-Status Plant Populations from Levee 
Maintenance Activities 

• Develop and Implement a Special-Status Plant 
Species Mitigation Plan 



Alternative I 

Impact H-1: Loss of Upland Habitats (LTS) 

• Measures that would minimize effects ofthis 
impact have been incorporated by the project 
applicant into this ahemative 's project description. 
No additional mitigation is required. 

I 
Impact H-1: Increase in Suitable Wetland Habitats 
for Nongame Water and Wading Birds (B) 

• No mitigation is required. 

Impact H-3: Loss of Foraging Habitats for 
Wintering Waterfowl (LTS) 

• Measures that would minimize effects of this 
impact have been incorporated by the project 
applicant into this ahemative's project description. 
No additional mitigation is required. 

Impact H-4: Increase in Suitable Breeding Habitats 
for Waterfowl (B) 

• No mitigation is required. 

Impact H-5: Loss of Habitats for Upland Game 
Species (LTS) 

• Measures that would minimize effects ofthis 
impact have been incorporated by the project 
applicant into this ahemative's project description. 
No additional mitigation is required. 

Impact H-6: Increase in Suitable Foraging Habitat 
for Greater Sandhill Crane (B) 

• No mitigation is required. 

Impact H-7: Increase in Suitable Roosting Habitat 
for Greater Sandhill Crane (B) 

• No mitigation is required. 

r~...-c~, 

Summary Table 

Ahemative2 Alternative 3 

CHAPTER 3H. WILDLIFE 

The impacts and mitigation measures listed for 
Alternative I are the same for Alternative 1. 

Impact H-13: Loss ofUpland Habitats (S) 

• Mltlclldon Measure H-4: Develop and 
Implement an Olfsite Wildlife Habitat Mitigation 
Plan(LTS) 

Impact H-14: Loss of Foraging Habitats for 
Wintering Waterfowl (S) 

\ 

• Mitigation Measure H-4: Develop and 
Implement an Offsite Wildlife Habitat Mitigation 
Plan(LTS) 

Impact H-15: Increase in Suitable Breeding Habitats 
for Waterfowl (B) 

• No mitigation is required. 

Impact H-16: Loss of Habitats for Upland Game 
Species (S) 

• Mltlcatlon Measure H-4: Develop and 
Implement an Olfsite Wildlife Habitat 
Management Plan (LTS) 

Impact H-17: Loss of Foraging Habitat for Greater 
Sandhill Crane (S) 

• Mltlcatlon Measure H-4: Develop and 
Implement an Offsite Wildlife Habitat 
Management Plan (L TS) 

Impact H-18: Loss of Foraging Habitat for 
Swainson's Hawk (S) 

• Mitigation Measure H-4: Develop and 
Implement an Offsite Wildlife Habitat Mitigation 
Plan(LTS) 

Impact H-19: Loss of Foraging Habitat for Aleutian 
Canada Goose (L TS) 

• No mitigation is required. 
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No-Project Alternative 

Loss of Riparian and Wetland Habitats 

• Develop and Implement an Olfsite Wildlife Habitat 
Mitigation Plan 

Loss of Northern Harrier Nesting Habitat 

• Develop and Implement an Olfsite Wildlife Habitat 
Mitigation Plan 

Loss of Potential Swainson's Hawk Foraging Habitat 

• Develop and Implement an Olfsite Wildlife Habitat 
Mitigation Plan 



Alternative 1 

Impact H-8: Increase in Suitable Foraging Habitat 
for Swainson's Hawk (B) 

• No mitigation is required. 

Im)llld H-9: Increase in Suitable Nesting Habitat for 
Swainson'a Hawk (B) 

• No mitigation is required. 
I 

Impact H-10: Loss of Foraging Habitat for Aleutian 
Canada Goose (LTS) 

• Measures that would minimize effects of this 
impact have been incorporated by the project 
applicant into this alternative's project description. 
No additional mitigation is required. 

Impact H-11: Increase in Suitable Nesting Habitat 
for Northern Harrier (B) 

• No mitigation is required. 

Impact H-12: Loss of Wintering Habitat for 
Tricolored Blackbird (LTS) 

• Measures that would minimize effects of this 
impact have been incorporated by the project 
applicant into this ahemative's project description. 
No additional mitigation is required. 

Impact H-13: Increase in Suitable Nesting Habitat 
for Tricolored Blackbird (B) 

• No mitigation is required. 

lm)llld H-14: Increase in Suitable Habitats for 
Special-Status Wildlife Species (B) 

• No mitigation is required. 

Impact H-15: Temporary Construction Impacts on 
State-Listed Species (S) 

• Mlt11atlon Measure H-1: Develop and 
Implement a Construction Mitigation Plan for the 
Reservoir Islands (L TS) 

Alternative 2 

Sll1llllWY Table 

Alternative 3 

Impact H-30: Loss of Nesting Habitat for Northern 
Hanier(S) 

• Mltl&ation Meaaore H-4: Develop lltd 
bnplement an Offsite Wildlife Habitat Mitigation 
Plan(LTS) 

Impact H-31: Loss of Wintering Habitat for 
Tricolored Blackbird (LTS) 

• No mitigation is required. 
\ 

Impact H-32: Temporary Construction Impacts on 
State-Listed Species (S) 

• Mltl&atlon Measure H-1: Develop and 
bnplement a Construction Mitigation Plan for the 
Reservoir Islands (L TS) 

Impact H-33: Potential for Increased Incidence of 
Waterfowl Diseases (S) 

• Mltl&atlon Measure H-3: Monitor Waterfowl 
Populations for Incidence of Disease lltd bnple
ment Actions to Reduce Waterfowl Mortality 
(LTS) . 

Im)llld H-34: Potential Disruption of Waterfowl Use 
as a Result of Increased Hunting (L TS) 

• No mitigation is required. 

Impact H-35: Increase in Waterfowl Harvest 
Mortality (LTS) 

• No mitigation is required. 

Impact H-36: Potential Changes in Local and 
Regional Waterfowl Use Patterns (LTS) 

• No mitigation is required. 

Impact H-37: Potential Effects on Wildlife and 
Wildlife Habitats Resulting from Delta Outflow 
Changes (LTS) 

• No mitigation is required. 
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Alternative 1 

Impact H-16: Disturbance to Greater Sandhill 
Cranes and Wintering Waterfowl from Aircraft 
Operation (S) 

• Mltlcatloa Meaure H-2: Monitor Effecta of 
Aira-aft Flights on Greater Sandhill Cranes and 
Wintering Waterfowl and Implement Al:tions to 
Reduce Aircraft Disturbances of Wildlife (LTS) 

I 
Impact H-17: Potential for Increased Incidence of 
Waterfowl Diseases (S) 

• Mltlcadon Measure H-3: Monitor Waterfowl 
Populations for Incidence of Disease and Imple
ment Al:tions to Reduce Waterfowl Mortality 
(LTS) 

lmpad H-18: Potential Disruption of Waterfowl 
Uae as a Resuh of Increased Hunting (L TS) 

• No mitigation is required 

Impact H-19: Potential Disruption of Greater 
Sandhill Crane Uae of the Habitat Islands as a Resuh 
of Increased Hunting (LTS) 

• No mitigation is required 

Impact H-20: Increase in Waterfowl Harvest 
Mortality (L TS) 

• No mitigation is required 

Impact H-21: Potential Changes in Local and 
Regional Waterfowl Uae Patterns (LTS) 

• No mitigation is required 

Impact H-22: Potential Effects on Wildlife and 
Wildlife Habitats Resulting from Delta Outflow 
Changes (LTS) 

• No mitigation is required. 

Cumulative lmp11ds 

lmp11ct H-38: Cumulative Increase in Foraging 
Habitat for Wintering Waterfowl in the Delta (B) 

• No mitigation is required 

r""'·"'~; 

Summary Table Page 13 of24 

Alternative 2 Alternative 3 No-Project Alternative 

\ 

The cumulative impacts listed for Alternative 1 are the Impact H-41: Cumulative Loss of Foraging Habitat 
same for Alternative 2. for Wintering Waterfowl in the Delta (LTS) 

• No mitigation is required. 



Alternative I 

Impact H-39: Cumulative Loss of Herbaceous 
Habitats in the Deha (LTS) 

• No mitigation is required. 

Jmplld H-40: Cumulative Temporary Loss of 
Riparian Habitat in the Deha (LTS) 

• No mitigation is required. 

Impact 1-1: Displacement of Residences and 
Structures on Reservoir Islands (LTS) 

• No mitigation is required. 

Impact 1-2: Displacement of Property Owners on 
Habitat Islands (L TS) 

• No mitigation is required. 

Impact 1-3: InconSistency with Contra Costa County 
General Plan Agricultural Principles (SU) 

• No mitigation is available. 

Impact 1-4: Direl.t Conversion of Agricultural Land 
(SU) 

• No mitigation is available. 

Cumuladve lmpllds 

lmplld 1-8: Cumulative Conversion of Agricultural 
Land(SU) 

• No mitigation is available. 

Impact J-1: Increase in Recreation Use-Days for 
Hunting in the Delta (B) 

• No mitigation is required. 

Impact J-2: Change in Regional Hunter Success 
outside the Project Area (LTS) 

• No mitigation is required. 

Sununary Table 

Altcmative2 Altemalive 3 

Impact H-42: Cumulative Loss of Herbaceous 
Habitats in the Deha (LTS) 

• No mitigation is required. 

Impact H-43: Cumulative Loss of Wetland and 
Riparian Habitats in the Deha (LTS) 

• No mitigation is required. 

CHAPTER 3L LAND USE AND AGRICULTURE \ 

The impacts listed for Alternative I are the same for 
Alternative 2. 

The cumulative impact listed for Alternative I is the 
same for Alternative 2. 

Impact 1-5: Displacement of Residences and 
Structures on Reservoir Islands (L TS) 

• No mitigation is required. 

Impact 1-6: Inconsistency with Contra Costa County 
General Plan Agricultural Principles (SU) 

• No mitigation is available. 

Impact 1-7: Dira.t Conversion of Agricultural Land 
(SU) 

• No mitigation is available. 

The cumulative impact listed for Alternative I is the 
same for Alternative 3. 

CHAPTER 3J. RECREATION AND VISUAL RESOURCES 

The impacts and mitigation measures listed for 
Alternative 1 are the same for Alternative 2. 

Impact J-11: Increase in Recreation Use-Days for 
Hunting in the Delta (B) 

• No mitigation is required. 

Impact J-13: Increase in Recreation Use-Days for 
Boating in the Delta (B) 

• No mitigation is required. 
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No-Projel.t Alternative 

Increase in Cultivated Acreage and Agricultural 
Production on the DW Project Islands 

Increase in Recreation Use-Days for Hunting in the 
Delta 
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Alternative 1 

Impact J-3: Increase in Recreation Use-Days for 
Boating in the Delta (B) 

• No mitigation is required. 

Impact J-4: Clwlge in the Quality of the 
Recreational Boating Experience in Delta Channels 
(SU) 

• No mitigation is available. 

Impact J-5: Increase in Recreation Use-Days for 
Other Recreational Uses in the Delta (B) 

• No mitigation is required. 

Impact J-6: Reduction in the Quality of Views of 
the Reservoir Island Interiors from Island Levees 
(LTS) 

• No mitigation is required. 

Impact J-7: Potential Conflict with the Scenic 
Designation for Bacon Island Road (LTS) 

• No mitigation is required. 

Impact J-8: Reduction in the Quality of Views of 
the Reservoir Islands from Adjacent Waterways and 
from the Santa Fe Railways Amtrak Line (SU) 

• Mltlaation Measure J-1: Partially Screen 
Proposed Recreation Facilities and Pump and 
Siphon Stations from Important Viewing Areas 

• Mldaatlon Measure J-2: Design Levee 
Improvements, Siphon and Pump Stations, and 
Recreation Facilities and Boat Docks to Be 
Consistent with the Surrounding Landscape (SU) 
No mitigation is required. 

Impact J-9: Enlwlced Views of Bouldin Island from 
SR 12 (B) 

• No mitigation is required. 

Ahemative2 

/•~""-

Summary Table 

Ahemative3 

Impact J-14: Clwlge in the Quality of the 
Recreational Boating Experience in Delta Channels 
(SU) 

• No mitigation is available. 

Impact J-15: Increase in Recreation Use-Days for 
Other Recreational Uses in the Delta (B) 

• No mitigation is required. 
\ 

Impact J-16: Reduction in the Quality of Views of 
Bacon Island and Webb Tract Interiors from Island 
Levees (LTS) 

• No mitigation is required. 

Impact J-17: Potential Conflict with the Scenic 
Designation for Bacon Island Road (L TS) 

• No mitigation is required. 

Impact J-18: Reduction in the Quality of Views of 
Bacon Island and Webb Tract from Adjacent 
Waterways and from the Santa Fe Railways Amtrak 
Line(SU) 

• Mltl&ation Measure J-1: Partially Screen 
Proposed Recreation Facilities and Pump and 
Siphon Stations from Important Viewing Areas 

• MltlaatiCNI Measure J-2: Design Levee 
Improvements, Siphon and Pump Stations, and 
Recreation Facilities and Boat Docks to Be 
Consistent with the Surrounding Landscape (SU) 

Impact J-19: Change in Views Southward from 
SR 12 (LTS) 

• No mitigation is required. 

Impact J-20: Reduction in the Quality of Views of 
Holland Tract from the Island Levee (LTS) 

• No mitigation is required. 

..,."· 
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No-Project Alternative 



Alternative 1 

Impact J-10: Reduction in the Quality of Views of 
the Habitat Ia lands &om AdjiU:CIIl W atenYays (S) 

• Mltl1at1on MniUft J-1: Partially Saeen 
l'ropoled Recreation Facilities and Pump and 
Siphon Stations &om Important Viewing Areas 

• Mltl1•t1on Meaure J-2: Design Levee 
Improvements, Siphon and Pump Stations, ancJ 
Recreation Facilities and Boat Docks to Be 
Consistent with the Surrounding Landscape (L TS) 

Impact J-11: lnaease in Viewing Opportunities and 
the Quality of Views of Island Interiors and the DW 
Project Vicinity for Recreation Facility Members (8) 

• No mitigation is required. 

Cumulative lmpada 

Impact J-23: Increase in Recreation Opportunities 
in the Delta (8) 

• No mitigation is required. 

Impact J-24: Enhancement of Waterfowl 
Populations and Increased Hunter Success in the 
Delta (8) . 

• No mitigation is required. 

Altemative2 

Summary Table 

Alternative 3 

lmpad J-21: Reduction in the Quality of Views of 
Bouldin Island and Holland Tract &om AdjiU:CIIl 
Waterways (SU) 

• Mltl1atlon MniUft J-1: Partially Saeen 
Proposed Recreation Facilities and Pump and 
Siphon Stations &om Important Viewing Areas 

• Mltlcatlon Measure J-2: Design Levee 
Improvements, Siphon and Pump Stations, and 
Recreation Facilities and Boat Docb to Be 
Consistent with the Surroull(ling Landscape (SU) 

lmpad J-22: Increase in Opportunities for 
Recreation Facility Members to View Reservoir Island 
Interiors and Other Areas in the DW Project Vicinity 
(B) 

• No mitigation is required. 

The cumulative impacts listed for Alternative 1 are the The cumulative impacts listed for Alternative 1 are the 
same for Alternative 2. same for Alternative 3. 

CHAPTER 3K. ECONOMIC CONDITIONS AND EFFECTS 
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No-Project Alternative 

Because economic effects are not considered environmental impacta under CEQA and NEP A, no conclusions are made regarding the significance of economic effects. 

lmpad 1..-1: Increase in Traffic on Delta Roadways 
during Project Construction (LTS) 

• No mitigation is required. 

CHAPTER 31... TRAFFIC 

The impacts and mitigation measures listed for 
Alternative 1 are the same for Alternative 2. 

lmpad L-11: Increase in Traffic on Delta Roadways Increase in Traffic on Delta Roadways 
during Project Construction (L TS) 

• No mitigation is required. 
Creation of Safety Conflicts on Delta Roadways 

• Clearly Mark Intersections with Poor Visibility in 
the Vicinity of Agricultural Operations 

Decrease in Circulation on Delta Roadways 

• Restrict Agricultural Vehicle Operators from Using 
Delta Highways during Peak Hours 



Ahemative I 

Impact L-2: Increase in Traffic on Delta Roadways 
during Proje~t Operation (SU) 

• No mitigation is available. 

Impact L-3: Creation of Safety Conflicts on Delta 
Roadways during Proje~t Conslrw:tion (S) 

• Mltiaation Meuure L-1: Clearly Mark 
Intersections with Poor Visibility in the OW1 

Project Vicinity (L TS) 

Impact L-4: Reduction in Safety Conflicts on Delta 
Roadways during Project Operation (B) 

• No mitigation is required. 

Impact L-5: Decrease in Cin:ulation on or Access to 
Delta Roadways during OW Project Construction 
(LTS) 

• No mitigation is required. 

Impact L-6: Change in Cin:ulstion on Delta 
Roadways during OW Project Operation (LTS) 

• No mitigation is required. 

Impact L-7: Increase in Boat Traffic and 
Congestion on Delta Waterways during OW Project 
Operation (SU) 

• No mitigation is available. 

Impact L-8: Change in Navigation Conditions on 
Delta Waterways Surrounding the OW Project 
Islands during Project Operation (LTS) 

• No mitigation is required. 

Impact L-9: Creation of Safety Conflicts on Delta 
Waterways during OW Project Construction (S) 

• Mltlaation Measure L-2: Clearly Mark the 
Barge and Notify the U.S. Coast Guard of 
Construction Activities (LTS) 

Altemative2 

,/'~--., 

Summary Table 

Alternative 3 

Impact L-U: Increase in Traffic on Delta Roadways 
during Proje~t Operation (SU) 

• No mitigation is available. 

Impact L-13: Creation of Safety Conflicts on Delta 
Roadways during Project Construction (S) 

• Mltiaation Measure L-1: Clearly Mark 
Intersections with Poor Visibility in the OW Proje~t 
Vicinity (LTS) \ 

Impact L-14: Reduction in Safety Conflicts on Delta 
Roadways during Project Operation (B) 

• No mitigation is required. 

Impact L-15: ·Decrease in Cin:ulstion on or Access 
to Delta Roadways during OW Project Construction 
(LTS) 

• No mitigation is required. 

Impact L-16: Change in Circulation on Delta 
Roadways during OW Project Operation (LTS) 

• No mitigation is required. 

Impact L-17: Increase in Boat Traffic and 
Congestion on Delta Waterways during OW Project 
Operation (SU) 

• No mitigation is available. 

Impact L-18: Change in Navigation Conditions on 
Delta Waterways Surrounding the OW Project Islands 
during Project Operation (LTS) 

• No mitigation is required. 

Impact L-19: Creation of Safety Conflicts on Delta 
Waterways during OW Project Construction (S) 

• Mitigation Measure L-2: Clearly Mark the 
Barge and NotifY the U.S. Coast Guard of 
Construction Activities (LTS) 

' 
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No-Projelt Ahemative 
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Summary Table 

Alternative I 

Impact lA 0: Increase in the Potential for Safety 
Problema on Waterways Surrounding the DW Project 
lslands(S) 

• Mlt11atlon Meuure L-3: Clearly Post 
Waterway Intersections, Speed Zones, and 
Potential Hazards in the DW Project Vicinity 
(LTS) 

Cumulative Impacts 

Alternative 2 

Impact L-11: Increase in Traffic on Delta Roadways The cumulative impacts and mitigation measures 
during Operation of Future Projects, Including the listed for Alternative 1 are the same for Alternative 2. 
DW Project (SU) 

Mlt11atlon Meuure L-4: Implement Caltnns' 
Route Concepts for SR 4 and SR 12 (SU) 

Implementation of Mitigation Measure L-4 could 
reduce this impact to a less-than-significant level. 
However, there is no funding for implementation 
of this mitigation measure; therefore, this impact is 
considered significant and unavoidable 

Impact L-22: Reduction in Safety Conflicts on Delta 
Roadways during Operation of Future Projects, 
Including the DW Project (B) 

• No mitigation is required. 

Impact L-23: Cumulative Increase in Safety 
Problems on Delta Waterways (SU) 

• Mlt11atlon Measure L-!5: Develop and Enforce a 
Boater Safety Program for DW Private Boat Users 
(SU) 

Altemative3 

Impact L-10: Increase in the Potential for Safety 
Problems on Waterways Surrounding the DW Project 
Islands (S) 

• Mltl1at1on Measure L-3: Clearly Post Waterway 
Intersections, Speed Zones, and Potential Hazards 
in the DW Project Vicinity (LTS) 

The cumulative impacts and Mitigation measures 
listed for Alternative I are the same for Alternative 3. 
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No-Project Alternative 

Increase in Traffic on Delta Roadways during 
Operation of Future Projects, Including the No-Project 
Alternative 

• Implement Caltnns' Route Concepts for SR 4 and 
SR 12 

Creation of Safety Conflicts on Delta Roadways during 
Operation of Future Projects, Including the No-Project 
Alternative 

• Clearly Mark Intersections with Poor Visibility in 
the Vicinity of Agricultural Operations 
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Alternative 1 

Impact M-1: Disturbance of Buried Resources (If 
Present) in the Archaeologically Sensitive Piper 
Sands on Webb Tract (S) 

• Mltication Measure M-1: Prepare an HPMP to 
Provide for the Long-Term Monitoring and Treat
ment of Archaeologically Sensitive Areas on )\'ebb 
Tract(LTS) 

Impact M-l: Disturbance of Intact Burials at CA
CCo-S93 (If Present) on Holland Tract (S) 

• Mltication Measure M-l: Design Habitat 
Management and Enhancement Activities to Pre
vent Disturbance ofCA-CCo-S93 on Holland 
Tract (LTS) 

Impact M-3: Disturbance of Intact Burials inCA
CCo-S93 (If Present) Resulting from Vandalism on 
Holland Tract (S) 

• Mlticatlon Measure M-3: Prepare an HPMP to 
Address Disturbance of Human Remains at CA
CCo-S93 on Holland Tract (LTS) 

Impact M-4: Disturbance of Buried Resources (If 
Present) in the Archaeologically Sensitive Piper 
Sands on Holland Tract (S) 

• Mltlcation Meuure M-4: Prepare an HPMP to 
Provide for the Long-Term Monitoring and Treat
ment of Archaeologically Sensitive Areas on 
Holland Tract (LTS) 

Impact M-5: Demolition of the NRHP-Eiigible 
Historic District on Bacon Island (SU) 

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

• Mitigation Measure M-6: Prepare a Videotape 
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 

/('"~~'} 

Sununary Table 

Ahemative2 Alternative 3 

CHAPTER JM. CULTURAL RESOURCES 

The impacts and mitigation measures listed for 
Ahemative I are the same for Alternative 2. 

Impact M-7: Disturbance of Buried Resources (If 
Present) in the Archaeologically Sensitive Piper Sands 
on Webb Tract (S) 

• Mitigation Measure M-1: Prepare an HPMP to 
Provide for the Long-Term Monitoring and 
Treatment of Archaeologically Sensitive Areas on 
Webb Tract (LTS) 

\ . 
Impact M-8: Damage or Destruction of Known 
Archaeological Sites Resulting from Inundation, 
Wave Action and Erosion, or Vandalism on Holland 
Tract(SU) 

• Mlticatlon Measure M-10: Prepare an HPMP 
and Conduct Data Recovery Excavations (Only 
Appropriate for CA-CCo-147) for Archaeological 
Materials on Holland Tract 

• Mitigation Measure M-11: Cap Archaeological 
Sites on Holland Tract 

• Mitigation Measure M-12: Construct Fencing or 
Other Barriers to Prevent Site Access on Holland 
Tract 

• Mltlcatlon Measure M-13: Construct Levees or 
Beach Slopes around Archaeological Sites to 
Decrease Wave Action and Erosion on Holland 
Tract(SU) 

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

Impact M-9: Disturbance of Buried Resources (If 
Present) in the Archaeologically Sensitive Piper Sands 
on Holland Tract (S) 

• Mltlcatlon Measure M-4: Prepare an HPMP to 
Provide for the Long-Term Monitoring and Treat
ment of Archaeologically Sensitive Areas on 
Holland Tract (L TS) 

Impact M-10: Disturbance ofUnknown Resources 
on Unsurveyed Portions of Holland Tract (S) 

• Mitigation Measure M-15: Survey Unsurveyed 
Portions of Holland Tract and Determine Eligibility 
for NRHP Listing and Appropriate Treatment 
(LTS) 
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No-Project Alternative 

Disturbance of Buried Resources (If Present) in the 
Archaeologically Sensitive Piper Sands on Webb Tract 
as a Result of Agricultural Activities 

• Prepare an HPMP to Provide for the Long-Term 
Monitoring and Treatment of Archaeologically 
Sensitive Areas on Webb Tract 

Damage to Known and Unknown Prehistoric Sites 
Resulting from Agricultural Activities on Holland Tract 

• Prepare an HPMP to Provide for the Long-Term 
Monitoring of Known and Unknown Archaeological 
Sites on Holland Tract 

Damage to Historic Structures Resulting from 
Agricultural Practices on Bacon Island 

• Prepare an HPMP to Provide for the Long-Term 
Maintenance and Protection of Historic Properties on 
Bacon Island 
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A.Jtcmative I 

o Mltl1ation Measure M-8: Complete Historic 
American Building Survey/Historic American 
Engineering Record Forms, Including 
Photographic Documentation, That Preserve 
lnfonnation about the NRHP-Eiigible District on 
Blu:on Island (SU) 

lmplld M-6: Disturbance of Archaeological Site 
CA-SJo-208H on Bouldin Island (S) 

I 

o Mltt1at1on Measure M-9: Prepare an HPMP 
and a Data Recovery Plan for Archaeological 
Deposits on Bouldin Island (LTS) 

Cumulative lmplld 

lmplld M-13: Destruction of or Damage to Pre
historic Archaeological Sites in the Delta (LTS) 

o No mitigation is required. 

Impact M-14: Destruction of or Damage to the 
NRHP-Eiigible Historic Districts Representing 
Agricuhural Labor Camp Systems in the Delta (SU) 

o Mlt11at1on Measure M-5: Prepare an HPMP 
and a Data Recovery Plan for Archaeological 
Deposits on Bacon Island 

o Mitigation Measure M-6: Prepare a Videotape 
of Public Broadcasting System Quality of the 
NRHP-Eligible Historic District on Bacon Island 

Sununary Table 

Alternative 2 

The cumulative impacts and mitigation measurea 
listed for Alternative I are the same for Alternative 2 

Altem.ative 3 

Implld M-Il: Demolition ofthe NRHP-Eiigible 
Historic District on Bacon Island (SU) 

o Mltlptlon Meuure M-5: Prepare an HPMP and 
a Data Recovery Plan for Archaeological Depoeita 
on Bacon Island 

o M1tt1at1on Measure M-6: Prepare a Videocape 
of Public Broadcasting System Quality of the 
NRHP-Eiigible Historic District on Bacon Island 

o Mld1adon Measure M-7:\Prepare a Popular 
Publication on Bacon Island Resources for Use by 
Museums, Cuhural Centers, and Schools 

o Mldladon Measure M-8: Complete Historic 
American Building Survey/Historic American 
Engineering Record Forms, Including Photographic 
Documentation, That Preserve Information about 
the NRHP-Eligible District on Bacon Island (SU) 

Impact M-11: Disturbance of Archaeological Site 
CA-SJo-208H on Bouldin Island (S) 

o Mlt11adon Measure M-9: Prepare an HPMP and 
a Data Recovery Plan for Archaeological Deposits 
on Bouldin Island (L TS) 

Impact M-15: Destruction of or Damage to 
Prehistoric Archaeological Sites in the Deha (SU) 

o M1tt1at1on Measure M-4: Prepare an HPMP to 
Provide for the Long-Term Monitoring and 
Treatment of An:haeologically Sensitive Areas on 
Holland Tract 

o Mltt1adon Measure M-ll: Cap Archaeological 
Sites on Holland Tract 

o Mlt11adon Measure M-12: Construct Fencing or 
Other Barriers to Prevent Site Access on Holland 
Tract 

o Mitigation Measure M-13: Construct Levees or 
Beach Slopes around Archaeological Sites to 
Decrease Wave Action and Erosion on Holland 
Tract 
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No-Project Altanative 

Demuction of or Damage to Prehittoric Archaeological 
Sitea and Historic Reaoun:es in the Deha 

o Prepare an HPMP to Provide for the Long-Term 
Monitoring and Treatment of An:haeologically 
Sensitive Areas on Webb Tract 

o Prepare an HPMP to Provide for the Long-Term 
MonitoringofKnown and Unknown Archaeological 
Sitea on Holland Tract 

o Prepare an HPMP to Provide for the Long· T enn 
Maintenance and Protection of Historic Properties on 
Bacon Island 
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Alternative I 

• Mltlaadon Meuure M-7: Prepare a Popular 
Publication on Bacon Island Resources for Use by 
Museums, Cuhural Centers, and Schools 

• Mltlaatlon Measure M-8: Complete Historic 
American Building SurveyiHistoric American 
Engineering R«Xlrrl Forms, Including 
Photographic Documentation, That Preserve 
Infonnation about the NRHP-Eiigible Distriqon 
Bacon Island (SU) 

Impact N-1: Reduction or Elimination of Mosquito 
Abatement Activities during Full-Storage Periods on 
the Resavoir Islands (B) 

• 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 (S) 

• Mltlaatlon Measure N-1: Coordinate Project 
Activities with SJCMAD and CCMAD (LTS) 

Impact N-3: Increase in Potential Exposure of 
People to Wildlife Species That Transmit Diseases 
(LTS) 

• No mitigation is required. 

/'~', 

Summary Table 

Altcmative 2 Altcmative 3 

• Mltlaatlon Meuure M-14: Prepare an HPMP to 
Provide for the Long-Tmn Monitoring of Known 
Archaeological Sites on Holland Tract 

• Mltlaatlon Meuure M-15: Survey Unsurveyed 
Portions of Holland Tract and Determine Eligibility 
for NRHP Listing and Appropriate Treatment (SU) 

Impact M-16: Destruction of or Damage to the 
NRHP-Eiigible Historic Districts Representing 
Agricultural Labor Camp Syst\lmS in the Deha (SU) 

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

• Mltlcatlon Measure M-6: Prepare a Videotape of 
Public Broadcasting System Quality of the NRHP
Eiigible Historic District on Bacon Island 

• Mitlaatlon Measure M-7: Prepare a Popular 
Publication on Bacon Island Resources for Use by 
Museums, Cukural Centen, and Schools 

• Mltlcatlon Measure M-8: Complete Historic 
American Building Survey!Historic American 
Engineering Record Forms, Including Photographic 
Documentation, That Preserve Infonnation about 
the NRHP-Eiigible District on Bacon Island (SU) 

CHAPTER 3N. MOSQUITOS AND PUBLIC HEALTH 

The impacts and mitigation measure listed for 
Ahemative I are the same for Alternative 2. 

Impact N-4: Reduction or Elimination ofMOI((Uito 
Abatement Activities during Full-Storage Periods on 
the Reservoir Islands (B) 

• No mitigation is required. 

Impact N-5: Increase in Abatement Levels during 
Partial-Storage, Shallow-Storage, or Shallow-Water 
Wetland Periods on the Reservoir Islands and in the 
NBHA(S) 

• Mitigation Measure N-1: Coordinate Project 
Activities with SJCMAD and CCMAD (L TS) 

,.r·::0., 
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No-Project Alternative 

Reduction in MOIC(IIito Abatement Activities on the 
DW Project Islands 

Increase in MOI((Uito Production Levels as a Result of 
Increased Corn Production 

• Coordinate Project Activities with SJCMAD and 
CCMAD 

-------------------------------------------------------------------------------------------------------------------------------------------------



Ahemative I 

Cumulative lmpada 

Impact N-6: Increase in Abatement Levels during 
Partial-Storage, Shallow-Storage, or Shallow-Water 
Wetland Paiods on the Reservoir Islands under 
Cumulative Conditions (S) 

• Mltlcatlon Meuure N-1: Coordinate Project 
Activities with SJCMAD and CCMAD (L TS) 

I 
Impact N-7: Cumulative Increase in Mosquito 
Abatement Needs Resuhing from Implementation of 
Future Projects, Including the DW Project (SU) 

Summary Table 

Alternative 2 

The cumulative impacts and mitigation measure listed 
for Ahemative I are the same for Ahemative 2. 

Alternative 3 

The cumulative impacts and mitigation measure listed 
for Alternative I are the same for Altcnlllive 3. 

\ 
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No-Project Altcnlllive 

Cumulative Increase in Mosquito Abatement Needs 
Resuhing from Implementation of Future Projects, 
Including the No-Project Altcnlllive 

•_l<l_o m-~~\~tillllis_~~ilable_.______ .. _______ ______ ... ---···-·· _ ______ . -------·-· .. -----·------· ________________ ··--·------------·------- ··-------· 

Impact 0-1: Increase in CO Emissions on the DW 
Project Islands during Construction (LTS) 

• Mltlcatlon Meuure 0-1: Penonn Routine 
Maintenance of Construction Equipment 

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

• Mltlcatlon Meuure 0-3: Prohibit Unnecessary 
Idling of Construction Equipment Engines (L TS) 

Impact 0-2: Increase in CO Emissions on the DW 
Project Islands during Project Operation (LTS) 

• No mitigation is required. 

Impact 0-3: Increase in ROO Emissions on the DW 
Project Islands during Construction (SU) 

• Mltlcatlon Meuure 0-1: Penonn Routine 
Maintenance of Construction Equipment 

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

• Mltlcatlon Measure 0-3: Prohibit Unnecessary 
Idling of Construction Equipment Engines (SU) 

CHAPTER 30. AIR QUALITY 

The impacts and mitigation measures listed for 
Alternative I are the same for Alternative 2. 

Impact 0-9: Increase in CO Emissions on the DW 
Project Islands during Construction (L TS) 

• Mltlcatlon Measure 0-1: Penonn Routine 
Maintenance of Construction Equipment 

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

• Mltlcatlon Measure 0-3: Prohibit Umecessary 
Idling of Construction Equipmed Engines (LTS) 

Impact 0-10: Increase in CO Emissions on the DW 
Project Islands during Project Operation (L TS) 

• No mitigation is required. 

Impact 0-11: Increase in ROO Emissions on the 
DW Project Islands during Construction (SU) 

• Mltlcatlon Measure 0-1: Penorm Routine 
Maintenance of Construction Equipment 

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

• Mltlcatlon Measure 0-3: Prohibit Unnecessary 
Idling of Construction Equipment Engines (SU) 

Increase in CO Emissions on the DW Project Islands 

Increase in ROO Emissions on the DW Project Islands. 

Increase in NOx Emissions on the DW Project Islands 

Increase in PM I 0 Emissions on the DW Project Islands 
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Alternative I 

lmpad 0-4: Increase in NOx Emissions on the DW 
Project Islands during Comtruction (SU) 

• Mltlcalion MH111re 0-1: Perfonn Routine 
Maintenance of Construction Equipment 

• Mltlcalion Measure 0-:Z: Choose Borrow Sites 
Close to Fill Locations 

"b" U I • Mltlcatlon Meuure 0-3: Prolu it nnecessary 
Idling of Construction Equipment Engines (SU) 

lmpad 0-5: Increase in ROO Emissions on the DW 
Project Islands during Project Operation (SU) 

• Mltlcatlon MHIIIre 0-4: Coordinate with Local 
Air Districts to Reduce or Offset Emissions (SU) 

lmpad 0-6: Increase in NOx Emissions on the DW 
Project Islands during Project Operation (SU) 

• Mltlcatton Meaaure 0-4: Coordinate with Local 
Air Districts to Reduce or Offset Emissions (SU) 

lmpad 0-7: Increase in PMIO Emissions on the 
DW Project Islands during Construction (SU) 

• Mlttcalion MHIIIre 0-1: Perfonn Routine 
Maintenance of Construction Equipment 

• Mltlcatlon MHIIIre 0-l: Choose Borrow Sites 
Close to Fill Locations 

• Mltlcatlon Meuure 0-3: Prohibit Unnecessary 
Idling of Construction Equipment Engines 

• Mltlcatlon Measure 0-5: Implement Con
struction Practices That Reduce Generation of 
Particulate Matter (SU) 

lmpad 0-8: ·Decrease in PM I 0 Emissions on the 
DW Project Islands during Project Operation (B) 

• No mitigation is required. 

Alternative 2 

Summary Table 

Ahemative3 

lmpad 0-11: Increase in NOx Emissions on the DW 
Project Islands during Construction (SU) 

• Mltlcalion Measure 0-1: Perfonn Routine 
Maintenance of Construction Equipment 

• Mltlcatlon Measure 0-:Z: Choose Borrow Sites 
Close to Fill Locations 

• Mltlcatlon Measure 0-3: Prohibit Unnecessary 
Idling of Construction Equipment Engines (SU) 

lmpad 0-13: Increase in ROO Emissions on the 
DW Project Islands during Project Operation (SU) 

• Mltlcatlon Measure 0-4: Coordinate with Local 
Air Districts to Reduce or Offset Emissions (SU) 

Impad 0-14: Increase in NOx Emissions on the DW 
Project Islands during Project Operation (SU) 

• Mltlcatlon Measure 0-4: Coordinate with Local 
Air Districts to Reduce or Offset Emissions (SU) 

lmpad 0-15: Increase in PMI 0 Emissions on the 
DW Project Islands during Construction (SU) 

• Mltlcalion Measure 0-1: Perfonn Routine 
Maintenance of Construction Equipment 

• Mltlcalion Measure 0-:Z: Choose Borrow Sites 
Close to Fill Locations 

• Mltlcatlon Measure 0-3: Prohibit Unnecessary 
Idling of Construction Equipment Engines 

• Mltlcatlon Measure 0-5: Implement Cons
truction Practices That Reduce Generation of 
Particulate Matter (SU) 

lmpad 0-16: Decrease in PMIO Emissions on the 
DW Project Islands during Project Operation (B) 

• No mitigation is required. 
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Alternative I 

CumulaUve Impacts 

Impact 0-17: lncreue in Cumulative Production of 
Ozone Precunon and CO in the Delta (SU) 

• Mltl111tlon Meaure 0-4: Coordinate with Local 
Air Districts to Reduce or Offset Emissions (SU) 

Key: 

LTS = 
s 
su 
8 

Less than significant 
Significant. 
Significant and unavoidable. 
Beneficial. 

Sununary Table 

Ahemative2 

The cumulative impact and mitigation measure listed 
for Alternative I are the same for Alternative 2. 

Ahemative3 

The cumulative impact and mitigation measure listed 
for Alternative I are the same for Alternative 3. 

\ 
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No-Project Alternative 

lnause in Cumulative Production of Ozone 
Precursors, CO, and PMIO in the Delta 



Chapter 1. Introduction 

PROJECT BACKGROUND 

Delta Wetlands Properties (DW) proposes a water storage project on fow- islands in the Sacramento-San Joaquin Delta 
(Delta). The project would involve diverting and storing water on two of the islands (Bacon Island and Webb Tract, or 
"reservoir islands") for later discharge for export sales or to meet outflow requirements for the San Francisco Bay/ 
Sacramento-San Joaquin Delta (Bay-Delta) estuary, and seasonally diverting water to create and enhance wetlands and to 
manage wildlife habitat on the other two islands (Bouldin Island and Holland Tract, or "habitat islands"). DW proposes 
constructing recreation facilities along the perimeter levees on all fow- DW project islands; operating a private airstrip on 
Bouldin Island; and, during periods of nonstorage, managing shallow water, which may provide wetland habitat values on 
the reservoir islands. The DW project islands are owned either wholly or partially by DW. To operate its project, DW 
would improve and strengthen1evees on all fow- islands and install additional siphons and water pumps on the perimeters 
of the reservoir islands. DW would operate the habitat islands to compensate for impacts on state-listed threatened or 
endangered species and to provide wetlands and wildlife habitat in the Delta. 

1be Delta is part of an interconnected system that includes Suisun Marsh, San Francisco Bay, and the Sacramento and 
San Joaquin Rivers (Figure 1-1 ). The Bay-Delta estuary is one of the most important and complex estuaries on the Pacific 
Coast, providing important aquatic and terrestrial habitat for fish, waterfowl, and other wildlife. Water that flows through 
the Delta supplies a portion of the domestic water supply for over two-thirds of the state's population and irrigates several 
million acres offannlands (California Department of Water Resow-ces [DWR] 1994). Figw-e 1-2 shows the location of the 
fow- DW project islands. 

DW originally applied for water rights to seasonally store water on all four project islands. The DW project, as originally 
proposed, was analyzed in a draft environmental impact report/environmental impact statement (EIRIEIS) released in 
December 1990. In August 1993, DW submitted new water right applications that revised the DW project description (see 
Appendix 1 for the 1993 public notice). This new draft EIRIEIS presents the environmental assessment of the DW project 
based on the new project description. 

THE EIR!EIS PROCESS 

Objectives oftbe EIR!EIS 

The California Environmental Quality Act (CEQA) 
and the National Envirmwental Policy Act (NEPA) 
require environmental analyses for local, state, and 
federal permitting processes. DW has applied to the 
California State Water Resow-ces Control Board 
(SWRCB), Division of Water Rights, for the necessary 
permits to divert water, store it on the DW project 
islands, and discharge it into Delta channels for export or 
to meet Bay-Delta estuary outflow requirements. DW 
also bas applied to the U.S. Army Corps of Engineers 
(Corps) for a permit under Section 404 of the Clean 
Water Act and Section 1 0 of the Rivers and Harbors Act 
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of 1899 to discharge dredged or fill material into waters 
of the United States and for other project activities in 
navigable waters. Because of DW's applications to 
SWRCB and the Corps, SWRCB is deemed the lead 
agency under CEQA and the Corps is deemed the lead 
agency under NEP A. This joint EIR!EIS is being 
prepared under the direction of the lead agencies to 
comply with the regulatory requirements of both CEQA 
and NEPA. 

The purposes ofthis EIRIEIS are to analyze and dis
close the environmental effects ofDW's project, to identi
fy ways to reduce or avoid potential adverse environ
mental impacts resulting from the project, and to identify 
and assess alternatives to the proposed action. CEQA 
requires agencies under its jurisdiction to mitigate or 
avoid the significant adverse environmental effects, as 
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identified in an EIRIEIS, pf projects they approve or 
implement, whenever feasible. 

Scoping Process 

The scoping process is intended to identify the range 
of actions and alternatives, mitigation measures, and 
potential adverse environmental effects that should be 
analyzed in the EIR.IEIS, and to help resolve concerns of 
affected agencies, the proponent of the action, and other 
interested parties. Scoping is intended to ensure that 
individuals have an opportunity to suggest topics of con
cern and ensure that important issues are not overlooked 
in the design of the EIR.IEIS. 

After DW submitted applications for the original DW 
project in 1987, SWRCB and the Corps determined that 
the DW project could have significant environmental 

" impacts. A notice of preparation (NOP) for the EIRIEIS 
for the DW project was distributed in February 1988; 
40 days were allowed for submission of comments. A 
notice of intent (NO I) for the preparation of the EIR.IEIS 
was published in the Federal Register on January 6, 
1988. 

A scoping meeting was held on February 11, 1988. 
Thirty-five scoping comment letters were received by 
SWRCB and the Corps. A scoping report on the DW 
project was published on September 20, 1988. The 
report summarized the comments received during the 
scoping period and the issues raised in water right 
protests, and described the kind and extent of analyses to 
be performed for the EIR.IEIS (Jones. & Stokes Asso
ciates [JSA] 1988). 

The lead agencies determined that DW's revised 
water right applications in 1993 did not trigger the need 
for issuance of an additional NOP/NOI. The information 
submitted in response to the original NOP/NOI and the 
comments received on the 1990 draft EIR.IEIS assisted 
the lead agencies in defining the kind and extent of 
analyses to be performed for this EIR.IEIS. 

Uses of the EIRIEIS 

Information presented in this EIRIEIS will be used by 
SWRCB and the Corps in their evaluation ofDW permit 
applications for the diversion of water onto the DW pro
ject islands and discharge of water into the Delta for 
export at the Delta export pumps or to meet Bay-Delta 
estuary water quality or flow requirements. Other gov
enunental agencies with interests in the DW project will 
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review and comment on the draft EIR.IEIS. This EIR.IEIS 
and the information collected during the environmental 
analysis will also be used to satisfy permit requirements 
and to support environmental review and consultations 
required under other laws and regulations, such as the 
federal and state Endangered Species Acts and the 
National Historic Preservation Act (NHP A). This 
EIRJEIS may be used by other state and federal agencies 
for compliance with CEQA and NEPA for other require
ments necessary for the DW project. Chapter 4, "Permit 
and Environmental Review and Consultation Require
ments", describes these requirements for the DW project. 
The EIRJEIS also serves as a full-disclosure document for 
the public to ensw-e that interested parties have an oppor
tunity to express their views and concerns about the DW 
project. 

For purposes of this EIR.IEIS, the DW project is 
analyzed without consideration of subsequent environ
mental effects caused by the delivery of purchased DW 
water or by the storage of water under a third party's 
water rights because the identity of the end user of the 
DW water remains speculative. The DW project islands 
could also be used for interim storage of water being 
transferred through the Delta from sellers upstream to 
buyers served by Delta exports or to meet Bay-Delta 
estuary outflow requirements (water transfers), or for 
interim storage of water owned by parties other than DW 
for use to meet scheduled Bay-Delta estuary outflow 
requirements or for export (water banking). This EIR/ 
EIS analysis considers the water supply yield of the DW 
project based only on water stored under DW's own 
appropriative permits and subsequently conveyed to 
Delta channels. A separate entity purchasing DW water 
could divert that water from Delta channels to storage on 
the DW islands and discharge it, probably through 
Central Valley Project (CVP) or State Water Project 
(SWP) facilities, for direct use or to increase groundwater 
or surface storage or could use water for estuarine or 
Delta beneficial uses (increased outflow). The purchas
ing entity would affect SWP or CVP operations to the 
same extent as would any entity that diverts, stores, and 
discharges water under California Water Code provisions 
and contracts authorized by those provisions. A number 
of opportunities exist to operate the DW projeet conjunc
tively with the CVP and SWP, but these arrangements 
remain speculative and are beyond the scope of this 
EIR.IEIS. 
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Public Review and Comment Period 
for the EIRIEIS 

This draft EIRIEIS is being circulated for a 60-day 
public review period, during which the public and inter
ested agencies are encouraged to submit conunents on the 
document. Conunents should be sent directly to the 
Corps or SWRCB, the joint lead agencies. A public 
hearing will be conducted during the review period to 
solicit oral conunents on this EIRIEIS. Once all com
ments have been assembled and reviewed, the Corps and 
SWRCB will prepare responses on all notable envi
romnental issues that have been raised. These responses 
to corrunents, combined with the draft EIRIEIS and revi
sions to the draft EIRIEIS, will constitute the fmal EIR/ 
EIS. 

Before a decision is made on DWs permit appli
cations, SWRCB will certify tfi'at the fmal EIRIEIS was 
prepared in compliance with CEQA, was considered 
before approval of the project, and reflects the indepen
dent judgment of SWRCB. SWRCB will hold a public 
hearing on DWs water right permit applications prior to 
deciding whether to issue the permits. If SWRCB de
cides to issue the permits necessary for implementation of 
the DW project, SWRCB will prepare fmdings for each 
significant environmental effect of SWRCB's action 
identified in the EIRIEIS and will prepare a statement of 
overriding considerations for impacts determined to be 
significant and unavoidable. SWRCB will also adopt a 
program for monitoring implementation of mitigation 
measures that are required as part of DW project ap
proval. 

The Corps will circulate the fmal EIRIEIS for public 
review and hold a public hearing before adopting the fmal 
EIR/EIS. If the Corps determines that the EIRIEIS meets 
NEP A requirements; it will adopt the fmal EIRIEIS. The 
Corps will, at the time of its decision on DWs permit 
application, prepare a Record of Decision regarding the 
DW project decision, the alternatives analyzed, the miti
gation measures required as a condition of permit ap
proval, mitigation measures presented but not required, 
and monitoring and enforcement of the required miti
gation measures. 
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WATER RIGHT AND PERMIT 
APPUCA TION PROCESS 

Water Right Application• 

The State of California recognizes riparian and appro
priative surface water rights. Riparian rights are corre
lative 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. Water is 
currently being used for agriculture on the DW project 
islands under riparian and existing appropriative water 
rights. However, because water obtained under riparian 
rights cannot be stored and cannot be sold, DW must 
apply for new appropriative water rights to divert and 
store water for later sale on the reservoir and habitat 
islands. A distinct appropriative water right permit 
would apply to each island. 

SWRCB has authority to issue permits to grant appro
priative water rights. Appropriative water rights 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 
appropriative water rights are superior to and take prece
dence over newly granted rights. 

When an appropriative water right application is filed 
with SWRCB, the application is given a number and 
priority date. Applications determined by SWRCB to be 
complete are published to inform the public of the appli
cation and to allow for protests to be filed against the 
application. Most protests are based on suspected inter~ 
ference with existing water rights or harm to the environ
ment After a 40- to 60-day protest period, the applicant 
may negotiate with those filing protests, to attempt to 
reach agreements for protest dismissal. 

SWRCB originally issued the notice of applications 
prepared by DW to appropriate water on December 4, 
1987 (Application Nos. 29061, 29062, 29063, and 
29066) (Appendix I). SWRCB issued the notice for 
DW's revised water right applications and new appli
cations on August 6, 1993 (new Application Nos. 30267, 
30268,30269, and 30270) (Appendix 1). SWRCB will 
hold a public hearing before deciding to approve or reject 
DW's application(s) and impose conditions on any per
mits it issues. If permits are issued, the permittee must 
subsequently establish that the water is being put to a 
reasonable and beneficial use before the right is made 
permanent through licensing. 
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DW has applied for water right pennits for direct 
diversion or diversion to storage of sw-plus Delta inflows, 
storage of water, and discharge of water from the reser
voir islands and habitat islands to Delta channels to meet 
Bay-Delta estuary water quality or flow requirements, or 
rediversion of water from the Delta for export. SWRCB's 
decision on these water right applications will therefore 
address the availability of water for direct diversion, 
diversion to storage, discharge of water into the Delta, 
export of stored water, and management of the habitat 
islands to compensate for effects of water storage on wet
lands and wildlife habitat. This EIR/EIS describes the 
analysis of effects of the diversion of water onto the DW 
project islands and rediversion of water for export at the 
Delta export pumps and discusses the relationship of 
such diversions and pumping to applicable federal and 
state restrictions. 

Diverting transferred water or,., water intended for 
banking to DW storage would require separate authoriza
tion by SWRCB when the holder of a post-1914 appro
priative water right proposes to park water (transferred or 
banked) on DW's reservoir islands. SWRCB's author
ization for diversions would change the transfer right 
holder's place of use or point of diversion and could re
quire further envirorunental documentation. 

Department of the Army 
Permit Application 

Section 404 of the Clean Water Act prohibits the dis
charge of dredged or fill material into waters of the 
United States, including wetlands, unless a permit is 
obtained from the Corps. Section I 0 of the Rivers and 
Harbors Act of 1899 prohibits placement of materials 
within navigable waters of the United States without a 
pennit from the Corps. 

DW is required to obtain a permit from the Corps 
under Section 404 because DW project fill activities 
associated with perimeter and interior levee work on the 
reservoir islands; habitat enhancement activities on the 
habitat islands; and construction of boat docks, pumps, 
and siphons in Delta channels would be considered dis
charges into waters ofthe United States. As part of the 
DW project review process for issuance of a permit for 
the fill and discharge activities, the Corps will use the 
information in this EIR/EIS and appendices to comply 
with the requirements of the U.S. Envirorunental Protec
tion Agency's (EPA's) Section 404 (b)(l) guidelines. 
Before DW can be issued a permit under Section 404, it 
must obtain a water quality certification from SWRCB 
indicating that Section 40 I of the Clean Water Act would 
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be satisfied. Section 40 1 certification ensures that dis
charge of dredged or fill material into waters of the 
United States will not violate state water quality stand
ards. The Section 401 certification will be appended to 
the permit and incorporated by reference. Compliance 
with Section 7 of the federal Endangered Species Act and 
Section 106 of the NHP A will also be required prior to 
issuance of the permit. 

In addition to the Section 404 requirements, DW 
would be required to comply with Section 10 of the 
Rivers and Harbors Act because it proposes to construct 
docks and install siphons and pumps in navigable waters. 
Authority for activities conducted below the ordinary 
high-water mark in navigable waters would be authorized 
under Section I 0 jurisdiction through issuance of the 
Department of the Army permit. Requirements of both 
Section 1 0 and Section 404 are considered concurrently 
in Department of the Army permit applications (Corps 
1977). 

KEY ISSUES 

Based on the initial scoping process, public and 
agency comments received on the December 1990 draft 
EIRJEIS, and other correspondence with state and federal 
agencies, the lead agencies determined that the following 
issue areas would be addressed in the EIRIEIS: 

• water supply, 
• hydrodynamics, 
• water quality, 
• flood control, 
• utilities and highways, 
• fishery resources, 
• vegetation and wetlands, 
• wildlife, 
• land use and agriculture, 
• recreation and visual resources, 
• economic issues, 
• traffic, 
• cultural resources, 
• mosquitos and public health, and 
• air quality. 

The EIRJEIS analyzes the envirorunental effects asso
ciated with each resource issue listed above for each 
alternative in a similar level of detail. Cumulative im
pacts and construction-related impacts are also assessed. 
A No-Project Alternative, consisting of DW's actions 
that would take place in the absence of any state or 
federal discretionary approvals, is also analyzed. Al
though the project applicant would not be required to 
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implement the mitigation rpeasures reconunended for the 
No-Project Alternative, they are presented to provide a 
comparison with the other alternatives analyzed. The 
specific approach, methodology, and· breadth of each 
evaluation are discussed in Chapter 3, "Affected Environ
ment and Envirorunental Consequences". 

REPORT ORGANIZATION 

This document has been organized to comply with the 
requirements and guidelines of CEQA and NEPA and to 
provide decision makers with a description of the project, 
its impacts, and suggested mitigation measw-es. The 
report is organized into the following chapters. 

• "Summary" provides a comparison of environ
mental effects between the alternatives and a ., 
summary of impact determinations, as required by 
CEQA and NEP A Unavoidable impacts are 
identified, as are irreversible commitments of 
resow-ces and cumulative impacts of this project 
in combination with other actions in the region. 

• Chapter 2, "Delta Wetlands Project Alternatives", 
identifies the purpose of and need for the project 
and describes the featw-es of the DW project 
alternatives considered in this EIR/EIS. 

• Chapter 3, • Affected Envirorunent and Envi
rorunental Consequences", is presented as a series 
of chapters (3A through 30), each devoted to an 
issue area listed under "Key Issues" above. Each 
of these chapters describes the affected environ
ment and envirorunental impacts of the DW 
project alternatives, and methods of mitigating 
significant impacts. 

• Chapter 4, "Permit and Envirorunental Review 
and Consultation Requirements", sununarizes the 
envirorunental review, consultation, and permit
ting requirements that must be satisfied before the 
DW project can proceed. 

• Chapter 5, "List ofPreparers", lists the individuals 
involved in preparing this EIRIEIS. 

• Chapter 6, "Glossary of Technical Terms", pro
vides definitions of technical terms used in this 
report. 

The technical appendices of the EIRIEIS contain 
background information for the resource chapters and 
detailed data compiled for impact assessment. These 
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appendices are listed in the table of contents and are 
included in a separate volume ofthis EIRIEIS. 

References are listed at the end of each chapter or 
appendix in which they are cited. A list of all acronyms 
used in the EIRIEIS is provided in the front matter of 
each volume. 
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Chapter 2. Delta Wetlands Project Alternatives 

DW PROJECT PURPOSE AND NEED 

1be purpose of the DW project is to divert surplus Delta inflows, transferred water, or banked water for later sale and/or 
release for Delta export or to meet water quality or flow requirements for the Bay-Delta estuary. Additionally, the DW 
project will provide managed wetlands and wildlife habitat areas and recreational uses. 

1be DW project would increase the availability of high-quality water in the Delta for export or outflow by storing water 
on two reservoir islands, and would compensate for wetland and wildlife effects of the water storage operations on the 
reservoir islands by implementing a habitat management plan (HMP) on two habitat islands. As an incidental operation of 
the habitat islands, water released may be sold or used for the same purposes as the water released from the reservoir islands. 

The DW project also includes construction of recreation facilities along the perimeter levees on all four DW project 
islands; operation of a private airstrip on Bouldin Island; and, during periods of nonstorage, management of shallow water 
within an inner levee system on the reservoir islands. 

The following discussions describe Delta export demands, Delta water quality needs, and environmental flow 
requirements that DW project water could be used to satisfy. 

Delta Export Demands 

It is the project applicant's intent that DW project 
operations would help satisfy Delta export demands by 
augmenting water supply for exports. 

Water sent from northern Califorriia to central and 
southern Califorriia or to the Bay Area by the SWP, 
operated by DWR,_ and the CVP, operated by the U.S. 
Bureau ofReclamation (Reclamation), must pass through 
the Delta. Water is diverted from the Delta by the CVP 
and the SWP; agricultural users of water from approxi
mately I ,800 local irrigation diversions; and cities such 
as Antioch and Concord to supply the domestic needs of 
two-thirds of the state's papulation and irrigate several 
million acres of farmlands (DWR 1994 ). Destinations 
for DW project water could include the SWP, the CVP, 
and third-party buyers that use the SWP or CVP facilities 
for transport of water (a process often referred to as 
"wheeling"). 

As described in DWR's Califorriia Water Plan Update 
(Bulletin 160-93), demands for water in Califorriia are 
estimated to exceed dependable supplies. Assuming the 
levels of Delta water supply availability under improved 
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water management, existing SWP facilities, and SWRCB 
Water Right Decision 1485 (D-1485), issued in 1978, 
DWR estimated that California would have an annual 
deficit in dependable supplies of 2. 9-4.9 million acre-feet 
(MAF) of water by 2020. (DWR 1994.) As indicated 
under the descriptions of the DW project alternatives 
below, it is estimated that mean monthly discharges for 
export under the DW project alternatives would total 
from 188 thousand acre-feet (TAF) to 302 TAF annually. 

Delta Water Quality Needs 

It is the project applicant's intent that DW project 
discharges would increase the supply of high-quality 
water and freshwater releases for outflow from the Delta. 

Water quality considerations have a direct bearing on 
the quantity of Delta water available for use. Delta 
waters provide a rich habitat for fish and wildlife and are 
a major source of supply for uses throughout the state. 
Drinking water for about 20 million Califorriians flows 
through the Delta. Water quality parameters such as 
temperature; turbidity; and oxygen, mineral, dissolved 
metal, organic, and nutrient content all affect the usability 
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of water and therefore affect the total quantity available 
for specific uses and the overall availability of water 
supplies in California. Urban water supplies diverted 
from the south Delta, for example, face the threat of 
increasing water quality degradation resulting from both 
salinity intrusion and the presence of organic substances 
and salinity originating in agricultural drainage from 
Delta islands or tributary streams. The pressures of a 
steadily growing population, additional requirements for 
water to meet environmental needs, and potentially more 
:frequent water shortages pose serious water management 
and risk management problems for California (DWR 
1994). 

SWRCB has established specific water quality 
objectives to protect the uses of water in the Bay-Delta. 
Many of these objectives relate to salinity. The SWP and 
the CVP are required to release sufficient fresh water to 
meet these Delta salinity objective_§. However, DWR 
estimates that increasingly stringent water quality stand
ards foc public health protection will affect the continued 
availability and cost of water supplies (DWR 1994). 

Environmental Flow Requirements 

DW project water could be used to increase water 
available to meet environmental flow needs, including 
fishery flow needs, water needs of freshwater wetlands 
(and SuiSWl Marsh), and outflow requirements to meet 
estuarine salinity objectives. 

The Bay-Delta estuarine system has long been an 
important resource to California. More than 100 species 
of fish use the Bay-Delta system. Some, such as delta 
smelt and catfish, are year-round residents and others, 
such as American shad, are in the estuary for only a few 
months. Some of the species can live only in relatively 
fresh water and others can survive only in the more saline 
parts of the Bay. There are also several fish with inter
mediate salinity tolerance; these are the true estuarine 
species. 

The health of populations of estuarine species is 
closely linked to the condition of the estuarine environ
ment The recurrence of drought (both in 1976-1977 and 
1987 -1992), combined with increasing human demands 
on water supply, has shown that fish populations and wet
land areas require a water supply that is more dependable 
than that managed now. As a result of natural and human 
factors, three runs (or races) of chinook salmon in the 
Central Valley and Klamath!frinity River system have 
shown severe population declines in recent years. Addi
tionally, two fish species that use the Bay-Delta estuary, 
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winter-run chinook salmon and delta smelt, are at such 
low abundance levels that they are listed under the state 
and federal Endangered Species Acts. An additional fish 
species, Sacramento splittail, is currently proposed for 
listing and other fish species are candidates for listing 
under the federal Endangered Species Act. 

Among the many factors affecting the estuarine 
environment are the rate and timing of freshwater inflow 
to the estuary; the quantities of fresh water reaching it 
seasonally, annually, and over a series of years; and 
diversions from the estuary for both local and export uses. 
In the past 50 years, developments in the vicinity of the 
Bay-Delta estuary, along with numerous local, state, and 
federal water developments on Central Valley tributary 
streams, caused changes in the timing and amounts of 
Delta inflows and outflows during most years. 

Water-related factors having the greatest effect on the 
Bay-Delta estuary are: 

• Delta inflow, 

• flows from the Sacramento River through the 
Delta Cross Channel (DCC), 

• reverse flows, 

• water project diversions and local agricultural 
diversions, 

• agricultural return flows, and 

• Delta outflow and salinity. 

SWRCB, through its water right process, provides the 
principal forum for establishing the Bay-Delta's environ
mental flow requirements. SWRCB reserve~ jurisdiction 
in water right permits and periodically holds water right 
hearings in which interested agencies and parties provide 
evidence supporting their views regarding the water right, 
public interest, or public trust impacts of a permitted use. 
SWRCB then sets objectives and operating criteria to 
provide balanced protection to all recognized beneficial 
uses. 

DWR calculates that environmental demands for 
water in California are currently at 28.4 MAF and could 
increase to 28.8 MAF by 2020 (DWR 1994). The flows 
that may ultimately be required to meet Bay-Delta envir
onmental needs will not be known until many of the 
decision-making processes currently underway are fmal
ized (see discussion of CVP and SWP requirements in 
Appendix 2, "Supplemental Description of the Delta 
Wetlands Project Alternatives"). 
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SELECI'ION P:ROCESS FOR THE 
DW PRO.JECf ALTERNATIVES 

The DW project alternatives (Alternatives 1, 2, and 3) 
and the No-Project Alternative were selected to represent 
a range of project operations for purposes of detennining 
environmental impacts. All alternatives are designed to 
operate within the objectives of SWRCB's 1995 Water 
Quality Control Plan for the San Francisco Bay/Sacra
mento-San Joaquin Delta Estuary (1995 WQCP), adop
ted May 22, 1995. If the DW project is approved by the 
lead agencies, actual project operations should be within 
the range of impacts analyzed in this EIR/EIS. 

The project applicant's proposed project consists of 
storage of water on two reservoir islands and implemen
tation of an HMP on two habitat islands. The operational 
scenarios presented below as bJternatives I and 2 both 
represent DW's proposed project and differ only with 
regard to operating criteria for discharge of stored water. 
Analysis of the proposed project as represented by these 
two alternatives allows potential impacts of DW's pro
posed project to be evaluated for the full range oflikely 
DW operations. An additional operational scenario, 
Alternative 3, consists of use of all four of the DW pro
ject islands as reservoirs and provision of limited com
pensation habitat on Bouldin Island. The "seasonal wet
lands" operation of diverting and storing water for 
discharge to export during winter through summer and 
creating wetland habitat in fall, as originally proposed in 
the 1990 EIRIEIS, no longer applies to any of the alter
natives. The lead agencies' preferred alternative will be 
decided after completion of the fmal EIRIEIS. 

Table 2-1 presents an overview of the differences 
between water storage operations tmder Alternatives I , 
2, and 3. The alternatives are described in detail in the 
following sections of this chapter. The section "Alterna
tives Considered but Not Selected for Detailed Evalua
tion" presents those alternatives that were first considered 
during development of the range of project alternatives to 
meet the requirements of both EPA's Section 404(b)(l) 
guidelines and NEP A The alternatives analyzed in detail 
in this EIRIEIS represent fUrther refmement of the rea
sonable range of alternatives. If permitted by the Corps, 
the project will constitute the least environmentally 
damaging practicable alternative in compliance with 
Section 404 of the Clean Water Act. 
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DESCRIPTION OF ALTERNATIVES 1 
AND2 

Overview 

Alternatives I and 2 entail the potential year-rotmd 
diversion and storage of water on two Delta islands 
owned by DW (Bacon Island and Webb Tract) and 
wetland and wildlife habitat creation and management, 
with the incidental sale of the water used for wetland and 
wildlife habitat creation, on two Delta islands owned 
primarily by DW (Bouldin Island and Holland Tract) 
(Figure 2-1 ). All the land required for the DW project is 
currently owned by DW or controlled tmder an option 
agreement. The reservoir island operations may include 
shallow-water management during periods of nonstorage 
at the discretion of DW and incidental to the proposed 
project. To operate Alternative I or 2, DW would im
prove levees on the perimeters of the reservoir islands 
and install additional siphons and water pwnps. Inner 
levee systems would also be constructed on both the 
reservoir and habitat islands for shallow-water man
agement. 

Under Alternative I or 2, during periods of avail
ability throughout the year, water would be diverted onto 
the reservoir islands to be stored for later sale or release. 
Water would be discharged from the islands into Delta 
channels for sale for beneficial uses for export or for Bay
Delta estuary needs during periods of demand throughout 
the year, subject to state and federal regulatory standards, 
endangered species protection measures, and Delta 
export pwnping capacities. Water discharged into the 
Delta channels tmder proposed project operations would 
mix with Delta inflows from the Sacramento and San 
Joaquin Rivers and other tributary rivers and would be 
available as either export water or Delta outflow (e.g., 
outflow necessary to satisfY 1995 WQCP objectives or 
other state or federal standards). DW project operations 
can be adjusted on a daily basis according to hydrologic 
information and information on fish abtmdance and loca
tion obtained through monitoring. 

The DW project islands could also be used for interim 
storage of water being transferred through the Delta from 
sellers upstream to buyers served by Delta exports or to 
meet Bay-Delta estuary outflow requirements (water 
transfers), or for interim storage of water owned by 
parties other than DW for use to meet scheduled Bay
Delta estuary outflow requirements or for export (water 
banking). Such uses could occur only after the 
transferrers or bankers of the water applied to SWRCB 
for rights to new points of diversion or rediversion onto 
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the DW project islands. The frequency and magnitude of 
these transfer/banking activities is uncertain at this time; 
each would require separate authorization and may 
require further envirorunental documentation beyond that 
provided for the DW project. 

During periods of nonstorage, DW could choose to 
divert water onto the reservoir islands under riparian 
claim or senior appropriative water rights for wetland 
habitat management; typically, diversion would begin 
after September I , after an appropriate dry period to 
allow for growth of wetland plants of value to wintering 
waterfowl as forage and cover. Wetland habitat created 
on the reservoir islands would be flooded as storage 
water becomes available. The inner levee system con
structed on each reservoir island would manage shallow
water circulation during nonstorage periods. 

Water would be diverted onto the.habitat islands to be 
used for wetland and wildlife habitat creation and man
agement during periods of availability and need. Most 
likely, the water diversions for wetland management 
would begin in September and water would be circulated 
throughout winter. Except for small areas of permanent 
water, water used on the habitat islands would be dis
charged on a schedule related to wetland and wildlife 
values, with drawdown typically by May. As an inci
dental operation, the water released at this time from the 
habitat islands may be sold or used for the same purposes 
as water released from the reservoir islands. 

Portions of the habitat islands and the reservoir 
islands would support recreational activities. Waterfowl 
hunting would be allowed on all four DW project islands; 
upland bird hunting would be allowed on the reservoir 
islands and in specific areas on the habitat islands. 
Private recreation facilities, including as many as 30 boat 
berths per facility in adjacent channels and 36 boat berths 
per facility on the island interiors, vehicle access and 
parking, and living accommodations, would be located 

' along the perimeter levees on all four DW islands. There 
maybe as many as 38 private recreation facilities on the 
four islands developed over the life of the project, and 
each facility may accommodate_up to 40 bedrooms. The 
recreation facilities on all four islands may be operated to 
support year-round use of the boat docks. Recreational 
use and location of the recreation facilities on the habitat 
islands would be subject to restrictions of the HMP; 
recreational use on the reservoir islands would depend on 
water storage operations. 

A private airstrip located on Bouldin Island would be 
operated to support DW recreational and maintenance 
activities. The airstrip_is currently used for agricultural 
operations. 
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The following sections describe DWs proposed 
project in detail and describe the differences between the 
two operational scenarios for the proposed project pre
sented as Alternatives 1 and 2. Details ofDWs existing 
and applied-for water rights and the proposed uses for 
these rights are provided later in this chapter under 
"DWs Existing and Pending Water Rights". 

Reservoir Islands 

Bacon Island and Webb Tract would be managed for 
water storage under Alternatives 1 and 2. Facilities that 
would be needed for the proposed water storage opera
tions include intake siphon stations with auxiliary pumps 
to divert water onto the reservoir islands and pump 
stations to discharge stored water from the islands. DW 
proposes to construct two intake siphon stations on each 
reservoir island with 16 new siphons each, for a total of 
64 siphons. One discharge pump station with 32 new 
pumps would be installed on Webb Tract and a pump 
station with 40 pumps would be installed on Bacon 
Island, for a total of 72 new pumps. Where possible, 
existing siphons and pumps would be modified or up
graded (e.g., by installation of fish screens on siphons) 
and reused for water operations. Figures 2-2 and 2-3 
show the proposed locations of siphon and pump stations 
and recreation facilities on Bacon Island and Webb Tract, 
respectively. DW has proposed locations for these facil
ities; flexibility exists to choose other locations for the 
siphon and pump stations before initial construction if, at 
the end of the CEQ A/ NEPA process, the lead agencies 
determine that different locations are desirable because of 
channel hydraulics or environmental, water quality, or 
other considerations. Figme 2-4 depicts conceptual cross 
sections of reservoir islands for full-storage and non
storage operations. Reservoir island operations and fea
tures are described below. 

Water Storage Operations 

Storage Capacity. The reservoir islands would be 
designed for water storage levels up to a maximum pool 
elevation of +6 feet relative to mean sea level (based on 
National Geodetic Vertical Datum data) providing a total 
estimated initial capacity of 238 T AF, allocated between 
Bacon Island and Webb Tract as 118 TAF and 120 TAF, 
respectively. Water availability, permit conditions, and 
requirements of the DWR Division of Safety of Dams 
(DSOD) may limit storage capacities and may result in a 
fmal storage elevation of less than +6 feet. 
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The total physical storage capacity of the reservoir 
islands may increase over the life of the project as a result 
of soil subsidence (local or regional ·sinking, mainly 
resulting from the oxidation of peat soil in the Delta). 
Subsidence on the reservoir islands is currently estimated 
to average 2-3 inches per year and is thought to be caused 
mostly by agricultural operations. With water storage 
operations replacing agricultural operations, the rate of 
subsidence on the reservoir islands is expected to be 
greatly reduced, although some subsidence may still 
occur. No method currently exists to predict the rate of 
subsidence on a Delta island used for water storage oper
ations. OW estimates, however, that the reservoir islands 
could subside at a rate of approximately 0.5 inch per year, 
even with the cessation of agricultural operations and 
possible sedimentation dwing filling and storage. Under 
this hypothetical scenario for subsidence on the reservoir 
islands, the storage capacity of the reservoir islands could 
increase by as much as 9% in §0 years, increasing total 
storage capacity of the reservoir islands to 260 TAF. 

Multiple Storage. OW has applied for permission 
to allow reservoir islands to be filled, drawn down, and 
refilled again in years when water availability and 
demands were aj>propriate. These years are classified as 
multiple-storage years. Multiple storage would generally 
occur dwing years of moderate rainfall. This manage
ment scenario depends on the availability of swplus 
water early in the year and a demand for the water to 
allow an early discharge of the reservoir followed by 
another period of available swplus water. 

Carry-Over Storage. Owing years of low water 
demand, water would remain in the reservoirs at the end 
of the water year (i.e., September 30). OW has applied · 
for permission to allow water to remain on a reservoir 
island for release in subsequent years. Carry-over storage 
would generally occur during wet years with low demand. 

Siphon Station Design. Two new siphon stations for 
water diversions would be installed along the perimeter 
of each reservoir island (Figures 2-2 and 2-3). Each 
siphon station would consist of 16 siphon pipes 36 inches 
in diameter. Fish screens to prevent entrainment offish 
in OW diversions would be installed around the intake 
end of each existing and new siphon pipe. The individual 
siphons would be placed as close together as possible but 
would be spaced at least 40 feet apart to incorporate fish 
screen requirements. OW could use the existing reser
voir island siphons for diversions to create shallow-water 
wetland habitat. In-line booster pumps would be avail
able on the reservoir islands to supplement the siphon 
capacity dwing fmal stages of reservoir filling. Appen
dix 2, "Supplemental Description of the Delta Wetlands 

Delta Wetlands Draft EIRIEIS 

87-1 19CC\CH2 2-5 

Project Alternatives", includes a detailed description of 
the siphon unit design. 

Pump Station Design. One discharge pump station 
would be located on each reservoir island (Figures 2-2 
and 2-3). The pump stations would have 32 new pumps 
(on Webb Tract) or 40 new pumps (on Bacon Island) 
with 36-inch-diameter pipes discharging to adjacent 
Delta channels. Typical spacing for the pumps would be 
25 feet on center. An assortment of axial-flow and 
mixed-flow pumps would be used to accommodate a 
variety ofhead conditions throughout drawdown. Actual 
rates of discharge of each pump would vary with the 
remaining pool elevations. As water levels decrease on 
the islands, the discharge rate of each pump also would 
decrease. Existing pump stations on the islands may be 
modified and used when appropriate to help with dewat
ering or for water circulation for water quality purposes. 
Appendix 2 includes a detailed description of the pump 
unit design. 

Diversion and Discharge Operations. The OW 
project alternatives are designed to operate within the 
objectives of the 1995 WQCP and consistently with 
Corps requirements for maximum SWP exports. The 
following discussions define terms used to describe OW 
project operations in the context of Delta operations 
criteria; explain the criteria for diversions under Alterna
tives 1 and 2; describe the assumed operating criteria for 
discharges under Alternative 1 ; and describe the assumed 
criteria for discharges under Alternative 2, contrasting 
them with those for Alternative 1. 

Definition of Terms. Following are defmitions 
of several terms used below to describe the manner in 
which the project alternatives would operate relative to 
1995 WQCP requirements and other conditions: 

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

• Outflow requirements. The 1995 WQCP speci
fies Delta outflow requirements that encompass 
water quality protection for agricultural and muni
cipal and industrial uses, Suisun Marsh, and fish 
habitat. In standard DWR calculations of Delta 
operations (using the water balance model known 
as "DWRSIM"), "outflow" represents the differ
ence between inflow and exports; the outflow 
term used in this chapter therefore includes in
Delta consumptive use. 
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• Available water. Under the 1995 WQCP, avail
able water is total Delta inflow less Delta outflow 
requirements. 

• 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). 

• Physical export pumping capacity. The SWP 
export pwnps have a maximum physical pumping 
capacity of 10,300 cubic feet per second (cfs) and 
the CVP export pwnps 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, reducin~e combined phy
sical export pumping capacity to 14,500 cfs. 

• Permitted pumping rate. The Corps does not 
require a pennit 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 of 6,680 cfs. Therefore, the 
maximum combined export pumping rate that 
does not require a Corps permit is II ,280 cfs 
(6,680 cfs for the SWP pumps and 4,600 cfs for 
the CVP pumps). The restrictions for the period 
of December I 5 to March I 5, 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 pennitted pumping rate. 

• Future permitted export pumping capacity. 
In the future, new pennit conditions may be 
established for the SWP, thereby allowing the 
pennittedexportpumpingrate ofthe SWP pumps 
to be increased to the physical export pumping 
capacity of I 0,300 cfs. If that occurs, the com
bined pennitted export pumping rate of the SWP 
and CVP pumps could then equal up to 14,900 
cfs or 14,500 cfs. 

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

• DW discharge for export. DW may sell its 
stored and discharged water to buyers south or 
west of the Delta who would arrange to have the 
purchased water transported to areas of use 
through either the SWP or CVP aqueducts. The 
term "wheeling" is often applied to this process of 
transporting water owned by the purchasing entity 
through the SWP or CVP aqueducts. 

Divenions under Alternatives I and 2. Under 
Alternatives I and 2, DW diversions are treated consis
tently with the 1995 WQCP objectives for Delta exports 
at the SWP and CVP pumping plants. That is, DW 
diversions are considered to be the same as SWP and 
CVP exports in complying with the WQCP objectives, 
although DW's applied-for water rights for diversions 
would have a lower priority than the senior SWP and 
CVP water rights. 

DW direct diversions or diversions to storage could 
occur in any month, but would occur only when the 
volume of allowable water for export (i.e., the lesser of 
the amount specified by the export limits and the amount 
of available water) is greater than the permitted pumping 
rate of the export pumps. This would occur when two 
conditions are met: I) when all Delta outflow require
ments are met and 2) when the export limit is greater than 
the permitted pumping rate, so that water that is allow
able for export is not being exported by the SWP and 
CVP pumps. Situations may exist, however, in which the 
SWP and CVP may not be pumping at capacity because 
oflow demands during winter, maintenance activities, or 
other circumstances, but DW would still be able to divert 
water for storage. 

Figure 2-5 shows two examples of months with 
opportunities for DW diversion to storage. The panel on 
the left shows a month with 40,000 cfs of total Delta 
inflow when the export limit is 35% of inflow and when 
required outflow is 7,000 cfs. The permitted pumping 
rate of 11 ,280 cfs limits CVP and SWP exports to less 
than the export limit of 14,000 cfs (35% of 40,000 cfs), 
providing an opportunity for DW diversions of2,720 cfs 
(14,000 cfs- 11,280 cfs). 

The panel on the right in Figure 2-5 illustrates a 
month with total inflow of 20,000 cfs when the export 
limit is 65% of inflow (13,000 cfs) and when required 
outflow is 4,000 cfs. In this month also, CVP and SWP 
exports are limited by permitted pumping rate, so that 
DW has an opportunity to divert I ,720 cfs, the difference 
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between the export limit and the permitted pumping rate 
(13,000 cfs- 11,280 cfs). 

Cwrent and applied-for water rights for the reservoir 
islands and their proposed uses are discussed below 
under "DWs Existing and Pending Water Rights". 

Discharges under Alternative 1. For Alterna
tive 1 , the EIRIEIS analysis assumes that discharges of 
water from the DW islands would be exported in any 
month when unused capacity within the permitted 
pumping rate exists at the SWP and CVP pumps and 
strict interpretation of the export limits (percentage of 
total Delta inflow, or "percent inflow") specified in the 
1995 WQCP does not prevent use of that capacity. Such 
unused capacitY could exist when the amowtt of available 
water (i.e., total inflow less Delta outflow requirements) 
is less than the amowtt specified by the export limits. 

~ 

Figure 2-6 presents an example ofDW discharges for 
export wtder this alternative. In the example, total Delta 
inflow is 20,000 cfs in a month with an export limit of 
35% of inflow, or 7,000 cfs. The outflow requirement is 
14,000 cfs, leaving only 6,000 cfs of available water 
(20,000 cfs- 14,000 cfs). The difference between the 
35% export limit and the available water (7 ,000 - 6,000 
= I ,000 cfs) could present an opportwtity for export of 
DW releases. 

Under this alternative, DW discharges would be 
treated as additions to total Delta inflow. Export ofDW 
discharges thus would be limited to the lesser of the 
permitted export pumping capacity and the amowtt calcu
lated under the "percent inflow" export limit, based on the 
adjusted. inflow amowtt (20,000 cfs + DW additions to 
inflow). For example, if DW water is released and 
exported at the DW maximum monthly average discharge 
rate of 4,000 cfs, the adjusted total Delta inflow would be 
24,000 cfs and the adjusted export limit would be 8,400 
cfs (35% of24,000 cfs). With this adjusted export limit, 
the opportwtity for DW discharge for export would be 
2,400 cfs (8,400-cfs export limit - 6,000 cfs of available 
water). The remainder of the 4,000-cfs DW discharge 
(1 ,600 cfs) would be added to Delta outflow. 

Under Alternative 1, DW has two choices regarding 
allocation of discharges. lfDW chooses to discharge at 
the maximum DW discharge rate, some of the releases 
must be used to increase Delta outflow while the balance 
is exported, as shown in this example. Alternatively, DW 
could choose to limit discharges so that no allocation to 
Delta outflow is needed. In this same example, ifDW 
were to release only 1 ,500 cfs, the adjusted inflow would 
be 21 ,500 cfs and the adjusted export limit would be 
7,525 cfs (35% of 21,500 cfs), allowing the 1 ,500-cfs 
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DW discharge to be exported, along with the 6,000 cfs of 
available water, without an allocation to Delta outflow. 

Discharges under Alternative 2. Under Alter
native 2, it is assumed that releases of water from the DW 
islands would be exported by the SWP and CVP pumps 
during any month when unused capacity within the per
mitted pumping rate exists at the SWP and CVP pumps. 
DW discharges would be allowed to be exported in any 
month when such capacity exists and would not be sub
ject to strict interpretation of the export limits (percentage 
of total Delta inflow). It is assumed that Alternative 2, 
like Alternative 1, would operate in the context of current 
Delta facilities, demand for export, and operating con
straints. Under this alternative, it is assumed that export 
of DW discharges is limited by the 1995 WQCP Delta 
outflow requirements and the permitted combined pump
ing rate of the export pumps but is not subject to strict 
interpretation of the 1995 WQCP "percent of inflow" 
export limit. 

Figure 2-6 shows an example of an opportwtity for 
DW discharge for export wtder this alternative. For the 
example month, total Delta inflow is 20,000 cfs when the 
export limit is 3 5% of inflow and when required outflow 
is 14,000 cfs. Total inflow less required outflow would 
leave 6,000 cfs available for export by the CVP and 
SWP. Maximum DW discharge of 4,000 cfs could be 
exported under this alternative, for a total Delta export of 
IO,OOOcfs. Theexportlimitof7,000 cfs (35% of20,000 
cfs) would not limit export of the DW discharge. 

TIDling and Rate of Diversions onto the Reser
voir Islands. The timing and volume of diversions onto 
the reservoir islands would depend on how much water 
flowing through the Delta is not put to reasonable bene
ficial use by senior water right holders or required for 
environmental protection and would lx: subject to opera
tional terms and conditions of project approval. DW pro
poses to develop a procedure to coordinate DW project 
diversions with SWP and CVP operations on a daily 
basis to ensure that DW diversions capture only available 
Delta flows, satisfy 1995 WQCP water quality objectives, 
and maximize efficiency of the DW water storage opera
tions. 

Diversion rates of water onto the reservoir islands 
would vary with pool elevation and water availability. 
The maximum daily average rate of diversions onto either 
Wehb Tract or Bacon Island would be 4,500 cfs (9 TAF 
per day) at the time diversions begin (i.e., when head 
differential [the pressw·e created by water within a given 
volume] between channel water elevation and the island 
bottom is greatest). The diversion rate would be reduced 
as the reservoirs fill and the head differentials diminish. 
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Booster pumps would be ~ to complete the filling 
process. The combined maximum daily average rate of 
diversion for all the islands (including diversions to 
habitat islands, described below) would not exceed 9,000 
cfs. 1be combined maximum monthly average diversion 
rate would be 4,000 cfs; at this average rate, both reser
voir islands could be filled in approximately one month. 

Estimated mean monthly diversions under Alter
natives 1 and 2 are shown in Table 2-2. This table 
presents an overview of estimated D W project operations 
but does not show the pattern of estimated operations, 
which includes values that vary widely from the average 
values. Appendix 2 presents monthly percentiles of 
diversions under Alternatives 1 and 2. 

Timing and Rate of Discharges from the 
Resenoir Islands. DW proposes to discharge stored 
water from the reservoir islands during periods of de
mand in any month, subject to Delta regulatory limita
tions and export pumping capacities. Discharges would 
be pwnped at a combined maximum daily average rate of 
6,000 cfs. 1be combined monthly average discharge rate 
of the reservoir islands, however, would not exceed 
4,000 cfs; at this average rate, both reservoir islands 
could be emptied in approximately one month. The 
pump station pipes would discharge underwater to adja
cent Delta channels. 

Estimated mean monthly discharges from the reser
voir islands under Alternatives 1 and 2 are shown in 
Table 2-2. Appendix 2 presents monthly percentiles 
showing simulated patterns of operations under the DW 
project alternatives. 

Levee Improvements and Maintenance 

For operation of Alternatives 1 and 2, the perimeter 
levees on the DW reservoir islands would be improved to 
bear the stresses and erosion potential of interior island 
water storage and drawdown. DW would raise and 

.. widen the perimeter levees on the reservoir islands to 
hold water at a maximum elev_!tion of +6 feet. Levee 
improvements would be designed to meet or exceed 
state-recommended criteria for levees outlined in DWR 
Bulletin 192-82 (DWR 1982). Levee design would 
address control of wind and wave erosion through place
ment of rock revetment on the inside slopes of the 
perimeter levees and control of project-related seepage 
through an extensive monitoring and control system. 

DW would implement a monitoring and maintenance 
plan for the improved perimeter levees on the reservoir 
islands. During project operation, the perimeter levees 
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would be inspected weekly to indicate any erosion, 
cracking, or seepage problems. Ongoing maintenance 
activities on the levees would include, but are not limited 
to, placement of fill material, placement or installation of 
erosion protection material, reshaping or grading of fill 
material, herbicide application, selective burning, and 
regrading or patching of the levee road surface. 

Shallow-Water Management on the Resenoir 
Islands 

Incidental to project operations, Alternatives 1 and 2 
could include shallow-water management on Bacon 
Island and Webb Tract to enhance forage and cover for 
wintering waterfowl when water would not be stored on 
the reservoir islands. As discussed in Chapters 3G, 
"Vegetation and Wetlands", and 3H, "Wildlife", DW 
would not be required to create wetland habitat on the 
reservoir islands to compensate for impacts on wildlife or 
wetland resources resulting from water storage opera
tions; compensation habitat is provided on the habitat 
islands under the HMP (see "Summary of the Habitat 
Management Plan" below). Creation of wetland habitat 
on the reservoir islands would be implemented at OW's 
discretion. 

DW would construct and maintain an inner levee 
system on the bottoms of the reservoir islands. The 
system would consist of a series of low-height levees and 
connecting waterways and would manage shallow water 
during periods of nonstorage. The inner levees would be 
broad earthen struct\.D"es similar to the structures currently· 
in place on existing farm fields. Appendix 2 includes 
details on levee design and borrow sites for levee im
provement materials. More detail regarding levee design 
and maintenance is presented in Chapter 30, "Flood 
Control". 

When water is not being stored on the reservoir 
islands, the islands could be flooded to shallow depths 
(approximately 1 acre-foot of water per acre of wetland) 
for creation of wetland habitat, typically 60 days after 
reservoir drawdown. During years of late reservoir draw
down, additional time may be necessary before shallow 
flooding begins to allow seed crops to reach maturity. 
Once shallow flooding for wetland management occurred, 
water would be circulated through the system of inner 
levees until deep flooding occurred or through April or 
May. If the reservoir islands were not deeply flooded by 
April or May, water in seasonal wetlands would be drawn 
down in May, and if no water were available for storage, 
the island bottoms would remain dry until September, 
when the cycle would potentially repeat. Incidental to the 
shallow-water management, DW could potentially sell 
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that water when it was drawn down in April or May. 
DWs current and applied-for water rights for the reser
voir islands and their proposed uses under Alternatives I 
and 2 are described below under "DWs Existing and 
Pending Water Rights". 

Recreation Facilities 

WatJ::r storage operations on Bacon Island and Webb 
Tract would not preclude recreation on those islands. 
DW proposes to construct a maxirnwn of II recreation 
facilities on each of these islands along the perimeter 
levees, as shown in Figures 2-2 and 2-3. Each recreation 
facility would be constructed on approximately 5 acres 
and would include living quarters with a maxirnwn of 40 
bedrooms, a 30-berth floating dock with a gangway that 
provides access from neighboring water channels, a 36-
berth floating dock on the interior of the island to provide 
small-boat access to hunting areas, and a 40-car parking 
lot located along the levee crest access road. Appendix 2 
describes the proposed recreation facilities in more detail. 

DW Environmental Research Fund 

The DW project, once operating, would contribute $2 
per acre-foot of water sold for Delta export to a research 
fund established to sponsor related research work. No 
monies from the fund will be allocated to fulfill project 
pennit requirements. Rather, it is intended that the fund 
pay for research in those areas that may be affected by the 
DW project and in other areas in the Delta. 

The fund would be administered by DW, and an 
invited committee would be established to decide how 
research funds would be allocated. The committee will 
likely include representatives from the California Depart
ment ofFish and Game (DFG), U.S. Fish and Wildlife 
Service (USFWS), National Marine Fisheries Service 
(NMFS), SWRCB, DW, fishery-oriented and waterfowl
oriented organizations, and one general environmental 
organization. 

Operations and Maintenance 

Operation and maintenance activities for the reservoir 
islands under Alternatives I and 2 would include: 

• operation of onsite siphons and pwnps during 
water diversions and discharges; 
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• inspections and maintenance of perimeter levees, 
including placement of fill and rock revetment as 
needed; 

• maintenance of inner levees for shallow-water 
management and management of reservoir 
bottoms; 

• maintenance and monitoring of siphon units and 
fish screens; 

• inspections and maintenance of pwnp and siphon 
stations; and 

• maintenance and operation of recreation facilities 
performed by seasonal employees. 

Other operation and maintenance measures required 
by water rights or other permits and agreements (includ
ing proposed mitigation measures) are described for each 
resource area in Chapters 3A through 30. 

Habitat Islands 

Bouldin Island and Holland Tract would be managed 
for wetlands and wildlife habitat under Alternatives I and 
2 (Figures 2-7 and 2-8). An incidental operation ofthe 
habitat islands may involve the sale or use of water 
required to be drained from the islands. This water 
would be sold or used for the same purposes as the water · 
discharged from the reservoir islands. 

The primary function of the habitat islands, as 
described in the HMP, is to offset the effects of water 
storage operations on state-listed threatened and endan
gered species, waters of the United States (including 
wetlands) pursuant to Section 404 of the Clean Water Act 
and Section I 0 of the Rivers and Harbors Act of 1899, 
other wildlife habitat areas, and wintering waterfowl. 
The habitat islands would be developed and managed to 
provide breeding and foraging habitat for special-status 
wildlife species and other important wildlife species 
groups. The amounts and types of wetlands and other 
habitats developed on the habitat islands would com
pensate for the impacts of project facility construction and 
water storage operations on the reservoir islands and any 
impacts associated with construction and operation of the 
habitat islands. 

Wetland management on the habitat islands would 
require grading areas, revegetating, and diverting water. 
As part of Alternatives l and 2, improvements would be 

· made to existing siphon and pwnp facilities and to peri-
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meter levees, including levee buttressing to meet DWR's 
recommended standards for levee stability and flood 
control. Figure 2-9 depicts conceptual cross sections of 
Bouldin Island and Holland Tract under fall management 
conditions when seasonal wetlands are flooded. No new 
siphon oc discharge pump stations would be constructed 
on the habitat islands. Recreation facilities would be 
constructed on the habitat island perimeter levees, and the 
Bouldin Island airstrip would be operated to support 
maintenance and recreational activities on the DW 
project islands. 

Summary of the Habitat Management Plan 

The HMP was developed to describe how the habitat 
islands will be managed to provide for wetlands and 
wildlife habitat to offset acreage affected by operation of 
the DW project. Also incorporated,..,into the HMP were 
provisions for best land management practices to benefit 
wildlife species other than those special-status target 
species specifically addressed by the HMP. The HMP 
specifically describes goals and objectives for wildlife 
habitat management, habitat design and ftmction, guide
lines for habitat and recreation management, and proce
dures foc ensuring short- and long-term success of project 
compensation. Appendix G3, "Habitat Management Plan 
foc the Delta Wetlands Habitat Islands", contains detailed 
descriptions of the components of the HMP. 

The l-IMP was developed by a team consisting of 
representatives ofDFG, SWRCB, and JSA, in consulta
tion with the Corps and USFWS. DW worked with the 
HMP team prior to preparation of this EIRIEIS to incor
porate the HMP into OW's proposed project. The HMP 
team designed island habitats, habitat juxtaposition, and 
habitat management guidelines to achieve the following 
goals, which are listed in order of descending priority: 

• Compensation goals: compensate for water stor
age operation effects on Swainson's hawk and 
greater sandhill crane, species listed as threatened 
or endangered Wlder the California Endangered 
Species Act; wintering waterfowl habitat; and 
wetlands, as regulated by the Corps, pursuant to 
Section 404 of the Clean Water Act. 

• Species goals: without compromising compensa
tion goals, implement best land management 
practices to benefit upland wildlife species; en
hance waterfowl breeding habitat, greater sandhill 
crane roosting habitat, and Swainson's hawk 
nesting habitat; and provide habitats for other 
special-status species. 
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• Other important goals: propose best land man
agement practices that do not detract from com
pensation and priority species goals to enhance 
habitat conditions for other important species or 
species groups, such as migratory shorebirds, 
nongame water birds, and species associated with 
riparian habitats. 

See Chapter 3G, "Vegetation and Wetlands"; Chap
ter 3H, "Wildlife"; and associated appendices for more 
information on the HMP and on the effects of water 
storage operations. 

Habitat Island Divenions and Discharges 

Bouldin Island and Holland Tract would be managed · 
for improvement and maintenance of wetland and wildlife 
values. The timing and volumes of diversions onto the 
habitat islands would depend on the needs of wetlands 
and wildlife habitat. Wetland diversions would typically 
begin in September and water would be circulated 
through winter. Existing siphons would be used for 
diversions to the habitat islands. Fish screens would be 
installed on all siphons used for diversions. 

The maximum rate of proposed diversions onto 
Holland Tract and Bouldin Island would be 200 cfs per 
island. Diversions onto the habitat islands would not 
cause the combined maximum daily average diversion 
rate of 9,000 cfs for all four DW project islands to be 
exceeded. The estimated water budget for the habitat 
islands is presented in Appendix A 1, "Delta Monthly 
Water Budgets for Operations Modeling of the Delta 
Wetlands Project". Water would be applied to the habitat 
islands in each month for management of acreages of 
open water and perennial wetlands, flooded seasonal wet
lands, and irrigated croplands specified in the HMP. 
Approximately 19 T AF would be diverted annually onto 
the habitat islands. 

Water would be discharged from the habitat islands 
based on wetland and wildlife management needs. Typi
cally, water would be drawn down by May and the habitat 
islands would remain dry Wltil September, except for 
permanent water areas and other areas kept wet because 
of vegetation needs. Existing pumps would be used for 
discharges and for water circulation on the habitat 
islands. If new appropriative rights were approved for 
the water diverted onto the islands for wetland and wild
life management needs, DW could potentially sell that 
water when it is discharged; however, such discharge will 
not conflict with the HMP. 
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The maximwn rate of proposed discharges from 
Bouldin Island and Holland Tract would be 200 cfs per 
island. Discharges from the habitat islands for export 
would not cause the combined maximwn daily average 
discharge rate of 6,000 cfs and the maximwn average 
moothly mte of 4,000 cfs for all four DW project islands 
to be exceeded. 

Levee Improvements and Maintenance 

Levee improvements on the habitat islands would be 
designed, at a minimum, to meet criteria for levees out
lined in DWR Bulletin 192-82 (DWR 1982). Routine 
maintenance activities on habitat island perimeter levees 
would not differ from current practices and would include 
replenishing riprap, placing fill material, placing gravel, 
reshaping fill material, grading, disking, mowing, selec
tively burning, controlling rodents, and installing rock 
revetment. Interior slopes of perimeter levees on the 
habitat islands would be planted with grass to resist ero
sion from rainfall and would be maintained according to 
current practices. In accord with the HMP, borrow 
material for levee improvement and maintenance would 
be extmcted at deSignated locations from the island inter
iors before the beginning of habitat development and 
intermittently as needed thereafter. More detail regarding 
levee design and maintenance is presented in Chapter 3D, 
"Flood Control". 

Water Management Facilities for Habitat Creation 

Water would be diverted to and discharged from the 
habitat islands with existing facilities, with newly in
stalled fish screens on the siphons for diversions (Figures 
2-7 and 2-8). See Appendix 2, "Supplemental Descrip
tion of the Delta Wetlands Project Alternatives", and 
Appendix F2, "Biological Assessment: Impacts of the 
Delta Wetlands Project on Fish Species", for details on 
fish screen design. 

Recreation Facilities 

Recreation facilities on the habitat islands would be 
similar to those described above for the reservoir islands. 
Consistent with the HMP, DW would construct up to 10 
new recreation facilities on Bouldin Island and six new 
recreation facilities on Holland Tract. The HMP desig
nates open hWlting areas for waterfowl and upland hunt
ing, as well as closed zones where hunting is prohibited. 
The HMP allows for waterfowl hunting in areas consis
ting of approximately 50% free-roam hunting zones 
(average of one h~ter per 60 acres) and 50% spaced-
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blind hunting zones (one fixed-location blind with a 
maximwn occupancy of four hunters per SO acres). No 
waterfowl or upland bird hunting or other hwnan disturb
ance (e.g., birdwatching or dog training), except moni
toring, maintenance, and other activities consistent with 
implementation of the HMP, would be permitted in 
designated closed zones. 

Waterfowl htmting would be permitted only on Satur
days, SWldays, and Wednesdays and on two additional 
days (subject to the restriction that, in any event, hWlting 
would not be permitted on more than 3 consecutive days) 
to be designated by the htmting program manager prior to 
the opening of waterfowl season. HWlting of upland 
birds (i.e., pheasants and doves) would be permitted on 
Saturdays, SWldays, and Wednesdays during waterfowl 
season and during the break between the first and second 
halves of the waterfowl season. No hWlting beyond that 
described above and in Chapter 3J, "Recreation and 
Visual Resources", would be permitted on the DW pro
ject islands. 

The Bouldin Island airstrip will be available for use 
by htmters and other recreationists to fly to the island. To 
reduce disturbances to wildlife, restrictions specified in 
the HMP have been placed on operation of fixed-wing 
aircraft and helicopters in the habitat island areas. From 
September I through March 31, use of the airstrip for 
flights related to habitat management activities would be 
limited to 4 days per week. During the waterfowl hWlting 
season (generally October 1 through January 2), use of 
the airstrip for habitat management activities would be 
limited to nonhWlt days. During this season, use of the 
airstrip by fixed-wing aircraft for purposes other than 
habitat management (e.g., recreational use) would be 
limited to 100 landings and takeoffs (a landing and a 
takeoff in combination are COWlted as one). On hWlt 
days, these flights would be allowed only between 12:00 
p.m. and 2:00p.m. Helicopters would be permitted to 
land on perimeter levees in the recreation areas and 
would be required to approach the landing areas from 
outside the island; helicopters would not be permitted to 
fly over the habitat islands. No restrictions on use of the 
airstrip would be required during other times on the year. 

Operations and Maintenance 

Operation and maintenance activities for the habitat 
islands under Alternatives I and 2 would include: 

• operation and routine maintenance of the siphon 
and pwnp units; 
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• management of habitat areas, including, but not 
limited to, the control of undesirable plant spe
cies, agricultural plantings and irrigation, and the 
maintenance or modification of inner levees, 
circulation ditches, canals, open water, and water 
control structures to facilitate flooding and drain
age; 

• maintenance and monitoring of fish screens 
during water diversions for habitat maintenance; 

• wildlife and habitat monitoring for the HMP; 

• inspections and maintenance of perimeter levees; 

• use of the Bouldin Island airstrip for seed disper
sal and application of herbicides and other pesti
cides; 

., 
• operation of recreation facilities; and 

• monitoring and enforcement of hunting restric
tions. 

Other operation and maintenance measures required 
to mitigate impacts associated with the DW project are 
described for each resource area in Chapters 3A through 
30. 

DW's Existing and Pending 
Water Rights 

Current Water Rights 

DW has existing appropriative water rights for each 
of the four OW project islands for direct diversion from 
March 1 through November 1 annually. These rights 
have a priority date of July 28, 1922, and have been 
licensed. These appropriative rights are the primary 
basis of right to divert and use water for the current 
agricultural activities on each of the islands. 

DW also claims riparian ngh.ts, which may be used 
when there is riparian water available in the Delta and 
there is need to divert water outside the season of diver
sion specified for the existing appropriative water rights 
or for uses other than irrigation. Riparian rights have 
been used as a secondary basis of right on all four DW 
project islands for many years. Tables 2-3 and 2-4 pro
vide a detailed summary of these existing water rights and 
pending water right applications for the DW project. 
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Under" the DW project, these rights could not be used 
independently to fill the reservoir islands. 

Proposed Uses of Water 

The following section describes the proposed uses of 
water on the two reservoir islands (Webb Tract and 
Bacon Island) and the two habitat islands (Bouldin Island 
and Holland Tract) under DWs existing and applied-for 
water rights. The description applies to Alternatives 1 
and 2, DWs proposed project. 

Reservoir Islands (Webb Tract and Bacon 
Island). The primary basis of water rights for DWs 
proposed reservoir operations will be storage and direct 
diversion rights Wider Applications 29062 and 30268 for 
Webb Tract and Applications 29066 and 30270 for 
Bacon Island . 

The existing licensed rights may be used for irrigation 
of habitat cover crops on the reservoir islands, particu
larly during drier years, when water may be available 
under the terms of the existing licenses and not under 
those of the new applications. Also, when water is avail
able for use under riparian rights, riparian claims could 
be exercised for seasonal wetland habitat use on the 
reservoir islands, for inigation, or for diversions for other 
legal uses outside the licensed season. To allow for the 
sale of water previously diverted onto the reservoir 
islands under existing rights, DW filed petitions to add 
additional points of diversions under Applications 30268 
and 30270 at the location{s) on the islands where water 
otherwise would be discharged during reservoir opera
tions. Approval of the petitions would allow the reappro
priation of water already on the reservoir islands at the 
rate(s) up to the discharge pump capacities. If the peti
tions are approved, DW could approprjate seepage, 
return flow from cover crop irrigation under Licenses 
1572 and 1321 (Applications 2952 and 2954 ), and 
surplus wetland water diverted under riparian claim when 
surplus water is available under Applications 30268 and 
30270. The existing licenses or riparian claims could be 
used in dry years for on-island beneficial uses until suf
ficient surplus is available for normal reservoir storage 
operations or until water transfer parking options develop 
later in a dry year. 

DW has applied for both storage and direct diversion 
rights under the applications filed in 1987 and 1993 for 
both reservoir islands. The quantities, purpose{s) of use, 
and seasons of diversion are shown in Table 2-3. The 
quantities are sufficient to allow multiple filling and emp
tying of the reservoir islands when there is sufficient 
available water. Any permits issued will include special 
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terms and conditions and specify the required accounting 
procedure(s) needed to identify the timing of appropria
tions and amount of water allowed to be appropriated 
under the applications. 

Habitat Islands (Bouldin bland and Holland 
Tract). Table 2-4 shows current and proposed water 
rights for Bouldin Island and Holland Tract. The licensed 
appropriative water rights will continue to be the primary 
basis of right for irrigation of habitat cover crops on the 
DW project islands. Riparian claim will be exercised as 
the basis of right for wetland habitat use and when irriga
tion or diversions for other legal uses are required outside 
the licensed season. Both types of right will be needed 
under the HMP, which calls for irrigation of cover crops 
and sequential flooding of seasonal wetland habitat ponds 
beginning in September and continuing through Decem
ber. Supplemental water will be added as required to 
replenish water lost through evi!Jloration, evapotranspira
tion (ET), and seepage. The HMP requires that seasonal 
wetlands be drained each year for forage crops to be 
grown. 

DW has requested that water diverted onto the habitat 
islands be available for later sale if consistent with HMP 
requirements. This incidental use of the habitat islands 
cannot occur under the existing water rights. Therefore, 
DW filed petitions to add additional points of diversion 
under Applications 30267 and 30269. Approval of the 
petitions would allow the reappropriation of water on the 
habitat islands at the rate(s) at which, and the locations 
where, seepage or return flows would otherwise be dis
charged from the islands. If the additional points of 
diversion are approved, DW could appropriate seepage, 
return flow from cover crop irrigation under Licen
ses 1405 and 1571 (Applications 2948 and 2951), and 
swplus wetland water diverted under riparian claim when 
swplus water is available in the Delta under Applications 
30267 and 30269. DW has requested that SWRCB 
approve the petitions along with the pending applications. 

Any SWRCB approval of the petitioned diversion 
points on the habitat islands will specify the required 
accounting procedure(s) needed to identify when water 
on the habitat islands cauld be reappropriated under 
Application 30267 or 30269 and be available for sale. 
Only discharged water taken under riparian right would 
be abandoned (i.e., would not be available for sale). 

DESCRIPTION OF ALTERNATIVE 3 

Under Alternative 3, all four DW project islands 
would be managed for year-round diversion and storage 
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of water. This alternative represents the maximwn water 
appropriations that would be achieved by SWRCB grant
ing DWs water right applications. This alternative also 
represents the maximwn amount of water storage that 
would be feasible on the four project islands based on 
levee height and internal elevation. Project operations 
under this alternative would be the same as those under 
Alternative 2 with respect to diversion and discharge 
operations (except for diversion and discharge rates) and 
construction and operation of recreation facilities; how
ever, this alternative would allow year-round water diver
sions on all four DW project islands and would require 
substantially greater investments in internal levee con
struction to protect State Route (SR) 12 on Bouldin 
Island. 

Operations on Bacon Island and Webb Tract would 
be the same as those described for Alternative 2 and 
shown in Figures 2-2 and 2-3. Bouldin Island and 
Holland Tract would be operated for water storage 
similar to Webb Tract and Bacon Island, rather than for 
wetland habitat creation; proposed locations for water 
storage facilities on Bouldin Island and Holland Tract are 
shown in Figures 2-10 and 2-11. Alternative 3 would 
include the area on Holland Tract excluded from the 
project area under Alternatives 1 and 2 but would not 
preclude the operation of the marinas located on the 
channel side of Holland Tract's southern perimeter levee. 
According to DW,landowners of the Holland Tract area 
not now owned by DW have been contacted, and DW 
would be able to purchase the area if Alternative 3 were 
implemented. Under Alternative 3, a habitat reserve (the 
North Bouldin Habitat Area [NBHA]) would be created 
north of SR 12 on Bouldin Island to compensate for some 
of the impacts associated with water storage operations. 
Additional offsite wildlife habitat and wetland compensa
tion would be required for this alternative. 

Water Storage Operations 

The four reservoir islands would be designed for 
water storage levels up to a maximwn pool elevation of 
+6 feet relative to mean sea level (based on National 
Geodetic Vertical Datwn data), with a total initial capa
city of 406 T AF allocated among the reservoir islands as 
follows: Bacon Island, 117 T AF; Webb Tract, 119 T AF; 
Bouldin Island, 98 T AF; and Holland Tract, 72 T AF. 
Water availability, pennit conditions, and DSOD require
ments may limit storage capacities and may result in a 
fmal storage elevation of less than +6 feet. 

As described for Alternatives 1 and 2, the total 
physical storage capacity of the reservoir islands may 
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increase over the life of the project as a result of subsi
dence. Based on an estimated 0.5 inch of subsidence per 
year, it is estimated that the total storage capacity of the 
four reservoir islands after 50 years could be as much as 
448 TAF. 

The siphon and pwnp station designs for all four DW 
project islands would be the same as those described for 
the reservoir islands (Bacon Island and Webb Tract) 
under Alternatives 1 and 2. DW proposes to construct 
two intake siphon stations on each reservoir island with 
16 new siphons each on Bacon Island and Webb Tract 
and 12 new siphons each on Bouldin Island and Holland 
Tract, for a total of 112 new siphons. One discharge 
pwnp station would be installed on each reservoir island, 
with 40 new pumps at both the Bacon Island and Webb 
Tract stations and 30 new pumps at both the Bouldin 
Island and Holland Tract stations, for a total of 140 new 
pumps. Locations of the proposed siphon and pump ,., 
stations under Alternative 3 are shown in Figures 2-2, 
2-3, 2-10, and 2-11. 

The perimeter levees of all four reservoir islands 
would be buttressed and improved as described for Webb 
Tract and Bacon Island under Alternatives 1 and 2. 
Alternative 3 would require construction of a large 
interior levee across Bouldin Island along the south side 
of SR 12. Water storage operations south of SR 12 
would require that the south-side levee, also known as 
Wilkerson Dam, be designed and constructed in 
accordance with DSOD standards where water would be 
stored in excess of +6 feet in elevation. Wilkerson Dam 
is described in Chapter 3E, "Utilities and Highways", and 
Appendix E1, "Design and Construction of Wilkerson 
Dam South of SR 12 on Bouldin Island". 

Chapter 3A, "Water Supply and Water Project Oper
ations", and Appendix A3, "DeltaSOS Simulations of the 
Delta Wetlands Project Alternatives", describe the simu
lated water budget for diversions, storage, and exports 
under Alternative 3. 

Divenions onto the Reservoir Islands 

The maximum daily average rate of proposed DW 
project diversions onto either Webb Tract or Bacon 
Island would be 4,500 cfs (9 T AF /day) and onto either 
Bouldin Island or Holland Tract would be 3,000 cfs 
(6 TAF/day) at the time diversions begin. If water were 
being diverted to multiple reservoir islands at the same 
time, the combined maximum daily average diversion 
rate of the islands would not exceed 9,000 cfs. The 
maximum monthly average diversion rate would be ap
proximately 6,000 cfs, which would fill the four reservoir 
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islands in one month. Estimated mean monthly diver
sions onto the reservoir islands under Alternative 3 are 
shown in Table 2-2. 

Dis<:harges from the Reservoir Islands 

Discharge pumping would occur at a maximum rate 
of 4,000 cfs from Bacon Island and Webb Tract and 
2,000 cfs from Bouldin Island and Holland Tract. The 
discharge rate for Bacon Island and Webb Tract would be 
greater than the rate for the other islands to allow rapid 
discharge from those islands. The maximum combined 
monthly average discharge rate of the reservoir islands, 
however, would depend on available export capacity but 
would be less than 6,000 cfs because the reservoir islands 
could be emptied in one month at this rate. The maxi
mum daily average discharge rate is assumed to be 
12,000 cfs. Estimated mean monthly discharges from the 
reservoir islands under Alternative 3 are shown in 
Table 2-2. 

Habitat Management 

Shallow-Water Management 

Incidental to project operations, Alternative 3 could 
include shallow-water management to enhance forage and 
cover for wintering waterfowl when water would not be 
stored on the reservoir islands because of limits to water 
availability and increased demand for discharge. Each of 
the four reservoir islands would have an inner levee 
system for shallow-water management. Shallow-water 
management for Alternative 3 would be similar to that 
described for the reservoir islands under Alternatives 1 
and2. 

North Bouldin Habitat Area 

The portion of Bouldin Island north of SR 12 woUld 
be managed as the NBHA, a year-round riparian and 
wetland habitat area (Figure 2-1 0). The ground within 
the NBHA would be dredged and reshaped to provide 
year-round and seasonal water for habitat management. 
The NBHA would be bounded by a new interior levee 
north of SR 12 and by the island's perimeter levees. The 
north-side interior levee would not be subject to design 
review by DSOD. A new pump would be constructed in 
the NBHA for water discharges, and fish screens would 
be installed on existing siphons for water diversions. 
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Following are acreages of habitat types (totaling 87S 
acres) proposed for the NBHA: 

• com = 170 acres, 
• perennial pond = SO acres, 
• riparian woodland = 200 acres, 
• seasonal managed wetland = 3 13 acres, 
• ditch = 17 acres, 
• annual grassland= 29 acres, and 
• fallow levee slope = 96 acres. 

Additional offsite wildlife habitat compensation would be 
required for this alternative. 

Recreation Facilities 

Recreation facilities on Bacon Island and Webb Tract 
would be the same as those described for the< reservoir 
islands under Alternatives 1 and 2. DW would construct 
up to ten and eight recreation facilities on Bouldin Island 
and Holland Tract, respectively, as shown in Figures 2-10 
and 2-11. Operation and design of the recreation facili
ties for Alternative 3 would be similar to those described 
for the reservoir islands under Alternatives 1 and 2. No 
airstrip would be maintained under Alternative 3. 

Operations and Maintenance 

Operation and maintenance activities for the islands 
under Alternative 3 would be similar to those described 
for the reservoir islands under Alternatives 1 and 2. The 
NBHA would be managed similar to the habitat islands 
under Alternatives 1 and 2, but on a smaller scale. 

DESCRIPTION OF THE NO
PROJECI' ALTERNATIVE 

If Corps permit applications or SWRCB water right 
permit applications for the-DW project are denied, DW 
would implement intensive agricultural operations on the 
four project islands or sell the property to another entity 
that would likely implement intensive agriculture. The 
No-Project Alternative is based on the assumption that 
intensified agricultural conditions represent the most 
realistic scenario for the DW project islands if permit 
applications are denied. It is assumed that no new recrea
tion facilities would be built. 
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Changes in project island operations under the No
Project Alternative would be limited to those fanning 
activities that increase cropping intensity and could be 
implemented without a permit issued by the Corps or 
SWRCB. The No-Project Alternative would entail 
implementing more efficient drainage and weed manage
ment practices on Holland and Webb Tracts and shifting 
some crop types on Bacon and Bouldin Islands. 

The DW island water budget terms for the No-Project 
Alternative are asswned to be approximately SO% higher 
than water budget terms under existing conditions, re
flecting more extensive agricultural use of the islands; 
however, for modeling of water operations, this differ
ence is not discernible and no distinction is made be
tween the water budgetsfor existing conditions and the 
No-Project Alternative. The water budget for the No
Project Alternative is shown in Appendix AI, "Delta 
Monthly Water Budgets for Operations Modeling of the 
Delta Wetlands Project". Average monthly diversions for 
combined irrigation and salt leaching are shown in Table 
2-2. Currently existing siphon facilities on the islands, 
which are unscreened, would not be modified under the 
No-Project Alternative. 

WATER BUDGETS FOR THE 
DW ALTERNATIVES 

By converting conventional agricultural land use to a 
combination of water storage and wildlife habitat man
agement, the DW project would modify Delta water 
budgets. Table 2-1 summarizes differences in diversions, 
storage capacity, and discharges between the DW project 
alternatives. Table 2-2 shows the estimated mean month
ly diversions from Delta channels to the DW project 
islands under Alternatives 1, 2, and 3 and the No-Project 
Alternative and mean monthly discharges for export or 
outflow from the DW project islands under Alterna
tives 1, 2, and 3. These tables present an overview of 
general differences between alternatives but do not show 
the detailed patterns of DW project operations, which 
include values that vary widely from the average values. 
Appendix 2, "Supplemental Description of the Delta 
Wetlands Project Alternatives", provides a more detailed 
comparison of water storage operations under Alter
natives 1, 2, and 3 in the form of monthly percentiles 
showing simulated diversions, end-of-month storage, and 
discharge amounts. Chapter 3A, "Water Supply and 
Water Project Operations", and Appendix A3, "DeltaSOS 
Simulations of the Delta Wetlands Project Alternatives", 
show details of the Delta water budget simulated under 
DW project operations as monthly percentiles and annual 
totals for each of the alternatives. Appendix 2 shows that 
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the pattern of water storage operations is generally 
characterized by large diversions and export amounts in 
small percentages of years. 

COORDINATION WITH WATER 
RIGHTS, DELTA STANDARDS, 

AND FISH TAKE LIMITS 

The project's permits, if granted by SWRCB, would 
contain terms and conditions to protect prior water right 
holders and the public interest and public trust. All 
existing and any future Delta standards regarding water 
quality, flows, and diversions would be applicable to the 
DW project alternatives as appropriate. The project 
permits would require that project diversions not interfere 
with the diversion and use of water by any other user with 
riparian or prior appropriative rights. 

ol 

Coordination regarding 
Senior Water Rights 

Most holders of riparian and senior appropriative 
water rights are located upstream of the Delta in the 
Sacramento or San Joaquin River Basins. Many holders 
of riparian rights are located in the Delta, and senior 
appropriative water rights are also held in the Delta by 
the SWP and the CVP, as well as Contra Costa Water 
District (CCWD) and several smaller diverters. The DW 
project would not interfere with diversions by these 
senior water right holders. 

The DWR Division of Operations and Maintenance 
and Reclamation's Central Valley Operations Coordin
ating Office (CVOCO) maintain the official daily water 
budget estimates for the Delta and designate the Delta 
condition each day as being "in balance" or "in excess" 
relative to all SWRCB objectives and water right terms 
and conditions. The term "in balance" indicates that all 
Delta inflow is required to meet Delta objectives and 
satisfY diversions by CCWD, the CVP, the SWP, and 
Delta riparian and senior appropriative water users. 
Under all circumstances, when the Delta condition is 
designated to be in balance, no additional water would be 
available for diversion by the DW project under new 
water rights. 

When DWR and CVOCO determine the Delta con
dition to be in excess and other terms and conditions are 
met, the DW project would be allowed to divert available 
excess water for storage on the designated reservoir 
islands under new appropriative water rights. DW diver-
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sions under existing riparian and senior appropriative 
rights may be permitted for shallow-water management, 
subject to applicable water right laws, even when the 
Delta is not determined to be in excess. The daily quan
tity of available excess water would be estimated accor
ding to DWR's normal accounting procedures. To 
provide extra protection for compliance with the 1995 
WQCP, SWRCB may establish requirements for amounts 
ofwaterwithin the designated excess water (i.e., buffers) 
that would not be available for DW diversions, or other 
measures to protect Delta objectives, existing water right 
holders, and public trust values. Nevertheless, during 
major runoff events, excess Delta inflow will likely be 
available for diversion by the DW project (see Chapter 
3A, "Water Supply and Water Project Operations"). 

Coordination regarding Water 
Quality Standards 

All existing and any future Delta water quality stan
dards adopted by SWRCB or other regulatocy agencies 
would be applicable to the proposed diversions. Project 
operations for water storage would not be allowed to 
violate applicable Delta water quality objectives and 
public trust values or interfere with the ability of other 
projects to meet the objectives. 

The DW project permits would contain terms and 
conditions that specify the allowable project operations 
for a variety of possible Delta conditions related to water 
quality or fish and wildlife requirements. SWRCB terms 
and conditions for the requested OW water rights would 
specify DW operational rules and guidelines related to 
meeting applicable Delta objectives. 

Coordination regarding 
Endangered Species 

Under the federal Endangered Species Act, biological 
opinions would identifY DW project operational criteria, 
take limits, and facility design (i.e., fish screen criteria) 
for winter-run chinook salmon, delta smelt, and possibly 
Sacramento splittail. The project permits would require 
that project operations fully comply with any applicable 
Endangered Species Act conditions and allowable take 
limits as specified in the biological opinions. Water 
exported from the DW reservoir islands will be subject to 
all applicable biological opinion requirements at the 
SWP and CVP export facilities. 
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ALTERNATIVES CONSIDERED BUT 
NOT SELECTED FOR DETAILED 

EVALUATION 

EPA's Section 404(b)(l) guidelines prohibit dis
charges of dredged or fill material into waters of the 
United States if a practicable alternative exists that would 
have less adverse impacts on the aquatic ecosystem and 
that would not have significant adverse impacts on other 
biological resources. To comply with EPA's Section 
404(b )(I) guidelines, the lead agencies initially consid
ered a broad range of project alternatives that would meet 
the project purpose. This range was then narrowed to 
include only those alternatives that are reasonably fore
seeable and technica11y and fmancially practicable for the 
applicant The pennitted project will constitute the least 
envirorunentally damaging practicable alternative for pur
poses of complying with Section 404 of the Clean Water 
Act. The 404(b )(1) alternatives analysis, provided in 
Appendix 4, gives additional detail. 

This section describes alternatives considered for the 
project but not selected for detailed evaluation. The 
alternatives that were considered were not limited to 
water storage facilities in the Delta and included non
structural and structural projects. Nonstructural alterna
tives are those that do not require construction of major 
new facilities. Structural alternatives are those that re
quire construction of new facilities onsite or offsite. 

Certain Delta programs and studies are not con
sidered as alternatives to the DW project. These pro
grams and studies relate to envirorunental conditions in 
the Delta and to the quantity and quality of available 
water supply in the Delta and therefore demonstrate the 
general public need for and benefit of additional water 
supply in the Delta The related programs and studies are 
discussed in Appendix 2: 

Reoperation of the CVP 
and the SWP 

Under this alternative, DWR and Reclamation would 
further integrate and consolidate operations of the CVP 
and the SWP. Currently, the federal and state water 
projects operate their systems under different sets of 
rules. Integrating the CVP and the SWP would facilitate 
greater operational flexibility of the two systems and 
could facilitate improved water management throughout 
California's water system. A more efficient water system 
could result from better coordination of groundwater and 
surface water supplies and deliveries, and easier imple-
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mentation of water consetVation techniques, market
based water transfers, and groundwater management. 

Reoperation of the CVP and the SWP, as described 
above, would require combined management of the CVP 
and the SWP to increase the operational flexibility of the 
two projects and therefore result in a more efficient water 
storage and delivery system. 

This alternative could increase the supply of high
quality water in the Deltafor sale for export south of the 
Delta or as Delta outflow to San Francisco Bay. How
ever, this alternative has not been sufficiently defmed to 
determine whether it could achieve the project purpose of 
increasing the supply of high-quality water in the Delta. 
It is presently impossible to estimate how much the 
combined management of the CVP and the SWP would 
contribute to increasing the quantity of high-quality water 
in the Delta. · 

Reoperation of the CVP and the SWP is not an avail
able alternative to the project proponent. No role exists 
for a private participant in the management of an inte
grated CVP and SWP system. Financial implications of 
the reoperation of the CVP and the SWP are uncertain. 
The alternative could require substantial fmancial invest
ments to evaluate, negotiate, plan, and implement CVP 
transfer and coordinated management of the two systems. 

For the reasons stated above, reoperation of the C VP 
and the SWP was eliminated from further evaluation as a 
practicable alternative. 

Water Conservation Alternative 

Under this alternative, an entity (pres"\ffilably govern
mental) would implement a water conservation program 
that would result in increased supplies of water in the 
Delta. Conservation measures for residential develop
ments include retrofitting existing residences and con-

. structing new developments with low-flow fixtures and 
appliances, relandscaping existing developments and 
landscaping new developments with drought-tolerant 
plants, and installing drip irrigation systems. Conser
vation measures for commercial and industrial uses 
include landscaping with drought-tolerant plants to 
reduce irrigation to a minimum, retrofitting existing struc
tures, constructing new developments with low-flow 
fixtures, recycling water, and repairing leaks. Conserva
tion measures for agriculture include furrow irrigation 
techniques, irrigation management, and irrigation system 
assessment. 
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DWR (1994) estimated that urban and agricultural 
water conservation programs might achieve 3 MAF of 
demand reduction statewide by 2020. This demand 
reduction was accounted for in the DWR (1994) pro
jections for long-tenn California water demand. It is not 
possible to estimate the extent to which a reduction in 
California water demand would reduce demand in the 
Delta watershed, or how a reduction in demand in the 
Delta might contribute to increased Delta water supply. 
Therefore, the water conservation alternative cannot be 
defined sufficiently to support the conclusion that it 
would be able to satisfy the project purpose. 

Water consetVation, on a very !mall scale, is available 
to the project applicant. DW could implement water 
conservation efforts for intensified agricultural uses on its 
four Delta islands, but these efforts would not generate a 
measurable supply of water for sale for export or outflow. 
Conse!vation on a scale broad enough to have the poten
tial to supply a minimum amount of water would require 
public, institutional, local agency, private industry, and 
agricultural community participation and would therefore 
be unavailable as a project alternative to DW. 

For the reasons stated above, the water conservation 
alternative was eliminated from further evaluation as a 
practicable alternative. 

Water Transfen Alternative 

The water transfers alternative wmdd consist of vol
untary, market-based temporary and long-term water 
transfers directly using the Delta. The voluntary transfer 
of water has the potential to be an important means of 
achieving better water management in California. The 
California Legislature has declared that the established 
policy of the state is to facilitate voluntary water transfers 
and has directed DWR, SWRCB, and all other state agen
cies to encourage voluntary water transfers (California 
Water Code Sections 109 and 475). 

Voluntary, market-based temporary and long-term 
water transfers directly using the Delta could increase the 
supply of high-quality water in the Delta for sale for 
export and/or outflow. Although DW could act as a type 
of broker for potential suppliers and buyers of market 
water, the feasibility of this role is highly speculative. 
1be role DW would play in this alternative is not defmed 
clearly enough to allow proper evaluation of the fmancial 
feasibility of DW being a broker in the water transfer 
market A broker may not have a fmancially feasibly role 
in the water transfer market if suppliers and buyers con
tract directly with each other without the aid of a _broker. 
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Water transfers can be short term (1 year or less) or 
long term. Many short-term water transfers were imple
mented through the State Drought Water Bank in 1991 
and 1992 (DWR 1994). Short-term transfers are typi
cally based on fallowing of irrigable agricultural land for 
short periods or on temporary shifts of supplies not need
ed by the seller on an interim basis. Long-term transfers 
that could increase water supply to the Delta are not suffi
ciently defmable to be considered a practicable alterna
tive to meet the project purpose. Because of the tempo
rary or interim nature of these transfers, they cannot 
achieve the basic project purpose of providing a long
term increase in Delta water supply. 

As stated above, the water transfers alternative was 
eliminated from further evaluation as a practicable 
alternative because: 

• it would not realistically be available to the pro
ject proponent, 

• it is not definable as a program of long-term trans
fers to increase Delta water supply, 

• temporary transfers cannot meet the long-term 
project purpose, and 

• the alternative may have limited financial feasi
bility for DW as a participant. 

Non-Delta Water Storage 
or Conjunctive Use 

Non-Delta water storage entails the construction of 
storage facilities with the capacity to store high-quality 
water for uses compatible with the DW project purpose. 
Such storage facilities could include surface water storage 
reservoirs or groundwater storage basins. Such facilities 
also could be operated conjunctively to improve overall 
supply reliability. 

Agencies that are responsible for municipal, regional, 
state, and federal water systems are presently considering 
non-Delta options for offstream storage between the 
Delta and places of use (e.g., Los Banos Grandes Reser
voir; Kern Water Bank; and Domenigoni Reservoir and 
the Los Vaqueros Project, which are under construction). 
These entities are also pursuing several options for con
junctive use of groundwater basins to produce drought
year water supplies. (DWR 1994.) 

Under this alternative, a water storage facility could 
be constructed and operated to increase the long-tenn 

Ch 2. Delta Wetlands Project Alternatives 

September 1995 



f 
\ 

supply of high-quality water in the Delta. Similarly, a 
conjunctive use program could be developed to increase 
Delta water supplies in drought years. 

Conjunctive use programs require sponsorship and 
direction by regional water districts that coordinate man
agement of large areas of irrigated farmland and defined 
groundwater basins in combination with centralized 
points for swface water diversions. Therefore, a conjunc
tive use water management program does not appear to 
be available to the project proponent. Furthermore, a 
conjunctive use program upstream of the Delta would not 
increase Delta water supplies over the long term but 
could increase Delta inflows in dry years. 

As stated above, this alternative was eliminated from 
further evaluation as a practicable alternative for the 
following reasons: 

• defmable options tha( might be implemented 
under this alternative by 2020 are not available to 
the project proponent, 

• other options require extensive investigation to 
determine their financial feasibility or their com
patibility with a long-term Delta solution and thus 
are not cWTently definable, and 

• conjunctive use programs might increase Delta 
water supplies only in drought years and are not 
available to the project proponent. 

Water Storage on Other 
Delta Islands 

This alternative could include using any nwnber of 
the islands in the Delta other than DW's Bacon and 
Bouldin Islands and Holland and Webb Tracts to provide 
water storage for later sale for export or outflow. The 
facilities and operations used for this alternative would be 
similar to those described for Alternatives 1 and 2. How
ever, because operation of the islands is, to some extent, 
a function of their geographic location, operations and 
facilities on other Delta islands may be very different 
from those proposed under Alternative 1, 2, or 3. 

Although this alternative was generally available to 
the project proponent at the time of initial project plaiJ
ning, specific islands were unavailable and certain factors 
particular to each Delta island affect the fmancial feasi
bility of using an island as a J)otential site for water 

{ storage. Therefore, this alternative was eliminated from 
'"'-··- evaluation as a practicable alternative. 
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Table 2-1. Comparison of Alternative DW Project Operations 

Combined Reservoir Mean Annual 

Alternative 

2 

3 

Storage Capacity 
(TAF) 

238 

238 

406 

Notes: T AF = thousand acre-feet. 

Diversion 
(TAF) 

222 

225 

356 

Limits to 
Discharges 

1995 WQCP Delta outflow require
ments; permitted combined SWP and 
CVP pwnping rate; 1995 WQCP 
export limits as "percentage of total 
Delta inflow diverted" 

1995 WQCP Delta outflow require
ments; permitted combined SWP and 
CVP pwnping rate 

1995 WQCP Delta outflow require
ments; permitted combined SWP and 
CVP pwnping rate 

Mean 
Annual 

Discharge 
(TAF) 

188 

202 

302 

Mean annual diversion and discharge values are derived from simulations ofDW project operations based on the 
historical hydrologic record for 1922-1991 and asswning current Delta standards (see Chapter 3A, "Water Supply 
and Water Project Operations", and Appendix A3, "DeltaSOS Simulations of the Delta Wetlands Project 
Alternatives"). Mean annual diversion and discharge quantities do not include the small amounts of incidental water 
storage available from the habitat islands, estimated to be approximately 17 TAF annually. 



Table 2-2. Estimated Mean Monthly Diversions and Discharges under the DW Project Alternatives (T AF) 

October November December January February March April May June July August September Annual 

Dlvenlons 

Alt. I 39 41 31 42 24 13 1 2 I 3 1 22 222 

Alt.2 39 41 31 40 24 14 5 2 1 3 1 22 225 

Alt.3 61 68 59 60 42 20 7 3 1 5 1 26 356 

No-Project 

....... ' ;~.:~: ·, Alternative 2 0 3 3 3 0 0 3\ 13 16 12 6 60 
·~~. ::- ... ;~---~ 

Existing 
conditions I 0 l.S l.S l.S 0 0 l.S 6.5 8 6 3 30 

Discharges 

Alt. I 0 I 13 2 10 5 12 16 8 56 49 18 188 

Alt.2 0 I 11 3 37 27 5 17 46 30 18 5 202 

Alt.3 0 I 11 4 43 42 5 17 70 48 48 11 302 

--

Notes: Values for Alternatives I, 2, and 3 are derived from simulations ofDW project diversions to reservoir storage based on the historical hydrologic record for 1922-1991 and assuming current Delta standards (see Chapter 
3A, "Water Supply and Water Project Operations", and Appendix A3, "DeltaSOS Simulations of the Delta Wetlands Project Alternatives"). Habitat island diversions are not included. 

Values for the No-Project Alternative represent average combined diversions for irrigl!lion and salt leaching estimated for intensified agricultural use of the DW project islands (see Appendix AI, "Delta Monthly Water Budgets 
for Operations Modeling of the Delta Wetlands Project"). 

The annual simulated patterns ofDW project operations vary widely from these average values. See Appendix 2, "Supplemental Description of the Delta Wetlands Project Alternatives", for monthly percentiles. 

Annual values may not total correctly because of rounding. 
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Table 2-3. Existing and Proposed DW Water Rights for Reservoir Islands 

Water Nature Application No./ Permit License Current Proposed 
lslandffract Right Type of Right Priority 

Webb Tract Appropriative Direct diversion 29S2 
1922 priority 

Riparian Direct diversion NIA 

Appropriative Storage 29062 
I 1987 priority 

Appropriative Direct diversion 30268 
1993 priority 

Appropriative Storage 30268 
1993 priority 

Bacon Island Appropriative Direct diversion 29S4 
1922 priority 

Riparian Direct diversion NIA 

Appropriate Storage 29066 
1987 priority 

Appropriative Direct diversion 30270 
1993 priority 

Appropriative Storage 30270 
1993 priority 

Notes: Ag = agricuhural. 
D = domestic. 
I = irrigation. 

M&l = municipal and industrial. 
FWPE = fish and wildlife preservation and enhancement. 

No. 

1416 

NIA 

Pending 

Pending 

Pending 

1418 

NIA 

Pending 

Pending 

Pending 

WQ 
af 

cfs 
N/A 

No. 

IS72 

NIA 

NIA 

NIA 

NIA 

1321 

N/A 

NIA 

NIA 

N/A 

water quality. 
acre-feet. 
cubic feet per second. 
not applicable. 

Use Future Use 

I I 

Ag Ag/FWPE 

NIA IIDIM&II 
FWPFJWQ 

NIA IIDIM&II 
FWPFJWQ 

N/A IIDIM&II 
FWPFJWQ 

I I 

Ag Ag/FWPE 

N/A IIDIM&II 
FWPFJWQ 

NIA IIDIM&II 
FWPFJWQ 

N/A IIDIM&II 
FWPFJWQ 

Season of 
Diversion Quantity" Comments 

March 1- 63.94c& Primary right 
November I 

NIA Undefined Secondary right 

December IS- 106,900 af 
May I 

January 1- 3,000 crs• 
December31 262,000af 

January 1- ISS,OOO af Petition to add on-island 
December31 point of diversion for storage 

pending 

March 1- 60.16 cfS Primary right 
November I 

NIA Undefined Secondary right 

December IS- ll0,S70 af 
May 1 

January 1- 3,000 c&· 
December31 2S8,ooo ar 

January 1- 147,000 af Petition to add on-island 
December31 point of diversion for storage 

pending 

' The maximum potentialatnllll diversion for each island is the sum of the 1987 priority and the 1993 priority (see Appendix I, "SWRCB Public Notice for the Delta Wetlands Water Right Applications"); the actual diversions f~ 
the project would likely be substantially less than the maximum amount. 

• 30-day average rate of diversion. 

' Annual maximum amount. 



Table 2-4. Existing and Proposed OW Water Rights for Habitat Islands 

Water Nature Application No./ Permit License Current Proposed Season of 
Island/Tract Right Type of Right Priority No. No. Use Future Use Diversion Quantity' Comments 

Bouldin Island Appropriative Direct diversion 2948 1412 140S I I March 1- 71.S6cfi; Primary right 
1922 priority November I 

Riparian Direct diversion N/A N/A N/A Ag Ag/FWPE N/A Undefined Secondary right 

Appropriative Storage 29061 Pending N/A N/A 1/D/M&I/ December IS- 96,070 af 
1987 priority FWPEIWQ May I 

Appropriative Direct diversion 30267 Pending N/A N!A 1/D/M&I/ January 1- 2,SOO c&• 
I 1993 priority FWPEIWQ December31 216,000 af" 

\ 
Appropriative Storage 30267 Pending N/A N/A 1/D/M&I/ January 1- 110,000 af Petition to add on-island 

1993 priority FWPEIWQ December31 points of diversion for storage 
pending 

Holland Tract Appropriative Direct diversion 29Sl 141S 1S71 I I March 1- 49.2S eli; Primary right 
1922 priority November I 

Riparian Direct diversion N/A N/A N/A Ag Ag/FWPE N/A Undefmed Secondary right 

Appropriative Storage 29063 Pending N/A N/A 1/D/M&I/ December IS- 69,0SOaf 
1987 priority FWPEIWQ May I 

Appropriative Direct diversion 30269 Pending N/A N!A 1/D/M&I/ January 1- 2,SOO c&• 
1993 priority FWPEIWQ December31 160,000 af" 

Appropriative Storage 30269 Pending N/A N!A 1/D/M&I/ January 1- 90,000 af Petition to add on-island 
1993 priority FWPEIWQ December31 points of diversion for storage 

pending 

Notes: Ag = agricultural. FWPE = fish and wildlife preservation and enhancement. 
D = domestic. WQ = water quality. 
I = irrigation. af = acre-feet. 

M&l = municipal and industrial. cfs = cubic feet per second. 

a The maximnn potemial amual diversion for each island is the sum of the 1987 priority and the 1993 priority (see Appendix I, "SWRCB Public Notice for the Delta Wetlands Water Right Applications"); the actual diversions for 
the project would likely be substantially less than the maximum amount. 

<i#li~: 
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b 30-day average rate of diversion. 

c Annual maximum amount. 

NIA = not applicable. 
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SCALE IN MILES 

Note: The nonproject areas on Holland Tract 
(not shaded) are included in the DW project for 
Alternative 3 and the No-Project Alternative. 

Tenninous 
Tract 

McDonald 
Island 

Lower Jones 
Tract 

Upper Jones 
Tract 

Source: Adapted from California Department of Water Resources 1993. 

Figure 2-1. 
DW Project Islands 
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Note: The existing levee would be 
improved as described in Chapter 3D, 
"Flood Control". 

Figure 2-2. 
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Note: The existing levee would be 
improved as described in Chapter 3D, 
"Aood Control". 

Figure 2-3. 
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DW Project Facilities for Webb Tract 
under Alternatives 1, 2, and 3 
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Full-Storage Operation 

Riprap 

Inner 

~~vces~ 

Levee Drainage Drainage Drainage 
Top Canal Reservoir Ditch Reservoir Ditch 

Channel 1 1 1 1 Bottom I 1 Bottom , Ll 
rr -- 11 -,, ~· '' 

Nonstorage Operation 

Inner 

/Levees~ 

Reservoir Water Surface 

Reservoir 
Bottom. 

Drainage Drainage Drainage Levee 
Ditch Shallow-Water Shallow-Water Ditch Canal Top 

1 
Borrow Pit I Shallow-Water Wetland II Wetland I Borrow Pit I Wetland II Shallow-Water Wetland II II Channel 

Note: Levee shape depicted in this figure is exaggerated because of the difference between horizontal and vertical 
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Chapter 3. Affected Environment and Environmental 
Consequences - Overview of Impact Analysis 
Approach 

1be following chapters, 3A-30, describe the affected envirorunents and analyze the envirorunental impacts of the 
DW project alternatives in the following 15 resource topics: 

• water supply and water project operations, 

• hydrodynamics, 

• water quality, 

• flood control, 

• utilities and highways, 

• fishery resource'S, 

• vegetation and wetlands, 

• wildlife, 

• land use and agriculture, 

• recreation and visual resources, 

• economic conditions and effects, 

• traffic, 

• cultural resources, 

• mosquitos and public health, and 

• air quality . 

Supplementary information for the resource chapters is included in technical appendices in a separate volume 
accompanying this EIRIEIS. Technical appendices are listed in the table of contents. 

The selection of topics covered in the impact analysis is based on the issues raised in scoping comment letters, 
comment letters on the 1990 draft EIRIEIS, and water right protests submitted to SWRCB, and issues raised during revision 
of the 1990 draft EIRIEIS. 

AFFECTED ENVIRONMENT 

1be "Affected Envirorunent" section of each resource 
chapter describes the envirorunental setting and the 
sources of envirorunental setting information for the 
chapter. The envirorunental settings provide a point of 
reference (or baseline) for comparing the envirorunental 
impacts of the various project alternatives. 

General 

The envirorunental setting information for the DW 
project depends on the conditions particular to each 
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resource topic. Conditions on the DW project islands 
may have changed since the project was first proposed 
and since the 1990 draft EIRIEIS was prepared. Certain 
changes may have occurred because of envirorunental 
factors or land use management decisions made in 
response to agricultural needs (limited to activities that do 
not require any state or federal agency discretionary 
approval). For example, portions of the island that were 
fallow in 1989 may now be in agricultural production or 
vice versa. The "Affected Envirorunent" section of each 
resource chapter is based on one of the following: 

• Information presented in the 1990 draft 
EIRIEIS (conditions existing between 1987 
and 1990). For certain resource topics, because 
of land management activities occurring since 
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1987 (e.g., reduction in acreage of crop produc
tion), the "1987 point of reference" provides the 
most reliable description of the affected envi
rorunent. 

• Current information (conditions existing be
tween 1991 and 1994). In resource areas for 
which information was not obtained for prepara
tion of the 1990 draft EIRIEIS or factors outside 
the control of the project applicant altered the 
setting, the "1994 point of reference" provides the 
appropriate description of the affected environ
ment. 

Water Operations 

Since the DW project was first proposed in 1987, 
there has been WlCertainty regarding the standards apply
ing to the management of water in the Bay/Delta estuary 
and, therefore, the standards defining existing conditions 
for water operations to be used as a baseline for compar
ing the environmental effects of the proposed DW project 
alternatives. For those chapters in the EIRIEIS analyzing 
water operations, the analysis is based on the most likely 
regulatory constraints that will exist when the DW project 
is implemented. 

The most likely regulatory scenario consists of imple
mentation of SWRCB's 1995 WQCP, which incorporates 
the protection measures from the NMFS 1993 biological 
opinion for CVP and SWP operational effects on winter
run chinook salmon and 1995 amendments, and the 
USFWS 1995 biological opinion for CVP and SWP 
operational effects on delta smelt. This scenario includes 
existing Corps requirements for SWP exports at Banks 
Pumping Plant. The assumptions regarding this 
regulatory scenario are presented in Chapter 3A, "Water 
Supply and Water Project Operations", and Appendix 
A3, "DeltaSOS Simulations of the Delta Wetlands 
Project Alternatives". 

IMPACT ASSESSMENT 
METHODOLOGY 

General 

The "Impact Assessment Methodology" section of 
each resource chapter: 
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• describes the methodology for the impact analysis 
for the specific resource topic; 

• presents the reasons for the selection of the 
impact assessment variables for the specific re
source topic; and 

• describes the basis for determining whether the 
impacts of the project alternatives for the specific 
resource topic are less than significant, signifi
cant, or beneficial. 

ResouKea Affected by 
Water Operations 

For those chapters involving assessment of how the 
Delta would be affected by water operations of the DW 
project, impact analysis based purely on survey results is 
not possible. Various models were used to analyze the 
effects of water operations of the DW project described 
in Chapters 3A, 3B, 3C, and 3F. The models developed 
to analyze Delta operations and effects of DW project 
water operations are based on the best available tools for 
water resource impact assessment. Figure 3-1 presents an 
overview of conditions analyzed for these chapters, 
model inputs, models, and data sets generated for these 
analyses. The analyses are described in detail in these 
chapters and related appendices. 

The 70-year hydrologic record (water years 1922-
1991) for the Delta is the best description of likely future 
Delta hydrologic conditions. Future Delta operations are 
therefore modeled based on this record: the simulations 
ofDW project operations are based on estimates of water 
that would be available for diversion and discharge under 
hydrologic conditions replicating those of the 70-year 
record. All data and modeling results are presented in 
water years rather than calendar years (i.e., beginning in 
October of the previous calendar year and ending in 
September of the specified year). 

The hydrologic record alone, however, will not pro
vide an accurate estimate of future operating conditions. 
The modeling must also be based on anticipated regu
latory standards, facilities, and demand for exports, rather 
than those conditions that existed during the years of the 
hydrologic record. As described above, the simulations 
of the DW project alternatives were based on an assumed 
regulatory scenario consisting of implementation of the 
1995 WQCP; the simulations also assumed current Delta 
operations, facilities, and demand for exports. Model 
simulations of Delta operations and effects ofDW project 
water operations are considered adequate for impact 
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analysis if they follow general patterns of data (e.g., peaks 
and trends) and indicate expected responses to changes in 
the model inputs (i.e., sensitivity) comparable to changes 
observed in available measurements. The simulation 
results are presented graphically, rather than in statistical 
swrunaries, to better demonstrate the correspondence to 
the general patterns of data. Although simulation results 
are shown corresponding to years of the hydrologic 
record (e.g., water years 1922-1991), it must be 
remembered that these results represent operations that 
would have occurred in those corresponding years only if 
current standards, facilities, and upstream and export 
demands for water had been in place. 

The DW project as proposed will operate under a 
range of Delta restrictions. The EIRIEIS analyzes the 
environmental effects of DW operations within this 
range. Generally, the DW project would divert water 
during wet periods when high flow conditions exist in the 
Delta and would discharge w;~.ter during drier periods 
when unused export capacity exists. Recent proposals to 
change Delta operations are not perceived to have 
significant effects on the relative environmental impacts 
of the project or impact conclusions drawn from the 
analyses, and may only slightly affect the average annual 
yield of the DW project. Modifications to Delta 
operations may have no significant effect on the 
conclusions of this draft EIRIEIS and the yield of the 
project Major relaxation of current environmental stand
ards affecting Delta operations could affect the environ
mental impact assessment beyond the probable range of 
effects discussed in this draft EIR/EIS. Greater restric
tions on Delta operations either would not affect the envi
romnental impact assessment or may reduce the impacts 
assessed in this EIR/EIS. 

Proposed mitigation measures and monitoring 
requirements may be modified during the endangered 
species consultation .process and SWRCB water right 
hearing as part of the terms and conditions of water right 
permits. lherefore, fmal DW project operations may not 
exactly match the modeling assumptions. 

Simulated effects of DW project operations on the 
Delta cannot be directly ~mpared with the historical 
record of Delta operations for purposes of impact assess
ment because historical Delta operations did not include 
current operating criteria; facilities; and conditions, such 
as upstream and export demands for water. To provide 
a point of reference for assessing the impacts of simulated 
operations of the DW project alternatives, it was there
fore necessary to also simulate a baseline condition con
sisting of the same operating conditions but without oper
ations of the DW project. This point of reference is the 
simulated No-Project Alternative (see below). As with 
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the DW project alternatives, simulation results for the 
No-Project Alternative are shown corresponding to the 
70-year hydrologic record (e.g., water years 1922-1991 ); 
these simulation results, however, do not correspond to 
historical Delta operations and should not be confused 
with actual Delta operating conditions for these years. 
They represent Delta operations, based on monthly 
averages, that would likely have occurred under the 
hydrologic conditions of those water years with a regula
tory scenario consisting of the 1995 WQCP and with cur
rent facilities and upstream and export demands for 
water. It should be noted that actual daily Delta opera
tions may vary from the monthly averages. 

Resenroir Island Storage Capacity 

Impacts of the water storage operations of the DW 
project alternatives are assessed based on the assumption 
that reservoir capacity at the time of project implemen
tation will be 238 T AF for Alternatives 1 and 2 and 406 
T AF for Alternative 3. The total storage capacity of the 
reservoir islands under the DW project alternatives may 
increase over the life of the project because of subsi
dence. No method currently exists to predict the rate of 
subsidence on a Delta island used for water storage oper
ations or, therefore, to predict the increase in the storage 
capacity. According to DW's estimate for subsidence 
under water storage operations, the reservoir islands 
could subside at a rate of approximately 0.5 inch per year. 
At this rate of subsidence, the storage capacity of the 
reservoir islands could increase by as much as 9% over 
the life of the project (50 years). 

An increase in water storage capacity over the life of 
the project would not alter the impact analysis for this 
EIRIEIS. The impact analysis for the pw project alter
natives is based on the assumption that water operations 
may, in any year, include several periods of diversion to 
storage, followed by subsequent discharges for export or 
Delta outflow augmentation. The total reservoir storage 
capacity in any period of water storage is not the primary 
factor controlling the total volume of water diverted and 
discharged. The primary factors controlling the total 
volumes of water diverted for storage and discharged for 
export or outflow are the capacities of the siphons and 
pumps and durations of periods when the DW project 
would be allowed to divert and discharge water. These 
factors, rather than physical storage capacity, are the 
primary variables for assessing the impacts of project 
operations. 

If the reservoir island storage capacities increase 
because of subsidence above the levels assumed at 
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project implementation, the monthly DW diversion and 
discharge volwnes, when averaged over a year, would be 
greater than simulated amounts. Larger annual volwnes 
could be diverted or discharged when sufficient water 
was available to fill the reservoir islands above the initial 
storage capacity, or when export capacity was available 
to completely empty the reservoir islands filled beyond 
the initial storage capacity. The periods for permitted 
diversions and discharges and the maximwn diversion 
and discharge rates would not change, however. There
fore, the conclusions of the impact assessment of water 
operations of the DW project alternatives also would 
likely not change. Although specific impacts may 
increase incrementally, the change would not alter the 
significance conclusions in this EIRIEIS. 

IMPACI'S AND MITIGATION 
MEASURES OF THE DW 

PROJECI' ALTERNA.TIVES 

Comparison of Alternatives 

The impact analysis for each resource topic in the 
EIRJEIS identifies and compares the probable impacts of 
each alternative specific to the resource topic. These 
comparative analyses highlight differences or similarities 
in predicted impacts between the alternatives. Eeach re
source chapter analyzes the following project alternatives, 
which were described in Chapter 2: 

• Alternative 1 , consisting of two reservoir islands 
and two habitat islands, implementation of an 
HMP, and DW discharges for export subject to 
strict interpretation of the 1995 WQCP export 
limits; 

• Alternative 2, consisting of two reservoir islands 
and two habitat islands, implementation of an 
HMP, and DW discharges for export not subject 
to strict interpretation of the 1995 WQCP export 
limits; 

-
• Alternative 3, consisting of four reservoir islands, 

limited compensation habitat provided in the 
NBHA on Bouldin Island, and discharges for 
export not subject to strict interpretation of the 
1995 WQCP export limits; and 

• the No-Project Alternative, consisting of intensi
fied agricultural production on all. four DW 
project islands (see below). 
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Where the DW project alternatives are predicted to 
cause significant impacts, mitigation measures are identi
fied. In accordance with CEQA and NEPA guidelines, 
measures are proposed that would avoid, minimize, recti
fy, reduce, or compensate for the predicted impacts, 
thereby reducing them to less-than-significant levels. The 
feasibility and effectiveness of the mitigation measures 
are described to the extent possible. Mitigation measures 
may include modifying the project design or operations to 
reduce predicted impacts to less-than-significant levels 
wherever feasible. 

No-Project Alternative 

The No-Project Alternative (intensified agriculture) 
is discussed as a separate DW project alternative. It 
represents DW project island operations that do not 
require state or federal agency discretionary approvals 
and would be implemented if the lead agencies denied 
approval of all other alternatives. The project applicant 
would not be required to implement mitigation measures 
if the No-Project Alternative were "selected" by the lead 
agencies (i.e., if the lead agencies denied approval of all 
other alternatives). However, mitigation measures are 
presented for effects of the No-Project Alternative to 
provide information to the reviewing agencies regarding 
measures that would reduce effects of the No-Project 
Alternative. This information will allow the reviewing 
agencies to make a more realistic comparison of the DW 
project alternatives, including implementation of recom
mended mitigation measures, with the No-Project Alter
native. 

Impact Assessment 

The impact analysis used in the resource chapters was 
designed to comply with CEQA and NEPA guidelines. 
For each resource topic, three levels of impacts were con
sidered: 

• direct impacts on the DW project islands and on 
adjacent Delta channels; 

• indirect impacts on the project vicinity, including 
the Delta, Suisun Marsh, and San Francisco Bay, 
and in some cases upstream areas, induced by 
direct project-related changes in the environment; 
and 

• cwnulative impacts. 
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The study area for analysis of direct project impacts 
consists of the four project islands, surrounding channels, 
and adjacent islands. The study area for analysis of 
indirect impacts is the vicinity of the statutory Delta, as 
defmed by Section 12220 ofthe California Water Code; 
the hydrologically related Suisun Marsh and San 
Francisco Bay; and, in some cases, upstream areas. The 
study area for analysis of cumulative impacts consists of 
the combination of the direct and indirect impact areas. 

Where uncertainty exists in predicting the extent of 
project construction and operations, the impact analysis 
is based on "worst-case" conditions. For example, the 
impact assessments for water supply, hydrodynamics, 
water quality, and fishery resources are based on the 
assumption that DW project operations include the 
maximum diversion and discharge rates for the entire 
storage cycle, although these rates will not be maintained 
during the actual operation of the project. However, the 
impact assessment of project eperations was based on 
modeling of monthly averages of Delta operations; 
estimated impacts could be greater if based on daily 
simulations. Also, because DW is not certain of the size 
of the various recreation facilities, the impact analysis is 
based on the assumption that the largest possible facility 
will be built at all locations, even though it may not be 
realistic to have a facility of this size at every location. 

Direct Impacts 

Direct impacts may be of two types: construction 
impacts and operational impacts. Construction impacts 
are those caused directly by construction activities, such 
as siting of project facilities. Operational impacts are 
those that result directly from project operations, such as 
flooding of project islands and discharge of stored water 
to adjacent channels. 

Indirect Impacts 

Indirect impacts are those that can be reasonably 
expected to occur in the project vicinity. Project diver
sions and discharges, for e.xample, may indirectly affect 
water operations and flows in other areas of the Delta and 
in areas upstream of the Delta. 

Cumulative Impacts 

General. Cumulative impacts, discussed in the last 
section of each resource chapter, are the direct and indir
ect impacts of the DW project alternatives considered in 
combination with the impacts of past projects, other cur-
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rent projects, and reasonably foreseeable future projects. 
Criteria for selecting related projects for the cumulative 
impact analysis are the following: 

• the project must be sufficiently related to the pro
posed project either by location in the general 
Delta study area or by production of similar types 
of impacts on similar resources (e.g., land use 
conversion of agricultural lands), 

• the project must be reasonably foreseeable, 

• the specifics of project design or operation must 
be known or predictable, and 

• the project must produce additional impacts 
beyond those already considered in the EIR/ EIS 
under implementation ofthe DW project alterna
tives. 

Resources Affected by Water Operations. DWR 
recently installed four additional pumping units at SWP's 
Banks Pumping Plant. These units increase total pump
ing capacity from 6,400 cfs to I 0,300 cfs. These pumps 
provide DWR with standby capacity and allow DWR to 
pump the quantity of water specified under Corps 
restrictions over a shorter period. The current pumping 
level is limited to a daily average of 6,680 cfs by the 
requirement for a Corps permit for exceedance of this 
rate. 

For those resources affected by water operations, the 
cumulative impact analysis is based on the assumption 
that the 1995 WQCP will be in effect and that the maxi
mum SWP pumping rate will be increased to equal full 
physical export pumping capacity (increased from 6,680 
cfs to 10,300 cfs at Banks Pumping Plant). Such an 
increase may require additional facilities in the Delta, 
such as Interim South Delta Program facilities, but these 
facilities are not specified in the analysis. 
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Chapter 3A. Affected Environment and Environmental 
Consequences- Water Supply and Water 
Project Operations 

SUMMARY 

This chapter describes Delta conditions related to water supply and consumptive use in the Delta. Delta island con
sumptive use is the water supplied by rainfall and channel depletion that is lost from Delta islands through crop ET and 
open-water evaporation. The chapter provides an ovetview of historical Delta water supply conditions, describes the 
water budget for the DW project islands, discusses possible effects of the DW project on water available for export, and 
describes potential impacts of the DW project alternatives on consumptive use . 

.... 

Possible efficts of DW project operations on water supply were assessed by comparison between simulated conditions 
associated with the DW project alternatives and those associated with the No-Project Alternative. The Delta Standards 
and Operations Simulation (DeltaSOS) model was used to simulate water supply conditions; DeltaSOS modeling was 
based on the initial water budget developed from results of simulations performed by DWR using the operations planning 
model DWRSIM. The simulations were performed using the 70-year hydrologic record for the Delta tributaries but 
assumed that Delta operations would comply with 1995 WQCP objectives and existing SWP export limits and would 
operate according to DWR's estimated cun-ent level of demand. Cumulative conditions were simulated also with the 1995 
WQCP objectives but included full SWP pumping capacity. Results of the DeltaSOS modeling discussed in this chapter 
were used as a basis for analysis of DW project effects on topics in other resource chapters of the EIRIEIS. 

The DW project would be required to operate under all applicable standards for protection of Delta water quality, 
fish and wildlife uses, and other resources and would be precluded from interfering with the ability of those holding prior 
water rights to comply with Delta standards. Implementation of the DW project alternatives is expected to increase water 
available for annual Delta exports; however, changes in export water supply are not considered in themselves to be 
beneficial or adverse impacts, and these changes are described in this chapter but are not assessed for impact signi
ficance. 

Implementation of Alternative 1 is expected to result in a less-than-significant increase in Delta consumptive use. 
Implementation of Alternative 2 is expected to result in a beneficial decrease in Delta consumptive use. Implementation 
of Alternative 3 is expected to result in a significant and unavoidable increase in Delta consumptive use. Under 
cumulative conditions, implementation of Alternative 1, 2, or 3 would result in a beneficial decrease in consumptive use. 

Under the No-Project Alternative, consumptive use would increase, but not measurably so at the scale of monthly 
water supply modeling. _ 

INTRODUCTION 

This chapter discusses Delta conditions related to 
water supply (the amount of water available for beneficial 
uses) and the possible effects ofDW project operations 
on water supply. Beneficial uses of Delta water include 
in-Delta use (e.g., crop irrigation) by other water right 
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holders, maintenance of fish and wildlife habitat, and 
export to users receiving water from the CVP or the 
SWP. The "Affected Environment" section of this chap
ter discusses water rights; Delta objectives and require
ments for protection of water quality and biological 
resources and the constraints placed on Delta water pro
ject operations by these objectives and requirements; and 
operations of the major water projects, the SWP and the 
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CVP. The section also presents an overview of the 
historical Delta water budget (those hydrologic terms that 
represent the amounts of water entering and exiting the 
Delta). 

The impact discussion of this chapter focuses on 
potential DW project effects on consumptive use. This 
chapter does not quantifY the effect of an increase of 
water available for beneficial uses. Direct effects of an 
increase of water available for annual Delta exports from 
the DW project alternatives are analyzed in subsequent 
chapters of this EIRIEIS. Chapter 3B, "Hydrodynamics", 
discusses potential DW project effects on channel flows 
and stages. Chapter 3C, "Water Quality", discusses po
tential DW project effects on outflow and resulting 
changes in water quality. Chapter 3F, "Fishery Re
sources", discusses the potential for fish habitat changes, 
increased entrainment, and other impacts resulting from 
project-related changes in outflow and export. ... 

Following are definitions of the Delta boundary 
(systemwide) water budget terms as they are used in this 
EIR!EIS: 

• Inflow. The total rate (cfs) or volume (T AF) of 
streamflow entering the Delta from the Sacra
mento and San Joaquin Rivers, Yolo Bypass, 
and the eastside streams. 

• Rainfall. In-Delta precipitation. 

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

• 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. 

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

• Outflow. The water flowing out of the Delta 
into San Francisco Bay. 
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The relationship between these water budget terms 
is described by the following equations: 

Inflow + rainfall = consumptive use 
+ exports + outflow 

Channel depletion =consumptive 
use - rainfall 

AFFECTED ENVIRONMENT 

Numerous parties hold rights to divert water from 
the Delta and Delta tributaries. The reasonable beneficial 
requirements of existing riparian and senior appropriative 
users with regard to both water quantity and water quality 
must not be impaired by exercise of subsequent 
appropriative water rights. DWR's SWP and Reclama
tion's CVP and other users divert water from the Delta 
under appropriative rights. Additionally, approximately 
1,800 siphons are used to divert water under riparian and 
appropriative rights from Delta channels to Delta islands 
for agricultural consumptive uses; most of these appro
priative rights were applied for in the 1920s and are 
senior to those under which the SWP and CVP operate. 
DW project operations would be conducted under OW's 
existing riparian and appropriative water rights and new 
appropriative rights, as described in Chapter 2, "Delta 
Wetlands Project Alternatives". 

Various water quality and flow objectives have been 
established to ensure that the quality of Delta water is 
sufficient to satisfy all designated uses; implementation of 
these objectives requires that limitations be placed on 
Delta water supply operations, particularly operations of 
the SWP and CVP, affecting amounts of fresh water and 
salinity levels in the Delta. The DW project would be 
prohibited from affecting the ability of those holding prior 
water rights, such as DWR and Reclamation, to exercise 
those rights, and the DW project would not be allowed to 
interfere with compliance with Delta water quality stand
ards or protection of biological resources. 

Sources of Information 

Ongoing studies and analyses of the Bay-Delta 
served as important sources of information for this 
analysis. Recent studies and reports include San Fran
cisco Estuary Project ( 1993) and the estuarine standards 
proposed in December 1993 by EPA; Bay-Delta hearings 
and workshops sponsored by SWRCB; evaluations of 
effects of SWP and CVP _operations on two federally 
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listed endangered species, winter-run chinook salmon 
(NMFS 1993) and delta smelt (U.S. Fish and Wildlife 
Service [USFWS] 1995); and draft environmental docu
ments for major water resource projects in or adjacent to 
the Delta, including the Los Vaqueros Project (CCWD 
and Reclamation 1993) and DWR's North Delta Program 
(DWR 1990a), South Delta Program (DWR 1990b ), and 
Los Banos Grandes (DWR 1990c). 

Major sources of data for this chapter were the 
"DA YFLOW" hydrologic database maintained by DWR's 
central district and simulation results from the monthly 
Delta operations planning models DWRSIJvf and Delta
SOS. DA YFLOW, DWRSIJvf, and DeltaSOS are de
scribed below tmder "Delta Water Supply Planning", and 
DWRSIJvf and DeltaSOS are described further under 
"Analytical Approach and Impact Mechanisms". 

Another source of information for this chapter is the 
recent description and analysis of-california water supply 
and water use demands provided in DWR Bulletin 160-
93, California Water Plan Update (DWR 1994). Bulle
tin 160-93 describes the potential effects of environ
mental requirements, including Delta outflow and export 
limits to protect fish and wildlife species, on Delta water 
supply. 

The environmental report prepared by SWRCB on 
the 1995 WQCP (SWRCB 1995) is the most recent 
document dealing with Delta water supply operations. 

This chapter is also based on information presented 
in the following appendices: 

• Appendix AI, "Delta Monthly Water Budgets 
for Operations Modeling of the Delta Wetlands 
Project", describes historical monthly Delta 
inflows and exports and the monthly Delta 
inflows, exports, and outflows simulated using 
the water supply planning model DWRSIJvf. 

• Appendix A2, "DeltaSOS: Delta Standards and 
Operations Simulation Model", describes appli
cation of DeltaSOS, the water supply model 
developed by JSA-for evaluating Delta water 
management operations for compliance with 
present and likely future Delta standards and for 
describing the potential effects of DW project 
operations on water supply. 

• Appendix A3, "DeltaSOS Simulations of the 
Delta Wetlands Project Alternat.ives", presents 
results of DeltaSOS siffiulations of the DW 
project alternatives and the No-Project Alter
native and describes the use ofDWRSIJvf simu-
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lation results as initial water budget terms for 
DeltaSOS modeling. 

• Appendix A4, "Possible Effects of Daily Delta 
Conditions on Delta Wetlands Project Opera
tions and Impact Assessments", compares daily 
hydrologic conditions with monthly average 
conditions in the Delta. Results from the daily 
water supply planning model, DailySOS, are 
used to describe likely daily operations. The 
appendix discusses potential differences be
tween impact assessment based on monthly 
average hydrologic conditions and impact 
assessment based on actual daily hydrologic 
conditions. 

The reader is directed to these appendices for a more 
detailed explanation of analytical methods and assump
tions for estimating water supply effects ofDW project 
operations. Readers who are unfamiliar with Delta water 
supply planning issues may choose to review the appen
dices before reading this chapter. 

Delta Water Rights 

Riparian Water Rights 

Riparian water rights are entitlements to water that 
are held by owners of land bordering natural flows of 
water. A landowner has the right to divert a portion of 
the natural flow for reasonable and beneficial use on his· 
or her land within the same watershed. If natural flows 
are not sufficient to meet reasonable beneficial require
ments of all riparian users on a stream, the users must 
share the available supply according to each owner's 
reasonable requirements and uses (SWRCB 1989). 
Natural flows do not include return flows from use of 
groundwater (e.g., for irrigation), water seasonally stored 
and later released (e.g., by the SWP or the CVP for Delta 
export), or water diverted from another watershed. 

Appropriative Water Rights 

Appropriative rights are held in the form of condi
tional permits or licenses from SWRCB. These authori
zations contain terms and conditions to protect prior 
water right holders, including Delta and upstream ripari
an 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, pro
tection of fish and wildlife, protection of vested water 
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rights, and coordination of terms and conditions between 
the major water supply projects. 

Diversion and storage of water in upstream reser
voirs by California's two major water supply projects, 
DWR's SWP and Reclamation's CVP, and diversion and 
export of water from the Delta are authorized and regu
lated by SWRCB under appropriative water rights. The 
SWP and the CVP store and release water upstream of 
the Delta and export water from the Delta to areas 
generally south and west of the Delta. Reclamation 
diverts water from the Delta through its Tracy Pumping 
Plant to the Delta-Mendota Canal (DMC) and San Luis 
Canal, and DWR pumps for export through the California 
Aqueduct and South Bay Aqueduct at its Banks Pumping 
Plant in Clifton Court Forebay (Figure 1-2 in Chapter 1 ). 
DWR also operates the North Bay Aqueduct, which 
diverts water at the Barker Slough Pumping Plant. 
SWRCB first issued water right permits to Reclamation 
for operation of the CVP in 1958 (Water Right Decision 
893 [D-893]) and to DWR for operation of the SWP in 
1967 (D-1275 andD-1291). 

A third substantial diverter of Delta water is CCWD, 
which currently diverts water from Rock Slough under 
Reclamation's CVP water rights and will be diverting 
water from a second intake to be constructed on Old 
River (CCWD and Reclamation 1993). Several munici
pal users and many agricultural users also divert water 
from the Delta under riparian and appropriative rights. 

Protection of Water Quality and 
Biological Resources 

The Delta Protection Act of 1959 declared that the 
maintenance of an adequate water supply for agriculture, 
industry, urban use, and recreation in the Delta area and 
for export to areas of water def1eiency was necessary for 
people of the state. Since issuing CVP's water right 
permit in 1958, SWRCB has established permit terms 
and conditions to protect beneficial uses of Delta water. 
SWRCB decisions and water quality control plans and 
other agency requirements and proposed standards for 
protection of Delta resources are described below. 

D-1485 and the 1978 Water Quality Control Plan 

In 1978, SWRCB adopted D-1485 and the Water 
Quality Control Plan for the Sacramento-San Joaquin 
Delta and Suisun Marsh (1978 Delta Plan). D-1485 
modified the Reclamation and DWR permits to require 
the CVP and the SWP to meet water quality standards 
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specified in the 1978 Delta Plan. The general goal ofD-
1485 standards was to protect Delta resources by 
maintaining them under conditions that would have oc
curred without CVP and SWP operations. D-1485 also 
required extensive monitoring and special studies of 
Delta aquatic resources. 

D-1485 and the 1978 Delta Plan were challenged in 
litigation that was fmally decided in the "Racanelli Deci
sion" (United States v. State Water Resources Control 
Board 182 Cal. App. 3d 82 [1986]), which directed the 
state to revise its standards. Pursuant to that decision, 
SWRCB implemented a hearing process, known as the 
Bay-Delta hearings, to review and amend the 1978 Delta 
Plan. 

Suisun Marsh Preservation Agreement 

SWRCB's D-1485 directed Reclamation and DWR 
to develop a plan to protect Suisun Marsh resources. The 
Suisun Marsh Preservation and Restoration Act of 1979 
authorized the Secretary of the Jntenor to enter into a 
cooperative agreement with the State of California to 
pro\ect \he marsh and spec\f1ed \he federal share of costs 
for water management facilities. An agreement between 
federal and state agencies was signed in 1987 with the 
goal to mitigate the effects of CVP and SWP operations 
and other upstream diversions on water quality in the 
marsh. However, SWRCB has not yet approved this 
agreement. A salinity control structure (tidal gate) was 
completed on Montezuma Slough in 1988. Additional 
facilities are being planned, and operation of the facilities 
will be governed by the 1995 WQCP objectives and 
monitoring results. 

Draft D-1630 and the 1991 Water Quality Control 
Plan 

Following a lengthy hearing process, SWRCB issued 
revised water quality objectives in the 1991 Delta Water 
Quality Control Plan for Salinity, Temperature and 
Dissolved Oxygen ( 1991 Delta Plan). In 1992, SWRCB 
proposed new interim water right terms and conditions in 
draft D-1630. Although subsequently withdrawn, draft 
D-1630 presented several new Delta water management 
concepts that have been partially adopted in other actions 
taken by SWRCB, DWR, Reclamation, fishery protection 
agencies, and other regulatory agencies. Because draft 
D-1630 was not adopted, the revised water quality objec
tives of the 1991 Delta Plan have not been implemented. 
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Endangered Fish Species 

The federal Endangered Species Act requires assess
ment of the effect of water project operations on fish 
species listed under the Endangered Species Act as 
threatened or endangered. NMFS issued its biological 
opinion on the effects of SWP and CVP operations on 
winter-run chinook salmon in February 1993, and 
USFWS issued a biological opinion on effects of SWP 
and CVP operations on delta smelt in March 1995. The 
biological opinions establish requirements to be met by 
the SWP and the CVP to protect these listed species. 
These include requirements for Delta inflow, Delta out
flow, DCC gate closure, central Delta outflows (QWEST 
flows, described in Appendix A2), and reduced export 
pumping because of specified incidental "take" limits. 
(Take includes harassment of and harm to a species, 
entrairunent, directly and indirectly caused mortality, and 
actions that adversely modifY habitat.) These fish pro
tection requirements impose important constraints on 
Delta water supply operations. 

December 1994 Bay-Delta Framework Agreement 
and the 1995 WQCP 

A Bay-Delta Framework Agreement was signed in 
June 1994 between the Federal Ecosystem Directorate 
and the Governor's Water Policy Council of the State of 
California to establish a comprehensive program for 
coordination and cooperation with respect to environ
mental protection and water supply dependability in the 
Bay-Delta estuary. The three major areas of agreement 
were: 

• formulation of water quality objectives that 
incorporate EPA and SWRCB regulatory re
sponsibilities, 

• coordination of SWP and CVP operations that 
rapidly respond to environmental conditions in 
the Delta with an adaptive management ap
proach, and 

• evaluation and implementation of necessary 
facilities and operational controls to provide 
long-term Delta ecosystem management that 
integrates water supply and environmental pro
tection objectives. 

SWRCB's 1995 WQCP (adopted May 1995) and 
environmental appendix incorporated several elements of 
the EPA, NMFS, and USFWS regulatory objectives for 
salinity and endangered species protection. The 1995 
WQCP objectives are expected to be fully implemented 
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with a new water right decision (to replace D-1485) 
within the nex1 3 years. The 1995 WQCP objectives 
were used as the applicable Delta standards for simulat
ing the OW project alternatives and the No-Project Alter
native. Several of the specific objectives are discussed in 
Appendix A2, "DeltaSOS: Delta Standards and Opera
tions Simulation Model", and Appendix A3, "DeltaSOS 
Simulations of the Delta Wetlands Project Alternatives". 

Delta Water Project Operations 

Coordinated Operations Agreement 

Reclamation, DWR, and others have worked exten
sively to deal with the complexities of protecting Delta 
beneficial uses. For example, under interim agreements, 
DWR cooperatively exports ("wheels") CVP water from 
the Delta when excess SWP pumping capacity is avail
able. 

One product of direct negotiation between Recla
mation and DWR is the Agreement between the United 
States of America and the State of California for Coor
dinated Operation of the Central Valley Project and the 
State Water Project. The Coordinated Operations Agree
ment (COA) establishes the basis for cooperative CVP 
and SWP operations to satisfY SWRCB objectives and 
provides for periodic review of CVP and SWP operations 
to satisfY the COA. The 1994 Bay-Delta Framework 
Agreement further emphasizes the cooperative operations 
of CVP and SWP facilities. 

CALFED Operations Group 

The 1994 Bay-Delta Framework Agreement estab
lished the California-Federal Operations Group referred 
to as CALFED to coordinate SWP and CVP operations 
and recommend changes in combined Delta operations 
that might provide additional fish protection and allow 
Delta exports with reduced fishery impacts. The 
CALFED Operations Group was specifically charged 
with recommending operational changes based on real
time fish monitoring results to minimize incidental take 
and satisfY other requirements of Endangered Species Act 
biological opinions. The CALFED Operations Group is 
also charged with the exchange of information and the 
discussion of strategies to implement fish protection mea
sures, satisfY 1995 WQCP water quality objectives, and 
cooperate with the Interagency Ecological Program (IEP) 
to determine factors affecting Delta habitat and the health 
of fisheries and to identifY appropriate corrective mea-
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sures for the CVP and the SWP. The CALFED Opera
tions Group has been meeting monthly during 1995. 

Water Quality and Fishery Monitoring 

DWR and Reclamation operate an extensive network 
of stations for monitoring Delta salinity conditions. Daily 
data on electrical conductivity (EC) are used to detennine 
the response of Delta salinity conditions to changes in 
water supply operations and to demonstrate compliance 
with applicable water quality standards (see Appendix 
B2, "Salt Transport Modeling Methods and Results for 
the Delta Wetlands Project"). EC is a general measure of 
dissolved salts in water and is the most commonly 
measured water quality variable in the Delta. 

Reclamation and DWR operations staffs routinely 
coordinate monthly planning and daily Delta operations 
to meet Delta objectives for municipal and agricultural 
uses and the protection of fish and wildlife and satisfy 
export pwnping demands. The CVP and the SWP are 
obligated to follow the directives of the "reasonable and 
prudent" alternatives that are recommended in the biolo
gical opinions for winter-run chinook salmon and delta 
smelt to minimize adverse effects of project operations on 
these species while still achieving the water supply pur
poses of the projects. Fish salvage records and IEP fish 
monitoring data are used to guide operations. 

Provisions of the CVP Improvement Act of 1992 

The Central Valley Project Improvement Act 
(CVPIA) dedicates 800 thousand acre-feet per year 
(TAF/yr) of water delivery for fish and wildlife recovery 
and mandates the acquisition of additional water for fish 
and wildlife purposes. Reclamation has implemented 
interim changes in its Delta operations during 1993 and 
1994, as recommended by USFWS, to dedicate the 800 
TAF/yr. Long-term changes in CVP operations that may 
be required to satisfy the CVPIA are being evaluated by 
Reclamation and USFWS, and a programmatic EIS is 
expected to be published in 1995. 

Delta Water Supply Planning 

A large proportion of California's water supply 
moves through the Delta to be exported to urban and 
agricultural water users in the San Joaquin Valley, San 
Francisco Bay Area, and Southern California. Therefore, 
statewide water supply planning must be based on an 
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accurate description of Delta standards and operational 
constraints. 

Water supply conditions in California and the Delta 
are commonly evaluated using DWR's operations plan
ning model, DWRSIM, or Reclamation's operations plan
ning model, PROSIM. DWR and Reclamation use these 
models to simulate possible effects of increased demands, 
new facilities, or new standardS on SWP or CVP project 
operations. These models simulate monthly patterns of 
water storage, diversion, and export based on historical 
hydrologic data. Figure 3A-l shows the upstream reser
voirs that are simulated in the DWRSIM and PROSIM 
operations planning models. 

DA YFLOW is a database of daily hydrologic con
ditions, including measured Delta inflows and exports, 
estimated conswnptive use, and net Delta outflow (DWR 
1986). The daily data have been compiled for each water 
year (October I to September 30) beginning with 1930 
and are updated annually. U.S. Geological Survey 
(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 miscellaneous inflows between 
Sacramento and Stockton are also estimated from avail
able streamflow gages. CVP and SWP operations 
records are the source of export pumping data. DAY
FLOW provides an accounting of historical Delta 
boundary (systemwide) hydrology that is used for 
evaluating flow-related conditions in the Delta. 

Results from DWR studies to evaluate flow require
ments of the 1995 WQCP objectives using DWRSIM 
have been used along with results from the DeltaSOS 
model developed by JSA for this EIR/EIS to describe 
Delta conditions, standards, and water supply constraints 
as a basis for evaluating possible effects ofDW opera
tions. (See Appendix A2, "DeltaSOS: Delta Standards 
and Operations Simulation Model", for a description of 
the application ofDeltaSOS.) 

Historical Delta Water Supply 
and Water Quality 

Because of variable hydrologic conditions, seasonal 
demands for water diversions, and agricultural drainage 
flows, water supply and water quality conditions in the 
Delta exhibit considerable fluctuations. Periods of high 
inflows that result in low salinity alternate with periods of 
low inflow that allow greater salinity intrusion and may 
allow larger effects from agricultural drainage. A second 
source. of variation in Delta water supply and water 

Ch 3A. Water Supply and Water Project Operations 

September 1995 



( 

\ 

f 
I' 
\. 
\ 
'· 

quality conditions is CVP and SWP project operations 
that may store water upstream for later release and export 
to supply south-of-Delta demands. Existing Delta water 
supply conditions are described in detail in Appendix A I , 
"Delta Monthly Water Budgets for Operations Modeling 
of the Delta Wetlands Project", and existing Delta salinity 
conditions are described in detail in Appendix B2, "Salt 
Transport Modeling Methods and Results for the Delta 
Wetlands Project". 

Figure 3A-2 shows the historical annual pattern of 
Delta inflow and exports and estimated annual channel 
depletion resulting from Delta ET losses for the 1922-
1991 period, based on DWR's DA YFLOW database 
( 1930-1991) and DWR's estimates of unimpaired flow 
(natural tributary inflow without storage or diversions) 
(1922-1929). Delta inflow that is not lost to Delta ET or 
pumped as Delta export is calculated as Delta outflow. 

Table 3A-1 gives annual '\falues for the historical 
Delta water budget terms for water years 1922-1991 
based on the DAYFLOW database (1930-1991) and 
unimpaired flow estimates (1922-1929). Historical Delta 
inflow averaged approximately 23.0 million acre-feet per 
year (MAF/yr) for 1922-1991. Consumptive use was 
estimated at 1.59 MAF/yr and rainfall averaged 0.82 
MAF/yr, so net Delta channel depletion averaged about 
0.77 MAF/yr. Historical exports increased from Jess than 
0.1 MAF in 1950 (CCWD diversions) to about 6 MAF in 
1989 and 1990 (see details in Appendix AI). 

Figure 3A-3 shows DA YFLOW estimates of month
ly historical Delta outflow for water years 1968-1991, 
corresponding to the period when most CVP and SWP 
facilities were constructed and operating. Delta outflow 
has fluctuated greatly during this historical period, with 
low-flow periods ofless than 5,000 cfs common in fall, 
and high-flow periods of greater than 50,000 cfs in winter 
of 13 of the 24 years. 

Figure 3A-4 shows historical monthly Delta EC pat
terns for 1968-1991 (from EPA's STORET database) 
measured at Pittsburg, just upstream of Chipps Island 
(see Appendix B2). By comparison of Figures 3A-3 and 
3A-4, it can be seen that p1:riods of low Delta outflow 
correspond with major salinity intrusion episodes at Pitts
burg, and periods of high Delta outflow correspond with 
salinity being flushed from the Delta. 

Delta Wetlands Draft EIRIEIS 

87-1 19FFICH3A 3A-7 

IMPACT ASSESSMENT 
METHODOLOGY 

Analytical Approach and 
Impact Mechanisms 

DWRSIM and DeltaSOS 

Possible water supply effects of alternative opera
tions of the DW project were evaluated with the Delta
SOS model developed by JSA (see Appendix A2, "Delta
SOS: Delta Standards and Operations Simulation 
Model"). For assessment purposes, operations under 
each of the DW project alternatives (Alternatives 1, 2, 
and 3) were simulated using DeltaSOS, and the No
Project Alternative was simulated with De1taSOS to 
provide a baseline condition, including the same Delta 
operating conditions, with which DW operations under 
each alternative could be compared. The lead agencies 
(SWRCB and the Corps) determined that the simulations 
for this EIRIEIS assessment should be performed assum
ing implementation of the 1995 WQCP objectives as 
interpreted by DWR for modeling the Delta water supply 
effects of the WQCP using DWRSIM. The lead agencies 
consider the DWRSIM results to be the best available 
representation of likely future Delta conditions under the 
1995 WQCP objectives. 

As described in Chapter 3, "Affected Environment 
and Environmental Consequences - Overview of Impact 
Analysis Approach", the simulations were therefore 
performed based on the assumption that operations of the 
DW project and the No-Project Alternative would be 
within the 1995 WQCP objectives for Delta outflow and 
Delta export limits and would be consistent with current 
Corps limits on SWP pumping (6,680 cfs). For assess
ment of cumulative impacts, DeltaSOS simulations were 
also performed for operations that would be within the 
1995 WQCP objectives, but allowing for SWP export 
pumping at the full physical capacity of I 0,300 cfs for 
Banks Pumping Plant. 

Because the 70-year hydrologic record for the Delta 
tributaries is the best available description of likely future 
hydrologic conditions, hydrologic data from this record 
serve as the basis of simulations of future Delta opera
tions. The results of the simulations are therefore shown 
as corresponding to the water years of the hydrologic 
record (1922-1991) and represent estimates of operations 
under hydrologic conditions replicating those of this 
period of record. 
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DeltaSOS simulations require an initial Delta water 
budget, user-specified input parameters (switches) that 
govern simulated Delta operations, and specified matrices 
of Delta standards. As described below under "Simulated 
1995 WQCP Objectives", simulation results from the 
DWRSIM monthly water supply planning model pro
vided the initial water budget terms for the DeltaSOS 
simulations. DWR peifonned these simulations, referred 
to as DWRSIM study 1995-C6B-SWRCB-409, in 
January 1995 to represent the 1995 WQCP objectives. 
The specified model inputs for the DW project simula
tions are described in Appendix A3, "DeltaSOS Simula
tions of the Delta Wetlands Project Alternatives". Selec
ted results are presented in tables and graphs in Appendix 
A3 to compare each simulated DW alternative with the 
No-Project Alternative; results of the DWRSIM and 
DeltaSOS model studies are summarized in this chapter. 

Simulated 1995 WQCP Objectives' 

The DWRSIM simulation used for estimating the 
initial Delta water budget used in the DeltaSOS simula
tions represented the 1995 WQCP objectives based on 
asswnptions suminariZed below. The DWRSIM model
ing assumptions necessary to represent the 1995 WQCP 
objectives in a monthly water supply planning model 
have been described in detail in SWRCB (1995). More 
complete descriptions of these DWRSIM and DeltaSOS 
modeling assumptions are presented in Appendices A 1, 
Al, andA3. 

Following are major DWRSIM assumptions for the 
1995 WQCP simulations: 

• Upstream hydrology, depletions, and diversions 
were based on 1995 level of development, as 
presented in California Water Plan Update 
(DWR 1994). See Appendix A1 for more 
details. 

• Water-year classification was based on the "40-
30-30 Sacramento Valley Four-River Index" 
and the "60-20-20 San Joaquin Valley Four
River Index". The outfl6w requirements during 
February-June depend on the previous month's 
"Eight-River Index" runoff volume. These 
classification schemes are slightly different from 
those used for the standards specified in D-
1485, which established the Delta operations 
criteria in effect until approval of the 1995 
WQCP. 

• Delta outflow requirements were the combi
nation of fixed monthly requirements, estuarine 
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habitat requirements (expressed in terms of 
"X2", the position of the 2-parts-per-thousand 
[2-ppt] salinity gradient), and requirements for 
additional outflow to protect the chloride objec
tive of250 milligrams per liter (mg/1) for Delta 
exports. Because the X2 requirements in the 
1995 WQCP depend on the previous month's 
runoff, the required outflow must be calculated 
for each month. Minimum outflow objectives 
are maintained during low runoff periods. 

• The CVP Delta export demand was assumed to 
be 3.15 MAF!yr, including 145 TAF!yr for 
CCWD diversions. However, these CVP de
mands were not always satisfied in drier years 
in DWRSIM simulations. The SWP Delta 
export demands were assumed to vary with 
Kern River runoff and Los Angeles rainfall 
conditions. The range of possible SWP export 
demands was 2.6-3.6 MAF!yr, with an average 
of 2.85 MAF!yr. The maximum combined 
Delta export demand of 6. 7 MAF lyr was speci
fied in about 45% of the simulated years. The 
simulated average annual Delta export, based 
on these variable demands, was 5.7 MAF!yr, 
with 2.8 MAF!yr simulated as SWP and deliv
ery and 2.9 MAF!yr as CVP delivery. See 
Appendix A3 for more details. 

• San Joaquin River inflows, estimated with 
another DWR model called ST ANSIM, met the 
1995 WQCP Vernalis water quality objectives 
(with a maximum of 70 TAF/yr), and the 
Vernalis pulse-flow objectives were satisfied 
with additional water from upstream tributaries 
(Tuolumne and Merced Rivers) when neces
sary. This additional San Joaquin River inflow 
averaged 72 T AF lyr but was required in only a 
few years. See Appendix A3 for more details. 

• Combined SWP and CVP Delta exports were 
limited as specified in the 1995 WQCP to a 
percentage of the simulated Delta river inflow 
(which does not include rainfall). These per
centages are 35% in February-June and 65% for 
the remainder of the year. The February per
centage is 45% if the January Eight-River Index 
is less than 1.0 MAF. Export pumping during 
the pulse-flow period was limited to an amount 
equivalent to the pulse flow during half of April 
and half of May. See Appendix A1 for details. 
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Simulated Delta Water Supply Conditions 

Possible effects of the DW project on Delta water 
supply conditions were assessed through comparison of 
simulated conditions under the DW project alternatives 
with those under the No-Project Alternative. Delta water 
supply under existing conditions, which include agricul
turalland uses on the DW project islands, is similar to 
water supply under the No-Project Alternative; the esti
mated changes in conswnptive water use between the 
existing agricultural land uses and the intensified agricul
tural uses under the No-Project Alternative (estimated to 
be as much as 30 TAF/yr, as shown in Table 2-2 in 
Chapter 2) are not measurable at the scale of monthly 
water supply modeling. Therefore, rather than presenting 
two lists of the same values for existing Delta water 
supply conditions and the No-Project Alternative condi
tions, this section describes the simulation results for the 
No-Project Alternative. 

Appendix A3 includes details of annual and monthly 
values for Delta conditions simulated by DeltaSOS for 
the No-Project Alternative. Annual values swnmarize 
annual variations but do not show monthly fluctuations. 
Monthly percentile tables in Appendix A3 provide an 
important seasonal swnmary of simulated Delta condi
tions for the No-Project Alternative. 

Table 3A-2 swmnarizes simulated average annual 
DW project operations under thl! No-Project Alternative, 
showing DeltaSOS-adjusted exports, required outflow, 
and effects- on export and outflow and major channel 
flows. Tables 3A-3 and 3A-4 show DeltaSOS average 
simulation output for Delta exports and outflow under the 
No-Project Alternative. Selected simulation results are . 
summarized in graphs in this chapter and are described 
below. 

Monthly Simulation of Maximum SWP and CVP 
Exports. The only adjustment that DeltaSOS makes to 
the initial DWRSIM results is to increase the combined 
CVP and SWP exports to the maximwn possible within 
the constraints specified in the 1995 WQCP. 

DeltaSOS simulations.indicate that a considerable 
amount of Delta export would be possible in addition to 
that simulated by DWRSIM for its variable asswnption 
of south-of-Delta demands (see Appendix Al). The 
additional simulated SWP and CVP exports average 442 
TAF/yr. These additional exports are simulated in Delta
SOS to provide an appropriate basis for estimating poten
tial water supply effects of the DW project. Only water 
that could not have been exported directly by the SWP or 
the CVP was simulated to be available for DW diver
sions. Only export pwnping capacity that could not have 
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been used by the CVP and the SWP because of the 1995 
WQCP export limits was simulated to be available for 
export pwnping (wheeling) ofDW discharges. 

The DeltaSOS adjustment of the initial DWRSIM 
Delta exports is fully described in Appendix A3. This 
asswnption ofmaximwn CVP and SWP exports within 
the export limits specified in the 1995 WQCP may result 
in more Delta export being simulated than could be fully 
used in some years. It seems likely that in the event that 
more water were needed for south-of-Delta beneficial 
uses than simulated with DWRSIM, SWP or CVP export 
pwnping of available water in the Delta would occur 
prior to discharge from DW storage. Additional discus
sion of these SWP and CVP export adjustments can be 
found in Appendix A3. 

Monthly Simulation Values for Outflow, Export, 
and Water Available for DW Divenions. Figure 3A-5 
shows monthly Delta outflow and required Delta outflow 
simulated by DeltaSOS for the No-Project Alternative 
under the 1995 WQCP objectives for 1968-1991. 
Simulated outflow values for 1922-1967 are shown in 
Figures A3-1A and A3-IB in Appendix A3. In many 
months of most years, a considerable portion of Delta 
outflow is represented by required Delta outflow, which 
includes DWRSIM estimates of X2 and requirements for 
"carriage water" (additional Delta outflow required to 
maintain acceptable chloride concentrations in export 
water as Delta exports are increased) (see details in 
Appendix A2). 

Figure 3A-6 shows the DeltaSOS-simulated monthly 
Delta export pwnping for water years 1968-1 991 for the 
No-Project Alternative. The initial export values from 
DWRSIM have been adjusted by DeltaSOS to estimate 
additional exports that could be made within specified 
monthly export limits and Delta outflow .objectives (with
out considering south-of-Delta demands and storage 
capacity). DeltaSOS often simulates additional export in 
spring because DWRSIM-simulated exports are less than 
the inaximwn possible if demands are satisfied and San 
Luis Reservoir storage is full. Table 3A-4 presents 
monthly percentiles of the DeltaSOS simulations showing 
the monthly distribution ofDelta exports for the 70-year 
simulation period for the No-Project Alternative. Month
ly percentiles indicate the fraction of years that a cell 
value (export rate) would be less than that value. For 
example, the average October export was simulated to be 
below 11,280 cfs in 70% of years, and the minimwn 
export rate was simulated to be 4,288 cfs. 

Figure 3A-7 shows simulated monthly values of 
water available for DW project diversions for the 1968-
1991 period under the 1995 WQCP objectives. The 
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maximwn monthly average diversion rate needed to fill 
the 238-T AF capacity of the two OW reservoir islands is 
4,000 cfs. Because the monthly average flow of available 
water is often greater than 4,000 cfs, the OW project 
would divert only a small portion of the available water 
in most months. · 

Annual Simulation Values for Outflow and 
Export. Figure 3A-8 shows simulated annual values for 
Delta outflow and required Delta outflow (in MAF) for 
the No-Project Alternative for water years 1922-1991 
under the 1995 WQCP objectives. Some years were 
simulated to have very little surplus Delta outflow, 
whereas other years were simulated to have several MAF 
of surplus outflow. 

Figure 3A-9 shows the annual values for DWRSIM
simulated Delta exports (from DWRSIM results) and the 
DeltaSOS-adjusted Delta exports (that satisfy all stand
ards and criteria but export all avaitable water) for the 
No-Project Alternative for water years 1922-1991. The 
average annual adjusted CVP arid SWP exports totaled 
6.15 MAF. DeltaSOS simulated some years having· no 
additional export pwnping, whereas other years were 
simulated to have more than 1,000 T AF (I MAF) of 
additional export beyond the amount simulated by 
DWRSIM. DeltaSOS simulated total possible export for 
most years to be less than 7 MAF; 1958, 1975, 1982, and 
1983 were the only years with simulated adjusted exports 
of more than 7.5 MAF/yr. Each of the OW-alternatives 
was simulated and compared with these DeltaSOS
adjusted Delta conditions simulated for the No-Project 
Alternative. The simulated values are shown in Figures 
3A-10 through 3A-12, and comparisons are discussed 
below. 

Measures of Potential Water 
Supply Effects and Criteria for 

Determining Impact Significance 

Several issues related to potential water supply 
effects were considered as impact assessment variables. 
Some of these could be simulated with the water supply 
planning models, whereas others could only be quali
tatively assessed. 

Full evaluations of potential environmental impacts 
on hydrodynamics, water quality, and fisheries were per
formed using the simulated monthly changes in Delta 
conditions associated with the OW project. The results 
of these impact assessments are presented in Chapters 
3B, 3C, and 3F, respectively. 
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For purposes of this EIRIEIS, the OW project is 
analyzi!M without consideration of subsequent environ
mental effects caused by the delivery of purchased OW 
water or by the storage of water under a third party's 
water rights because the identity of the end user of the 
OW water remains speculative. The OW project could 
be used for interim storage of water being transferred 
through the Delta from sellers upstream to buyers served 
by Delta exports or as interim storage for water owned by 
parties other than OW for use to meet scheduled outflow 
requirements (water transfers and water banking). Under 
this EIRIEIS, the OW project would yield a water supply 
based only on water stored under its own appropriative 
pennits and subsequently conveyed to Delta channels. A 
separate entity purchasing OW water could divert that 
water from Delta channels and export it, probably 
through CVP or SWP facilities, for direct use or to 
increase groundwater or surface water storage, or could 
use water for estuarine or Delta beneficial uses (increased 
outflow). The purchasing entity would affect SWP or 
CVP operations to the same extent as would any entity 
that wheels water under California Water Code provi
sions and contracts authorized by those provisions. A 
nwnber of opportunities exist to operate the OW project 
conjunctively with the CVP and SWP, but these arrange
ments remain speculative and are beyond the scope of 
this EIRIEIS. Delivery of purchased OW water or 
temporary storage of water being transferred through the 
Delta may be subject to further environmental review. 

· The actual pw-chaser ofDW project water and actual 
contractual arrangements with major water supply project 
operators have not been identified. OW project opera
tions could be adjusted as necessary to be integrated with 
any contractor-purchaser's operating criteria. The con
tractor-purchaser and associated operations might be 
changed from time to time, reflecting future water de
mands, Delta conditions, and Delta operating require
ments. However, OW project effects on potential pur
chasers ofDW project water were not used as criteria for 
assessing impact significance. 

Delta Water Rights 

Project permits granted by SWRCB would require 
that project diversions not interfere with the diversion and 
use of water by other users with riparian or prior (senior) 
appropriative rights. Many riparian and appropriative 
water right holders are located upstream of the Delta in 
the Sacramento River and San Joaquin River Basins. A 
large nwnber of riparian water diversions are located in 
the Delta. DWR, Reclamation, CCWD, and several 
smaller diverters hold senior appropriative water rights. 
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DWR Division of Operations and Maintenance, in 
cooperation with Reclamation's CVOCO, maintains daily 
water budget estimates for the Delta and designates the 
Delta condition each day as being "in balance" or "in 
excess" relative to all SWRCB objectives and water right 
tenns and conditions. When the Delta condition is desig
nated by DWR (with possible review by the CALFED 
Operations Group) to be in balance, all Delta inflow is 
determined to be required to meet Delta objectives and 
satisfy diversions by CCWD, the CVP, the SWP, other 
senior water right holders, and Delta riparian water users. 
Therefore, when the Delta is in balance, additional water 
would not be available for diversion by the DW project. 

When DWR determines the Delta condition to be in 
excess, the DW project could be allowed to divert avail
able excess water for storage on the reservoir islands. 
The daily quantity of available excess water would be 
estimated by DWR according to DWR's normal account
ing procedures. To provide extra protection for compli
ance with 1995 WQCP Delta objectives and for existing 
water right holders, SWRCB may establish requirements 
for amounts of water within the designated excess water 
(i.e., buffers) that would not be available for DW diver
sions. Nevertheless, considerable excess Delta inflow 
would be available for diversion by the DW project 
during certain periods, especially major runoff events 
(Figure 3A-7). 

DW project operations would not be permitted to 
interfere with senior appropriative water right holders or 
Delta riparian users. Any water right permits granted 
would contain terms and conditions regarding coordina
tion with Delta operations conducted by DWR and Recla
mation. 

Although any interference with other riparian or 
prior appropriative water rights by the DW project alter
natives would be -considered a significant impact, 
SWRCB terms and conditions for DW project operations 
would not allow such interference with other riparian or 
prior water rights. Because DeltaSOS simulations of the 
DW alternatives were constrained to preclude interfer
ence with any riparian or prior appropriative rights, it is 
preswned that the DW proj.ect would have no significant 
impacts related to interference with prior water rights. 
No criteria for determining impact significance were 
selected and potential effects of the DW project on prior 
water rights are not discussed fwther in the impact 
assessment. 
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Compliance with Delta Objectives and Requirements 

Water Quality and Biological Resoun:u Exis
ting and any future Delta water quality objectives or 
requirements for protection of fish and wildlife and other 
purposes, as adopted by SWRCB or other regulatory 
agencies, will be applicable to the DW project. DW 
project operations as conditioned and limited by permits 
would not be allowed to violate or interfere with com
pliance by others with applicable Delta water quality 
objectives or fish and wildlife requirements. 

Permits granted by the lead agencies to DW would 
specify terms and conditions for allowable project oper
ations related to water quality or fish and wildlife require
ments. SWRCB terms and conditions for the requested 
DW water rights would specify the DW operational rules 
and criteria related to compliance with applicable Delta 
objectives and requirements. 

DeltaSOS simulations of the No-Project Alternative 
and the DW project alternatives accounted for constraints 
by all 1995 WQCP objectives and operations criteria that 
can be interpreted on a monthly basis. The DW project 
therefore would not adversely affect compliance of Delta 
water management operations with Delta objectives. 

Although any violation of applicable Delta objec
tives caused by the DW project would be considered a 
significant impact, SWRCB terms and conditions for DW 
project operations would not allow violation of Delta 
objectives. Therefore, it is presumed that none of the 
DW project alternatives would result in significant 
impacts related to violating Delta objectives. Therefore, 
no criteria for determining impact significance were 
selected and compliance of the DW project with applic~ 
able Delta objectives is assumed and is not discussed 
fwther in the impact assessment. 

Delta Outflow. A general effect of the DW project 
diversions would be to reduce Delta outflow during 
periods of surplus outflow (i.e., outflows greater than 
those required to satisfy applicable outflow objectives) 
for the period of several weeks when project diversions 
would occur. It is also possible that a purchaser of stored 
DW water could use the water to increase Delta outflow 
for fisheries or estuarine habitat management purposes. 
DW project diversions are potentially substantial (maxi
mum monthly average of 4,000 cfs), and simulated reduc
tions in Delta outflow during periods ofDW diversions 
can be identified in the monthly planning model results. 

The 1995 WQCP objectives specify monthly mini
mum Delta outflows, as flows necessary for fish trans
port, as flows necessary to prevent salinity intrusion at 
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agricultural control locations during the irrigation season 
and at water supply intakes throughout the year, or as 
flows necessary to maintain the X2 salinity gradient 
location. 

As discussed above, SWRCB terms and conditions 
for DW project operations would not allow violation of 
Delta outflow requirements. DW project effects on Delta 
outflow were not used as criteria for assessing water 
supply impact significance because it was presumed that 
the specified 1995 WQCP objectives adequately protect 
beneficial uses related to outflow. Potential effects of 
augmenting Delta outflow with purchased DW water 
during periods of reduced flows are expected to be gener
ally beneficial. Because outflow can affect water quality 
and estuarine fish habitat, these potential impacts are 
evaluated in Chapter 3C, "Water Quality", and Chap
ter 3F, "Fishery Resources". 

Delta Water Project Operations 

Upstream Reservoir Storage. DW operations may 
influence upstream reservoir storage by the CVP or the 
SWP if these projects purchase DW water as replacement 
for upstream reservoir releases. The general effect of 
using DW storage water as replacement for upstream 
reservoir releases would be to maintain slightly higher 
reservoir levels throughout the summer and fall when 
reservoirs typically draw down. Minimum streamflows 
below these reservoirs are regulated by instream flow 
requirements, and streamflows would not be reduced 
below these minimums by CVP or SWP use ofDW water 
as replacement for upstream reservoir releases. 

DWRSIM does not have the capability to simulate 
operations of a Delta storage facility and DeltaSOS does 
not simulate upstream reservoir operations. Potential 
effects of DW operations on upstream reservoir storage 
could Dot be directly simulated and evaluated. Therefore, 
DW project effects on upstream reservoir storage were 
not used as criteria for assessing impact significance. 
Qualitative assessment indicates that the potential effects 
on upstream reservoir storage increases would be bene
ficial but that there may be negative effects on instream 
flows below reservoirs. 

Delta Exports. As described in Chapter 2, "Delta 
Wetlands Project Alternatives", the major purpose of the 
DW project is to divert surplus Delta inflows, transferred 
water, or banked water for later sale and/or release for 
Delta export or to meet water quality or flow require
ments. Although one of the possible uSes ofDW project 
water could be augmenting Delta outflow, the more likely 
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use is increasing the supply of high-quality Delta exports 
for beneficial use in the CVP and SWP service areas. 

Potential increases in Delta exports were the major 
water supply effects evaluated using the DWRSIM and 
DeltaSOS models. Annual and seasonal effects on export 
water supply are described in this chapter. Related 
iinpacts on hydrodynamics, water quality, and fishery 
resources are evaluated in Chapters 3B, 3C, and 3F, 
respectively. Because the lead agencies do not consider 
the addition or reduction of export water supply, by itself, 
as a beneficial or adverse impact, no criteria can be 
established to assess the significance of the impact. 
Therefore, DW project effects on export water supply 
were not used as criteria for assessing impact signifi
cance. 

Daily CVP and SWP Operations. The DW pro
ject would be operated in response to daily changes in 
hydrologic, water quality, and fishery conditions. The 
DW project is designed to operate once all applicable 
Delta objectives are satisfied. If CVP and SWP com
p~ance with Delta objectives is based, however, on fixed
period or moving averages, DW diversions during storm
related flows might reduce allowable CVP and SWP 
export pumping following the storm. SWRCB will estab
lish terms and conditions for operating the DW project to 
address these daily operations issues and prevent DW 
operations from interfering with otherwise allowable 
CVP and SWP operations. 

To assess the effects of short-term changes in Delta 
cond-itions on DW project operations, DeltaSOS was 
modified to simulate Delta conditions with a daily time 
step. A description of the daily model (DailySOS) and a 
discussion of the results from the model are presented in 
Appendix A4, "Possible Effects of Daily Delta Condi
tions on Delta Wetlands Project Operations and Impact 
Assessments". The daily model was used for simulating 
project operations and water supply effects in response to 
short-term hydrologic fluctuations. 

Potential impacts on water quality and fisheries were 
not directly simulated at a daily time step, however, 
because available information is not sufficient to allow 
accurate assessment of these potential daily effects. 
Therefore, DW project effects on daily Delta flows were 
not used as criteria for assessing impact significance. 
The magnitude of DW diversions and discharges simu
lated using the daily model were compared with the 
monthly model estimates to confirm that potential water 
quality and fishery impact estimates that were based on 
monthly model results are similar to likely daily esti
mates. While effects may be larger on particular days, the 
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monthly average effect is likely to be similar to the esti
mates based on monthly average DW operations. 

Delta Consumptive Use 

The four DW project islands have existing riparian 
and appropriative water rights to use a reasonable quan
tity of water from Delta channels for agricultural and 
other beneficial purposes. As described in Appendix A I, 
"Delta Monthly Water Budgets for Operations Modeling 
of the Delta Wetlands Project", the water budget for 
continuing agricultural use of the DW islands under the 
No-Project Alternative was based on DWR estimates for 
riparian water use on Delta lowlands. Delta riparian 
water use is factored into simulations performed using the 
water supply planning models (DWRSIM and Delta
SOS). Estimates for the No-Project Alternative water 
budget consist of approximately 77 T AF of combined 
diverted and seepage water, 2~TAF of rainfall onto the 
four DW project islands, and approximately 56 T AF of 
drainage water off the DW project islands, with a net 
consumptive use of about 44 TAF (Table AI-8 in 
Appendix A 1, Table 3A-5). 

Under DW project operations, consumptive water 
use would generally shift from irrigation diversions and 
crop ET with minor amounts of open-water evaporation 
to open-water evaporation during periods of storage on 
the reservoir islands and the seasonally flooded portions 
of the habitat islands with minor amounts of irrigation 
diversions and crop ET. 

A project alternative is assumed to have a significant 
detectable impact on Delta consumptive use if it would 
cause an increase in Delta lowland ET exceeding 1% of 
the No-Project Alternative ET from Delta lowlands (890 
TAF/yr) (Table Al-7 in Appendix AI). This assumed 
significance criterion" could also be expressed as a change 
of greater than 20% of the consumptive use on the DW 
islands (44 TAF/yr) because the DW islands represent 
about 5% ofthe area ofthe Delta lowlands (Table Al-8 
in Appendix A 1 ). A project is considered to have a bene
ficial effect on Delta consumptive use if it would cause a 
decrease in Delta lowland ET. 

IMPACTS AND MITIGATION 
MEASURES OF 

ALTERNATIVE 1 

Alternative 1 involves potential year-round diversion 
and storage of surplus water on Bacon Island and Webb 
Tract (reservoir isl.ands). Bouldin Island and Holland 
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Tract (habitat islands) would be managed primarily as 
wildlife habitat. 

Under Alternative I, DW diversions could occur in 
any month with surplus flows. In DeltaSOS modeling, it 
is asswned that discharges of water from the D W project 
islands would be exported in any month when unused 
capacity within the permitted pumping rate exists at the 
SWP and CVP pumps and strict interpretation of the 
1995 WQCP "percent inflow" export limits do not pre
vent use of that capacity. Such unused capacity could 
exist when the amount of available water (i.e., total in
flow less Delta channel depletion and Delta outflow 
requirements) is less than the amount specified by the 
export limits. 

Water would be diverted to the reservoir islands 
(238-T AF water storage capacity) at a maximum monthly 
average diversion rate of 4,000 cfs, which would fill the 
two reservoir islands in one month. The maximum daily 
average diversion rate would be 9,000 cfs during several 
days when siphoning of water onto empty reservoirs 
begins; at this time, the maximum head differential would 
exist between island bottoms and channel water surfaces. 
The maximum daily average discharge rate would be 
6,000 cfs, but the maximum monthly average discharge 
rate is assumed to be 4,000 cfs, allowing the two reser
voir islands to empty in one month. Additional fishery 
protection measures may further limit DW operations 
(see Chapter 3F, "Fishery Resources"). 

Water management on the habitat islands would be 
slightly different from irrigation and drainage practices 
under the No-Project Alternative. Table AI-8 (in 
Appendix A I) gives the estimated monthly water budget 
terms for the DW habitat islands. Maximum diversion 
would occur in July, with an estimated diversion flow of 
60 cfs (3.6 T AF). Maximum drainage would occur in 
January, with an estimated drainage flow of 42 cfs (2.5 
T AF), assuming average rainfall. These diversions and 
drainage flows would not substantially change the Delta
SOS-simulated operations of the DW reservoir islands as 
described in this chapter. 

Chapter 2, "Delta Wetlands Project Alternatives", 
presents a more complete description of DW project 
facilities and operations. Appendix A3, "DeltaSOS 
Simulations of the Delta Wetlands Project Alternatives", 
presents monthly average approximations of DW project 
operations under Alternative 1. 
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Delta Water Supply 
Simulations 

Table 3A-2 summarizes simulated average annual 
DW project operations Wlder Alternative 1, showing 
DeltaSOS-adjusted expocts; required outflow; DW diver
sions and discharges for export; and effects on export, 
outflow, and major Delta channel flows. The volume of 
available water diverted to storage Wlder Alternative 1 
would be equivalent to reductions in Delta outflow .. As 
discussed above Wlder "Delta Outflow" in the section 
"Measures ofPotential Water Supply Effects and Criteria 
for Determining Impact Significance", DW project 
diversions would not cause violations of applicable Delta 
objectives. Furthermore, any water right permit granted 
by SWRCB would not allow reductions in Delta outflow 
that violate these objectives. Detailed information on 
simulated changes in Delta outflow is presented in 
Appendix A3. '"' 

Simulated DW operations for Alternative 1 consisted 
of average diversions of 222 TAF!yr and average 
discharges for export of 188 TAF!yr. Table 3A-6 gives 
the average ~ual values simulated by DeltaSOS for 
Delta conditions Wlder Alternative I. Table A3-7 in 
Appendix A3 gives the monthly DeltaSOS results for 
Alternative 1. 

The DW project was simulated as operating mini
mally or not at all in several years because of limited 
availability of water for diversions. In other years, the 
annual diversion for storage was simulated to be greater 
than the 238-T AF reservoir capacity because of multiple 
diversion and discharge sequences in the same year. For 
example, the maximum annual diversion simulated for 
Alternative 1 was 522 T AF in water year 1 982, produced 
by two separate reservoir filling peri~. These simu
lated multiple fillings may not occur if there are not 
demands for the DW water in these wet years. 

Simulated DW discharges for export increase Delta 
exports. No discharges were simulated in some years 
because of limited volumes of stored water on the reser
voir islands. In other years, the BW discharge for export 
was simulated to be greater than the 238-T AF reservoir 
storage capacity, again because of multiple diversion and 
discharge periods in the same year. The maximum 
annual discharge simulated for Alternative 1 was 444 
TAF in water year 1957 .. Some of these large simulated 
discharges for export were for wet years; however, there 
may not be demands for DW water during such years. 

Figure 3A-10 shows annual DW diversions and DW 
discharges for export. In many years, diversions were 
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slightly greater than discharges, reflecting evaporation 
losses. In other years, diversions were much greater than 
discharges, indicating carryover storage on reservoir 
islands. Diversions in the subsequent years were much 
less than discharges. 

Table "3A-7 gives the monthly percentiles of the 
DeltaSOS simulations for Alternative 1. The first panel 
of monthly percentiles shows the pattern of simulated 
DW diversions (in cfs) for each month. Diversions in a 
month are simulated in only about 1 0%-20% of the years 
because water may not be available for diversion or the 
reservoir islands may already be full. The mean diversion 
rate for each month indicates the overall importance of 
that month in tenns ofDW diversions. Most diversions 
were simulated to occur in October-January, and some 
were simulated to occur in February, March, and Sep
tember. Almost no diversions are simulated in April
August. 

The second panel shows monthly percentiles for end
of-month storage (in T AF) on the. reservoir islands. The 
simulations indicate that the reservoir islands would 
generally be filled during winter, when water is avatlable, 
and emptied during summer, when water could be 
exported. 

These monthly "stacks" are the distribution ofDW 
storage values for the 70 simulated years, given in 10% 
increments (7 years) and do not represent a sequence of 
DW storage values. The sequence of storage values can 
be foWld in Table A3-7 in Appendix A3. The monthly 
distribution gives an overview of the expected DW 
operations in a particular calendar month. For example, 
simulated DW storage for the end of September was 
empty in 80% of the years. Simulated storage for the end 
of October was empty in 60% of the years, and for the 
end of November was empty in SO% of the years. The 
DW storage would be full during winter in the majority of 
years, Wltil export capacity was available in summer. 
Simulated storage for the end ofMarch was empty in only 
1 00/o of the years and was full (238 T AF) in about 60% of 
the years. At the end of August, some DW storage water 
(80-238 T AF) was simulated to remain in only about 
1 0% o( the years. 

· The third monthly percentile panel shows the simu
lated pattern of DW discharges for export (in cfs) for 
each month. Discharges in a month are simulated in only 
about 20% of the months because there is no water in 
DW storage, or additional pumping capacity may not be 
available for export of DW discharges. The mean 
simulated discharge rate for each month indicates the 
overall importance of that month in terms of DW dis
charges. Most DW discharges were simulated to occur 
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in July and August, and some discharges were simulated 
in other months. 

No DW releases for Delta outflow were simulated 
for the DW project alternatives (see fourth panel); water 
is assumed to be held in storage until it can be discharged 
for export. 

The fifth panel of Table 3A-7 presents simulated 
monthly percentiles for Delta export pumping (in cfs), 
including export ofDW discharges, for each month. DW 
discharge for export would occur during months when 
SWP and CVP export pumping is limited by the 1995 
WQCP objectives. 

Appendix A3 presents detailed simulation results for 
Alternative 1. Appendix A4 discusses the possible 
differences between these monthly average simulations 
and likely daily DW operations. 

Eft'ects on Delta Consumptive Use 

Under Alternative 1, land uses would change from 
irrigated agriculture to primarily water storage on the 
reservoir islands and to wildlife habitat on the habitat 
islands. These land use changes would reduce ET from 
a total of 44 T AF /}T to 14 T AF lyr (estimated ET from the 
habitat islands) for the four islands. Additionally, an 
average of approximately 34 T AF lyr of evaporation 
would be lost from stored water on the reservoir islands 
during periods of water storage (Table 3A-5). An un
known amount of ET from moist soil and possibly from 
seepage would continue to be lost on the reservoir islands 
directly after total drawdown. Also, an ET amount 
approximately equal to the ET for the habitat islands 
(14 T AF) would be lost during periods when the reser
voir islands are in a shallow-water wetland condition. 

Total consumptive use on the four DW project 
islands is expected to increase by approximately 
4 TAF/yr compared with use under the No-Project Alter
native as a long-term average. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact A-1: Increase in Delta Consumptive Use. 
Implementation of Alternative I would increase con
sumptive use by approximately 4 T AF lyr compared with 
consumptive use under the No-Project Alternt1tive. This 
impact is considered less than significant for Delta water 
supply. 
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Mitigation. No mitigation is required. 

IMPACfS AND MITIGATION 
MEASURES OF 

ALTERNATIVE 2 

Alternative 2 represents DW operations with two 
reservoir islands (Bacon Island and Webb Tract) and two 
habitat islands (Bouldin Island and Holland Tract). 

Under Alternative 2, DW diversions could occur in 
any month with surplus flows, as under Alternative I. In 
DeltaSOS modeling, it is assumed that discharges from 
the DW project islands would be exported in any month 
when tmused capacity within the permitted pumping rate 
exists at- the SWP and CVP pumps. Under this alter
native, DW discharges would be allowed to be exported 
in any month when such capacity exists and would not be 
subject to strict interpretation of the 1995 WQCP "per
cent inflow" export limits. Export of DW discharges 
would be limited by Delta outflow requirements and the 
permitted combined pumping rate of the export pumps 
but would not be subject to strict interpretation of the 
"percent inflow" export limit. Additional fishery pro
tection measures may further limit DW operations (see 
Chapter 3F, "Fishery Resources"). 

The maximum monthly average diversion rate to 
reservoir island storage would be 4,000 cfs (maximwn 
initial daily average diversion rate of 9,000 cfs). The 
maximwn monthly average discharge rate is assumed to 
be 4,000 cfs (maximum daily average discharge rate of 
6,000 cfs). Water management for the habitat islands 
would be the same as described under Alternative 1. 
Alternative 2 is more fully described in Chapter 2. 

Delta Water Supply 
Simulations 

Table 3A-2 swnmarizes simulated aver.age annual 
DW project operations under Alternative 2, showing 
DeltaSOS-adjusted exports; required outflow; DW diver
sions and discharges for export; and effects on export, 
outflow, and major Delta channel flows. Average annual 
reductions in Delta outflow associated with this alter
native would be equivalent to the volwne of diversions 
but would not cause violations of applicable outflow 
standards. 

Table 3A-8 indicates that average annual values for 
simulated DW operations under Alternative 2 were 225 
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T AF lyr of diversions and 202 T AF lyr of discharge for 
export. Table AJ-10 in Appendix A3 gives the OW 
monthly simulation results for Alternative 2. 

Table 3A-9 shows the monthly percentiles of OW 
operations for Alternative 2. Diversions were simulated 
to occur generally during September-March, and dis
charges were simulated to occur during the middle 
(February-March) or late part of the water year (May
July). 

Figure 3A-11 shows the simulated annual OW diver
sions and OW discharges for export for Alternative 2. 
The patterns of years of multiple reservoir island fillings, 
carryover storage years, and years with no diversions or 
discharges are similar to those for Alternative 1. 

Appendix A3 presents detailed simulation results for 
Alternative 2. Appendix A4 discusses the possible 
differences between these monthly 1fverage simulations 
and likely daily OW operations. 

Effects on Delta Consumptive Use 

Under Alternative 2, habitat island ET is estimatt;d 
to average 14 TAF!yr, as under Alternative I, and 
evaporation of stored water would average approximately 
23 TAF!yr, somewhat less than for Alternative 1 because 
of decreases in storage duration (Table 3A-5). Total 
consumptive use under Alternative 2 is estimated to aver
age approximately 7 TAF!yr less than. under the No
Project Alternative. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact A-2: Reduction in Delta Consumptive 
Use. Implementation of Alternative 2 would decrease 
consumptive use by approximately 7 T AF compared with 
consumptive use for the No-Project Alternative. This 
impact is considered beneficial to Delta water supply and 
will result in reduced diversioos during the irrigation 
season. 

Mitigation. No mitigation is required. 
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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. 
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. Diversions to the reservoir islands 
( 406-T AF capacity) would be allowed during any month 
with available surplus flows. The diversion and dis
charge operations for Alternative 3 would be the same as 
for Alternative 2, but the assumed diversion and dis
charge rates are higher. The maximum monthly average 
diversion rate would be about 6,000 cfs, which would fill 
the four reservoir islands in about one month (maximum 
daily average initial diversion rate of 9,000 cfs). The 
maximum monthly average discharge rate is assumed to 
be 6,000 cfs (maximum daily average discharge rate of 
12,000 cfs). 

Delta Water Supply 
Simulations 

Table 3A-2 summarizes simulated average annual 
OW project operations under Alternative 3, showing 
DeltaSOS-adjusted exports; required outflow; OW diver
sions and discharges for export; and effects on export, 
outflow, and major Delta channel flows. Average annual 
reductions in Delta outflow associated with this alter
native would be equivalent to the volume of diversions 
but would not cause violations of applicable outflow 
standards. 

Table 3A-10 indicates that the average annual values 
for simulated OW operations for Alternative 3 were 356 
T AF !yr of diversions and 302 T AF !yr of discharges for 
export. These values are much greater than for Alterna
tive 1 or Alternative 2 because of the increased reservoir 
storage capacity on four project islands. Increased stor
age capacity allows increased OW diversions during 
years with plentiful surplus water but does not compen
sate for years of limited water availability. The greatest 
simulated annual OW diversion for Alternative 3 was 815 
T AF lyr in 1982 (two complete OW reservoir fillings). It 
is unlikely that this volume of additional water supply 
would be needed in wet years. Table A3-13 in Appendix 
A3 gives the monthly results of simulations of Alterna
tive 3. 
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Table 3A-ll shows the monthly percentiles ofOW 
operations for Alternative 3. Diversions generally would 
occur early in the water year (October-February) and 
discharges would generally occur during early spring 
(February-March) or sununer (June-August). 

Figure 3A-l2 shows the simulated annual OW diver
sions and OW discharges for Alternative 3. The patterns 
of years with no OW operation, years with large OW 
diversions and carryover OW storage, and years with 
reduced OW diversions because of carryover storage are 
similar to those of the other alternatives. 

Appendix A3 presents detailed simulation results for 
Alternative 3. Appendix A4 discusses the possible 
differences between these monthly average simulations 
and likely daily OW operations. 

Effects on Delta Conrumptive Use 

Under Alternative 3, evaporation of stored water 
from all four OW islands is estimated to average 
54 TAF/yr (Table.3A-5). Because all four islands would 
be operated as reservoir islands, there would be essen
tially no habitat island ET as under Alternatives I and 2 
except for ET from a small portion of Bouldin Island. 
Some ET would occur from intermittent wetlands during 
nonstorage periods on the four reservoir islands, but the 
extent of this ET is not predictable. 

Total consumptive use under Alternative 3 is pre
dicted to average 54 TAF/yr, approximately 10 TAF/yr 
greater than under the No-Project Alternative. This 
increase in Delta consumptive use represents about a l% 
increase in Delta lowland consumptive use. The con
sumptive use under Alternative 3 would be supplied by 
OW project diversions, whereas the No-Project Alter
native consumptive use would be supplied by irrigation 
diversions in sununer. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact A-3: Increase in Delta Consumptive Use. 
Implementation of Alternative 3 would increase con
sumptive use by approximately l 0 T AF compared with 
consumptive use under the No-Project Alternative. This 
increase represents about a l% increase in Delta lowland 
consumptive use. Therefore, this impact is considered a 
significant and unavoidable impact of water storage 
operations. The reduced diversions during the irrigation 
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season may still be considered a benefit to Delta water 
supply. 

Mitigation. No mitigation is available to 
reduce this impact to a less-than-significant level. There
fore, this impact is considered significant and 
unavoidable. 

IMPACI'S AND MITIGATION 
MEASURES OF THE 

NO-PROJECf ALTERNATIVE 

The No-Project Alternative (intensified agricultural 
use of the four OW project islands) represents Delta 
water supply conditions predicted under implementation 
ofthe 1995 WQCP. 

The DeltaSOS simulation results for the No-Project 
Alternative were described above under "Impact Assess
ment Methodology". Table 3A-2 sunun8rizes simulated 
average annual OW project operations under the No
Project Alternative, showing DeltaSOS-adjusted exports; 
required outflow; and export, outflow, and major Delta 
channel flows. 

Simulated Delta exports for the No-Project Alter
native averaged 6.15 MAF/yr over the 70-year hydrologic 
record (Appendix A3). Delta exports under actual 
historical conditions totaled approximately 6 MAF in 
1990 (Table 3A-l ). The increased Delta consumptive 
use of 22 T AF can be attributed to variations in Delta 
agricultural use between drought and normal years. 

Consumptive use of water to supply crop ET would 
be somewhat greater under the No-Project Alternative 
compared with historical agricultural land uses, but not 
measurably so at the scale of monthly water supply 
modeling (e.g., DWRSIM or DeltaSOS). Chapter 2, 
"Delta Wetlands Project Alternatives", describes the 
likely ET increase from existing (drought) conditions 
(i.e., 1988-1994) to intensive agricultural land use (No
Project Alternative) as 50% of the assumed consumptive 
use of 44 T AF lyr for the OW project islands. The lower 
estimated ET for the existing condition (22 T AF/yr) was 
caused by reduced agricultural use during the drought. 

CUMULATIVE IMPACTS 

Cumulative water supply effects were evaluated 
using DeltaSOS simulations of the OW project alterna
tives under the 1995 WQCP, but assuming SWP pump-
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ing pennitted at full capacity of Banks Pumping Plant. 
This represents reasonably foreseeable future Delta con
ditions and regulatory standards (see description wtder 
"Impact Assessment Methodology" above). Cumulative 
water supply effects of the DW project alternatives are 
compared below with simulated monthly "Delta water 
supply conditions for the No-Project Alternative wtder 
cumulative conditions. 

The reservoir islands may have somewhat greater 
water storage capacity wtder cumulative conditions be
cause of effects of continued peat soil oxidation and 
subsidence (see Appendix C3, "Water Quality Experi
ments on Potential Sources of Dissolved Organics and 
Trihalomethane Precursors for the Delta Wetlands 
Project"). DW estimates that average subsidence over 
the 50-year planning life of the project may average 
0.5 inch per year over the 10,000 acres of the reservoir 
islands (Forkel pers. comm.). This average rate of sub
sidence would increase water storttge capacity wtder 
cumulative conditions by approximately 20 T AF or 9"/o 
of the reservoir storage capacity. Therefore, possible 
average DW project diversions and discharges may be 
approximately 9% greater than those simulated by 
DeltaSOS. 

Water Supply Conditions for the 
No-Project Alternative under 

Cumulative Conditions 

Delta Water Supply Simulations 

Appendix A-3 presents complete DeltaSOS simu
lation results for cumulative Delta water supply con
ditions, represented as the No-Project Alternative wtder 
cumulative conditions. Selected variables are summar
ized in this chapter. · 

Figure 3A-13 shows the simulated monthly Delta 
outflow and the required Delta outflow for the No-Project 
Alternative wtder cumulative conditions for water years 
1968-1991. The pattern of required Delta outflow is the 
same as for the No-Project Alternative. 

Figure 3A-14 shows the simulated monthly Delta 
exports for the No-Project Alternative wtder cumulative 
conditions for water years 1968-1991. The DWRSIM 
simulation of exports used as the initial Delta water 
budget did not assume use of the full SWP pumping 
capacity of 10,300 cfs. The DeltaSOS simulation of the 
No-Project Alternative wtder cumulative conditions indi
cates that a considerable amowtt of additional export 
pumping would be possible beyond that simulated by 
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DWRSIM. However, DeltaSOS does not check for 
south-of-Delta demands on storage capacity and 
DeltaSOS does not change the DWRSIM estimates of 
carriage water (see Appendix A2). The DeltaSOS 
adjustment in exports for the cumulative No-Project 
Alternative averaged 1,018 TAF!yr (Table 3A-2). 

Figure 3A-15 shows the simulated monthly pattern 
of water available for DW diversion for the cumulative 
No-Project Alternative for water years 1968-1991. 
Tables 3A-12 and 3A-13 show the mean annual simu
lation output and monthly percentiles of simulations for 
exports wtder the No-Project Alternative. 

Figure 3A-16 shows annual Delta outflow andre
quired Delta outflow for the No-Project Alternative wtder 
cwnulative conditions for water years 1922-1991. Table 
A3-14 in Appendix A3 shows the annual DeltaSOS 
adjustments in initial Delta exports (DWRSIM results) 
and the DeltaSOS-adjusted Delta exports (that satisfY 
standards while exporting all available water) for the No
Project Alternative under cumulative conditions. Month
ly DeltaSOS adjustment to DWRSIM-simulated exports 
are shown in Table A3-16 in Appendix A3. In some 
years, no additional export pumping was simulated by 
DeltaSOS, whereas in other years more than 3 MAF of 
additional export was simulated beyond the DWRSIM 
results (1983 and 1984). The total adjusted export for 13 
out of70 years was greater than 8 MAF!yr (i.e., in wet 
years) because of the greater assumed Delta pennitted 
pumping rate. Some of these potential exports may not 
be required for south-of-Delta beneficial uses. 

Each of the DW alternatives was simulated wtder 
cwnulative conditions and compared with the DeltaSOS 
simulation results for the No-Project Alternative wtder 
cumulative conditions to determine cumulative water 
supply effects. 

Delta Consumptive Use 

Net consumptive use on the DW project islands 
wtder the No-Project Alternative is estimated to be 44 
T AF lyr wtder cumulative conditions. 

Cumulative Impacts, Including 
Impacts of Alternative 1 

Delta Water Supply Simulations 

Table 3A-2 summarizes simulated average annual 
DW project operations for Alternative 1 wtder cumu-
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lative conditions, showing DeltaSOS-adjusted exports; 
required outflow; DW diversions and discharges for 
export; and effects on export, outflow, and major Delta 
channel flows. Average annual reductions in Delta 
outflow associated with this alternative would be equiva
lent to the volwne of diversions (minus No-Project Alter
native consumptive use) but would not cause violations 
of applicable outflow standards. 

Table 3A-l4 presents annual average Delta con
ditions simulated by DeltaSOS for Alternative I under 
cumulative conditions. Simulated DW operations for 
Alternative I consist of average diversions of I9I T AF lyr 
and average discharges for export of I66 T AF /yr. Alter
native I would have operated in fewer years under cumu
lative conditions than under existing conditions because 
of limited availability of water for diversions. Because of 
the greater export pumping capacity, however, greater 
DW exports were simulated in several of the years. 
Table 3A-l5 gives the monthly percentiles of the Delta
SOS estimates for Alternative I under cumulative condi
tions. Table A3-I9 in Appendix A3 gives the monthly 
results and cumulative conditions. 

Figure 3A-l7 shows simulated annual DW diver
sions and DW discharges for export for Alternative I 
wxler cumulative conditions for water years 1922-1991. 
Average DW discharges for export were simulated to be 
approximately 12% less Wlder cumulative conditions than 
under Alternative 1 (Table 3A-2). 

Alternative 1, if permitted by SWRCB, would 
comply with all applicable Delta standards and operating 
criteria under cumulative conditions. 

Effects on Delta Consumptive Use 

Because of differences in periods ofDW diversions 
and discharges, consumptive use from evaporation under 
Alternative 1 would be reduced by 9 TAF/yr (from 48 
TAF/yr to 39 TAF/yr) wxler cumulative future conditions 
(Table 3A-5). The consumptive use of 39 T AF/yr repre
sents a decrease of 5 T AF /yr from consumptive use under 
the No-Project Alternative. _ 

Impact A-4: Reduction in Delta Consumptive 
Use under Cumulative Conditions. Under cumulative 
conditions, implementation of Alternative I would de
crease Delta consumptive use by 5 TAF/yr from con
sumptive use estimated for the No-Project Alternative. 
This impact is considered beneficial. 

Mitigation. No mitigation is required. 
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Cumulative Impacts, Including 
Impacts of Alternative 2 

Delta Water Supply Simulations 

Table 3A-2 summarizes simulated average annual 
DW project operations for Alternative 2 under cumu
lative conditions, showing DeltaSOS-adjusted exports; 
required outflow; DW diversions and discharges for 
export; and effects on export, outflow, and major Delta 
channel flows. Average annual reductions in Delta out
flow associated with this alternative would be equivalent 
to the volume of diversions (minus No-Project Alter
native consumptive use) but would not cause violations 
of applicable outflow standards. 

Table 3A-16 indicates that the average annual simu
lated DW operations for Alternative 2 under cumulative 
conditions were 211 TAF/yr of diversions and 197 
T AF lyr of discharges for export. 

Table 3A-17 shows the monthly percentiles ofDW 
operations and Table A3-22 in Appendix A3 gives the 
monthly results for Alternative 2 under cumulative condi
tions. 

Figure 3A-18 shows simulated annual DW diver
sions and DW discharges for Alternative 2 under cumu
lative conditions for water years 1922-1991. Average 
DW discharges for export were simulated to be approxi
mately 3% less under cumulative conditions than under 
Alternative 2 (Table 3A-2). 

Alternative 2, if permitted by SWRCB, would com
ply with all applicable Delta standards and operating 
criteria under cumulative conditions. 

Effects on Delta Consumptive Use 

Consumptive use from evaporation under Alterna
tive 2 would be reduced by 9 TAF/yr (from 37 TAF!yrto 
28 TAF/yr) under cumulative future conditions (Table 
3A-5). The consumptive use of28 TAF/yr represents a 
decrease of 16 T AF lyr from consumptive use under the 
No-Project Alternative. 

Under cumulative conditions, Alternative 2 would 
have the same impact on consumptive use as described 
above for Alternative I under cumulative conditions. 
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Cumulative Impacts, Including 
Impacts of Alternative 3 

Delta Water Supply Simulations 

Table 3A-2 sununarizes simulated average arumal 
OW project operations for Alternative 3 under cwnu
lative conditions, showing DeltaSOS-adjusted exports; 
required outflow; DW diversions and discharges for 
export; and effects on export, outflow, and major Delta 
channel flows. Average annual reductions in Delta out
flow associated with this alternative would be equivalent 
to the volwne of diversions (minus No-Project Alter
native conswnptive use) but would not cause violations 
of applicable outflow standards. 

Table 3A-18 indicates that the average annual simu
lated OW operations for Alternative 3 under cwnulative 
conditions were 314 T AF lyr of diversions and 282 
T AF/yr of discharges for export. 

Table 3A-19 shows the monthly percentiles ofDW 
operations for Alternative 3 under cwnulative conditions 
and Table AJ-25 in Appendix A3 gives the monthly 
results. 

Figure 3A-19 shows simulated annual OW diver
sions and DW discharges for Alternative 3 under cwnu
lative conditions for water years 1922-1991. DW dis
charges for export were 7% less under cwnulative con
ditions (Table 3A-2). No significant cwnulative water 
supply impacts are identified. 

Alternative 3, if permitted by SWRCB, would 
comply with all applicable Delta standards and operating 
criteria under cwnulative conditions. 

Effects on Delta Consumptive Use 

Conswnptive use under Alternative 3 would be re
duced by 22 TAF/yr (from 54 TAF/yr to 32 TAF/yr) 
under cwnulative conditions (Table 3A-5). The con
swnptive use of32 TAF/yr represents a decrease of 12 
TAF/yr from conswnptive use under the No-Project 
Alternative. 

Under cwnulative conditions, Alternative 3 would 
have the same impact on conswnptive use as described 
above for Alternative 1 under cwnulative conditions. 
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Cumulative Impacts, Including 
Impacts of the No-Project 

Alternative 

The No-Project Alternative would not contribute 
measurably to cwnulative effects on conswnptive use in 
the Delta. 
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Table 3A-1. Annual Historical Delta Water Budget for 1922- 1991 

Sac SJR Yolo SJR Total Delta Delta I ! 
Basin Basin Sac Bypass Eastside Basin Delta Delta Consump Channel Delta Delta 

Water Year Year Inflow A ow Inflow Inflow Inflow Rain tive Use Depletion I Exports Outflow 

Year Type 11 Type a (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

19221 2 1 18,998 1,302 1,840 6,7321 28,873 548 1.425 an 0 28,798 

I 1923 3 2 13,989 0 1,440 4,043 19.471 562 1.425 863 0 19.471 
1924 5 5 4,373 0 106 486 4,965 146 1.425 1,279 0 4,965 
1925 4 3 15,363 2.485 1.474 3,749 23,071 626 1.425 799 0 23,071 
1926 4 4 11,747 721 461 1,939 14,868 446 1.425 979 0 14,868 
1927 1 2 23,001 5,200 1,641 5,076 34,918 599 1.425 826 0 34,918 
1928 2 3 16,199 2,092 1,034 2,709 22,033 432 1.425 993 0 22,033 
1929 5 5 7.472 0 266 937 8,675 288 1.425 1,137 0 8,675 
1930 4 5 13,190 906 466 1,266 15,828 607 1.411 804 0 15,017 
1931 5 5 5,148 36 159 678 6,021 523 1.405 881 0 5,132 
1932 4 2 12,218 432 930 3,669 17,249 731 1.400 669 0 16,5n 
1933 5 4 7,722 64 418 1,383 9,587 531 1,399 868 0 8,706 
1934 5 5 8,041 228 432 928 9,629 558 1,399 842 0 8,786 
1935 3 2 16,043 2,072 1,0431 4,034 23,192 765 1,398 633 01 22,551 
1936 3 2 15,512 3,357 1,602 4,986 25.458 984 1.401 416 0 25,057 
1937 3 ~ I 

13,670 1,228 1,231 5,510 21,640 958 1,400 . 443 0 21,206 
1938 1 25,878 14,152 2,188 10,879 53,096 1,002 1.401 399 0 52,716 
1939 4 4 7,080 170 422 1,714 9,386 581 1.413 831 0 8,551 
1940 2 2 18,267 6,974 1,340 4,765 31,346 948 1.429 481 0 30,867 
1941 1 1 23,698 11,510 1,292 7,310 43,810 1,026 1,442 417 0 43.400 
1942 1 1 22.795 6,733 1,565 6,188 37,281 1,121 1.456 335 0 36,944 
1943 1 1 19,6~ 3,145 1,826 6,079 30,710 1,044 1,472 428 0 30,287 
1944 4 3 9,0 9 124 515 1,798 11,506 751 1,487 737 0 10.n2 
1945 3 2 13,155 735 1,185 4,446 19,521 837 1,523 686 0 18,843 
1946 3 2 15,903 2,101 1,091 3,627 22,723 748 1,553 805 0 21,908 
1947 4 4 9,491 72 369 1,334 11,266 510 1,580 1,071 0 10,189 
1948 3 3 14,552 301 703 1,550 17,106 660 1,610 951 0 16,145 
1949 4 3 11,793 260 613 1,242 13,909 636 1,626 991 0 12,597 
1950 3 3 13,948 357 993 1,796 17,093 606 1,642 1,036 21 15,236 

I 
1951 2 2 21,766 3,445 2,321 4,735 32,268 927 1,644 718 192 30,552 
1952 1 1 28,056 3,945 2.4n 7,136 41,615 1.096 1,646 550 195 40,375 

I 
1953 1 3 18,121 2,752 859 1,893 23,626 660 1,623 963 821 22,362 
1954 2 3 17,110 1,213 717 1,713 20,754 589 1,637 1,049 1,063 19,140 
1955 4 4 10,591 76 557 978 12,203 788 1,637 848 1,175 10,040 
1956 1 1 22,328 9,860 2,359 6,287 40,833 1,159 1,686 527 765 39,743 
1957 2 3 13,150 na 684 1,440 16,052 759 1,684 925 1,233 13,920 
1958 1 1 26,058 10,012 2,396 6,059 44,525 1,573 1,684 111 705 43,765 
1959 3 4 12,059 635 366 1,249 14,308 794 1,684 890 1.404 12,039 
1960 4 5 10.n1 618 255 550 12,194 559 1,686 1,127 1,460 9,707 

' 
1961 4 5 11.488 169 103 438 12,198 713 1,684 971 1,561 9,687 
1962 3 3 13,089 1,123 683 1,505 16,400 820 1,684 864 1,422 14,139 
1963 1 2 20.422 . 4,170 1,334 2,839 28,766 1,247 1,684 437 1.400 26,969 
1964 4 4 11,591 67 307 1,119 13,083 643 1.686 1.044 1,726 10,384 
1965 1 1 14,965 6,193 1,644 3,803 31,604 926 1,684 759 1,539 29,347 
1966 3 3 13,392 3n 639 1,698 16,106 686 1,684 999 1,678 13,449 
1967 1 1 24,233 3,661 1,723 5,559 35,1n 1,294 1,684 390 1,323 33,515 
1968 3 4 13,3n 668 520 1,423 15,987 653 1,686 1,033 2,564 12,507 
1969 1 1 23,362 6,281 2,391 10,168 42,202 1,260 1,684 424 2,953 38,883 
1970 1 2 20,289 8,500 1,415 3,076 33,280 895 1,684 789 2,162 30,290 
1971 1 ·3 22,811 1,306 902 1,n9 26,797 941 1,684 743 2,905 23,191 
1972 3 4 12,470 30 365 1,112 13,9n 437 1,686 1,249 3,544 9,261 
1973 2 2 20,758 3,887 1,429 2,392 28,466 1,244 1,684 440 3,457 24,609 
1974 1 1 30,663 7,566 1,551 2,n3 42,553 995 1,684 689 4,439 37,482 
1975 1 1 19,941 951 1,125 2,826 24,842 828 1,684 856 3,983 20,043 
1976 5 5 10,963 15 206 1,523 12,707 460 1,686 1,226 4,951 6,583 
19n 5 5 5,497 1 30 416 5,944 445 1,684 1,239 2,1n 2,539 
1978 2 1 17,691 2.844 1,146 4,490 26,172 1,368 1,684 316 4,427 21,467 
1979 3 2 13,034 154 1,020 2,625 16,832 941 1,684 743 4,561 11,555 
1980 2 1 19.248 6,502 1,830 5,986 33,566 1,045 1,686 641 4,610 28,501 
1981 4 4 11,499 126 286 1,763 13,675 725 1,684 960 4,829 7,908 
1982 1 1 30,101 7,229 3,038 5.4n 45,845 1,655 1,684 30 4,696 41,230 
1983 1 1 34,049 14,962 4,557 15,438 69,006 1,713 1,684 (29) 4,479 64,643 
1984 1 2 22,384 4,689 1,807 6,260 35,140 863 1,686 824 3,938 30,592 
1985 4 4 12,192 172 470 2,101 14,935 743 1,684 941 5,584 8,453 
1986 1 1 18,112 10,608 2,124 5,235 36,080 1,454 1,684 230 5,396 30,493 
1987 4 5 10,031 35 384 1,808 12,257 683 1,684 1,001 5,174 6,105 
1988 5 5 9,653 115 143 1,164 11,075 718 1,686 968 5,746 4,409 
1989 4 5 12,244 44 221 1,057 13,566 795 1,684 889 6,101 6,599 
1990 5 5 9,860 21 169 914 10,965 619 1,680 1,060 5,947 3,967 
1991 5 5 7,540 75 221 655 8.491 847 1,681 834 3,286 4,371 

/ 
I 
j Average 15,856 2,752 1,on 3,319 23,004 819 1,587 768 1,737 20,616 

Notes: 11 1 = wet, 2 = above normal. 3 = below normal, 4 = dry, 5 = criticaUy dry. 
Sources: The 1922-1929 data are from tbe UNIMPAIRED data set and tbe 1930-1991 data are from tbe DAYFLOW database, both maintained by DWR. 

See Appendix A1 for details. 

• .. -';. 



Table 3A-2. Summary of70- Year DeltaSOS Mean Annual Simulation Output for Channel Flows, 
Diversions, and Exports under the OW Project Alternatives and the No- Project Alternative (TAF) 

No-Project Alternative 1 Alternative 2 

No-Project Alternative 

Location Alternative Alternative 1 Alternative 2 Alternative 3 Cumulative Cumulative Cumulative 

Sutter & Steamboat Slough ~low 5,091 5,091 5,091 5,091 5,091 5,091 5,091 

Revised DCC diversion 1,347 1,347 1,347 1,347 1. 1,347 1,347 1,347 

Georgiana Slough flow 4,090 4,090 4,090 4,090 4,090 4,090 4,090 

Rio Vista flow 13,793 13,793 13,793 13,793 13,793 13,793 13,793 

lni~ial DWRSIM exports 5,712 5,712 5,712 5,712 5,712 5,712 5,712 

Net export change 442 450 450 464 1,018 1,029 1,029 

Adjusted total export 6,154 6,162 6,162 6,177 6,730 6,741 6,741 

Required Delta outflow 5,802 5,802 5,802 5,802 5,802 5,802 5,802 

Outflow deficit 0 0 0 0 0 0 0 

Montezuma Slough flow 930 931 931 931 930 931 931 

Head of Old River diversion 1,370 1,369 1,369 1,369 1,369 1,369 1,369 

Available for OW diversion 2,572 2,575 2,575 2,579 1,995 1,996 1,996 

OW storage diversions 0 222 225 356 0 191 211 
OW storage exports 0 188 202 302 0 166 197 
OW storage releases 0 0 0 0 0 0 0 

Final total export 6,154 6,350 6,364 6,479 6,730 6,907 6,938 
Final QWEST flow 420 215 212 92 (156) (333) (353) 
Final Delta outflow 14,120 13,915 13,912 13,792 13,544 13,367 13,347 

Final Antioch flow 3,504 3,363 3,361 3,363 3,108 2,987 2,973 
Old & Middle River flow (5,304) (5,499) (5,514) (5,499) (5,879) (6,056) (6,087) 

Note: Negative values shown in parentheses. 

AI 

c 

-

ernative 3 

umulative 

5,091 

1,347 
4,090 

13,793 

5,712 
1,046 
6,759 
5,802 

0 
931 

1,369 

1,996 

314 

282 

0 
7,041 
(448) 

13,252 

2,908 
(6,191) 



Table 3A-3. DeltaSOS Mean Annual Simulation Output 
for the No- Project Alternative 

I Water 

SJA Available Delta Delta Delta Final Final 
Basin for OW Delta Storage Storage Storage Total QWEST 
Year Diversion Storage Diversion Export Outflow Export Flow 

I Year Type (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 
, 
! 1922 1 1,073 0 0 0 0 6,380 6041 i 1923 2 2,231 0 0 0 0 6.491 140 
' 1924 5 2 0 0 0 

gj 
4,539 (1 ,152) 

1925 3 770 0 0 0 5,796 (753) 
1926 4 427 0 0 0 5,757 (1 ,085) 
1927 2 2,854 0 0 0 0 6,604 (175l 
1928 3 2.464 0 0 0 0 6,734 (706 
1929 5 0 0 0 0 0 4,564 (911) 
1930 5 281 0 0 0 0 5,000 (1 ,037) 
1931 5 0 0 0 0 0 3,327 (312) 
1932 2 148 0 0 0 0 4,272 158 
1933 4 0 0 0 o' 0 3,678 ~~~l 1934 5 121 0 0 0 0 3,734 
1935 2 612 0 0 0 0 5,986 (457) 
1936 2 1.424 0 0 0 0 6,202 62 
1937 1 934 0 0 0 0 5,890 768 
1938 1 8,833 0 0 0 0 7,215 4,892. 
1939 4 548 0 0 0 0 5,781 (1 ,228) 
1940 2 2,650 0 0 0 0 6.456 39 
1941 1 5,967 0 0 0 0 6,660 2,540 
1942 1 5,141 ~o 0 0 0 7,230 1.487 
1943 1 4,699 0 0 0 0 6,712 2,090 
1944 3 45 0 0 0 0 5,986 (1 ,246l 
1945 2 880 0 0 0 0 6,487 (622 
1946 2 2,348 0 0 0 0 6,340 (139) 
1947 4 1 0 0 0 0 6,032 (1 ,609) 
1948 3 19 0 0 0 0 6,364 (1 ,517) 
1949 3 449 0 0 0 0 5,709 !1,081l 
1950 3 319 0 0 0 0 6,177 1,212 

I 
1951 2 5,184 0 0 0 0 7,131 1,567 

I 1952 1 6,017 0 0 0 0 7,533 2,332 
I 1953 3 2,568 0 0 0 0 6,801 (755) 

1954 3 2,571 0 0 0 0 7,024 (1 ,203) 
1955 4 701 0 0 0 0 6,077 (1 ,502) 
1956 1 5,266 0 0 0 0 7,129 2,044 
1957 3 931 0 0 0 0 6,761 (1,240) 
1958 1 6,692 0 0 0 0 7,634 2.410 
1959 4 1,805 0 0 0 0 6,103 (839) 
1960 5 156 0 0 0 0 5,844 (1,661) 
1961 5 222 0 0 0 0 5,768 (1,731) 
1962 3 822 0 0 0 0 5,788 (96~ 

I 1963 2 3,051 0 0 0 0 7,129 (520 
1964 4 1,256 0 0 0 0 5,967 (1 ,447) 
1965 1 3,152 0 0 0 0 6,732 652 
1966 3 1,213 0 0 0 0 6,798 (1 ,380) 
1967 1 4.457 0 0 0 0 7,625 1,162 
1968 4 2,129 0 0 0 0 6,544 (1 ,080) 
1969 1 6,4;35 0 0 0 0 7,306 4,789 
1970 2 5,612 0 0 0 0 6,777 1,982 
1971 3 2,998 0 0 0 0 6,965 (362) 
1972 4 601 0 0 0 0 6,666 (1 ,896) 
1973 2 4,137 0 0 0 0 6,919 660 
1974 .1 6,240 0 0 0 0 7.436 1,506 
1975 1 2,723 0 0 0 0 7,596 (208) 
1976 5 567 0 0 0 0 5,079 (1 ,367) 
1977 5 0 0 0 0 0 3,053 (453) 
1978 1 2,712 0 0 0 0 5.719 934 
1979 2 1,050 - 0 0 0 0 6,485 (350) 
1980 1 5,330 0 0 0 0 6.404 3.484 
1981 4 777 0 0 0 0 6.477 (1,351) 
1982 1 8,661 0 0 0 0 7,773 6.421 
1983 1 21,445 0 0 0 0 8,377 18,602 
1984 2 8,816 0 0 0 0 7,109 5,669 
1985 4 1,574 0 0 0 0 6,239 (921) 
1986 1 6,120 0 0 0 0 6,486 4,748 
1987 5 67 0 0 0 0 5,844 (1 ,331) 
1988 5 418 0 0 0 0 4,440 (980) 
1989 5 228 0 0 0 0 5,296 (1 ,352) 

I 1990 5 60 0 0 0 0 4,063 W3~l 1991 5 4 0 0 0 0 3,804 585 

I Average 2,572 0 0 0 0 6,154 420 

Notes: Definitions of the categories are provided in Table A2-3 in Appendix A2. 
Water-year types: 1 =wet. 2=above normal, 3=below normal. 4=dry, 5 =critically dry. 
Negative values shown in parentheses. 

Final 3-Mile 
Delta Slough 

Outflow Flow 

(TAF) (TAF) 

12.101 2,512 I 
10.478 2,386 
4,158 1,628 
8,206 2.343 
6,974 2,242 

17,268 4,140 
13,846 3,637 

4,548 1,585 
6,229 2,043 
3,677 1,054 
5,700 1,263 
4,288 1,218 
4,831 1,395 
9,392 2.459 

10,803 2,503 
9,629 1,842 

35,927 5,715 
5,635 2,013 

17,614 4,100 
30,118 5,644 
26.463 5,374 
19,572 3,441 
6,439 2,207 
8,286 2,294 

12,946 3,119 
5,559 2,202 
7,322 2,561 
7,100 2,272 
7,528 2,443 

19,847 3,789 
27,154 5,071 
15,854 4,132 
14,233 4,002 
6,170 2,283 

26,827 5,153 
9,695 2,963 

31,978 6,148 
9,803 2,770 
6,050 2,345 
6,003 2,371 
8,118 2,444 

18,205 4,546 
6,931 2,434 

19,806 4,282 
8,544 2,771 

21,014 4,278 
10,992 3,178 
28,667 4,081 
26,265 5,060 
16,462 4,058 
7,234 2,751 

19,041 4,090 
31,451 6,528 
15,848 3,831 
5,423 2,041 
3,657 1,129 

15,992 3,230 
9,570 2,443 

22,768 3.420 
7,698 2,559 

36,441 4,996 
61,152 4,091 
27,727 3,388 
8,171 2.431 

27,860 3,913 
5,852 2,119 
5,148 1,761 
6,626 2,310 
4,617 1,558 
4,857 1,478 

14,120 3,084 

Old River Final 1 
Diversion Antioch, 

Flow Flow i 
I 

(TAF) (TAF) i 
3,1151 1.587 

1,369 2.~~~' 825 
852 1,590 
877 1,157 

1,038 3,966 
996 2.931 
851 673 
764 1,005 
831 743 
943 1.421 ' 
853 8671 
805 950 

1,131 2.002 
1,192 2.565 
1.494 2,610 
3,087 10,607 

995 785 
1,046 4,139 
2,157 8,185 
1,534 6,861 
1 ,611. 5,531 

984 960 
1,254 1,672 
1,135 2,980 

958 594 
806 1,044 
842 1,191 
866 1,231 

1,430 5,356 
1,548 7,403 
1,084 3,377 

908 2,799 
844 781 

1,711 7,197 
964 1,723 

2,019 8,557 
997 1,931 
802 684 
763 640 
892 1,476 

1,021 4,025 
869 987 

1,246 4,935 
1 '110 1,392 
1,729 5,440 

943 2,098 
3,097 8,870 
1,632 7,042 

993 3,696 
902 855 

1,204 4,750 
1,154 8,034 
1,176 3,623 

755 674 
676 676 

1,158 4,165 
1,220 2,093 
2,567 6,904 
1,068 1,208 
3,355 11,417 
9,324 22,693 
3,669 9,058 
1,103 1,511 
2,756 8,660 

919 788 
685 781 
646 957 
633 723 
634 892 

1,370 3,504 



Table 3A-4. Monthly Percentiles for DeltaSOS Simulations 
for the No-Project Alternative under Cumulative Conditions 

OW diversion (cfs) 

I Percentilej Oct I 
0' 0 

Nov! 
0 

Dec I Jan j 

' 0 0 
Mar i 

0 
Apr [ May i 

0 0 0 
Jun j 

10 o. 0 - 0· 0· 0• 0: 0 0, 0 
20. 0 01 0' 0; 0· 0; 0 0 0' 
30 i 0 0 0· o, Q; 0, 0 0 0! 
40! 0 0 0 0 0! 0 0 0· o· 

' 50' 0 0 0 0 0! 0· 0 0 0 
60 I 0 0 0 0 0 0• 0 0 0 

: 70' 0 0 0 0 0 0 0 0 0 

' 80 0 0 0 0 0 0 0 0 0 
I 90 0 0 0 0 0 0 0 0 0 

i 100 0 0 0 0 0 0 0 0 0 

I Mean 0 0 0 0\ 0 0 0 0 0 

OW storage (TAF) 

PercentilE Oct Nov Dec Jan Feb Mar Apr Mav Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 ·o 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

OW discharge for export (cfs) 

' PercentilE Oct Nov Dec Jan Feb Mar I Apr Mav Jun 
0 0: 0 0 0 0· 0 0 0 0 

; 10 0 0 0 0 0 0 0 0 0 

' 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

OW discharge for outflow (cfs) 

PercentilE Oct Nov Dec Jan Feb Mar Apr Mav Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 0 - 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr Mav Jun 
0 4,288 3,326 5,072 4,844 4,073 3,147 2,791 2,395 1,076 

10 5,125 5,385 7,368 8,686 6,384 4,525 3,571 3,114 5,464 
20 6,854 6,640 7,842 10,935 7,285 6,095 3,789 3,538 5,568 
30 7,992 7,372 9,922 11,372 9,184 7,956 4,189 3,928 5,766 
40 8,500 8,383 10;868 11,428 11,137 10,191 5,623 4,859 5,923 
50 9,055 10,670 11,176 11,562 11,633 11,268 6,573 5,685 6,313 
60 9,710 11,280 11,246 11,732 12,009 11,323 7,380 6,754 6,543 

' 70 11,280 11,280 11,298 11,849 12,462 11.461 8,476 7.487 7,026 
80 11,280 11,280 11,393 12,266 12,700 11,499 9,203 8,673 8,448 
90 11,280 11,280 11,503 12,700 12,700 11,700 9,950 9,950 11,280 

100 11,280 11,280 11,700 12,700 12,700 11,700 11,280 11,280 11,280 
Mean 8,965 9,107 10,138 11,205 10.487 9,420 6,697 6,209 6,974 

Aug ( Sep: 
0 0 

0 Q; 0 
0 Q: o• 
0, o: 0 
Oi 0' 0. 
01 0 0: 
0 o• 0· 
0 0 01 
0 0 Q, 

0 0 o, 
0 0 Ol 
0 0 01 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul AuJJ s~ 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
1,818 537 3,271 
3,427 3.448 3,592 
6,446 4,730 5,890 
7,379 5,083 6,051 
8,865 5,864 6,359 

10,505 6,324 6,518 
11,280 7,174 6,685 
11,280 7,966 7,409 
11,280 9,615 10,062 
11,280 11,280 11,280 
11,280 11,280 11,280 
8,952 6,847 7,147 
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Table 3A-5. Consumptive Water Use Estimated for the DW Project Alternatives 

Alternative 

No-Project Alternative (17,500 irrigated acres) 

Alternative 1 (two reservoir and two habitat islands) 

Alternative 2 (two reservoir and two habitat islands) 

Alternative 3 (four reservoir islands) 

No-Project Alternative Cumulative 

Alternative 1 Cumulative 

Alternative 2 Cumulative 

Alternative 3 Cumulative 

Consumptive Water Use (T AF/yr) 

Habitat 
Island 
Er 

44b 

14 

14 

0 

44b 

14 

14 

0 

Stored Water 
Evaporation 

0 

34 

23 

54 

0 

25 

14 

32 

Total 

44 

48 

37 

54 

44 

39 

28 

32 

• ET on habitat islands consists ofET from crops grown for habitat purposes plus ET from flooded wetlands. 

/~---.-~,_ 

Change in 
Consumptive 

Use in 
Relation to 

the No-Project 
Alternative 

Not applicable 

+4 

-7 

+10 

Not applicable 

-5 

-16 

-12 

b Represents total ET on all four DW project islands under intensified agriculture; wildlife habitat is not specifically developed or managed 
under the No-Project Alternative. 



Table 3A-6. DeltaSOS Mean Annual Simulation Output 
for Alternative 1 

i Sac [ Available I Delta Delta I Delta Final Final Final 
· Basin 1 for OW 1 Delta Storage Storage ; Storage Total QWEST Delta 

Water Year I Diversion i Storage Diversion Export I Outflow Export Row Outflow 
Year I Type (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

1 
(TAF) (TAF) 

2! 257 i ' 
I 

1922 I 1,073 238 225 0 6.614 363 11,860 
1923 31 2.239 238 246 241 0 6,726 (75) 10,263 
1924 51 3 3 3 0 0 4,558 (1,149) 4,161 
1925 4 774 222 246 183 0 5,987 (982) 7,977 

i 1926 4 432 238 260 203 0 5,950 (1,309) 6,750 
1927 1 2,854 238 277 239 0 6,857 (441) 17,003 
1928 2 2,473 238 252 207 0 6,953 (946) 13,606 
1929 5 0 0 0 0 0 4,583 (906) 4,553 
1930 4 281 238 238 203 0 5,218 (1,264) 6,002 
1931 5 0 0 0 0 0 3,341 (301) 3,688 
1932 4 148 150 148 142 0 4,439 11 5,553 
1933 5 0 0 0 0 0 3,696 (344) 4,295 
1934 5 121 123 121 92 0 3,849 (564) 4,712 
1935 3 617 238 248 206 0 6,198 (686) 9,163 
1936 3 1,433 238 243 208 0 6,392 (138) 10,603 
1937 3 934 238 259 214 0 6,115 522 9,383 
1938 1 8,837 238 431 225 0 7,448 4,478 35,514 
1939 4 552 238 84 202 0 5,995 (1 ,299) 5,564 
1940 2 2,660 238 248 209 0 6,676 (195) 17,381 
1941 1 5,968 238 249 219 0 6,887 2,307 29,885 
1942 1 5,142 238 2~ 219 0 7,459 1,251 26,227 
1943 1 4,700 238 246 214 0 6,944 1,851 19,334 
1944 4 50 43 50 36 0 6,031 (1 ,281) 6,405 
1945 3 880 238 253 201 0 6,667 ~~~~ 8,079 
1946 3 2,353 238 247 242 0 6,558 12,747 
1947 4 9 5 9 0 0 6,039 (1 ,599) 5,568 
1948 3 27 18 27 0 0 6,364 (1,519~ 7,320 
1949 1 4 449 238 2331 201 0 5,922 ~1,301 6,880 
1950 i 3 3271 238 248 208 Oi 6,3881 1,438) 7,302 
1951 I ~I 5,187 238 2531 204 OJ 7,333 1,341 19,621 

I 1952 6,016 238 506 224 0 7,765 1,842 26,665 
1953 1 2,567 238 6 206 0 7,018 (747) 15,861 
1954 2 2,577 238 315 271 0 7,307 (1,504) 13,931 
1955 4 709 238 249 213 0 6,292 (1,729) 5,943 
1956 1 5,267 238 262 212 0 7,339 1,809 26,592 
1957 2 940 238 488 444 0 7,213 (1,711) 9,224 
1958 1 6,698 238 493 225 0 7,868 1,933 31,501 
1959 3 1,811 238 219 425 0 6,543 ~1,048) 9,595 
1960 4 159 145 159 116 0 5,971 1,807) 5,903 
1961 I 4 227 205 227 173 0 5,950 ~1 ,942) 5,791 
19621 3 827 222 246 190 0 5,989 1,199) 7,886 
1963 1 3,055 238 264 224 0 7,363 (770) 17,955 
1964 4 1,263 238 337 294 0 6,270 (1,768) 6,610 
1965 1 3,157 238 253 216 0 6,964 408 19,562 
1966 3 1,218 238 248 199 0 7,006 (1 ,612) 8,312 
1967 1 4,461 238 . 498 226 0 7,853 687 20,539 
1968 3 2,134 238 23 208 0 6,763 (1,090) 10,982 
1969 1 6,436 238 497 225 0 7,538 4,309 28,188 
1970 1 5,616 238 16 207 0 6,995 1,978 26,262 
1971 1 3,002 238 456 431 0 7,405 (802l 16,022 
1972 3 609 238 273 235 0 6,908 (2,152 6,978 
1973 2 4,138 238 263 218 0 7,150 408 18,790 
1974 1 6,244 238 433 206 0 7,649 1,091 31,036 
1975 1 2,724 238 124 212 0 7,816 (316) 15,740 
1976 5 567 238 195 232 0 5,326 (1,554) 5,237 
1977 5 0 0 0 0 0 3,076 (452) 3,658 
1978 2 2,713 238 243 213 0 5,941 708 15,765 
1979 3 1,050 238 -432 393 0 6,891 (770) 9,150 
1980 2 5,331 238 246 210 0 6,594 3,282 22,566 
1981 4 782 238 256 217 0 6,706 (1,592) 7,456 
1982 1 8,660 238 522 235 0 8,016 5,916 35,935 
1983 1 21,447 238 49 0 0 8,377 18,578 61,128 
1984 1 8,815 238 11 201 0 1.2ao I 5,714 27,771 
1985 4 1,578 238 242 199 0 6,450 (1,150) 7,942 
1986 1 6,120 238 250 213 0 6,7071 4,514 27,626 
1987 4 72 68 72 58 0 5,912 (1,389) 5,794 
1988 5 417 237 234 205 0 4,660 (1,205) 4,923 
1989 4 236 232 236 204 gl 5,504 (1 ,567) 6,411 
1990 5 60. 61 60 46 4,123 W8~l 4,568 
1991 5 41 4 41 0 ol 3,824 585 4,858 

i Average 2,575 198 222 188 0 6,350 215 13,915 

Notes: Definitions of the categories are provided in Table A2-3 in Appendix 2. 
Water.,-yeartypes: l=wet, 2=abovenormal. 3=belownormal, 4=dry, 5=criticallydry. · 
Negative values shown in parentheses. 

3-Mile: 
Slough i 
Row I 

(TAF) 
I 

2.587 
2,454 
1,627 
2,415 
2,312 
4.224 
3,712 
1,583 
2,114 
1,051 
1,309 
1,216 
1,432 
2,531 
2,566 
1,920 
5,845 
2,035 
4,173 
5,717 
5,448 
3,516 
2,217 
2,359 
3,181 
2,199 
2,562 
2,341 
2,514 

3.860 I 
5,224 
4,130 
4,097 
2,354 
5,226 
3,111 
6,297 
2,835 
2,390 
2,437 
2,516 
4,624 
2,534 
4,359 
2,844 
4,427 
3,181 
4,231 
5,062 
4,196 
2,832 
4,169 
6,658 
3,864 
2,099 
1,128 
3,301 
2,575 
3,483 
2,635 
5,154 
4,099 
3,374 
2,503 
3,986 
2,137 
1,831 

~:~~ i 
1,477 

3,148 

Old River: Final Old& 
Diversion Antioch Middle 

Row Row Row 

(TAF) (TAF) (TAF) 

1,587 2.950 (5,526): 
1.369 2.379 (5,852)• 

825 478 (4,391)1 
852 1.433 (5,612)~ 
877 1,003 (5,610); 

1,038 3,783 (6,29~1 996 2,766 (6,504 
851 677 (4,338) 
764 850 (5,013)1 831 750 (3,120) 
943 1,320 ~4,009) 
853 872 3,461) 
805 868 (3,644)1 

1,100 1,845 (5,596) 
1,192 2,428 (5,663)1 
1,494 2,442 (5,066) 
3,087 10,323 (4,735)J 

995 736 (5,626) 
1,046 3,978 (6,032) 
2,157 8,025 (5,077) 
1,534 6,698 (6,371) 
1,611 5,367 ~5,831~ 

984 936 5,609 
1,254 1,530 ~5,94~ 
1,139 2,843 5,993 

958 600 (5,693) 
806 1,043 t138) 
842 1,040 5,669) 
866 1,076 6,111) 

1,430 : 5,201 (6,376)j 
1,548 7,067 (6,626) 
1,084 3,382 (6.489) 

908 2,592 (7,006) 
844 625 (6,003) 

1,711 7,035 (6,049) 
964 1,400 (6,828) 

2,019 8,230 (6,167) 
997 1,787 (6,138~ 
802 583 (5,769 
763 495 (5,773l 
892 1,318 (5,631 

1,021 3,854 (6,786) 
869 766 (6,01~ 

1,246 4,767 (6,23 
1,110 1,232 (6,478) 
1,729 5,113 (6,515) 

943 2,091 ~6,401) 
3,097' 8,541 4,853) 
1,632 7,040 

~"'l 993 3,393 6,939 
902 679 6,642 

1,204 4,577 (6,293 
1,154 7,749 ~,978~ 
1,176 3,549 ,174 

755 546 (5,230) 
676 676 (3,050) 

1,158 4,009 (5,160) 
1,220 1,805 (6,180) 
2,567 6,766 (4,459) 
1,068 1,042 ~6,237) 
3,355 11,070 4,988) 
9,324 22,677 760 
3,669 9,088 (4,156) 
1,103 1,353 (5,888) 
2,756 8,500 ~4,314) 

919 748 5,606~ 
685 626 (4,551 
646 810 ~5,451~ 633 690 4,081 
634 893 (3,788 

1,370 3,363 (5,499) 
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Table 3A-7. Monthly Percentiles for DeltaSOS Simulations 
for Alternative 1 

OW diversion (cfs) 

Percentile! Oct Nov Dec 1 Jan Feb Mar, Apr I May[ Jun [ 
0; 0, 0' 01 0 0; 01 0! Oi 0: 

10 0 0 0; 0' 0 Oi 0 0! Oi 
20 0 0 0 0 0 0 o, 0 0! 

I 30 0 0 0 0 0 o; 0 0 o, 
40 0 0 0 15 0 0' 0 01 Oi 

i 50 0 0 13 15 30 49 i 0' 0; 01 
I 60 0 25 13 15 31 49 0 01 0 
I 70 53 25 13 222 I 31 49 0 O· 0 

80 1,020 906 384 1,065 31 49 76 99 0 
I 90 3,019 4,000 1,744 3,326 2,465 76 76 99 37 
I 100 3,871 4,000 3,871 3,871 4,000 3,871 192 297 118 I 

Mean 641 698 502 691 438 216 24 29 12 I 

OW storage {TAF) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 (0) 0 0 (0 (0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 14 . 56 7 0 0 
30 0 0 0 61 174 218 151 110 86 
40 0 0 2 236 233 232 196 148 131 
50 0 0 148 238 236 235 229 176 155 
60 0 196 225 238 238 238 234 209 185 
70 39 238 238 238 238 238 234 227 194 
80 201 238 238 238 238 238 238 232 225 
90 238 238 238 238 238 238 238 238 233 

100 238 238 238 238 238 238 238 238 238 
Mean 65 105 122 162 175 181 167 148 135 

OW discharge for export (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 411 0 
80 0 0 0 0 0 0 616 480 136 
90 0 0 352 0 0 0 768 827 586 

100 0 515 3,335 2,708 4,000 2,691 1,332 1,843 2,822 
Mean 0 12 215 39 174 78 204 259 130 

OW discharge for outflow {cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 - 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 

' Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports {cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 4,278 3,314 5,051 4,859 6,075 4,123 2,842 2,455 1,145 

10 5,115 5,373 7,351 9,055 6,407 4,723 3,810 3,327 5,500 
20 6,844 6,628 8,569 11,036 7,754 6,095 4,662 3,956 5,568 
30 7,982 7,360 10,426' 11.,372 9,746 8,217 4,975 4,464 5,804 
40 8,490 8,371 11,114 11,428 11,320 10,191 5,753 5,424 6,202 
50 9,045 10,658 11,281 11,562 11,663 11,268 6,573 6,064 6,595 
60 9,700 11,280 11,315 11,732 12,097 11,340 7,380 6,581 6,968 
70 11,280 11,280 11,399 11,849 12,506 11,461 8,428 7,882 7,148 
80 11,280 11,280 11,472 12,266 12,700 11,499 9.203 9,437 8,756 
90 11,280 11,280 11,658 12,700 12,700 11,700 9,950 9,950 11,280 

100 11,280 11,280 11,700 12,700 12,700 11,700 11,280 11,280 11,280 
Mean 8,958 9,113 10,343 11,247 10,664 9,506 6,886 6,484 7,125 

Jul[ Aug! Sep 
0' 01 0 
o· 01 0 
Oj Oi 0 
Oi Oi 0 
01 O! 0 
0 Oj 0 

85 I O! 0 
86 I 01 0 
86 0• 0 
86 67' 734 

130 115 I 4,000 I 

43 1o I 379 

Jul Aug Sep 
(0) (0) (0) 
(0) (0) (0). 
0 0 0 
0 0 0 
5 0 0, 

34 0 Oi 
88 0 0 

138 0 0 
161 6 0 
183 80 164 
238 238 238 
75 23 26 

Jul Aug Se_l)_ 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 433 0 

1,141 987 0 
2,614 1,888 0 
3,291 2,679 1,195 
3,741 3,755 3,379 

910 796 304 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
1,896 597 3,296 
6,208 3,607 3,617 
7,611 4,790 5,966 

10,052 5,143 6,100 
11,280 6,824 6,405 
11,280 8,279 6,626 
11,280 9,116 7,589 
11,280 10,296 9,087 
11,280 11,280 10,268 
11,280 11,280 11,280 
11,280 11,280 11,280 
9,902 7,694 7.472 I 



Table 3A-8. DeltaSOS Mean Annual Simulation Output 
for Alternative 2 

Sac ! Available Delta Delta Delta Final Final Final 
Delta Storage Storage Storage Total QWEST Delta 

'Water Year Diversion 
Basin I for OW 

Storage Diversion Export Outflow Export Flow Outflow 

Year Type , (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

1922 i 21 1,0731 238 257 225 0 6,614 363 
1923 I 3 2,239 238 246 252 0 6,737 (75) 

: 1924 i 5 3 3 3 2 0 4,559 (1 ,149l 
1925 4 n4 222 246 200 0 6,003 (982 
1926 4 432 238 260 230 0 5,976 (1 ,309~ 
1927 1 I 2,854 238 261 237 0 6,854 (424 
1928 2, 2,473 238 287 260 0 7,006 (981 
1929 5 0 0 0 0 0 4,583 (906) 
1930 4 281 238 244 259 0 5,273 (1 .270l 
1931 5 0 0 0 0 0 3,341 (301 
1932 4 148 150 148 151 0 4,447 11 
1933 5 0 0 0 0 0 3,696 ~~l 1934 5 121 123 121 132 0 3,889 
1935 3 617 238 351 350 0 6,342 (789) 
1936 3 1,433 238 243 222 0 6,407 (138) 
1937 3 934 238 259 218 0 6,120 522 
1938 1 8,837 238 431 225 0 7,448 4,478 
1939 4 552 238 84 250 0 6,043 (1 ,299l 
1940 2 2,660 238 248 227 0 6,694 {195 
1941 1 5,968 238 249 224 0 6,893 2,307 
1942 1 5,142 238 260 227 0 7,467 1,242 
1943 1 4,700 238 246 225 0 6,955 1,851 
1944 4 50 43 50 39 0 6,034 {1 ,281) 
1945 3 880 238 253 202 0 6,668 (829~ 1946 3 2,353 238 247 252 0 6,568 (338 
1947 4 9 5 9 0 0 6,039 (1 ,599 
1948 3 27 18 27 7 0 6,370 ~1 ,519~ 1949[ 4 

4491 
238 233 221 0 5,942 1,301 

1950 I 3 327 238 248 203 gl 6,383 {1 ,438 
1951 2 5,187 238 253 223 7,352 1,341 
1952 1 6,016 238 503 220 0 7,761 1,846 
1953 1 2,567 238 6 227 0 7,039 (747) 
1954 2 2,5n 238 289 264 0 7,300 (1 ,479) 
1955 4 709 238 249 246 0 6,326 (1 ,729) 
1956 1 5,267 238 270 220 0 7,348 1,800 
1957 2 940 238 488 455 0 7,224 (1 ,711) 
1958 1 6,698 238 493 225 0 7,868 1,933 
1959 3 1,811 238 192 400 0 6,518 ~1,02~ 1960 4 159 145 159 141 0 5,996 1,80 
1961 41 227 205 227 198 0 5,974 ~1 ,942) 
1962 3 827 222 246 201 0 6,000 1 ,199l 
1963 1 3,055 238 256 220 0 7,358 (761 
1964 4 1,263 238 312 306 o. 6,281 (1 ,743) 
1965 1 3,157 238 429 401 0 7,150 232 
1966 3 1,218 238 248 202 0 7,009 (1 ,612) 
1967 1 4,461 238 498 226 0 7,853 687 
1968 3 2,134 238 23 207 0 6,763 (1 ,090) 
1969 1 6,436 238 497 225 0 7,538 4,309 
1970 1 5,616 238 16 207 0 6,996 1,978 
1971 1 3,002 238 406 375 0 7,349 (752l 
1972 3 609 238 322 289 0 6,962 {2,201 
1973 2 4,138 238 253 217 0 7,149 418 
1974 1 6,244 238 433 217 0 7,661 1,091 
1975 1 2,724 238 124 213 0 7,818 (316) 
1976 5 567 238 195 231 0 5,326 (1,554) 
19n 5 0 0 0 0 0 3,076 (452) 
1978 2 2,713 238 243 228 0 5,955 708 
1979 3 1,050 238 -432 405 0 6,903 {nO) 
1980 2 5,331 238 246 220 0 6,605 3,283 
1981 4 782 238 293 258 0 6,747 (1 ,630) 
1982 1 8,660 238 509 221 0 8,002 5,930 
1983 1 21,447 238 49 0 0 8,3n 18,578 
1984 1 8,815 238 11 201 0 7,280 5,714 
1985 4 1,578 238 242 248 0 6,499 (1 ,150) 
1986 1 6,120 238 250 227 0 6,722 4,514 
1987 4 72 68 72 50 0 5,904 (1 ,389) 
1988 5 417 237 234 244 0 4,700 (1 ,205) 
1989 4 236 232 236 205 0 5,504 (1 ,567) 
1990 5 60 61 60 64 0 4,141 ~~:~ 1991 5 4 4 4 0 0 3,824 

I 

i :Average 2,575 198 225 202 0 6,364 212 

Notes: Definitions of the categories are provided in Table A2-3 in Appendix 2. · 
Water,-year types: 1 =wet, 2=above normal. 3= below normal, 4=dry, 5 =critically dry. 
Negative values shown in parentheses. 

(TAF) 

11,860 
10,263 
4,161 
7,9n 
6,750 

17,019 
13,571 
4,553 
5,996 
3,688 
5,553 
4,295 
4,712 
9,060 

10,603 
9,383 

35,514 
5,564 

17,381 
29,885 
26,218 
19,334 
6,405 
8,079 

12,747 
5,568 
7,320 
6,880 
7,302 

19,621 
26,669 
15,861 
13,956 
5,943 

26,583 
9,224 

31,501 
9,621 
5,903 
5,791 
7,886 

17,964 
6,635 

19,385 
8,312 

20,539 
10,982 
28,188 
26,262 
16,072 
6,929 

18,800 
31,036 
15,740 
5,237 
3,658 

15,765 
9,150 

22,567 
7,418 

35,949 
61,128 
21.n1 

7,942 
27,626 

5,794 
4,923 
6,411 
4,568 
4,858 

13,912 

3- Mile ! Old River ! Final 
Slough I Diversion 1 Antioch 

Flow Flow I Flow 
(TAF) i (TAF) . (TAF) 

2,5871 1,587 2,950 I 
2,454 1,369 2,379 
1,627 825 478 
2,415 852 1,433 
2,312 an 1,003 
4,219 1,038 3,794 
3,723 996 2,742 
1,583 851 6n 
2,116 764 845 
1,051 831 750 
1,309 943 1,320 
1,216 853 872 
1,432 805 868 
2,563 1,100 1,n4 
2,566 1,192 2,428 
1,920 1,494 2,442 
5,845 3,087 10,323 
2,035 995 736 
4,173 1,046 3,978 
5,717 2,157 8,025 
5,450 1,534 6,692 
3,516 1,611 5,367 
2,217 984 936 
2,359 1,254 1,530 
3,181 1,139 2,843 
2,199 958 600 
2,562 806 1,043 
2,341 842 1,040 
2,514 866 1,076 
3,860 1,430 5,201 
5,223 1,548 7,070 
4,130 1,084 3,382 
4,089 908 2,610 
2,354 844 625 
5,229 1,711 7,029 
3,111 964 1,400 
6,297 2,019 8,230 
2,827 997 1,806 
2,390 802 583 
2,437 763 495 
2,516 892 1,318 
4,621 1,021 3,860 
2,526 869 784 
4,414 1,246 4,646 
2,844 1 '110 1,232 
4,427 1,729 5,113 
3,181 943 2,091 
4,231 3,097 8,541 
5,062 1,632 7,040 
4,180 993 3,428 
2,847 902 646 
4,166 1,204 4,584 
6,658 1,154 7,749 
3,864 1,176 3,549 
2,099 755 546 
1,128 676 676 
3,301 1,158 4,009 
2,575 1,220 1,805 
3,483 2,567 6,766 
2,647 1,068 1,017 
5,150 3,355 11,080 
4,099 9,324 22,6n 
3,374 3,669 9,088 
2,503 1,103 1,353 
3,986 2,756 8,500 
2,137 919 748 
1,831 685 626 
2,3n 646 810 
1,573 633 690 
1.4n 634 893 

3,149 1,370 3,361 

Old& I 
I 

Middle : 
Flow I 

(TAF) I 

(5,526)1 
(5,862) 
(4,393l 
(5,629 
(5,63~ 
(6,295 
(6,557) 
(4,338) 
(5,069) 
(3,120) 
(4,018) 
(3,461) 
(3,683) 
(5,740) 
(5,678) 
{5,071) 
(4,735) 
(5,674) 
(6,050) 
(5,083) 

t-379~ 5,841 
5,612 
(5,948~ 
(6,003 
(5,693 
(6,145) 
~5,689l 
6,106 

(6,396) 
(6,623) 
(6,511) 
fs,OOO) 

,037) 
(6,05~ 
(6,839 
(6,167) 
~6,113l 
5,794 

(5,798) 
(5,642) 
(6,782) 
~6,027) 
6,423) 

(6,482) 
{6,515) 
(6,400) 
{4,853) 
(5,866) 

t'884l 6,696 
6,292) 

(6,989) 
g-176) 

,230) 
(3,050) 
(5,174) 
(6, 192) 
(4,470) 
(6,278) 
(4,974) 

760 
(4,156) 
(5,937) 
~4,328) 
5,598l 

(4,590 
(5,452) 

~;+·09~~ 3,788 

(5,514) 
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Table 3A-9. Monthly Percentiles for DeltaSOS Simulations 
for Altema tive 2 

OW diversion (cfs) 

I Percentile! Oct Nov Dec Jan Feb Mar Apr May I Jun' 
0 0: 0 0 Ql o, o: 0 0. o, 

10 0: Oi 0' o· o, 01 0 01 0' 
20' 0 0 0 0: 0~ o· 0 01 0 

' 30' 0 o, 01 0 0 0• 0 0 0 
40 0' 0 0 15 01 0 0 01 0 
50 0 0 13 15 30 49 0 0 0 
60 0 25 13 15 31 49 0 0 0 
70 53 25 13 90 31 49 0 0 0 
80 1,020 906 384 990 31 49 76 99 0 
90 3,019 4,000 1,744 3,326 2,465 657 76 99 37 

100 3,871 4,000 3,871 3,871 4,000 3,871 3,125 312 118 
Mean 641 698 502 658 438 236 92 31 12 

OW storage (TAF) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 (0) (0) (0) 0 0 (0) 

10 0 0 0 0 0 0 0 0 (0) 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 61 14 0 0 0 0 
40 0 0 2 226 145 15 30 8 0 
50 0 0 174 238 222 226 200 99 0 
60 0 196 233 238 238 238 225 169 0 
70 39 238 238 238 238 238 234 204 62 
80 201 238 238 238 238 238 238 232 147 
90 238 238 238 238 238 238 238 238 233 

100 238 238 238 238 238 238 238 238 238 
Mean 65 105 125 161 147 133 130 111 61 

OW discharge for export (cfs) 

, Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
I 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 266 114 
80 0 0 0 0 1,065 181 0 457 2,228 
90 0 0 123 0 3,353 2,309 414 880 3,283 

100 0 515 3,335 2,721 4,000 3,822 1,053 3,771 3,780 
Mean 0 12 176 54 667 437 81 283 783 

OW discharge for outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 4,278 3,314 5,051 4,859 6,090 3,469 2,842 2,455 1,145 

10 5,115 5,373 7,351 9,055 7,140 4,750 3,622 3,174 5,500 
20 6,844 6,628 8,569 11,101 9,758 6,363 3,840 3,781 5,568 
30 7,982 7,360 10,426 11,380 11,332 10,265 4,414 4,296 5,804 
40 8,490 8,371 11,114 11,444 11,633 11,268 5,623 5,362 6,321 
50 9,045 10,658 11,265 11,568 11,941 11,268 6,573 6,047 7,001 
60 9,700 11,280 11,280 11,768 12,048 11 ,461 7,380 7,176 8,380 
70 11,280 11,280 11,295 11,873 12.462 11.461 8,476 8,380 9,733 

I 80 11,280 11,280 11,393 12,266 12,700 11,499 9,203 9,410 10,551 
90 11,280 11,280 11,503 12,700 12,700 11,700 9,950 9,950 11,280 

100 11,280 11,280 11,700 12,700 12,700 11,700 11.280 11,280 11,280 
Mean 8,958 9,113 10,304 11,261 11 '156 9,864 6,764 6,508 7,778 

Jul 1 Aug! Sep 
01 o: 0' 
Oi 01 0' 
0' Q, 0 
0 0 Oi 
0 Ql 01 
0 0 0 

85 0 0 
86 0 0 
86 0 0 
86 67 734 

130 115 4,000 
43 10 379 

Jul Aug Sep 
_{_0) (0) (O) 

0 (0) 0 
0 0 0 
0 0 0 
0 0 0 
5 0 0 
5 0 0 
5 0 0 

28 0 0 
137 4 164 
238 238 238 
30 9 26 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

443 0 0 
2,614 933 0 
3,741 3,755 2,861 

497 293 79 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
1,896 597 3,296 
4,447 3,508 3,617 
6,887 4,790 5,915 
8,729 5,143 6,076 

10,396 6,183 6,393 
11,280 7,118 6,568 
11,280 7,889 6,822 
11,280 9,116 8,100 
11,280 10,293 10,087 
11,280 11,280 11,280 
11,280 11,280 11,280 
9,489 7,192 7,248 



Table 3A-10. DeltaSOS Mean Annual Simulation Output 
for Alternative 3 

I Sac Available Delta Delta Delta Final 
1 Final Final 

Basin forDW Delta Storage Storage Storage Total QWEST Delta 
Water I Year Diversion Storage Diversion Export Outflow Export ! Flow Outflow 

Year i Type (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) j (TAF) 

21 ol I 
1922 1,073 406 462 368 6,7731 1671 
1923 31 2,247 406 426 424 Ol 6,9161 (236) 
1924 5! 4 4 4 0 0 4,579 ~1,144) 
1925 4 779 333 371 289 0 6,110 1,099) 
1926 4 436 383 423 336 0 6,098 (1,463~ 
1927 1 2,857 406 437 374 0 7,009 (591 
1928 2 2,476 406 467 390 0 7,151 (1,150) 
1929 5 0 0 0 0 0 4,6041 (901) 
1930 4 281 275 281 296 0 5,333 I (1,303) 
1931 5 0 0 0 0 0 3.363 (297) 
1932 4 148 149 148 146 0 4.464 15 
1933 5 0 0 0 0 0 3,722 (344) 
1934 5 121 123 121 130 0 3,910 (560) 
1935 3 621 369 484 457 0 6,465 (912) 
1936 3 1.436 406 419 352 0 6,554 (306) 
1937 3 934 406 439 371 0 6,294 347 
1938 1 8,844 406 626 368 0 7,601 4,298 
1939 4 559 406 255 412 0 6,215 (1,454) 
1940 2 2,663 406 428 361 0 6,848 (370) 
1941 1 5,971 406 430 374 0 7,058 2,136 
1942 1 5,146 406 441) 370 0 7,620 1,072 
1943 1 4,700 406 424 382 0 7,128 1,682 
1944 4 54 43 54 36 0 6,049 (1,277) 
1945 3 880 406 441 335 0 6,819 (1,010~ 
1946 3 2,359 406 418 416 0 6,744 (495 
1947 4 17 10 17 0 0 6,053 (1,596) 
1948 3 35 18 35 4 0 6,378 (1,512) 
1949 4 449 369 362 336 0 6,077 ~1,424~ 1950 3 335 309 335 242 0 6,435 1,511 
1951 2 5,197 406 432 353 gl 7.495 1,174 
1952 1 6,021 406 715 370 7,922 1,649 
1953' 1 2,569 406 154 345 0 7,169 (881) 
1954 2 2,581 406 471 393 0 7,444 ~1,649~ 1955 4 719 406 423 404 0 6,488 1,881 
1956 1 5,272 406 453 363 0 7,504 1,630 
1957 2 947 406 711 624 0 7,405 (1 ,921) 
1958 1 6,701 406 685 368 0 8,018 1,759 
1959 3 1,815 406 367 531 0 6,660 (1,181) 
1960 4 166 145 166 139 0 6,010 (1 ,803) 
1961 4 231 205 231 195 0 5,989 ~1 ,938) 
1962 3 832 333 371 293 0 6,109 1 ,315) 
1963 1 3,057 406 440 363 0 7,512 (930) 
1964 4 1,274 406 491 469 0 6,454 (1 ,905) 
1965 1 3,163 406 594 522 0 7,287 77 
1966 3 1,225 406 425 334 0 7,149 (1 ,772) 
1967 1 4,468 406 694 316 0 7,952 508 
1968 3 2,138 406 145 335 0 6,901 (1 ,196) 
1969 1 6,436 406 806 368 0 7,694 4,013 
1970 1 5,623 . 406 80 344 0 7,142 1,931 
1971 1 3,009 406 593 498 0 7,484 (925~ 
1972 3 617 406 487 388 0 7,070 (2,349 
1973 2 4,138 406 427 371 0 7,321 253 
1974 1 6,251 406 615 347 0 7,802 924 
1975 1 2,727 406 310 356 0 7,968 (484) 
1976 5 567 406 363 393 0 5,505 (1 ,712) 
1977 5 0 0 0 0 0 3,103 (453) 
1978 2 2,713 406 420 365 0 6,115 534 
1979 3 1,052 406 - 607 531 0 7,045 (936) 
1980 2 5,331 406 417 373 0 6,774 3,121 
1981 4 786 406 467 384 0 6,884 (1 ,790) 
1982 1 8,665 406 815 344 0 8,136 5,639 
1983 1 21,455 406 136 0 0 8,377 18,517 
1984 1 8,820 406 22 334 0 7.423 5,718 
1985 4 1,584 406 419 407 0 6,668 (1 ,311) 
1986 1 6,124 406 442 379 0 6,889 4,332 
1987 4 76 68 76 46 0 5,915 (1 ,382) 
1988 5 419 369 366 373 0 4,848 (1,331) 
1989 4 244 232 244 174 0 5,487 (1 ,562~ 
1990 5 60 61 60 62 0 4,161 (880 
1991 5 4 4 4 0 0 3,848 (583} 

' 'Average 2,579 321 356 302 0 6,479 92 

Notes: Definitions of the categories are provided in Table A2-3 in Appendix A2. 
Water-year types: 1 =wet, 2=above normal, 3=below normal, 4=dry, 5=critically dry. 
Negative values shown in parentheses. 

(TAF) 

11,664 
10,101 
4,166 
7,861 
6,596 

16,852 
13.402 
4,558 
5,963 
3,692 
5,556 
4,295 
4,716 
8,937 

10,435 
9,208 

35,334 
5,409 

17,206 
29,714 
26,048 
19,165 
6,408 
7,898 

12,590 
5,572 
7,327 
6,757 
7,228 

19,455 
26.471 
15,728 
13,786 
5,790 

26,413 
9,014 

31,328 
9,461 
5,907 
5,795 
7,769 

17.795 
6.472 

19,230 
8,152 

20,360 
10,876 
27,892 
26,215 
15,899 
6,781 

18,634 
30,869 
15,572 
5,078 
3,657 

15,591 
8,984 

22,405 
7,258 

35,658 
61,067 
27,775 
7,781 

27,444 
5,801 
4,797 
6,416 
4,572 
4,859 

13,792 

3-Mile \ Old River 
Slough Diversion 

Flow [ Flow 

(TAF) (TAF) 

2.648! 1,587 
2,504 1,369 
1,626 825 
2.452 852 
2,360 877 
4,271 1,038 
3,776 996 
1,581 851 
2.126 764 
1,050 831 
1,308 943 
1,216 853 
1.431 805 
2,602 1,100 
2,618 1,192 
1,974 1,494 
5,901 3,087 
2,084 995 
4,228 1,046 
5,771 2,157 
5,504 1,534 
3,569 1,611 
2,216 984 
2.416 1,254 
3,230 1,139 
2,198 958 
2,560 806 
2,379 842 
2,537 866 
3,912 1,430 
5,285 1,548 
4,172 1,084 
4,142 908 
2.402 839 
5,283 1,711 
3,176 964 
6,352 2,019 
2,877 997 
2,389 802 
2,436 763 
2,553 892 
4,674 1,021 
2,577 869 
4,463 1,246 
2,894 1 '110 
4,483 1,729 
3,214 943 
4,324 3,097 
5,076 1,632 
4,234 993 
2,893 902 
4,218 1,204 
6,711 1,154 
3,917 1,176 
2,149 755 
1,129 676 
3,356 1,158 
2,627 1,220 
3,534 2,567 
2,697 1,068 
5,241 3,355 
4,118 9,324 
3,373 3,669 
2,553 1,103 
4,043 2,756 
2,135 919 
1,871 685 
2,375 646 
1,572 633 
1.477 634 

3,186 1,369 

Final I Old & 
Antioch Middle 

Flow I Flow 
(TAF) (TAF) 

I 
2,816 i (5,685) 
2,268 I (6,042) 

482 i (4.412) 
1,353 (5,735) 

897 (5,759~ 
3,680 ~6,450 
2,626 6,702) 

681 (4,359) 
823 (5.128) 
753 (3,142) 

1,323 (4,035) 
872 (3,486) 
871 (3,704) 

1,690 (5,863) 
2,312 (5,825) 
2,321 (5,245) 

10,199 (4,888) 
629 (5,846) 

3,858 (6,204) 
7,907 (5,249) 
6,576 (6,532) 
5,251 (6,01~ 

939 (5,62 
1.406 !6,099~ 
2,735 6,180 

603 (5,707) 
1,048 (6,153) 

955 (5,824) 
1,026 (6,158) 
5,087 (6,538) 
6,934 (6,783) 
3,291 (6,640) 
2,493 fs·143~ 

521 ,204 
6,912 (6,214~ 
1,256 (7,020 
8,110 (6,318) 
1,696 (6,254) 

586 (5,807) 
498 (5,812) 

1,237 (5,752) 
3,744 (6,935) 

672 (6,199) 
4,539 (6,560) 
1,123 (6,622) 
4,991 (6,613~ 
2,018 (6,538 
8,337 (5,009) 
7,008 (6,013) 
3,309 ~,018) 

544 ,805) 
4,470 ,463) 
7,634 fs,13~ 3,433 ,32 

437 ,408) 
676 (3,077) 

3,890 (5,334) 
1,691 (6,333) 
6,655 (4,639) 

906 (6,416) 
10,880 (5, 108) 
22,635 760 

9,091 (4,299) 
1,243 (6,106) 
8,374 (4,495) 

753 (5,609) 
540 (4,738) 
813 !5,434) 
692 t11~~ 894 3,812 

3,279 (5,628) 



Table 3A-ll. Monthly Percentiles for DeltaSOS Simulations 
for Alternative 3 

DW diversion (cfs} 

Oct, ·Nov! Jun I 
o: 0, o, 
o: 0 01 

i 
30 i oi o! I 

0: 0 o; 0' 0 0• 0 
0' 0' 0: 

I 40 I 0 0 0 29 0 0 0 0 0: 
50 0 0· 26 29 59 I 98 i 0 0 0 
60 0 50 26 102 61 98 0 0 0 
70 106 235 822 632 61 98 0 0 0 

I 80 2,452 2,434 1 '111 1,593 704 98 151 198 0 

i 90 3,763 5,702 4,227 3,326 3,207 773 151 198 37 
I 100 6,000 6,000 6,000 6,000 6,000 6,000 3,000 484 235 

I Mean 996 1,152 964 976 761 322 110 55 24 

OW storage (TAF} 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 (0}1 (0} (0} 0 0 (0 

10 0 0 0 01 0 (0} 0 0 (0} 
20 0 0 0· 0 1 0 0 0 0 
30 0 0 0 102 107 0 0 0 0 
40 0 0 5 275 265 123 129 102 0 
50 0 0 248 369 337 364 360 234 37 
60 0 197 369 406 406 406 387 312 95 
70 42 357 402 406 406 406 397 368 209 
80 201 406 406 406 406 406 406 394 298 
90 406 406 406 406 406 406 406 406 394 

100 406 406 406 406 406 406 406 406 406 
Mean 94 161 208 263 259 232 227 206 127 

OW discharge for export (cfs} 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
! 0 0 0 0 0 0 0 0 0 0 
i 10 0 0 0 0 0 0 0 0 0 

20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 139 0 271 1,018 

I 80 0 0 0 0 1,184 1,104 29 416 3,283 
90 0 0 123 0 3,530 2,568 416 839 4,674 

I 100 425 473 3,740 2,717 6,000 4,975 1,030 3,000 4,899 
I Mean 6 10 179 58 784 678 91 270 1,187 

OW discharge for outflow (cfs} 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs} 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 4,329 3,356 5,087 4,862 6,108 3,360 2,865 2,496 1,207 

10 5,166 5,415 7,387 9,055 7,109 4,810 3,645 3,215 5,500 
20 6,895 6,670 8,605 11 '1 01 10,454 7,142 3,873 3,781 5,613 
30 8,033 7,402 10,462. 11,380 11,632 11,079 4,797 4,300 5,864 
40 8,541 8,413 11,176 11,460 11,663 11,268 5,623 5,456 6,550 
50 9,096 10,700 11,259 11,578 12,009 11,268 6,573 6,047 8,152 
60 9,751 11,280 11,280 11,768 12,097 11 ,461 7,380 7,176 9,645 
70 11,280 11,280 11,298 11,873 12,462 11,461 8,476 8,380 11,280 
80 11,280 11,280 11,393 12,266 12,700 11,574 9,203 9,410 11,280 
90 11,280 11,280 11,503 12,700 12,700 11,700 9,950 9,950 11,280 

100 11,280 11,280 11,700 12,700 12,700 11,700 11,280 11,280 11,280 
Mean 8,998 9,134 10,323 11,267 11,275 10,104 6,783 6,517 8,199 

Jul Aug Sep' 
0 o· 0 
0 0' o· 

o! i 
0 0 

0• 0 o: 

o: 0 0: 
01 0 0· 

157 0 01 
158' 0 0! 
158 0 0 
158 123 778 
260 231 6,000 

80 19 445 

Jul Aug Sep 
(0} (0 (0) 
0 0 0 
0 0 0 
0 0 0 

10 0 0 
10 0 0 
31 0 0 
66 0 0 

160 8 0 
275 64 166 
406 406 406 

76 21 34 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 323 0 

1,460 873 0 
2,677 3,435 695 
6,000 5,237 3,917 

777 777 191 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Se_E_ 
1,968 653 3,340 
5,172 3,564 3,661 
7,470 4,957 5,959 
9,807 5,199 6,144 

11,280 7,214 6,449 
11,280 8,082 6,614 
11,280 8,944 7,028 
11,280 10,217 8,266 
11,280 11,280 10,514 
11,280 11,280 11,280 
11,280 11,280 11,280 

9,806 7,723 7,398 



Table 3A-12. DeltaSOS Mean Annual Simulation Output 
for the No-Project Alternative under Cumulative Conditions 

1 j Sac Available Delta Delta Delta Final I Final 
1 Basin for DW Delta Storage Storage Storage Total QWEST 

, Water 1 Year Diversion Storage Diversion Export Outflow Export 1 Row 
' Year I Type (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) I (TAF) 

21 276 i Ol 
I 

Ol : 1922 0 Ol 1.1n: (193ll 
1923 31 1,512 I 01 0 0 Oi 7.210 I (579 
1924 5; 0 O' 0 0 o' 4,542 (1 ,154) I 
1925 4 597 0 0 0 0 5,9691 (926l 
1926 4 201 0 0 0 0 5,966 (1 ,294 
1927 1 1,964 0 0 0 0 7,494 (1,065) 
1928 2 1,823 0 0 0 0 7,374 (1 ,347) 
1929 5 0 0 0 0 0 4,564 (911) 
1930 4 85 0 0 0 0 5,196 (1 ,233) 
1931 5 0 0 0 0 0 3,327 (312) 
1932 4 0 0 0 0 0 4,420 10 
1933 5 0 0 0 0 0 3,678 (351) 
1934 5 0 0 0 0 0 3,855 (566) 

; 1935 3 335 0 0 0 gl 6,263 (734) 
I 1936 3 1,139 0 0 0 6,487 (223) i 1937 3 657 0 0 0 0 6,167 491 

1938 1 7,361 0 0 0 0 8,687 3,419 
1939 4 203 0 0 0 0 6,127 (1 ,574) 
1940 2 2,037 0 0 0 0 7,070 (575) 
1941 1 5,154 0 0 0 0 7,473 1,727 
1942 1 4,079 0 Jl 0 0 8,293 425 
1943 1 3,663 0 0 0 0 7,749 1,053 

I 
1944 4 0 0 0 0 0 6,031 (1,292) 
1945 3 656 0 0 0 0 6,712 (84~ 1946 3 1,793 0 0 0 0 6,895 (695 l 1947 4 0 0 0 0 0 6,033 (1,609 

I 
1948 3 0 0 0 0 0 6,382 (1,536l 
1949 4 254 0 0 0 0 5,903 ~1,275 

I 
1950 ~I 21 0 0 0 0 6,475 1,509 

I 1951 4,503 0 0 0 0 7,812 886 
I 1952 1 I 4,681 0 0 0 0 8,868 997 

1953 1 I 1,918 0 0 0 0 7,451 (1 ,405) 
1954 2 1,496 0 0 0 0 8,099 (2,278) 
1955 4 319 0 0 0 0 6,459 (1,884) 

I 
1956 1 4,550 0 0 0 0 7,846 1,328 
1957 2 361 0 0 0 0 7,332 (1,811) 
1958 1 5,027 0 0 0 0 9,299 744 

I 
1959 3 1,191 0 0 0 0 6,717 (1,453) 
1960 4 0 0 0 0 0 6,000 r·817) 1961 4 45 0 0 0 0 5,945 1,908 
1962 3 679 0 0 0 0 5,932 1,111l 
1963 1 2,088 0 0 0 0 8,092 (1 ,484) 
1964 4 756 0 0 0 0 6,467 (1 ,947) 

' 1965 1 2,633 0 0 0 0 . 7,252 133 
1966 3 726 0 0 0 0 7,285 (1,867) 
1967 1 3,092 0 0 0 0 8,990 (203) 
1968 3 1,224 0 0 0 0 7,449 (1 ,985) 
1969 1 5,106 0 0 0 0 8,636 3,459 
1970 1 4,600 0 0 0 0 7,789 969 
1971 1 2,192 0 0 0 0 7,771 ~1 ,168l 
1972 3 76 0 0 0 0 7,190 2,421 
1973 2 3,238 0 0 0 0 7,818 (240) 
1974 1 5,056 0 0 0 0 8,619 323 
1975 1 1,805 0 0 0 0 8,513 (1 '125) 
1976 5 131 0 0 0 0 5,515 (1,803) 
19n 5 0 0 0 0 0 3,053 (453) 
1978 2 2,135 0 0 0 0 6,295 358 
1979 3 488 0 - 0 0 0 7,047 (913) 
1980 2 4,573 0 0 0 0 7,161 2,727 
1981 4 271 0 0 0 0 6,984 (1 ,857) 
1982 1 7,155 0 0 0 0 9,279 4,916 
1983 1 19,190 0 0 0 0 10,631 16,348 
1984 1 7,825 0 0 0 0 8,100 4,679 
1985 4 1,002 0 0 0 0 6,811 (1 ,492) 
1986 1 5,487 0 0 0 0 7,119 4,115 
1987 4 0 0 0 0 0 5,911 ~1 ,398l 
1988 5 218 0 0 0 0 4,640 1,180 
1989 4 24 0 0 0 0 5,500 (1 ,556) 
1990 5 0 0 0 0 0 4,123 ~T94) 
1991 5 0 0 0 0 0 3,808 58sl 

Average 1,995 0 0 0 0 6,730 (1561 

Notes: Definitions of the categories are provided in Table A2- 3 in Appendix 2. 
Water-year types: 1 =wet. 2=above normal, 3=below normal, 4=dry, 5=critically dry. 
Negative values shown in parentheses. 

Final 
Delta 

Outflow 

(TAF) 

11,304 
9,759 
4,155 
8,033 
6,765 

16,379 
13,205 
4,548 
6,033 
3,6n 
5,552 
4,288 
4,710 
9,115 

10,518 
9,352 

34,455 
5,289 

17,001 
29,305 
25,401 
18,536 

6,394 
8,062 

12,390 
5,558 
7,303 
6,906 
7,230 

19,166 
25,819 
15,204 
13,158 
5,788 

26,111 
9,125 

30,313 
9,189 
5,894 
5,825 
7,974 

17,242 
6,431 

19,286 
8,057 

19,649 
10,087 
27,337 
25,253 
15,656 

6,709 
18,142 
30,268 
14,930 

4,987 
3,657 

15,415 
9,007 

22,011 
7,191 

34,935 
58,898 
26,736 
7,600 

27.227 
5,785 
4,948 
6,422 
4,557 
4,853 

13,544 

3-Mile Old River Final 
Slough Diversion Antioch 
Row Row Row 

(TAF) (TAF) (TAF) : 

2,761 ! 1,5871 
i 

2.568 1 
2,612 1,369 2,033 
1,629 825 475 
2,398 852 1,471 
2,307 an 1,013 
4,419 1,038 3,355 
3,838 996 2,491 
1,585 851 673 
2,104 764 871 
1,054 831 743 
1,309 943 1,320 
1,218 853 867 
1,433 805 867 
2,546 1,100 1,8121 
2,592 1,192 2,370 
1,929 1,494 2,420 
6,176 3,087 9,596 
2,121 995 547 
4,292 1,046 3,717 
5,899 2,157 7,627 
5,706 1,534 6,132 
3,766 1,611 4,819 
2,221 984 929 
2,365 1,254 1,518 
3,293 1,135 2,598 
2,203 958 593 
2,567 806 1,031 
2,333 842 1,057 
2,536 866 1,027 
4,003 1,430 4,889 
5,490 1,548 6,486 
4,336 1,084 2,931 
4,339 908 2,061 
2,403 839 519 
5,377 1,711 6,705 
3,142 964 1,331 
6,670 2,019 7,414 
2,962 997 1,509 
2,393 802 576 
2,427 763 518 
2,489 892 1,378 
4,847 1,021 3,364 
2,590 869 644 
4,445 1,246 4,578 
2,924 1,110 1,057 
4,706 1,729 4,503 
3,462 943 1,477 
4,498 3,097 7,957 
5,378 1,632 6,347 
4,310 993 3,142 
2,916 902 495 
4,372 1,204 4,132 
6,899 1,154 7,222 
4,118 1,176 2,993 
2,178 755 374 
1,129 676 676 
3,411 1,158 3,769 
2,620 1,220 1,707 
3,657 2,567 6,384 
2,718 1,068 861 
5,468 3,355 10,384 
4,798 9,324 21,146 
3,699 3,669 8,378 
2,610 1,103 1,118 
4,111 2,756 8,225 
2,140 919 742 
1,823 685 643 
2,374 646 817 
1,5n 633 682 
1,479 634 890 

3,264 1,369 3,108 
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Table 3A-13. Monthly Percentiles for DeltaSOS Simulations 
for the No-Project Alternative under Cumulative Conditions 

Jan: Feb Mar, Apr· Ma ' Jun; 

0: 0: 0' 
0: 0· O: 0 0 1 0: 

ol 0 0: 
0, o: 01 0: 

I oi I 40 0' 0 0 o: 0 o: 0: 0. 
oi O' O' 

50 O• 0 0 0: 0 0 o: O: 0 
i 60 0 0 0' 0 0' 0 0 0: Oj 
I 70' 0 0 0 0' 0 0 0 0 0 

80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

OW storage (TAF) 

1 Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0· 0 0 0 0: 0 0 0 0 

10 0 0 0 o· 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

DW discharge for export (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Aor Mav Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 

' 80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

i 100 0 0 0 0 0 0 0 0 0 
! Mean 0 0 0 0 0 0 0 0 0 

DW discharge for outflow (cfs) 

PercentilE Oct Nov Dec Jan Feb Mar Aor Mav Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar A or Mav Jun 
0 4,288 3,326 5,072 4,844 4,073 3,147 2,791 2,395 1,076 

10 5,125 5,385 7,368 8,686 6,384 4,525 3,571 3,114 5,464 
20 6,854 6,640 7,842 10,935 7,285 6,095 3,789 3,538 5,568 
30 7,992 7,372 9,922 11,575 9,184 7,956 4,189 3,928 5,766 

I 40 8,500 8,383 10,868 13,474 11,137 10,191 5,623 4,859 5,923 
50 9,055 10,670 11,667 14,500 14,500 11 ,701 6,552 5,685 6,313 
60 9,710 12,488 13,050 14,500 14,500 13,992 7,380 6,754 6,543 
70 11,921 14,219 14,500 14,500 14,500 14,500 8,921 7,487 7,026 
80 14,542 14,900 14,500 14,500 14,500 14,500 10,960 8,829 8,448 

I 90 14,900 14,900 14,500 14,500 14,500 14,500 11,760 11,760 11 ,317 

I 100 14,900 14,900 14,500 14,500 14,500 14,500 14,900 14,900 14,900 
Mean 9,968 10,424 11,479 12,759 11,671 10,752 7,249 6,614 7,326 

Sep ' 
0 
0 
0, 
0 

o: o: 0 
o: o: 0 
0' Oi 0, 
0 o· 0: 
0 0 01 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
0 0 0' 
0 0 o, 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
1,818 537 3,271 
3,427 3,448 3,592 
6,446 4,730 5,890 
7,379 5,083 6,051 
8,865 5,864 6,359 

10,505 6,324 6,518 
11,287 7,174 6,685 
11,288 7,966 7,409 
11,288 9,615 10,062 
11,288 11,287 14,004 
14,900 14,155 14,900 
9,026 6,889 7,552 



Table 3A-14. DeltaSOS Mean Annual Simulation Output 
for Alternative 1 under Cumulative Conditions 

i Sac i Available I Delta Delta I Delta Final I Final 
· Basin for DW Delta Storage Storage ! Storage Total I QWEST 

Water • Year i Diversion Storage Diversion Export I Outflow Export : Flow 
· Year ' Type (TAF) ! (TAF) (TAF) (TAF) i (TAF) (TAF) i (TAF) I 

: 
1922' 2 276 238 263 219 0 7,404 (440) 
1923: 3 1,512 238 238 241 0 7,453 (794) 
1924' 5 0 0 0 0 0 4,561 (1,149) 
1925; 4 597 222 241 190 0 6,171 (1,155) 

I 1926: 4 201 186 201 154 0 6,130 !1,481l 
1927 1 1,965 238 274 243 0 7,749 1,326 
1928 2 1,828 238 247 208 0 7,600 (1 ,587) 
1929 5 0 0 0 0 0 4,583 (906) 
1930 4 85 86 85 72 0 5,282 (1 ,307) 
1931 5 0 0 0 0 0 3,341 (301) 
1932' 4 0 0 0 0 0 4,444 11 
19331 5 0 0 0 0 0 3,696 (344) 
19341 5 0 0 0 0 0 3,878 (564) 
1935 3 335 238 237 207 0 6,481 (957) 
1936 3 1,139 238 235 1 206 0 6,685'1 (424) 
1937 3 657 238 259 214 0 6,392 245 
1938 1 7,363 238 265 225 0 8,922 3,170 
1939 4 203 207 203 172 0 6,315 (1 ,767) 
1940 2 2,041 238 242 214 0 7,299 (808) 
1941 1 5,155 238 249 219 0 7,700 1,494 
1942 1 4,080 238 241" 213 0 8,515 193 
1943 1 3,664 238 243 210 0 7,976 817 
1944 4 0 0 0 0 0 6,045 (1,281) 
1945 3 656 222 241 190 0 6,880 (1 ,041) 
1946 3 1,792 238 234 242 0 7,118 (885l 

I 1947 4 0 0 0 0 0 6,048 (1 ,599 
1948 3 0 0 0 0 0 6,39o I (1 ,519l 
1949 4 254 

'~g I 
233 208 0 6,123 (1 ,495 

1950 3 21 21 6 0 6.492 (1 ,517) 
1951 2 4,502 238 244 206 0 8,021 663 
1952 1 4,681 238 303 225 0 9,100 711 
1953 1 1,917 238 I 194 206 0 7,668 (1,585) 
1954 2 1,497 238 419 383 0 8,498 (2,688) 
1955 4 319 238 234 204 0 6,671 (2,102) 
1956 1 4,549 238 249 219 0 8,064 1,103 
1957 2 361 209 361 335 0 7,683 (2.163) 
1958 1 5,034 238 271 225 0 9,532 491 
1959 3 1,192 238 427 428 0 7,165 (1 ,875) 
1960 4 0 0 0 0 0 6,015 (1,807) 
1961 4 45 41 45 34 0 5,993 (1.942) 
1962 3 679 222 241 192 0 6,139 (1 ,342) 
1963 1 2,087 238 303 267 0 8.374 (1.776) 
1964 4 756 238 435 397 0 6,879 (2.372) 
1965 1 2,633 238 247 217 0 7,490 (110) 
1966 3 726 238 243 204 0 7,501 (2,097) 
1967 1 3,091 238 272 218 0 9,215 (457) 
1968 3 1,224 238 226 206 0 7,672 (2,203) 
1969 1 5,106 238 400 219 0 8,861 3,077 
1970 1 4,599 238 98 208 0 8,014 879 
1971 1 2,192 238 433 417 0 8,202 (1 ,590~ 
1972 3 76 78 76 61 0 7,268 (2,488 
1973 2 3,239 238 244 209 0 8,041 (472 
1974 1 5,060 238 252 213 0 8,841 86 
1975 1 1,805 238 257 208 0 8,731 (1 ,368l 
1976 5 131 132 131 128 0 5,659 (1 ,926 
1977 5 0 0 0 0 0 3,076 (452) 
1978 2 2.136 238 243 213 0 6,517 131 
1979 3 488 238 -2351 206 0 7,266 (1.135) 
1980 I 2 4,574 238 239. 209 0 7,350 2,533 
1981 4 271 238 233 205 0 7,204 (2.081) 
1982 1 7,154 238 492 219 0 9,505 4,441 
1983 1 19,189 238 98 41 0 10,676 16,271 
1984 1 7,824 238 11 208 0 8.277 4,723 
1985 4 1.001 238 242 204 0 7,031 (1 ,726) 
1986 1 5,489 238 259 208 0 7,335 3,873 
1987 4 0 0 0 0 0 5,926 (1 ,389) 
1988 5 218 223 218 190 0 4,844 (1 ,388) 
1989 4 24 25 24 14 0 5,526 (1 ,567) 
1990 I 5 0 gj 0 0 0 4,137 (884) 
1991 5 0 0 0 0 3,828 (585\ 

I 

6,9071 
! 

I (333} i Average 1,996 173 191 166 0 

Notes: Definitions of the categories are provided in Table A2-3 in Appendix 2. 
Water-year types: 1 =wet, 2=above normal, 3=below normal. 4=dry. 5=critically dry. 
Negative values shown in parentheses. 

Final 3-Mile 
Delta Slough 

Outflow Flow 

(TAF) (TAF) i 

11,057 i 2,839 
9,5441 2.679 
4,161 1,627 
7.804 2,469 
6,578 2,366 

16,118 4,501 
12,966 3,913 
4,553 1,583 
5,959 2,127 
3,688 1,051 
5,553 1,309 
4,295 1,216 
4,712 1.432 
8,892 2,616 

10,317 2,655 
9,106 2,006 

34,205 6,255 
5,096 2,182 

16,768 4,365 
29,072 5,972 
25,169 5,779 
18,300 3,840 
6,405 2,217 
7,867 2,426 

12,200 3,353 
5,568 2,199 
7,320 2,562 
6,685 2,402 
7.223 2,539 

18,943 4,073 
25,534 5,579 
15,023 4,392 
12,747 4,468 
5,570 2,471 

25,887 5,447 
8,773 3,252 

30,060 6,749 
8,768 3,094 
5,903 2,390 
5,791 2,437 
7.743 2,561 

16.949 4,939 
6,006 2,724 

19,043 4,521 
7,826 2,996 

19,395 4,785 
9,869 3,530 

26,955 4,618 
25,163 5,406 
15,234 4,442 
6,642 2,937 

17,910 4,445 
30,032 6,973 
14,688 4,194 
4,864 2,216 
3,658 1,128 

15,188 3,482 
8,785 2,689 

21,817 3,718 
6,967 2,788 

34,460 5,617 
58,821 4,822 
26,780 3,685 
7,366 2,683 

26,985 4,187 
5,794 2,137 
4,740 1,889 
6,411 2.377 
4,568 1,573 
4,858 1,477 

13,367 3,320 

Old River Final Old& 
Diversion Antioch Middle 

Flow Flow Flow 

(TAF) (TAF) (TAF) 

1,587 2,399 (6,316): 
1,369 1,885 (6.579)! 

825 478 (4,395) 
852 1,315 (5,797) 
877 885 (5.791)! 

1,038 3,175 (7,190)1 
996 2.326 (7,151) 
851 677 (4,338), 
764 820 (5,078)· 
831 750 (3,120)i 
943 1,320 (4,014)1 
853 872 (3,461)' 
805 868 (3,672)1 

1,100 1,659 (5,879)i 
1,192 2,231 (5,956); 
1,494 2,251 (5,343)i 
3,087 9,424 (6,209) 

995 414 (5,946) 
1,046 3,558 (6,655) 
2,157 7,466 (5,890) 
1,534 5,972 (7,427) 
1,611 4,657 !6,863) 

984 936 5,623) 
1,254 1,384 !6,160) 
1,139 2,468 6,553l 

958 600 (5,702 
806 1,043 

!6,165l! 842 906 5,870 
866 1,022 (6,215) 

1,430 4,736 ~,065) 
1,548 6,290 ,962) 
1,084 2,807 (7,139) 

908 1,780 (8,198) 
839 369 (6,387) 

1,711 6,551 (6,773) 
964 1,090 (7,298) 

2,019 7,240 (7,832) 
997 1,220 (6,759) 
802 583 (5,812) 
763 495 (5,817) 
892 1,219 ~,782) 

1,021 3,163 ,797) 
849 352 (6,645) 

1,246 4,411 (6,763l 
1,110 899 (6,974 
1,729 4,328 (7.8m 

943 1,327 fs,310 
3,097 7,694 ,176) 
1,632 6,285 ~,885) 993 2,853 ,73~ 902 449 ,002 
1,204 3,973 ,184 
1,154 7,060 t170) 1,176 2,826 8,090l 

755 290 5,563 
676 676 !3,050) 

1,158 3,613 5,737) 
1,220 1,554 (6,555) 
2,567 6,251 (5,215l 
1,068 707 (6,736 
3,355 10,057 (6,477) 
9,324 21,093 (1,539) 
3,669 8,408 (5,153) 
1,103 958 (6,469) 
2,756 8,059 (4,941) 

919 748 !5,620l 
685 501 4,735 
646 810 (5,473) 
633 690 (4,095) 
634 893 (3,792) 

1,369 2,987 (6,056\ 
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Table 3A-15. Monthly Percentiles for DeltaSOS Simulations 
for Alternative 1 under Cumulative Conditions 

OW diversion (cfs) 

l Percentile Oct Nov I Dec Jan Feb I Mar! Apr I May' Jun i 
I 0 0 Ol 0 0 0; or or 0 o: 
f 10 0 0 0 0 Or 01 Oi 0 0; 

I 20 0 01 0 0 Oi OJ or Oi 0 
! 30 0 0 0 0 0: 0~ 0' 0' 01 

40 0 0 Oi Oi 0' o, 0 0 0 
50 0 0 o· 15 i 30: 0! Oi 0· Or 
60 0 0 0 15 31 : Or Ol 0 o, 
70' 0 0 13 15 j 31 49 I 0. 0 0 

l 80 0 517 839 620 31 491 76: 0 0 
I 90 1,815 4,000 3,871 3,871 2,790 49 l 761 99 0 

L 100 3,871 4,000 3,871 3,871 4,000 3,8711 1,068 I 1,572 118 
I Mean 415 613 617 702 443 1731 35 I 36 8 

OW storage (TAF) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
I 0 0 0 (0) 0 0 0 (0) (0) 0 
! 10 0 0 0 0 0 0 0 0 0 

20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 29 70 12 0 0 
40 0 0 0 77 186 183 153 110 86 
50 0 0 0 238 222 229 207 147 132 
60 0 0 83 238 236 235 231 198 182 
70 0 124 238 238 238 238 234 224 193 
80 0 204 238 238 238 238 238 232 220 
90 203 238 238 238 238 238 238 238 231 

100 238 238 238 238 238 238 238 238 238 
Mean 35 69 96 139 153 157 147 130 118 

OW discharge for export (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Al'_r May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 52 0 

I 80 0 0 0 0 0 0 0 456 136 
90 0 0 .0 0 0 0 637 703 586 

! 100 0 2,543 3,313 0 4,000 2,691 1,332 2,428 2,822 
Mean 0 45 171 0 169 71 140 236 130 

OW discharge for outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 4,278 3,314 5,051 4,859 6,075 3,220 2,842 2,455 1,145 

10 5,115 5,373 7,347 8,701 6,407 4,525 3,672 3,267 5,500 
20 6,844 6,628 7,821 10,950 7,754 6,095 4,071 3,691 5,568 
30 7,982 7,360 10,347 '11 ,590 9,746 8,217 4,908 4,375 5,804 
40 8,490 8,371 11,155 13,474 11,320 10,191 5,753 5,424 6,202 
50 9,045 10,658 12,309 14,500 14,500 12,287 6,573 6,047 6,595 
60 9,700 12,910 13,448 14,500 14,500 13,992 7,380 6,581 6,968 
70 11 ,911 14,219 14,500 14,500 14,500 14,500 8,921 7,882 7,148 
80 14,542 14,900 14,500 14,500 14,500 14,500 10,960 9,632 8,756 
90 14,900 14,900 14,500 14,500 14,500 14,500 11,760 11,760 11,317 

I 100 14,900 14,900 14,500 14,500 14,500 14,500 14,900 14,900 14,900 
Mean 9,962 10,461 11,640 12,762 11,842 10,832 I 7,379 6,866 7,476 

Jul' Aug Sep, 
0! 0 0' 
o; Or 0' 
01 0 o: 
Oi 0· 0: 
0! Oi 0 
01 Oi o: 
0 0 0! 
0 0 0 
0 0 0 
0 0 0 

130 0 3,888 
2 0 123 

Jul Aug Sep 
(0) lOJ 0 
(0) 0 0 
(0) 0 0 
(0) 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

238 189 238 
5 3 10 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

1,079 0 0 
2,000 0 0 
2,302 0 0 
2,977 0 0 
3,378 0 0 
3,627 0 0 
3,741 1,379 0 
1,759 29 0 

Jul Aug Sep 
0· 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
1,896 597 3,296 
6,208 3,508 3,617 
7,611 4,790 5,915 
9,978 5,143 6,076 

11,365 5,924 6,384 
11,366 6,699 6,543 
12,180 7,367 6,710 
12,880 8,026 7,434 
13,530 9,675 10,087 
14,202 11,347 14,029 
14,900 14,900 14,900 
10,862' 6,979 7,575 
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Table 3A-16. DeltaSOS Mean Annual Simulation Output 
for Alternative 2 under Cumulative Conditions 

· / Sac j Available I Delta Delta Delta Final I Final Final 3-Mile 

; Basin I for OW Delta Storage Storage Storage Total QWEST Delta Slough 
Water 

1 
Year Diversion J Storage Diversion Export Outflow Export Flow Outflow Flow 

Year 1 Type (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) 

1922 2 276 220 276 232 oi 7,417 (453)1 11.044 2,843 
1923 3 1,512 238 238 2521 O! 7,464 (794)1 9,544 2,679 
1924 5 0 0 0 0, Oi 4,561 (1,149) 4,161 1,627 
1925 4 597 222 241 215 ' 0 6,196 (1 ,155) 7,804 2.469 
1926 4 201 186 201 1791 0 6,155 (1.481) 6,578 2.366 
1927 1 1,965 238 274 257 0 7,763 (1,326) 16,118 4.501 
1928 2 1,828 238 558 546 0 7,937 (1,898) 12,654 4,010 
1929 5 0 0 0 0 01 4,583 (906) 4,553 1,583 
1930 4 85 86 85 92 ol 5,302 (1 ,307) 5,959 2,127 
1931 5 0 0 0 0 0 3,341 i (301) 3,688 1,051 
1932 4 0 0 0 0 0 4,444 11 5,553 1,309 
1933 5 0 0 0 0 0 3,696 I (344) 4,295 1,216 
1934 5 0 0 0 0 0 3,878 (564) 4,712 1,432 
1935 3 335 238 237 252 0 6,526 (95~ 8,892 2,616 
1936 3 1,139 238 235 214 0 6,692 (424 10,317 2,655 
1937 3 657 238 259 218 0 6,397 245 9,106 2,006 
1938 1 7,363 238 265 225 0 8,922 3,170 34,205 6,255 
1939 4 203 207 203 204 0 6,347 (1,76~ 5,096 2,182 
1940 2 2,041 238 242 227 0 7,312 (808 16,768 4,365 
1941 1 5,155 238 249 234 0 7,715 1,494 29,072 5,972 
1942 1 4,080 238 375 338 0 8,640 65 25,041 5,819 
1943 1 3,664 238 243 220 0 7,986 817 18,300 3,840 
1944 4 0 0 0 0 0 6,045 (1 ,281) 6,405 2,217 
1945 3 656 222 241 205 0 6,896 (1 ,041l 7,867 2,426 
1946 3 1,792 238 234 252 0 7,128 (885 12,200 3,353 
1947 4 0 0 0 0 0 6,048 (1 ,599) 5,568 2,199 
1948 3 0 0 0 0 0 6,390 f ,519) 7,320 2,562 
1949 4 254 238 233 221 0 6,136 1 ,495) 6,685 2,402 
1950 3 21 22 21 22 0 6,507 (1 ,517) 7.223 2,539 
1951 2 4,502 238 244 216 0 8,031 663 18,943 4,073 
1952 1 4,681 2381 303 225 0 9,100 711 25,534 5,579 
1953! 1 1,917 238 299 359 0 7,821 (1 ,690) 14,919 4,425 
1954 2 1,497 238 419 397 0 8,512 (2,688l 12,747 4,468 
1955 4 319 238 234 252 0 6,720 (2,102 5,570 2,471 
1956 1 4,549 238 258 231 0 8,076 1,095 25,878 5,450 
1957 2 361 209 361 347 0 7,695 (2, 163) 8,773 3,252 
1958 1 5,034 238 271 225 0 9,532 491 30,060 6,749 
1959 3 1,192 238 427 434 0 7,171 (1,875) 8,768 3,094 
1960 I 4 0 0 0 0 0 6,015 (1,807) 5,903 2,390 
1961 I 4 

451 
41 45 37 0 5,997 (1.942) 5,791 2,437 

1962 3 679 222 241 215 0 6,162 (1 ,342) 7,743 2,561 
19631 1 2,087 238 591 541 0 8,647 (2,064) 16,661 5,029 
1964 41 756 238 474 477 0 6,958 (2.411) 5,967 2,736 
1965 I 1 2,633 238 336 320 0 7,593 (199) 18,954 4,549 
1966 3 726 238 334 340 0 7,638 (2,189) 7,735 3,025 
1967 1 3,091 238 272 218 0 9,215 (45~ 19,395 4,785 
1968 3 1,224 238 422 406 0 7,872 (2,399 9,673 3,591 
1969 1 5,106 238 400 220 0 8,863 3,077 26,955 4,618 
1970 1 4,599 238 98 209 0 8,015 879 25,163 5,406 
1971 1 2,192 238 462 449 0 8,234 (1 ,619) 15,205 4,451 
1972 3 76 78 76 74 0 7,281 (2,488) 6,642 2,937 
1973 2 3,239 238 244 223 0 8,055 (472) 17,910 4,445 
1974 1 5,060 238 252 228 0 8,856 86 30,032 6,973 
1975 1 1,805 238 343 307 0 8,830 (1 ,454) 14,602 4,221 
1976 5 131 132 131 128 0 5,659 (1 ,926) 4,864 2,216 
1977 5 0 0 0 0 0 3,076 (452) 3,658 1,128 
1978 2 2,136 238 243 228 0 6,532 131 15,188 3,482 
1979 3 488 238 - 235 218 0 7,277 (1 ,135) 8,785 2,689 
1980 2 4,574 238 239 220 0 7,361 2,533 21,817 3,718 
1981 4 271 238 233 248 0 7,247 (2,081) 6,967 2,788 
1982 1 7,154 238 492 225 0 9,512 4,441 34,460 5,617 
1983 1 19,189 238 98 41 0 10,676 16,271 58,821 4,822 
1984 1 7,824 238 11 208 0 8,277 4,723 26,780 3,685 
1985 4 1,001 238 242 238 0 7,065 (1,726) 7,366 2,683 
1986 1 5,489 238 259 223 0 7,349 3,873 26,985 4,187 

19871 4 0 0 0 0 0 5,926 ~1 ,389) 5,794 2,137 
1988 5 218 223 218 231 0 4,886 1,388) 4,740 1,889 

4 24 25 24 14 0 5,526 6,411 2,377 1989 I (1,56~ 
i 1990 5 0 0 0 0 0 4,137 W~1 4,568 1,573 

1991 I 5 0 0 0 0 0 3,828! 585 4,858 1.477 

i Average 1,996! 173 i 211 197! 0 6,938 (353) 

Notes: Definitions of the categories are provided in Table A2-3 in Appendix 2. 
Water-yeartypes: l=wet, 2=abovenormal. 3=belownormal, 4=dry, 5=criticallydry. 
Negative values shown in parentheses. 

13,347 i 3,326 i 

Old River Final I Old & · 
Diversion Antioch Middle 

Flow Flow I Flow 
(TAF) ~ (TAF) , (TAF) 

1,587 2,390 (6.330) 1 

1,369 1,885 (6.589)i 
825 478 (4,395); 
852 1,315 (5,821)1 
877 1 885 (5,816) 

1,0381 3,175 (7.204)1 
996' 2,113 (7,488)~ 
851 677 (4,338)! 
764 820 ~5,098)1 
831 750 3,120) 
943 1,320 (4,014)1 
853 872 (3,461)! 
805 868 (3,672)! 

1,100 1,659 (5,924) ~ 
1,192 2,231 (5,963)i 
1,494 2,251 ~5,348)! 
3,087 9,424 6,209) 

995 414 (5,977) 
1,046 3,558 ~6,668) 
2,157 7,466 5,906) 
1,534 5,884 

m.552l 1,611 4,657 ,873 
984 936 ,623) 

1,254 1,384 ~6,175) 
1,139 2,468 6,564) 

958 600 (5,702) 
806 1,043 ~6,165) 
842 906 5,884) 
866 1,022 (6,230)1 

1,430 4,736 (7,075) 
1,548 6,290 (7,962) 
1,084 2,735 (7,293) 

908 1,780 (8,212) 
839 369 ~6,436) 

1,711 6,545 6,785) 
964 1,090 (7,310) 

2,019 7,240 (7,832) 
997 1,220 (6,766) 
802 583 (5,812) 
763 495 (5,820l 
892 1,219 (5,804 

1,021 2,966 (8,071) 
849 325 (6,724) 

1,246 4,350 (6,866) 
1 '110 836 (7,110) 
1,729 4,328 (7,877) 

943 1,192 fs·5~ 3,097 7,694 '1 
1,632 6,285 ~,885) 

993 2,833 ,769) 
902 449 (7,015) 

1,204 3,973 (7, 198) 
1,154 7,060 ~8,185) 
1,176 2,767 8,189) 

755 290 (5,563) 
676 676 (3,050) 

1,158 3,613 (5,751) 
1,220 1,554 (6,566) 
2,567 6,251 (5,226) 
1,068 707 (6,779) 
3,355 10,057 (6,484) 
9,324 21,093 (1,539) 
3,669 8,408 ~5, 153) 
1,103 958 6,503) 
2,756 8,059 (4,956) 

919 748 (5,620) 
685 501 (4,777) 
646 810 (5,473l 
633 690 (4,095 
634 893 (3,792\ 

1,369 2.973 I (6,087) 
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Table 3A -17. Monthly Percentiles for DeltaS OS Simulations 
for Alternative 2 under Cumulative Conditions 

OW diversion (cfs) 

1 Percentile Oct Nov Dec Jan' Feb Mar Apr May 1 Jun! 
! 0 0 0 0 0 0 0· 0 0 O: 
! 10 0 0 0 0 0 0 0 0! o: 
i 20 0 0 0 0 0 0 0 0. 01 

I 30 0 0 0 0 o· 0, 0 0: Oi 
40 0 0 0 0 0 0 0 0! o, 

I 50 0 0 0 15 30' 0. 0 o. 01 

' 60 0 0 0 15 31 0 0 0 0 
i 70 0 0 13 15 31 49 0 0 0 
: 80 0 517 1,260 1,676 31 49 76 o· 0 
i 90 1,815 4,000 3,871 3,871 2,899 307 76 99 0 
I 100 3,871 4,000 3,871 3,871 4,000 3,871 2,795 1,791 118 

I Mean 415 613 644 811 501 226 111 41 8 

OW Storage (TAF) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 (0) 0 (0) (0) 0 (0) (0 

10 0 0 0 0 0 0 0 0 (0) 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 14 0 0 0 0 
50 0 0 0 238 56 0 9 0 0 
60 0 0 0 238 222 121 169 99 0 
70 0 86 238 238 238 238 230 169 0 
80 0 150 238 238 238 238 234 227 18 
90 203 238 238 238 238 238 238 238 190 

100 238 238 238 238 238 238 238 238 238 
Mean 35 62 86 129 120 100 102 88 37 

OW discharge for export (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 52 0 0 494 
80 0 0 0 0 360 508 0 67 2,152 
90 0 0 1,387 0 3,840 2.726 139 664 3,414 

100 0 2,543 3,858 2,703 4,000 3,822 562 3,698 3,882 
Mean 0 160 254 90 651 507 45 212 817 

OW discharge for outflow (cfs) 

Percentile Oct Nov Dec Jan Feb Mar A_2r May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 4,278 3,314 5,051 4,859 6,075 3,220 2,842 2,455 1,145 

10 5,115 5,373 7,347 8,701 6,836 4,706 3,622 3,174 5,500 
20 6,844 6,628 7,821 10,950 8,462 6,276 3,840 3,598 5,568 
30 7,982 7,360 9,901 11,590 10,331 9,000 4,240 4,033 5,804 
40 8,490 8,371 11,134 14,147 13,939 11,285 5,623 4,976 6,267 
50 9,045 10,658 12,749 14,500 14,500 13,755 6,573 5,858 6,976 
60 9,700 13,308 14,106 14,500 14,500 14,500 7,380 7,176 7,467 
70 11 ,911 14,900 14,500 14,500 14,500 14,500 8,921 8,416 9,632 
80 14,542 14,900 14,500 14,500 14,500 14,500 10,960 9,437 10,590 
90 14,900 14,900 14,500 14,500 14,500 14,500 11,760 11,760 14,900 

100 14,900 14,900 14,500 14,500 14,500 14,500 14,900 14,900 14,900 
Mean 9,962 1o,5n 11,723 12,852 12,324 11,268 7,284 6,842 8,164 

Jul Aug 1 Sep 
Oi o: o· 
0• 0, 0 
0 0 0! 
0. 0! o· 
Oi Oi 0; 
0' o: o: 
o· 0 O; 
0 0 o: 
0 0 o, 
0 0 0• 

130 0 3,888 
21 0 123 

Jul Aug Sep · 
(0 (0 0 
0 0 0 
0 0 0 
0 0 0· 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

238 189 238 
5 3 10 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

2,268 0 0 
3,741 1,379 0 

500 29 0 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
1,896 597 3,296 
4,447 3,508 3,617 
6,832 4,790 5,915 
8,143 5,143 6,076 
9,710 5,924 6,384 

11,365 6,699 6,543 
11,365 7,367 6,710 
11,366 8,026 7,434 
11,366 9,675 10,087 
11,367 11,347 14,029 
14,900 14,900 14,900 

9,603 6,979 7,575 



Table 3A -18. DeltaS OS Mean Annual Simulation Output 
for Alternative 3 under Cumulative Conditions 

! Sac Delta Final 
Basin for OW Delta Storage Storage Storage Total QWEST Delta 

Water' Year 

Available I 
Diversion Storage Diversion 

Delta I Delta 

Export · Outflow 

Final ~ Final 

Export Flow Outflow 
Year ' Type (TAF) (TAF) (TAF) (TAF) (TAF) (TAF) l (TAF) 

' 
ol 

I 

1922 i 2: 276 207 276 204 7.4051 (443) 
1923 I 3 1,512 406 405 424 01 7,651 i (951) 
1924' 5 0 0 0 0 0 4,582 (1,144) 
1925 4 597 333 362 321 0 6,324 (1 ,271) 
1926 4 201 186 201 176 0 6,173 (1 ,476) 
1927 1 1,966 406 452 397 0 7,922 (1,497) 
1928 2 1,827 406 733 698 0 8,109 (2,066) 
1929! 5 0 0 0 0 0 4,6041 (901) 

I 
1930 1 4 85 86 85 90 0, 5,322; (1,303) 
1931 5 0 0 0 0 

gl 
3,363 I (297) 

I 1932 4 0 0 0 0 4.4671 15 
1933 5 0 0 0 0 3,722 (344) 
1934 5 0 0 0 0 0 3,900 (560) 

i 1935 3 335 338 335 362 0 6,656 (1,050) 
i 1936/ 3 1,139 406 404 363 0 6,862 (588) 
! 1937 I 3 657 406 439 371 0 6,571 70 
I 1938 1 7,367 406 458 368 0 9,078 2,990 
i 1939 4 203 207 203 201 0 6.361 1 (1 ,758~ 

1940 2 2,040 406 425 384 0' 7,493 (989 
1941 1 5,158 406 430 380 0 7,877 1,323 
1942 1 4,083 406 545 474 0 8,787 (89) 
1943 1 3,664 406 419 373 0 8,155 651 
1944 4 0 0 0 0 0 6,067 (1 ,277) 
1945 3 656 333 362 272 0 6,980 (1 ,154) 
1946 3 1,795 406 400 424 0 7,317 ~1 ,041~ 1947 4 0 0 0 0 0 6,070 1,596 
1948 

~I 
0 0 0 0 0 6.409 !1 ,512~ 1949 254 259 254 225 0 6,161 1 ,511 

I 1950 21 22 21 20 0 6,5261 1 ,511) 
1951 2' 4,506 406 417 366 gl 8,198 500 
1952 1 4,683 406 491 368 9,257 536 
1953 1 1,920 406 470 519 0 7,992 (1 ,846) 
1954 2 1,497 406 597 549 0 8,684 (2,859) 
1955 4 319 324 319 338 0 6,821 (2, 177) 
1956 1 4,551 406 438 381 0 8,242 924 
1957 2 361 206 361 325 0 7,693 (2,157) 
1958 1 5,034 406 458 368 0 9,685 319 
1959 3 1,192 406 597 582 0 7,334 ~2,034) 
1960 4 0 0 0 0 0 6,037 1,803) 
1961 4 45 41 45 34 0 6,016 ~1 ,938~ 
1962 3 679 333 362 314 0 6,283 1,459 
1963 I 1 2,090 406 769 686 0 8,801 (2,226) 
19641 4 756 400 661 660 0 7,161 (2,591) 
1965 1 2,635 406 502 467 0 7,761 (360) 
1966 3 726 406 502 500 0 7,813 (2,347) 
1967 1 3,093 406 460 368 0 9,379 (632~ 
1968 3 1,224 406 591 523 0 8,003 (2,556 
1969 1 5,107 406 581 370 0 9,026 2,908 
1970 1 4,602 406 274 335 0 8,154 716 
1971 1 2,194 406 704 655 0 8,455 ~1 ,851) 
1972 3 76 78 76 72 0 7,295 2,479~ 
1973 2 3,239 406 415 362 0 8,210 (635 
1974 1 5,063 406 431 368 0 9,010 (81) 
1975 1 1,805 406 522 438 0 8,971 (1 ,617) 
1976 5 131 130 131 126 0 5,673 (1 ,917) 
1977 5 0 0 0 0 0 3,103 (453~ 
1978 2 2,136 406 420 368 0 6,694 (43 
1979 3 488 406 - 411 367 0 7,445 (1 ,304) 
1980 2 4,574 406 409 372 0 7,531 2,371 
1981 4 271 276 271 280 0 7,297 (2,110) 
1982 1 7,159 406 678 375 0 9,673 4,270 
1983 1 19,194 406 308 38 0 10,676 16,083 
1984 1 7,829 406 22 334 0 8,413 4,728 
1985 4 1,004 406 411 417 0 7,259 (1,883) 
1986 1 5,490 406 439 369 0 7,514 3,701 
1987 4 0 0 0 0 0 5,945 (1 ,382) 
1988 5 218 223 218 230 0 4,906 (1,384) 
1989 ~I 24 25 24 3 0 5,536 (1 ,562) 

I 199o 1 0 0 gl 0 0 4,159 (88~i I 1991 0 0 0 0 3,852 (583 
I 

i Average 1,996 272 314 282 0 7,041 (448) 

Notes: Definitions of the categories are provided in Table A2- 3 in Appendix 2. 
Water-year types: 1 =wet, 2=above normal, 3=below normal, 4=dry, 5=critically dry. 
Negative values shown in parentheses. 

(TAF) 

11,054' 
9,387 
4,166 
7,688 
6,583 

15,946 
12.487 
4,558 
5,963 
3,692 
5,556 
4,295 
4,716 
8,799 

10,153 
8,931 

34,025 
5,105 

16,587 
28,901 
24,887 
18,133 
6,408 
7,754 

12,043 
5,572 
7,327 
6,670 
7,228 

18,780 
25,358 
14,762 
12,577 
5,495 

25,708 
8,778 

29,887 
8,608 
5,907 
5,795 
7,626 

16,500 
5,787 

18,794 
7,577 

19,219 
9,516 

26,787 
24,999 
14,973 
6,651 

17,747 
29,865 
14,438 
4,874 
3,657 

15,015 
8,616 

21,655 
6,939 

34,290 
58,633 
26,785 
7,209 

26,814 
5,801 
4,744 
6,416 
4,572 
4,859 

13,252 

3-Mile! 
Slough i 
Flow 
(TAF) 

2,840 
2,728 
1,626 
2,506 
2,364 
4,555 
4,063 
1,581 
2,126 
1,050 
1,308 
1,216 
1.431 
2,645 
2,707 
2,061 
6,311 
2,179 
4,422 
6,026 
5,868 
3,892 
2,216 
2,461 
3,402 
2,198 
2,560 
2,407 
2,537 
4,124 
5,634 
4,474 
4,521 
2,495 
5,504 
3,250 
6,803 
3,145 
2,389 
2,436 
2,598 
5,080 
2,792 
4,599 
3,074 
4,840 
3,641 
4,670 
5,457 
4,524 
2,934 
4,496 
7,025 
4,272 
2,213 
1,129 
3,536 
2,742 
3,769 
2,797 
5,670 
4,881 
3,683 
2,733 
4,240 
2,135 
1,887 
2,375 
1,572 
1,477 

3,356 

Old River Final Old& : 

Diversion Antioch Middle I 

Flow Flow Flow 

(TAF) (TAF) (TAF) 

1,587 i 2,3971 (6,317)i 
1,369 1,778 (6,776l' 

825 482 (4,416 
852 1,234 (5,949) 
877 888 (5,834) 

1,038 3,058 (7,363) 
996 1,998 (7,660) 
851 681 (4,359) 
764 823 (5,118) 
831 753 (3,142) 
943 1,323 (4,037) 

8531 
872 (3,486) 

805 871 (3,695) 
1,100 1,595 (6,054) 
1,192 I 2,119 (6,133) 

1,4941 2,131 (5,522) 
3,087 9,301 (6,365) 

995 421 (5,991) 
1,046 3,433 (6,849) 
2,157 7,349 (6,068) 
1,534 5,778 ~,699) 
1,611 4,543 ,042) 

984 939 (5,645) 
1,254 1,307 (6,260~ 
1,139 2,360 ~6,752 

958 603 5,724 
806 1,048 (6,183) 
842 895 (5,908) 
866 1,026 (6,249) 

1,430 4,624 (7,241) 
1,548 6,170 ~,118l 
1,084 2,628 ,464 

908 1,662 (8,38~ 
839 318 (6,53 

1,711 6,428 ~,951~ 
964 1,093 ,308 

2,019 7,122 ~,985) 
997 1 '110 ,929) 
802 586 ,834) 
763 498 t,839) 
892 1,139 5,925~ 

1,021 2,854 8,225 
849 201 ~,92~ 1,246 4,240 ,034 

1 '110 727 (7,286) 
1,729 4,208 ~,040) 

943 1,085 ,641) 
3,097 7,579 (6,341) 
1,632 6,173 (7,025) 

993 2,673 (7,990) 
902 455 ~,029l 

1,204 3,861 ,353 
1,154 6,945 

t33~ 1,176 2,655 8,330 
755 297 5,5 
676 676 ~3,0-rn 1,158 3,494 5,913 

1,220· 1,438 (6,734) 
2,567 6,140 (5,396~ 
1,068 687 (6,828 
3,355 9,940 (6,645) 
9,324 20,964 (1 ,539l 
3,669 8,411 (5,289 
1,103 850 (6,697) 
2,756 7,942 !5,12~ 919 753 5,639 

685 503 (4,79 
646 813 (5,48~ 
633 692 (4,11 
634 894 (3,816i 

1,369 2,908 (6, 191) 



Table 3A-19. Monthly Percentiles for DeltaSOS Simulations 
for Alternative 3 under Cumulative Conditions 

OW diversion (cfs) 

Percentile! Oct I Nov Dec Jan I Feb I Mar Apr May Jun 
01 Ql 0 0 0· 01 0 0 0' o, 

10 I 01 0 0 0! 01 0 0 0 01 
20 Oi D1 0 Oi 0 0 0 0' Oi 

' 30 I o, 0 0 0 0! 0 0 0 01 
40 0 0 0 Oi O· 0 0 0 0 

I 50 0 0 0 29' 59 i 0 0 0 0 
I 60 0 0 0 29' 61 ' 0 0 0 0' 

70 0 0 822 632 61 98 0 0 0 
80 0 517 1,260 3,390 729 98 151 0 0 
90 2,847 4,949 4,914 5.499 2,945 399 151 198 0 

100 6,000 6,000 6,000 6,000 6,000 4,951 2,939 1,791 235 
Mean 526 848 1,117 1,295 796 305 127 55 17 

OW storage (TAF) 

Percenti lei Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 (0) 0 (0) (0) (0) 0 (0 

10 0 0 0 0 0 (0) 0 0 0 
2Q I 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 52 0 0 0 0 
50 0 0 0 276 189 31 16 0 0 
60 0 0 52 369 333 240 266 207 0 
70 0 81 278 406 406 406 389 315 14 
80 0 149 406 406 406 406 397 385 179 
90 200 357 406 406 406 406 406 406 330 

100 406 406 406 406 406 406 406 406 406 
Mean 44 84 137 210 205 175 174 159 72 

DW discharge for export (cfs) 

PercentilE! Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

i 10 0 0 0 0 0 0 0 0 0 
; 20 0 0 0 0 0 0 0 0 0 

30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 683 
80 0 0 0 0 329 1,031 0 67 3,583 
90 0 0 1.296 0 3,851 2,922 167 636 5,878 

100 0 2,518 4,215 2,703 6,000 6,000 895 3,000 6,000 
Mean 0 159 255 90 841 732 61 204 1,352 

DW discharge for outflow (cfs) 

PercentilE! Oct Nov Dec Jan Feb Mar Apr May Jun 
0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 
20 0 0 0 0 0 0 0 0 0 
30 0 0 0 0 0 0 0 0 0 
40 0 0 0 0 0 0 0 0 0 
50 0 0 0 0 0 0 0 0 0 
60 0 0 0 0 0 0 0 0 0 
70 0 0 0 0 0 0 0 0 0 
80 0 0 0 0 0 0 0 0 0 
90 0 0 0 0 0 0 0 0 0 

100 0 0 0 0 0 0 0 0 0 
Mean 0 0 0 0 0 0 0 0 0 

Final CVP Tracy and SWP Banks exports (cfs) 

Percentile Oct Nov Dec Jan Feb Mar Apr May Jun 
0 4,329 3,356 5,087 4,862 6,075 3,202 2,865 2,496 1,207 

10 5,166 5,415 7,383 8,704 6,836 4,723 3,645 3,215 5,500 
20 6,895 6,670 7,857 10,953 9,184 6,570 3,873 3,639 5,595 
30 8,033 7,402 9,937 11,593 12,331 9,174 4,412 4,074 5,804 
40 8,541 8,413 11 '170 14,147 14,500 12,287 5,623 5,017 6,267 
50 9,096 10,700 12,749 14,500 14,500 14,500 6,573 6,047 7,026 
60 9,751 13,325 14,500 14,500 14,500 14,500 7,380 7,176 9,209 
70 11,962 14,900 14,500 14,500 14,500 14,500 8,921 8,457 10,551 

' 
80 I 14,542 14,900 14,500 14,500 14,500 14,500 10,960 9,437 12,588 

I 90 14,900 14,900 14,500 14,500 14,500 14,500 11,760 11,760 14,900 
100 14,900 14,900 14,500 14,500 14,500 14,500 14,900 14,900 14,900 

Mean 9,997 10,602 11,742 12,853 12,516 11,491 7,310 6,856 8,717 

·•• . ."·'>· 

Jul Aug Sep 
0 Oi 0 
0 0 0 
01 0 0 
0 0 0 
0 0 Oi 
0 0 01 
0 0 0! 
0 0 0! 
0 0 a· 
0 0 0 

260 0 3,888 
4 0 125 

Jul Aug Sep 
(0 (0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

21 0 0 
406 353 406 

15 5 12 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

1,454 0 0 
3,463 112 0 
6,000 3,938 0 

861 127 0 

Jul Aug Sep 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Jul Aug Sep 
1,968 653 3,340 
4,519 3,564 3,661 
6,959 4,957 5,959 
8,325 5,199 6,120 

11,260 6,064 6,428 
11,437 7,028 6,587 
11,438 7,625 6,754 
11,438 8,521 7,478 
11,438 9,980 10,131 
13,615 11,403 14,073 
14,900 14,900 14,900 
10,034 7,132 I 7,615 





Figure 3A-1. 
Upstream Reservoirs Included in the DWRSIM 
Statewide Water Supply Planning Model 
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Figure 3A-2. 
Historical Annual Delta Inflow, Channel Depletion, 
Delta Exports, and Delta Outflow for 1922-1991 
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Figure 3A-3. 
Historical Mean Monthly Delta Outflow for 1968-1991 
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Figure 3A-4. 
Historical Minimum, Mean, and Maximum Monthly 
EC at Pittsburg for 1968-1991 
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Chapter 3B. Affected Environment and Environmental 
Consequences -Hydrodynamics 

SUMMARY 

Delta hydrodynamic conditions are the influences on the movement of water in Delta channels (e.g., tidal forces and 
inflows) and the effects of the movement of water in Delta channels (e.g., changes in channel flows and stages, export 
flows, and outflow). This chapter describes Delta hydrodynamic conditions; discusses the Delta model developed by 
Resource Management Associates (RMA), which was used to simulate hydrodynamic effects of the DW project; identifies 
Delta hydrodynamic variables that could be affected by operation of the DW project; and presents results of simulations 
using the RMA model to determine DW project effects on those variables. 

Delta hydrodynamic variables considered in the initial selection process for the hydrodynamics impact assessment 
were local Delta channel velocities and stages, export flows, outflows, net channel flows, and inflow source contributions. 
Because the most important effects of changes in outflow and changes in inflow source contributions are linked with 
potential water quality or fishery impacts, DW project effects associated with these changes are addressed in Chapter 3C, 
"Water Quality", and Chapter 3F. "Fishery Resources", rather than in this chapter. DW project effects on exports are 
discussed in Chapter 3A, "Water Supply and Water Project Operations". This chapter discusses potential effects of DW 
project diversions and discharges on local channel velocities and stages and on net channel flows. 

DW project operations under Alternative 1, 2, or 3 would have less-than-significant effects on local channel velocities 
and stages and on net channel flows. Under cumulative conditions, however, implementation of Alternative 1, 2, or 3 
could contribute to a significant effect on net channel flows. This cumulative impact would be reduced to a less-than
significant level through monitoring of the effects of DW operations and control of operations to prevent unacceptable 
hydrodynamic effects during periods of flows that are higher than historical flows. The No-Project Alternative would not 
cause adverse effects on Delta hydrodynamic conditions. 

INTRODUCTION 

This chapter assesses the potential impacts of the 
DW project on Delta hydrodynamics, the movement of 
water through Delta channels. Effects assessed in the 
impact discussion of this chapter are possible changes in 
net Delta channel flows and local channel flows and 
stages resulting from implementation of the DW project. 
Other effects related to hyd!odynamics are discussed in 
this chapter but are analyzed more fully in other chapters. 
Chapter 3A, "Water Supply and Water Project Opera
tions", discusses issues related to effects ofthe DW pro
ject on the CVP and the SWP. Chapter 3C, "Water Qual
ity", discusses changes in levels of water quality variables 
that may result from changes in channel flows, including 
possible effects of reduced outflow on salinity intrusion. 
Chapter 3F, "Fishery Resources", discilsses possible 
effects on fish habitat associated with the position of the 
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estuarine salinity gradient that could result from changes 
in net channel flows and reduced Delta outflow. 

The DW reservoir islands may be used for water 
banking or for storage and discharge of water being 
transferred through the Delta by other entities. The 
frequency and magnitude of these uses is uncertain at this 
time, and such uses may be subject to further environ
mental review. The analytical tools described in this 
chapter could also be used to describe the effects of these 
uses. 

The discussion of hydrodynamics in this chapter 
includes several terms that may not be familiar to all 
readers. The following are definitions of key terms as 
they are used in this EIRIEIS: 

• Hydrology. General description of the move
ment of water in the atmosphere, on the earth 
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surface, in the soil, and in the ground; used in 
this EIR/EIS to refer to rainfall and streamflow 
conditions. 

• Hydraulia. Study of the practical effects and 
control of moving water; used to refer to the 
relationship between channel geometry and 
flow, velocity, and depth of water. 

• Stage. Water surface elevation; the elevation 
above mean sea level (msl) datum. 

• 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. 

• T'ldal prism. The volwne of water that moves 
past a location as the result of a change in tidal 
stage; used in this EIR/EIS to refer to the 
change in volwne betWeen low tide and high 
tide, estimated as the upstream water surface 
area times the change in tidal stage. 

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

• 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. 

• Conveyance. The flow capacity of a channel 
related to the hydraulic radius, used to describe 
the flow in channels. 

• Tidal flow. ·Flow caused by tidal changes in 
stage and hydraulic gradient; describes the fluc
tuating flows in a channel caused by the tide. 

• 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. 

• Transport. Movement of mass from one loca
tion to another; used in this EIRIEIS to refer to 
the movement of salt or fish from one location 
to another caused by net flows. 

• Ml:ling. Exchange of mass between two vol
umes; used in this EIRIEIS to refer to the move
ment of salt or fish from one location to another 
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caused by the tidal movement of water within 
the Delta channels. 

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

• 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. 

• Model calibration. Adjustments made to a 
model (i.e., equations or coefficient values) to 
provide results that more closely follow ob
served 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 de
scribing the obSCIVed behavior of the modeled 
variables; used especially during model appli
cation to conditions different from those used to 
calibrate the model. 

AFFECTED ENVIRONMENT 

Sources of Information 

Ongoing studies and analyses of the Bay-Delta have 
served as important sources of information on hydro
dynamics for this EIRIEIS (see those cited in Chapter 3A, 
"Water Supply and Water Project Operations"). The 
major source of information for this chapter was simu
lation results from the hydrodynamic and water quality 
modules of the Delta model developed by RMA. These 
models were used to simulate the effects of the DW 
project alternatives on Delta channel flows and salt 
transport. Appendix B 1, "Hydrodynamic Modeling 
Methods and Results for the Delta Wetlands Project", 
describes the RMA Delta hydrodynamic modeling 
results, and Appendix B2, "Salt Transport Modeling 
Methods and Results for the Delta Wetlands Project", 
describes the RMA Delta salinity modeling results, which 
are based on the hydrodynamic modeling results. 

Table 3B-l lists the available hydrologic information 
for describing historical Delta conditions. All hydrologic 
information (data and model results) are presented for 
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water years (beginning in October and ending in Sep
tember; for example, water year 1967 begins on October 
I, 1966, and ends on September 30, 1967). Historical 
Delta conditions are described with a combination of 
measurements and estimated values. Some historical 
conditions are represented by measured streamflows (i.e., 
Sa~amento River and San Joaquin River flows), and 
others consist of operational records (i.e., CCWD 
diversions). Many historical conditions must be 
estimated because measurements are not available. For 
example, DWR estimates DCC and Georgiana Slough 
flows, net channel depletion, QWEST flow, and Delta 
outflow. This chapter presents monthly average net 
channel flows simulated with the RMA Delta 
hydrodynamic model to complete the description of 
historical Delta conditions. 

RMA Simulations 

RMA performed modeling of Delta hydrodynamic 
and water quality conditions based on monthly average 
historical hydrology for the 25-year period of water years 
1967-1991 to be used in preparing this EIRJEIS. This 
period was selected because there are historical EC data 
for confirmation of model results and almost all major 
CVP and SWP facilities were operational during this 
period. 

The simulated monthly average results from the 
RMA model were summarized with a series of relation
ships that describe net channel flows, EC values and 
chloride (Cl") concentrations, and inflow source 
contributions at key locations. These relationships were 
incorporated into the impact assessment models 
developed for this EIRIEIS (the DeltaSOS model, the 
Delta Drainage Water Quality [DeltaDWQ] model, and 
the Delta Movement of Organisms Vulnerable to Entrain
ment [DeltaMOVE] inodel), as described below and 
shown in Figure 3-1 in Chapter 3, "Overview oflinpact 
Analysis Approach". 

The RMA model and other models used for the 
impact assessment ofDW project effects on hydrodyna
mics are described below under "Overview of Models 
and Modeling Tasks" in the.section "linpact Assessment 
Methodology". 

RMA Simulations and DeltaSOS 

As described in more detail in Chapter 3A, Delta
SOS is the monthly Delta operations modeJ developed by 
JSA to simulate operations of the DW project integrated 
with Delta operations of the CVP and SWP. Net channel 
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flows simulated with the RMA model have been 
described in the DeltaSOS assessment model as a series 
of algebraic "hydraulic geometry" equations that estimate 
channel flow splits and diversions as a function of Delta 
inflows, exports, and net channel depletions. DeltaSOS 
results include DW project diversions and discharges. 

Appendix A 1, "Delta Monthly Water Budgets for 
Operations Modeling of the Delta Wetlands Project", 
describes the hydrologic inputs for DeltaSOS simulations 
of the DW project; Appendix A2, "DeltaSOS: Delta 
Standards and Operations Simulation Model", describes 
application of the DeltaSOS model; and Appendix A3, 
"DeltaSOS Simulations of the Delta Wetlands Project 
Alternatives", presents the DeltaSOS monthly simulation 
results for operations of the DW project alternatives. 

RMA Simulations and DeltaDWQ 

DeltaDWQ is the monthly Delta water quality model 
developed by JSA to simulate the effects of Delta agri
cultural drainage on channel EC patterns and 
concentrations of dissolved organic carbon (DOC). 
RMA model results have been incorporated into the 
DeltaDWQ model for assessment ofDW project effects 
on water quality constituents. Delta channel EC patterns 
have been described in the DeltaDWQ assessment model 
as a series of algebraic "negative exponential" equations 
that estimate EC as a function of "effective" Delta 
outflow. Inflow source contributions have been 
described in the DeltaDWQ assessment model as mass 
balance "mixing" equations that estimate the inflow 
source contributions as a function of river inflows, 
exports, and diversions. Effects ofDW project diversions 
and discharges on inflow source contributions are in
cluded in the DeltaDWQ assessment model. 

DeltaDWQ is described in more detail in Chapter 
3C, "Water Quality". Appendix C4, "DeltaDWQ: Delta 
Drainage Water Quality Model", describes the appli
cation of the DeltaDWQ model for water quality impact 
assessment of the DW project. 

RMA Simulations and DeltaMOVE 

DeltaMOVE is the monthly Delta transport model 
developed by JSA to simulate the effects of Delta channel 
flows on movement of organisms wlnerable to entrain
ment. DeltaMOVE is a "mass balance" model that esti
mates net movement from both tidal mixing and net 
channel flows in 1 0 major Delta volume elements. The 
results of the RMA hydrodynamic modeling have been 
described in the DeltaMOVE assessment model to allow 
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evaluations of the net movement of organisms vulnerable 
to entrainment in exports or agricultural diversions. 
DeltaMOVE is described in more detail in Chapter 3F, 
"Fi.sbely Resources". Appendix F2, "Biological Assess
ment: Impacts of the Delta Wetlands Project on Fish 
Species", describes the application of the DeltaMOVE 
model for fishery impact assessment of the OW project. 

Regional Delta Hydrodynamics 

Delta hydrodynamics depend primarily on the 
physical arrangement of Delta channels, inflows, diver
sions and exports from the Delta, and tides. Delta hydro
dynamics govern channel flows and Delta outflow dyna
mics related to tidal variations in stage, velocity, and 
flow. Delta outflow dynamics have important effects on 
salinity intrusion and estuarine habitat conditions. 

Delta Channels 

Delta channels are generally less than 30 feet deep 
unless dredged and vary in width from less than 1 00 feet 
to over 1 mile. Some channels are edged with aquatic 
and riparian vegetation, but most are bordered by steep 
banks of mud or riprapped levees (Kelley 1966, 
DeHaven and Weinrich 1988). Vegetation is generally 
removed from channel margins to improve flow and 
facilitate levee maintenance. 

Delta hydrodynamic simulations depend on accurate 
geometry data for each of the Delta channels. Surface 
area is important in determining the upstream tidal flow 
for a given change in stage at a Delta channel location 
represented by a model node. Cross-sectional area is 
important for estimating channel flow velocity. Cross
sectional areas and lengths of channels (with corres
ponding friction factors) determine divisions of flow 
when tidal flows can move into more than one channel. 
Volwne detennines the change in stage corresponding to 
a tidal inflow or outflow at a channel location. Tidal 
flushing at a location can be estimated as the tidal flow 
divided by the volume. Table Bl-1 in Appendix Bl 
smrunarizes important hydraulic geometry data for major 
Delta channel segments. 

Delta Inflows 

'The RMA Delta model uses five separate inflows to 
the Delta as simulation inputs: Sacramento River, Yolo 
Bypass, San Joaquin River, eastside streams (including 
the Mokelumne, Cosumnes, and Calaveras Rivers), and 
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rainfall in the Delta. Historical monthly average inflows 
for 1967-1991 were used for simulations of historical 
Delta hydrodynamics using the RMA model. Historical 
data may not represent conditions that would occur with 
existing reservoir and diversion facilities and under 
current operations criteria. Therefore, monthly average 
inflows for 1967-1991 simulated by DWR's operations 
planning model DWRSIM are used for impact assess
ment modeling, as described in Chapter 3A, "Water 
Supply and Water Project Operations". The DWRSIM 
simulations are projections of Delta inflows and exports 
that would occur tmder the range of hydrologic conditions 
represented by the 70-year hydrologic record, but with 
current facilities and demand for exports and under 1995 
WQCP objectives. 

Historical Sacramento River flow is limited to about 
80,000 cfs, with higher flows diverted to the Yolo By
pass. Flows simulated by DWRSIM for low-flow periods 
are similar to historical values. Differences in the month
ly flows between the historical and simulated patterns 
may be attributed to changes in upstream reservoir opera
tions, upstream diversions, or releases made for Delta 
exports (changes in demands for beneficial water uses). 

Upstream storage and diversions have increased 
considerably in the San Joaquin River Basin during the 
25-year period. Increased storage has allowed greater 
diversions of runoff for seasonal storage and subsequent 
use. The San Joaquin River inflow to the Delta is now 
regulated to satisfy maximum salinity standards (with 
minimum flows) and pulse-flow requirements, as speci
fied in the 1995 WQCP. Although upstream storage and 
diversions from the eastside streams have changed over 
the 25-year period, historical and simulated monthly 
values for inflow are similar. 

'The monthly Delta rainfall estimate is combined with 
estimates of Delta ET to produce model inputs for Delta 
channel diversions and agricultural drainage. These esti
mates are described in Appendix A 1 and are similar to 
the net channel depletion values used in DWRSIM. 

Delta Divenions and Exports 

Delta export pumping occurs at four locations: the 
CVP Tracy Pumping Plant, the SWP Banks Pumping 
Plant, CCWD Rock Slough intake, and Vallejo and North 
Bay Aqueduct pumps at Barker Slough. 

Historical annual exports increased to approximately 
6 MAF during the late 1980s. Exports simulated by 
DWRSIM for the 1995 WQCP objectives averaged about 
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6 MAF, except in some low runoff years when this 
volwne of water was not available. 

Delta Tidal Effects 

Tidal changes strongly influence Delta channel con
ditions twice daily by changing water surface elevation, 
current velocity, and flow direction. The effects of ocean 
tides on Delta hydrodynamic conditions are modified by 
:freshwater inflow and diversion rates. The extent of tidal 
influence depends on the tidal prism volwne relative to 
river discharge at a particular Delta location, as described 
below. 

Tidal effects are more intense closer to Suisun Bay, 
but even in the central Delta, water surface elevation can 
vary by more than 5 feet during one tidal cycle. Tidally 
influenced channel velocities can range from -2 fps to 
more than +3 fps (with negative figures indicating up
stream flood tide flow). High riVer flows can cause high 
stages and velocities in some channel segments. Diver
sions and export pwnping can also increase channel 
velocities. 

Tidal effects are not uniform from day to day. There 
is a distinct pattern of tidal variations within a lunar 
month. The tidal range is greatest during "spring" tides 
and smallest during "neap" tides. The mean tide elevation 
may also change slightly during the spring-neap lunar 
cycle. This adds a net "tidal outflow" component to daily 
Delta outflow estimates. However, as described below 
under "Average Tide at the Downstream Boundary 
(Benicia)", the RMA hydrodynamic model simulated a 
constant average tide for every tidal day throughout each 
month. 

Delta Outflow Eft'eds 

Salinity Intrusion. Seawater intrusion in Suisun 
Bay is directly related to Delta outflow patterns. Salinity 
intrusion in the central Delta is increased when in-Delta 
diversions and exports, in combination with low Delta 
inflow, cause net flow to reverse in the lower San Joaquin 
River near Antioch and Jersey Point. Some salt is trans
ported into the central Delta by the tidal flow patterns. 
Historical 1968-1991 and simulated Delta salinity pat
terns are discussed in more detail in Chapter 3C, "Water 
Quality", and in Appendix B2, "Salt Transport Modeling 
Methods and Results for the Delta Wetlands Project". 
The possible effects ofDW project operation on salinity 
intrusion are assessed in Chapter 3C. 
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Estuarine Entrapment Zone. The estuarine 
"entrapment zone", or null zone, is an important aquatic 
habitat region associated with high levels of biological 
productivity. The entrapment zone is the zone of transi
tion between gravitational circulation and riverlike net 
seaward flow. Gravitational circulation is the flow 
pattern caused by salinity (density) gradients in which 
mean bottom flow is landward and mean surface flow is 
seaward. Gravitationally induced currents are usually 
small fractions of tidal currents and are weakened by 
enhanced vertical mixing associated with increased tidal 
flows (Smith 1987). In general, gravitational currents are 
highest in the region of the steepest salinity gradient (i.e., 
greatest change in salinity with distance). High outflows 
move the salinity gradient seaward, decreasing the in
fluence of gravitational circulation on the Delta. 

The location of the entrapment zone is determined by 
the magnitude and duration of Delta outflow. The zone 
moves seaward rapidly in response to increased fresh
water discharge. With decreased discharge, the zone 
gradually moves upstream. The hydrodynamic behavior 
of the estuarine entrapment zone has been described by 
Arthur and Ball (1980). EPA has recently proposed that 
the location of the upstream boundary of the entrapment 
zone (salinity of 2 ppt), referred to as X2, is an 
appropriate estuarine management variable (San 
Francisco Estuary Project 1993). Estuarine habitat 
standards for the February-June period have been 
included in the 1995 WQCP. The possible effects ofDW 
project operation on estuarine habitat conditions are 
assessed in Chapter 3F, "Fishery Resources". 

Hydrodynamics near the DW 
Project Islands 

Hydrodynamics in channels adjacent to DW project 
islands (Figure 2-1 in Chapter 2, "Delta Wetlands Project 
Alternatives") depend largely on overall Delta hydro
dynamics. The channels bordering Bacon Island and 
Holland Tract function primarily as transport channels 
moving water toward the export pwnps. Net flow in 
these channels generally moves upstream toward the 
CVP and SWP pwnps and the CCWD intake. Sand 
Mound Slough along the west side of Holland Tract is 
blocked by a tide gate at the Rock Slough confluence that 
permits flow only to the north during ebb tides, to prevent 
water and salt movement into Rock Slough from Sand 
Mound Slough. 

Webb Tract is bordered by the San Joaquin River on 
the north and east, Fishermans Cut on the west, and False 
River on the southwest. Franks Tract, a flooded island 
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area, is south of Webb Tract. Net flow near Webb Tract 
is usually westerly, except during periods of low Delta 
inflow and high export volwnes, when net flow reverses 
and water is transported into Old River and toward the 
CVP and SWP pumps. 

Bouldin Island is bordered by the Mokelumne River 
on the north and west, Little Potato Slough on the east, 
and Potato Slough on the south. Net flow around Bouldin 
Island is nearly always toward the San Joaquin River. 
Reverse flows, during periods of low Delta inflow and 
high export volumes, occur only in Potato Slough 
(reverse flow to the east) along the southern edge of the 
island. 

Existing irrigation diversions and agricultural drain
age discharges probably have minor effects on adjacent 
channel hydrodynamics. Hydrodynamic effects of these 
diversions and discharges are small compared with 
tide-induced fluctuations in water surface elevation, 
velocity, and channel flow. ..-

IMPACT ASSESSMENT 
METHODOLOGY 

Analytical Approach and 
Impact Variables 

Overview of Models and Modeling Tasks 

As indicated above under "Sources of Information", 
several models have been used for the impact assessment 
of DW project effects on water supply, hydrodynamics, 
water quality, and fisheries. Results from DWRSIM 
were used as the initial water budget for DeltaSOS simu
lations of the No-Project Alternative and the DW project 
alternatives (see Appendix A3). Results from DeltaSOS 
simulations were used as the inputs for various impact 
assessment models. The hydrodynamic and water quality 
modules of the RMA Delta model were used to simulate 
historical monthly average net channel flows and EC 
patterns and to estimate inflow source contributions in 
major Delta channels and ~rt locations. The results 
from the RMA models were incorporated into the impact 
assessment models. This section provides an overview of 
the most important steps in the formulation, calibration, 
confirmation, and application of these models. 

Table 3B-2 summarizes preliminary calibration and 
confirmation tasks for the RMA Delta hydrodynamic and 
water quality models. The source of required data for 
each of the models is given in the first column. The 
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models used in each task are listed in the second column. 
The prelimiruuy calibration or confirmation analysis (i.e., 
purpose for each task) is listed in the third column. The 
fourth column indicates where the results of the analysis 
can be found in the EIRIEIS or in supporting references. 

The RMA hydrodynamic model was originally cali
brated (by adjustment of hydraulic roughness coeffi
cients) with historical tidal stage data from several loca
tions in the Delta. The calibration was demonstrated with 
July 1979 data from 12 locations. The RMA Delta 
hydrodynamic model is described below under "RMA 
Hydrodynamic Model Formulation and Assumptions"; the 
model and tidal calibration are also described in 
Appendix B I. A more complete description of the model 
and calibration can be found in Smith and Durbin ( 1989). 

The long-term tide pattern at the downstream bound
ary (near Benicia) was used to simulate tidal hydraulics 
(stages, flows, and velocities) in the major Delta 
channels. Results of these simulations are summarized in 
this chapter and more fully described in Appendix B I. 

Historical Delta inflows and exports were used to 
calibrate the RMA water quality model (by adjusting tidal 
mixing coefficients) with daily patterns ofEC at 19 Delta 
locations for 1972. Flows and EC data for 1976 and 
1978 were used to confirm the RMA water quality model 
results. These results are shown in Smith and Durbin 
(1989). 

Historical monthly average Delta inflows and 
exports for water years 1967-1991 were used as inputs to 
the RMA Delta model to simulate monthly average net 
channel flows in the Delta. The simulated historical net 
Delta channel flows are used as a reference with which to 
compare the simulated No-Project Alternative channel 
flows. The simulated channel flows are summarized in 
this chapter and Appendix B I. The simulated net chan
nel flow "split" relationships were evaluated and sum
marized with equations that were incorporated into the 
DeltaSOS model (Appendix A2). The most important 
net channel flow-split relationships are presented in this 
chapter and Appendix B I. 

Because Delta channel flows were not measured 
during the 1967-1991 period, daily EC measurements 
were used to provide indirect confirmation of the RMA 
hydrodynamic and water quality model simulations. 
Monthly averages of daily EC records (minimum, mean, 
maximum) collected by Reclamation and DWR for 1968-
1991 and compiled by CCWD (Leib pers. comm.) were 
used to confirm the end-of-month EC patterns simulated 
by the RMA Delta hydrodynamic and water quality 
models using monthly average inflows and exports for 
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1967-1991. The measured and simulated EC patterns 
were evaluated and summarized with equations that were 
incorporated into the DeltaDWQ model (Appendix C4). 
The results of these historical monthly EC simulations are 
shown in Chapter 3C and Appendix B2. 

Table 3B-3 shows the three major tasks for 
assessment of impacts of the DW project on 
hydrodynamics. The assessment of hydrodynamic 
impacts of each DW alternative was accomplished by 
comparison with Delta hydrodynamic conditions 
simulated for the No-Project Alternative under the 1995 
WQCP objectives, as described in Chapter 3A. 

Delta inflows and exports and DW operations 
(diversions and discharges for export) were simulated 
with the DeltaSOS model, as described in Chapter 3A 
and in Appendices A2 and A3. The DWRSIM-simulated 
water supply conditions were compared with historical 
reservoir inflows and Delta conditions in Appendix A I , 
"Delta Monthly Water Budgets fOr Operations Modeling 
of the Delta Wetlands Project". 

The Delta hydrodynamic model was used to simulate 
channel tidal flows and velocities during maximum OW 
diversions and maximum DW discharge conditions. 
Representative inflows and exports were selected for 
these simulations. The results are given in Appendix B 1 
and summarized in this chapter. 

The results of the DeltaSOS model simulations of net 
flows for the No-Project Alternative and each DW 
project alternative are presented in this chapter as the 
DW project hydrodynamic impact assessment. 
Appendix B I provides a more detailed description of 
these hydrodynamic simulations. The results of the 
DeltaDWQ model simulations of source contributions 
and EC based on the simulated channel flows are 
presented in Chapter 3Cand Appendix B2. 

RMA Hydrodynamic Model Formulation and 
Assumptions 

The RMA Delta model, developed jointly with 
DWR, represents the hydrodynamic responses of the 
Delta to tidal fluctuations and inflows. The model is a 
branched one-dimensional formulation representing the 
Delta as a network of volume elements (nodes) and 
channels (links). Nodes are discrete units characterized 
by surface area, depth, side slope, and volume as a 
fi.mction of water depth (stage). Nodes are interconnected 
by channels (links), each characterized by length, cross
sectional area, hydraulic radius (depth), and friction 
factor (Manning's "n" value) as a function of water depth. 
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Water is modeled to flow from one node to another 
through one or more links representing the significant 
channels between nodes (Smith and Durbin 1989). A 
node represents about half the volume of the channels 
connecting to the node. Thus, the full channel volume is 
represented by the two nodes connected to the channel 
(link). The RMA Delta model is formulated with appro
ximately 375 nodes and 465 connecting channels (see 
Figure Bl-1). 

The RMA Delta model combines a hydrodynamic 
module and a water quality module. The hydrodynamic 
portion of the model simulates average velocity and flow 
in the cross section of each channel (link) and the average 
stage at each volwne element (node) throughout a typical 
tidal stage variation and with specified monthly average 
inflows. Tidal flows simulated with the hydrodynamic 
model are used to estimate net channel flows and tidal 
mixing between model nodes, both of which are used to 
simulate mixed concentrations of water quality variables 
at model nodes in the RMA water quality model, as 
described in Appendix B2. 

The hydrodynamic portion of the model operates on 
a 1.5-minute time step and estimates stage at the nodes 
and velocity and flow (and direction) in the Delta 
channels for a repeating average tide. The model re
quires boundary conditions to be specified for Delta 
inflows, Delta exports, and the average tidal boundary 
conditions at the downstream end of Suisun Bay near 
Benicia. Delta agricultural diversions and drainage 
discharges are treated as sinks or sources at appropriate 
nodes. 

Time Step of Inputs and Calculations. The RMA 
model can use any desired time step for inputs. The 
impact assessment of the DW project used monthly 
average flows for the 25-year period of water years 1967-
1991 and DW operations specified as monthly average 
diversions and discharges for each of the four DW 
islands. Although hydrologic conditions can be specified 
and used in the RMA model at a daily time step, monthly 
simulations are considered accurate enough for impact 
assessment of the DW project. Conventional water 
supply planning models (i.e., DWRSIM and PROSIM) 
simulate monthly average conditions. Seasonal and year
to-year impacts can be generally described with monthly 
model results. Variations in DW operations resulting 
from daily changes in river inflows, Delta exports, or 
DCC gate operations for flood control or fishery manage
ment were not simulated for the hydrodynamic impact 
assessments. Possible effects of daily operations of the 
DW project are discussed in Appendix A4, "Possible 
Effects of Daily Delta Conditions on Delta Wetlands 
Project Operations and Impact Assessments". 
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The RMA model summarizes hydrodynamic results 
as average ebb tide flow, average flood tide flow, and net 
(positive or negative) channel flows for each set of 
hydrologic inputs (net flow = ebb tide flow - flood tide 
flow). The sign convention of the RMA model is based 
on the assumption that positive flow in a channel is from 
a lower nwnber node to a higher nwnber node. Most 
node nwnbers increase from upstream to downstream so 
that positive channel flows correspond to river flow and 
ebb tide flow. Flood tide flows for these channels are 
negative. Because the hydrologic inputs to the RMA 
model for the DW impact assessment were monthly 
averages. the model outputs are also monthly average net 
channel flows. The RMA model simulates tidal hydraul
ics for the specified 19-year average Benicia tide, but the 
net channel flows are monthly averages. DW project 
operations are simulated as constant diversions or dis
charges over monthly periods. 

Average Tide at the Downstream Boundary 
(Benicia). The tidal boundary condition used in the 
RMA model is the 1 9-year average of measured tides at 
Benicia typically used in Delta hydrodynamic studies. 
Although averaging tide measurements smooths the 
differences between extreme tides throughout the lunar 
tide cycle (28 days), it is justified because the hydrologic 
inputs used in the impact assessment simulations are 
monthly averages. The hydrodynamic model repeats this 
average tide for each set of monthly inputs. Because the 
tidal cycle is 25 hours long, net channel flows are 
averages for the 25-hour tidal period in units of cfs. 

Hydrologic Inputs. The required hydrologic inputs 
for the RMA Delta model consist of monthly river 
inflows, Delta exports, agricultural diversions and 
drainage flows, and simulated DW diversions and dis
charges for each island. The model inputs are specified 
in a hydrologic input file, with monthly values for water 
years 1967-1991 for each required input variable. 
Historical inflows and exports were used for the historical 
simulations. Values for river inflows, Delta exports, and 
combined DW project diversions and discharges were 
obtained from DeltaSOS model results for simulation of 
eachDW alternative and the No-Project Alternative (see 
Appendix A3). 

Simulated Delta Facilities. The simulation results 
produced by the RMA model depend on asswnptions 
regarding Delta channel configurations and geometry, the 
DCC gate operation pattern, Delta export pwnping 
capacities for the CVP Tracy Pwnping Plant and the 
SWP Banks Pumping Plant, permitted pwnping rate for 
Banks Pumping Plant, and the tidal operation pattern of 
the Clifton Court intake and the Suisun Marsh salinity 
control gate. 
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The hydrodynamic analysis for this EIRIEIS included 
the assumption that channel geometry will remain 
unchanged, without any of the modifications that have 
been proposed by DWR for north Delta or south Delta 
channels. Existing CVP and SWP pwnping capacities, 
as simulated by the DeltaSOS model (described in 
Appendix A2), were also assumed in the RMA model to 
remain unchanged The hydrodynamic analysis assumed, 
however, that the proposed gate at the head of Old River 
was in place and operational, as described in the 1995 
WQCP. 

The RMA model inputs specified monthly operation 
(open or closed) of the Delta channel control gates at the 
DCC, the Suisun Marsh salinity control gate, and the 
proposed barrier at the head of Old River. Appendix A2 
describes the assumed operation of these Delta facilities. 
The partial temporary barriers that have been installed 
and operated by DWR in the south Delta were not simu
lated. 

Simulation of Tidal Gate Operations in the 
Delta. Several Delta tidal gates are operating and several 
others are proposed. The most important Delta tidal 
gates currently in operation are the gate at the entrance to 
Clifton Court Forebay and the Suisun Marsh salinity 
control gate. The RMA model also simulated operating 
tidal gates on Tom Paine Slough in the south Delta and 
on Sand Mound Slough at Rock Slough. The RMA 
model also simulated the DCC gates and the gates at the 
head of Old River, but these gates were assumed to be 
either open or closed during an entire month and there
fore were not simulated to operate as tidal gates. 

Clifton Court Forebay. Inflow to Clifton 
Court Forebay is controlled by a gated weir that allows 
inflow dming high tides and prevents outflow during ebb 
tides. The gate is represented in the RMA Delta model 
by a channel that approximates the head loss through the 
gated weir. The RMA model computes Clifton Court 
inflow based on channel hydraulic characteristics and the 
simulated head difference between Old River and Clifton 
Court, assuming a constant outflow to the Banks Pump
ing Plant. The gate is asswned to be open for several 
hours near high tides to approximate the current opera
ting schedule. 

Suisun Marsh Salinity Control Gate. The 
RMA Delta model simulates operation of the tidal gate 
that controls flow into Montezuma Slough. Operation of 
the tidal gate produces a net inflow of Sacramento River 
water into the Suisun Marsh channels for salinity control. 
Almost all flood tide flow (i.e., out of Suisun Marsh into 
the Sacramento River) is blocked by the gates. During 
ebb tide, in contrast, the gates are held open, thus pro-

Ch 3B. Hydrodynamics 

September 1995 



ducing a net ebb flow of low-salinity water from the 
Sacramento River into Suisun Marsh. The magnitude of 
the net ebb flow depends on the Sacramento River flow. 

Simulated Delta Tidal Hydraulics 

In RMA hydrodynamic simulations, the same aver
age tide is used for all specified inflows and exports. 
Therefore, a single pattern ofDelta tidal flows induced by 
the average tide, without any inflows or exports, can be 
described for all hydraulic simulations. A more complete 
description of simulated Delta tidal hydraulics is given in 
Appendix B 1, "Hydrodynamic Modeling Methods and 
Results for the Delta Wetlands Project". Table B 1-2 in 
Appendix B 1 shows simulated tidal flows and tidal 
excursions for selected Delta locations. 

Simulated 25-hour average flood tide flows through
out the Delta are summarized in Figure 3B-l. Arrows 
indicate the direction of flow dufing flood tide. The flow 
in most Delta channels will switch direction during ebb 
tide. Because the RMA model uses the average tidal 
pattern as the underlying basis for simulation of all 
monthly average Delta inflows and exports, net channel 
flows estimated by the RMA model are in addition to the 
average tidal flows shown on this "tidal map" of the 
Delta. 

Tidal flows throughout the Delta provide tidal 
exchange mixing that governs salinity intrusion, tidal 
flushing flows that control water quality, and tidal 
currents that may influence fish movement and transport 
of planktonic organisms. Because the time of peak tidal 
flows is delayed as the tide progresses upstream, tidal 
flows in the south and north Delta are out of phase with 
the Benicia boundary condition. 

Appendix B 1 presents detailed descriptions and geo
graphical representations of tidal hydraulics at important 
locations throughout the Delta as simulated by the RMA 
hydrodynamic model A series of figures in Appendix B 1 
shows simulated tidal flows over the 25-hour tidal cycle 
at locations in Suisun Bay; along the Sacramento, San 
Joaquin, Old, Middle, and Mokelunme Rivers; and in the 
south Delta. 

Simulated Historical Delta Channel Flows 

The RMA Delta hydrodynamic model was used to 
simulate monthly average Delta channel flows for the 25-
year 1967-1991 period, based on historical monthly 
average inflows and exports obtained from DWR's 
DA YFLOW database. The resulting channel flows are 
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described here because they provide the basic flow pat
terns that govern possible hydrodynamic, water quality, 
and fisheJy impacts. The specified historical inflows and 
exports and the simulated channel flows are described in 
detail in Appendix Bl (see section entitled "Simulations 
of Monthly Average Net Delta Channel Flows Using 
Historical Delta Inflows and Exports"). 

The channel flows simulated by the RMA model and 
described in this section are net flows superimposed on 
the average tidal flows described in the previous section. 
These net channel flows represent Delta hydrodynamic 
conditions that would have been associated with histor
ical Delta inflows and exports during 1967-1991. Much 
of this period was prior to the increase in Delta export 
demand to the levels reached in the late 1980s. The 
results of this historically based simulation of Delta flows 

· provide a reference baseline for evaluating the simulated 
Delta hydrodynamics for the No-Project Alternative and 
the DW project alternatives, in the absence of historical 
measurements characterizing Delta channel flows. 

Sacramento River Channel Flows. Sacramento 
River diversions into Steamboat and Sutter Sloughs and 
into the DCC and Georgiana Slough are determined by 
channel geometry, tidal hydraulics, Sacramento River 
inflow, and operation of the DCC gates. Delta exports, 
Mokelunme River or Yolo Bypass inflows, and other 
Delta conditions do not substantially affect these Sacra
mento River diversions, according to the RMA Delta 
model results. 

Figure 3B-2 shows the historical Sacramento River 
inflow and the RMA-simulated diversions to Steamboat 
and Sutter Sloughs, the DCC, and Georgiana Slough for 
water years 1967-1991. The RMA model results based 
on historical inflows indicate that a considerable portion 
(20%-400/o) of the Sacramento River inflow is diverted 
into Steamboat and Sutter Sloughs and returned to the 
Sacramento River channel at Rio Vista (see Figure B 1-25 
in Appendix B 1 ). 

The RMA model results also indicate that a con
siderable portion (15%-60%) of the Sacramento River 
inflow is diverted into the DCC and Georgiana Slough 
and conveyed into the central Delta. Simulated channel 
flows indicate that, when the DCC is open, DCC flow is 
greater than Georgiana Slough flow (see Figure B 1-26 in 
Appendix B 1 ). Closing the DCC increases the Geor
giana Slough flow but reduces diversions from the Sacra
mento River by about half. Because the DCC is closed 
when Sacramento flows are greater than 25,000 cfs, the 
range of diversions to the DCC and Georgiana Slough is 
relatively constant, between approximately 4,000 cfs and 
12,000 cfs. 
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1be RMA model results indicate that a considerable 
portion of Sacramento River flow below Rio Vista is 
diverted through Threemile Slough to the San Joaquin 
River. The proportion of the Sacramento River flow 
diverted into Threemile Slough is greatest when central 
Delta outflow (QWEST flow) is negative (i.e., net San 
Joaquin River flows are reversed upstream into the 
central Delta). The diverted Threemile Slough flow is 
usually greater than the reversed San Joaquin River flow, 
so that the simulated flows at Antioch (which are the sum 
of QWEST and Threemile Slough flows) were almost 
always positive. 

For the simulations based on historical inflows and 
exports, the Suisun Marsh salinity control gate was 
assumed to be open (i.e., not forcing fresh water into 
Suisun Marsh). Net channel flows simulated to be 
diverted through Montezwna Slough into Suisun Marsh 
are about 2% of Delta outflow for moderate and high 
Delta outflows (see Figme B 1-28). At a Delta outflow of 
10,000 cfs, however, Monte:zulna Slough net flow is 
simulated to be zero. When Delta outflow is less than 
10,000 cfs, a small upstream net flow transports water 
from Suisun Marsh into the Sacramento River channel 
near Collinsville. 

San Joaquin River Channel Flows. The San 
Joaquin River divides into several distributary channels 
through the Delta. Figure 3B-3 shows historical 1967-
1991 San Joaquin River inflow at Vernalis and flow 
downstream of the head of Old River simulated by the 
RMA model. The historical simulations did not include 
an Old River barrier (temporary barriers have been used 
in some years). The RMA model simulates diversions 
into the head of Old River to be about 60% of San 
Joaquin River inflow when the inflow is above 2,000 cfs 
and is not directly affected by exports. Nearly all San 
Joaquin River inflow is diverted into Old River when the 
San Joaquin River inflow is less than about 2,000 cfs (see 
Figure Bl-30). When San Joaquin River inflow is less 
than 2,000 cfs, a slight reverse flow in the upper San 
Joaquin River below the head of Old River is simulated 
by the RMA model when exports exceed the San Joaquin 
River inflow. 

Water flows out of the central Delta through the 
lower San Joaquin River and through Franks Tract and 
several connecting channels (Fishermans Cut, False 
River, and Dutch Slough). Central Delta water consists 
of inflows from the San Joaquin River and eastside 
streams as well as Sacramento River flow diverted 
through the DCC and Georgiana Slough. In the RMA 
model simulation, False River carries about 40% of the 
central Delta outflow (QWEST flow), whereas Dutch 
Slough carries about 5% of central Delta outflow. About 
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55% of total central Delta outflow remains in the main 
channel of the lower San Joaquin River (see Figure B 1-
32). 

Hydraulic relationships govern the magnitude of 
channel flows in Old and Middle Rivers regardless of the 
direction of flow. As simulated by the RMA model, 
flows in Old and Middle Rivers move downstream during 
periods of high San Joaquin River inflow. During 
periods of low San Joaquin River inflow, Old and Middle 
River flows are usually reversed, however, and move 
from the central Delta upstream toward the Delta export 
locations at the Banks and Tracy Pumping Plants. 

Figure 3B-4A shows the hydraulic flow split simu
lated by the RMA model between the Old River and 
Middle River channels at Bacon Island for 1967-1991 
historical Delta inflows and exports. The simulation 
location is north of the Santa Fe Cut and Woodward 
Canal, which transport flows between Old and Middle 
Rivers, and corresponds to the tidal flow measurement 
stations installed by USGS and DWR in 1987. The 
simulated channel flows indicate that Old River conveys 
about 60% of the total flow and Middle River conveys 
about 40% of the total flow in the two channels. The 
simulated division of flow between Old and Middle 
Rivers remains consistent whether the flow is down
stream during high San Joaquin River inflows or up
stream to supply Delta export pumping. 

USGS flow data provide an opportunity to test and 
confirm RMA simulations of Delta channel flows in this 
portion of the Delta. Figure 3B-4B shows the measured 
relationship between Old River and Middle River flows 
obtained from USGS daily measurements of channel flow 
for 1987-1989. The USGS measurements indicate that 
approximately 55% of the total flow is in Middle River 
near Bacon Island and about 45% is in Old River. The 
procedures used by USGS to calibrate the flow mea
surement stations have not been published. The differ
ence between the USGS estimates and the RMA-simu
lated division of flows between the two channels can be 
resolved by adjusting values for modeled channel 
geometry variables (and assumed friction factors) in the 
two channels. These adjustments (i.e., Old River from 
6()0/o to 45% of flow) were not made for the OW project 
impact assessments because the likely effects of these 
channel flow adjustments on hydrodynamic, water qual
ity, or fishery impacts were considered relatively minor. 
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Criteria for Determining 
Impact Signif"acance 

Assessment of the Delta hydrodynamic impacts of 
OW project operations was accomplished by considering 
hydrodynamic variables in the Delta and selecting those 
that would likely be changed or influenced by OW oper
ations. The selected "impact variables" were then 
analyzed with the RMA Delta model to determine 
whether significant changes from the simulated No
Project Alternative conditions would likely occur with 
any proposed OW project operations. 

Delta hydrodynamic variables that were determined 
to be outside the influence of the proposed OW project 
operations were not selected as impact variables. This 
screening evaluation was based on the recognition that 
basic hydrologic conditions in the Sacramento and San 
Joaquin River Basins and tidal fluctuations from San 
Francisco Bay are beyond the cbntrol of any proposed 
OW project operation. 

Possible Hydrodynamic Impact Variables 

The following types ofDelta hydrodynamic variables 
were considered in the initial selection process: 

• Local channel velocities and stages that respond 
to changes in tidal prism volume caused by 
flooding or diking of tidal wetlands, changes in 
channel geometry, or changes in the operation 
of tidal gates or major siphons; 

• Delta export flows that respond to changes in 
pumping limitations (physical or regulatory), 
export demands, Delta inflows, Delta water 
quality standards, or required minimum Delta 
outflows or QWEST flows; 

• Delta outflows that respond to changes in 
required minimum outflows, Delta inflows, 
Delta exports, or net in-Delta diversions; 

• Delta channel net fl.Qws that respond to changes 
in Delta inflows, diversions, and exports; modi
fied operations of Delta facilities (DCC, Clifton 
Court Forebay, and Suisun Marsh salinity 
control gate); and modified channel conveyance 
capacities that might be affected by dredging, 
widening, clearing, cutting of new Delta chan
nels, installation of barriers, or the presence of 
different hydraulic gradients (water surface 
slope); and 
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• Delta inflow source contributions of Sacra
mento River or San Joaquin River inflows, east
side streams, agricultural drainage, tidal mixing 
fran the downstream Benicia boundary, or OW 
project discharges. 

Possible types of effects of OW operations on each 
hydrodynamic variable are briefly described below. 
Selected impact variables are summarized in Table 3B-4, 
with the method of analysis and assessment and the Delta 
locations selected to represent possible hydrodynamic 
effects ofDW operations. Several Delta hydrodynamic 
variables would probably not be changed by OW project 
operations. 

Local Channel Velocities and Stages. The OW 
project may change Delta hydraulics in local channels 
adjacent to proposed OW siphons or discharge pumps. 
These possible effects were evaluated with RMA Delta 
model simulations of flow, velocity, and stage with 
maximum (i.e., worst-case) OW diversions and dis
charges and appropriate Delta inflow and export con
ditions. Simulations were performed for Delta channels 
surrounding each OW project island (Bacon Island, 
Webb Tract, Bouldin Island, and Holland Tract). Results 
are discussed later in this chapter. 

The significance criteria for possible local channel 
hydraulic effects were exceedance of the historical flows 
or exceedance of a scouring velocity threshold of approx
imately 3 fjJs (Suits pers. comm.). Channel flows in the 
Delta are highly variable. Increases above the historical 
range of channel flows may, however, cause unrecog
nized effects. Therefore, hydraulic effects ofDW project 
diversions or discharges are considered significant if they 
increase local Delta channel flows above the historical 
range or if they produce channel velocities of greater than 
3 fps. 

Delta Exports. The OW project might change 
Delta exports and associated channel flows toward the 
export pmnping plants by providing an additional source 
of water. Possible increases in Delta exports in general 
have been simulated using the DeltaSOS model, as 
described in Chapter 3A, "Water Supply and Water 
Project Operations", and Appendix A3, "DeltaSOS Simu
lations of the Delta Wetlands Project Alternatives". 
RMA Delta hydrodynamic ·simulations were used to 
evaluate potential effects of OW project operations on 
export volumes at individual export locations (see "Delta 
Inflow Source Contributions" below) and associated 
channel flows leading toward the export pumps. 

Significance criteria for these possible effects on 
exports and channel flows were developed based on 
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historically permitted export capacities and the corres
ponding channel flows that have been associated with 
historical exports. The Corps' restrictions for the SWP 
Banks Pumping Plant allow it to increase its diversion 
into Clifton Court Forebay by one-third of the San 
Joaquin River flow when that flow is greater than 
1,000 cfs at Vernalis during December IS-March IS. 
The physical pwnping capacity at the SWP Banks 
Pwnping Plant that can be used to export this extra water 
is approximately 3,620 cfs, for a total asswned SWP and 
CVP export capacity of 14,500 cfs (10,300 cfs at Banks 
and 4,200 cfs at Tracy). The extra rate ofSWP export 
pwnping, with existing Clifton Court intake facilities, was 
successfully demonstrated by DWR during February 
1993. 

Under the Corps' restrictions for the SWP Banks 
Pumping Plant, DW discharges for export cannot cause 
Delta exports and associated channel flows to increase 
above specified historical export pwnping rates and 
channel flows (3-day average of 6,680 cfs). Therefore, it 
is asswned that proposed DW project alternative opera
tions would not result in significant impacts on exports or 
associated channel flows. Possible effects ofDW opera
tions on export water quality and fisheries are described 
in Chapter 3C, "Water Quality", and Chapter 3F, "Fishery 
Resources", respectively. 

Delta Outflow. The DW project may change Delta 
outflow by diverting water for seasonal storage on the 
:reseiVoir islands during periods of excess Delta inflows, 
or by discharging some or all of the stored water for 
increased Delta outflow to potentially benefit fish and 
estuarine habitat conditions as directed by water pur
chasers. Reducing agricultural diversions onto the DW 
project islands may increase Delta outflow. Possible 
effects ofDW project operations on Delta outflows were 
simulated with the DeltaSOS model, as described in 
Chapter 3A and Appendix A3. 

Proposed DW diversions to reservoir island storage 
would generally occur only during periods of high Delta 
outflow; therefore, effects on Delta outflow would often 
be proportionately small. However, potential DW diver
sions are sizable (averaging 4,000 cfs during periods of 
diversion), and reductions- in Delta outflow during 
periods ofDW diversions were simulated in the Delta
SOS modeling. 

As discussed in Chapter 3A, the 1995 WQCP 
specifies monthly minimwn Delta outflow objectives as 
necessary flows for fish transport, as necessary flows to 
control salinity intrusion at agricultural control locations 
during the irrigation season or at municipal water supply 
intakes, or as required outflow for estuarine habitat man-
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agement. Many of the salinity standards can be appro
ximated with "equivalent" Delta outflow standards. The 
minimwn Delta outflow allowed by the 1995 WQCP is 
approximately 3,400 cfs during dry and critical year types 
and 4,500 cfs in other year types. During the irrigation 
season, the 1995 WQCP requires a minimwn Delta out
flow of about 7,000 cfs to control salinity intrusion at 
Emma ton. 

SWRCB terms and conditions in any water right 
permit granted for DW project operations would prohibit 
violation of Delta outflow or salinity requirements. 
Therefore, the modeling performed for this impact assess
ment did not allow these requirements to be exceeded, 
and DW project effects on Delta outflow were not selec
ted as a hydrodynamic impact variable in this chapter. 
However, the simulated effects of DW operations on 
Delta outflow are reported in Appendix B I (Table Bl-
11) for 1968-1991, and the secondary effects of DW 
project effects are assessed in other chapters. Possible 
effects of reduced outflow on salinity intrusion are 
described in Chapter 3C, "Water Quality". Possible 
effects of reduced Delta outflow on the position of the 
estuarine salinity gradient and associated fishery habitat 
and transport are described in Chapter 3F, "Fishery 
Resources". 

Delta Channel Net Flow. The DW project would 
change flows in some Delta channels because diversions 
to the DW :reseiVoir islands and discharges from the DW 
islands would be modifications of existing agricultural 
operations. Changes in diversion and discharge from No
Project Alternative conditions include: 

• reduced agricultural diversions for irrigation, 
salt leaching, and weed control; 

• increased diversion for flooding and managing 
wildlife and waterfowl habitat; 

• diversion of excess Delta inflow for seasonal 
storage on the reservoir islands, including 
temporary storage of water being transferred 
from upstream reservoirs for export; and 

• discharge of seasonal storage to increase Delta 
export and/or increase Delta outflow. 

Proposed DW operations would also modifY hy
draulic gradients in some Delta channels. During diver
sion periods of several weeks, lowered stage levels at the 
DW intake siphons may cause flows in several central 
Delta channels to increase. During the discharge periods, 
increased stage at the DW discharge locations may cause 
flows in Old and Middle Rivers and their connecting 
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canals to increase. Potential effects of DW diversions 
and discharges on local Delta channel flows were simu
lated with the RMA Delta hydrodynamic model. The 
DeltaSOS assessment model was used to evaluate 
changes in monthly average net channel flows at selected 
locations. 

DCC and Georgiana Slough flows simulated by the 
RMA model depend directly on Sacramento River inflow 
and are not directly affected by Delta exports or DW 
project operations. In contrast, net central Delta outflow 
downstream of the Mokelumne River (i.e., QWEST flow) 
would be reduced by DW diversions. 

Channel flows at three locations have been selected 
to describe possible effects ofDW project operations on 
Delta channel net flows: 

• San Joaquin River flow at Antioch is used to 
indicate net Delta outflow from the central 
Delta. Threemile Sloo'gh flow from the Sacra
mento River to the San Joaquin River upstream 
of Jersey Point also contributes to Antioch 
flows. San Joaquin River flow at Antioch is 
almost equivalent to the flow that will be mea
sured by USGS at Jersey Point with its newly 
established flow-monitoring station. (Dutch 
Slough contributes to Antioch flow but not to 
Jersey Point flow.) 

• Threemile Slough flow represents flow between 
the Sacramento River near Emmaton and the 
San Joaquin River near Bradford Island, up
stream of Jersey Point and False River. Three
mile Slough flows are influenced by Sacra
mento River flow and San Joaquin River flows 
from the central Delta (QWEST flow). Closure 
of the DCC increases Threemile Slough flow 
because Sacramento River flows are increased 
and QWEST flows are reduced. 

• Old River flow at Bacon Island is used to 
indicate flow past Bacon Island and Holland 
Tract. Negative flows at this location (i.e., up
stream) indicate that net flow is moving toward 
the Delta export pUOlps. The Old River channel 
carries approximately half the total net flow 
toward the export pumps. The remainder flows 
in Middle River on the east side of Bacon and 
Victoria Islands. Old River therefore represents 
flow conditions in both Old River and Middle 
River. USGS has operated a flow-measuring 
station on Old River and Middle River down
stream (north) of Woodward Canal near Bacon 
Island. 
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Delta channel flows are highly variable because of 
hydrologic variability in tidal flows and Delta inflows and 
exports. Increases in channel flows above historical 
flows may cause unrecognized effects. Therefore, DW 
project effects are considered significant if they increase 
channel flows above historical flows. 

Delta Inflow Source Contributions. The sources 
of water in Delta inflows affect water quality at Delta 
export locations and other locations in the Delta. The 
water source contributions are governed by the com
bination of hydrologic inflows and hydrodynamic flows 
within the Delta. The relative contributions of inflow 
water from the different Delta inflow sources are espe
cially important for subsequent water quality and fishery 
impact analyses. 

The DW project may change the relative contri
butions of· water in the Delta from different inflow 
sources by diverting water that would otherwise have 
been transported to other locations (e.g., to the Delta 
export pumps and Delta outflow), During periods ofDW 
discharges, the DW reseiVoir islands would supply a new 
source of water that might replace other inflow sources at 
the Delta export pumps or Delta outflow. Possible 
effects ofDW operations on Delta inflow source contri
butions have been simulated with the RMA hydro
dynamic Delta model and are described in this chapter. 
The RMA results have been summarized in the Delta
DWQ assessment model. 

Effects of DW project operations on Delta inflow 
source contributions were not selected as a hydrodynamic 
impact variable because significance criteria for changes 
in inflow source contributions are linked with potential 
fishery or water quality impacts and therefore will be 
described in subsequent chapters. The changes in source 
contributions are described and evaluated in Appendix 
B 1, "Hydrodynamic Modeling Methods and Results for 
the Delta Wetlands Project"; potential water quality 
impacts are described in Chapter 3C, "Water Quality"; 
and potential fishecy impacts are described in Chapter 3F, 
"Fishery Resources". 

Summary of Criteria for Impact Significance 

The hydrodynamic effects of the proposed DW 
project alternatives were assessed based on the following 
criteria: 

• Hydrodynamic effects on local channel 
velocities and stages. A project alternative is 
considered to have a significant impact on local 
channel hydraulics if it would cause local flows 
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to substantially exceed historical flows or cause 
channel velocities to exceed the scouring velo
city threshold of approximately 3 fps, or cause 
local stages to be substantially reduced from 
historical stages. 

• Hydrodynamic effects on net channel flows. 
A project alternative is considered to have a 
significant impact on net channel flows if it 
would cause monthly average net channel flows 
to increase substantially above historical net 
channel flows during DW operations. 

Simulated Delta Hydrodynamics for 
Historical Conditions and the 

No-Project Alternative 

Possible impacts of the DW project alternatives are 
compared below with Delta hydrodynamic conditions 
Wlder the No-Project Alternative. Tills section describes 
the simulation results for the No-Project Alternative as 
the reference point that represents Delta hydrodynamic 
conditions under the 1995 WQCP. The RMA Delta 
model was used to simulate possible hydrodynamic 
effects of each of the DW alternatives and the No-Project 
Alternative in local channels for representative channel 
flows with maximwn DW diversion and discharge condi
tions. The DeltaSOS model results for the 70-year period 
of 1922-1991 were used to evaluate changes in net 
channel flows at selected key Delta locations. 

Comparison of Inflows, Exports, and Outflows under 
Historical Conditions and the No-Project Alternative 

Monthly average net Delta channel flows simulated 
with the RMA model using historical 1967-1991 inflows 
and exports are presented as a reference in Appendix B 1, 
"Hydrodynamic Modeling Methods and Results for the 
Delta Wetlands Project". Results from the RMA model 
simulations of net channel flows were incorporated into 
DeltaSOS for estimating net channel flows for historical 
and No-Project Alternative conditions. 

The comparison of the No-Project Alternative with 
historical conditions provides a reference for understand
ing conditions under the No-Project Alternative. All im
pact assessments compare simulations of DW project 
operations with simulations of the No-Project Alterna
tive. 

Figure 3B-5 shows the comparison of the No-Project 
Alternative and historical 1967-1991 Delta conditions for 
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Sacramento River and San Joaquin River inflows and 
Delta exports. Monthly average Delta inflows were 
about the same for historical conditions and the No
Project Alternative. Table Bl-3 in Appendix Bl gives 
monthly historical inflows and exports for 1968-1991. 

Simulated Delta exports for some years under the 
No-Project Alternative were substantially greater than 
historical exports, and Delta outflows were therefore 
correspondingly reduced in the No-Project Alternative 
simulations. Asswned minimum Delta outflows required 
to satisfy 1995 WQCP objectives under the No-Project 
Alternative are simulated to be slightly higher than 
historical conditions for some months of some years. 

Figure 3B-6 shows simulated monthly Delta outflow, 
combined DCC and Georgiana Slough diversions, and 
central Delta outflow (QWEST flow) for the No-Project 
Alternative and historical conditions. Monthly average 
No-Project Alternative flows differ from historical flows 
because of differences in Sacramento River inflow, DCC 
closure standards, and Delta exports. Table Bl-4 in 
Appendix B 1 gives the monthly historical channel flows 
simulated with the RMA model for 1968-1991. 

Simulated Delta Channel Flows for the No-Project 
Alternative 

As described under "Criteria for Determining Impact 
Significance", three Delta channel locations have been 
selected for analysis of Delta hydrodynamic effects of 
DW project operations. DW project operations would 
most directly modify channel flows in the San Joaquin 
River downstream of the DW islands (e.g., San Joaquin 
River flow near Antioch), in Threemile Slough (flow 
from the Sacramento River to the San Joaquin River), 
and in Old and Middle Rivers between the DW islands 
and the Delta export pumps. Table B 1-10 in Appendix 
B 1 gives the monthly channel flows simulated by the 
DeltaSOS model (based on RMA model results) at 
selected Delta locations for the No-Project Alternative for 
water years 1968-1991. 

The patterns of simulated flows for the No-Project 
Alternative were somewhat different from those of simu
lated historical flows in the San Joaquin River at Antioch, 
Threemile Slough, and Old River at Woodward Canal, as 
shown in Figure 3B-7. The No-Project Alternative 
simulation assumed 1995 WQCP Delta objectives and 
existing Delta facilities and water supply demands 
applied to the 1922-1991 hydrologic record, as docu
mented in Appendix A2, "DeltaSOS: Delta Standards 
and Operations Simulation Model". 

- ··_:-
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Simulated flows for the lower San Joaquin River at 
Antioch were generally lower tmder the No-Project Alter
native than wtder simulated 1967-1991 historical condi
tions by several thousand cfs. Antioch flows were lower 
in the No-Project Alternative simulation primarily 
because No-Project Alternative export levels are higher 
than historical export levels, although some changes in 
Sacramento River inflows and diversions through the 
DCC, Georgiana Slough, and Threemile Slough also 
modify simulated net flows past Antioch. Reverse flows 
were simulated at Antioch for only a few months during 
1967-1991 for both historical conditions and the No
Project Alternative. 

Simulated flows in Old River (and Middle River) 
were larger in the upstream (negative) flow direction 
toward the Delta export pumps for the No-Project Alter
native simulation than for historical conditions (Figure 
3B-7). Simulated flows in Old River at Woodward Canal 
were about 500/o higher than flows in Middle River at 
Victoria Canal. In contrast, USGS measurements suggest 
that the two channels should have nearly equal flows. 
Because this discrepancy in the relative flows in Old and 
Middle Rivers does not change the tidal flows or the total 
net flow moving toward the export pumps, there are no 
likely effects on the impact assessments caused by this 
discrepancy. Periods of downstream (positive) flows in 
Old and Middle Rivers, resulting from San Joaquin River 
inflows in excess of total Delta export volumes, were 
simulated only rarely for the No-Project Alternative. 

Simulated Delta Inflow Source Contributions for the 
N~Project Alternative 

Simulated contributions from each Delta inflow 
source to the Delta export locations (CCWD Rock 
Slough intake and the SWP Banks and CVP Tracy 
Pumping Plants) are governed by Delta hydrodynamics. 
Appendix B 1, "Hydrodynamic Modeling Methods and 
Results for the Delta Wetlands Project", presents detailed 
RMA simulation results regarding inflow source 
contributions. These results have been summarized as 
representative export source contributions in the 
DeltaDWQ assessment model. 

As simulated by the RMA model and approximated 
in the DeltaDWQ assessment model, most Delta export 
water comes from the Sacramento River in most months 
(see TableBl-12 inAppendixBl). In some months with 
substantial San Joaquin River inflows, the source contri
bution from the San Joaquin River to Delta exports was 
dominant. During the irrigation season, the simulated 
contribution from Delta agricultural drainage to Delta 
exports was variable at about 5%-l 0% for the No-Project 
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Alternative. During winter periods, the contribution from 
agricultural island drainage was generally 20%-25% or 
higher. 

IMPACTS AND MmGATION 
MEASURES OF 

ALTERNATIVE 1 

Under Alternative I, water would be diverted for 
storage on Bacon Island and Webb Tract, and Bouldin 
Island and Holland Tract would be managed for wetlands 
and wildlife habitat under an HMP, possibly with limited 
conjunctive water storage. Under this alternative, the 
maximum storage volume of the two reservoir islands 
would be approximately 238 TAF. Maximum storage 
may increase slightly over the life of the project because 
of subsidence on the reservoir islands. Incidental storage 
on the habitat islands during certain seasons would be 
approximately 9 T AF. 

Water would be diverted to the reservoir islands at 
a maximum monthly average diversion rate of 4,000 cfs, 
which would fill the two reservoir islands in one month. 
The maximum initial daily average diversion rate would 
be 9,000 cfs during several days when siphoning of water 
onto empty reservoir islands begins; at this time, the 
maximum head differential would exist between island 
bottoms and channel water surfaces. The maximum 
monthly average discharge rate is assumed to be 
4,000 cfs, allowing the reservoir islands to empty in one 
month. The maximum initial daily average discharge rate 
would be 6,000 cfs. 

Alternative I includes the assumption that OW 
discharge water is included in WQCP export pumping 
limits that depend on inflow. Under Alternative I, 
discharges of water from the OW islands would be 
exported in any month when unused capacity within the 
permitted pumping rate exists at the SWP and CVP 
pumps and the 1995 WQCP export limits do not prevent 
use of that capacity. Such wtused capacity could exist 
when the amount of available water (i.e., total inflow less 
Delta outflow requirements) is less than the amount 
specified by the export limits. 

Figures 2-2 and 2-3 in Chapter 2, "Delta Wetlands 
Project Alternatives", show the proposed locations for 
siphon stations and discharge pump stations on the two 
reservoir islands. Localized hydraulic effects of siphons 
(with screens) and discharges will occur near these 
locations. 
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Hydrodynamic Effects of Maximum DW 
Divenions and Discharges on Local 

Channel Velocities and Stages 

For hydrodynamic simulations of maximum DW 
siphoning operations to fill storage reservoirs, Delta 
inflows and exports were specified to produce flows and 
velocities in Delta channels expected during a typical 
period of high Delta inflows when DW would divert 
water to storage. 

The DW diversion rate would be limited to a maxi
mum of9,000 cfs. lbis diversion rate would decrease as 
Bacon Island and Webb Tract were filled and the siphon 
head differential decreased, as described in the next 
section. 

The DW discharge rate would be limited to a maxi
mum of6,000 cfs and this discharge rate would decrease 
as the reservoir islands were ettiptied and the pumping 
head increased. 

Likely hydrodynamic effects in the channels sur
rounding the DW project were evaluated relative to the 
net flows and tidal flows in the channels surrounding the 
DW project islands. The results of these local hydro
dynamic comparisons are detailed in Appendix B I. 

DW Resen'oir Island Siphon Hydraulics 

Each DW reservoir island would have two siphon 
stations, each with 16 siphons having a diameter of 2.8 
feet Booster pumps would be included for some siphons 
as required to fill the reservoir islands to the maximum 
surface elevation of 6 feet above sea level. The siphon 
stations are more fully described in Chapter 2, " Delta 
Wetlands Project Alternatives". 

Siphon hydraulics are governed by the head differ
ence between the tidal stage and reservoir surface eleva
tion; the fixed head loss through the fish protection 
screens; and the hydraulic head losses caused by friction 
and turbulence, which increase with velocity. The 
effective siphon head difference will generate a velocity 
"head" and a friction "head" that can be computed as 
follows: 

where: 

siphon head (ft) - head loss (ft) 
= (1 + f . IJD) • V'-/(2·g) 

f =friction factor of about 0.0 15, 
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L = length (240 feet), 
D =diameter (2.8 feet) of the siphon, and 
g = gravitational force (32 ftlsec2

). 

The constant head loss is expected to be less than 0.5 
foot. 

As the tide varies (from approximately 0 to +4 feet), 
siphon flow will vary as the square root of the total 
effective head. The siphon flow will decrease as the 
reservoir island fills. Booster pumps will be inserted into 
about half the siphons on each reservoir island to 
maintain a minimum filling rate of between 2,000 cfs 
down to I ,000 cfs as the effective head decreases. The 
booster pumps are asswned to provide a constant "boost" 
to the effective siphon head of approximately 8 feet. 

The simulated diversion filling pattern for the 
siphons relative to fluctuating tidal stage is shown in 
Figure 3B-8 for either of the reservoir islands, with an 
initial diversion rate of 4,500 cfs for the 32 siphons. 
After about 2 weeks of siphoning (producing storage of 
80 T AF), booster pumps that provide an effective head 
boost of 8 feet are simulated for 16 of the siphons, 
maintaining a diversion rate of greater than I ,000 cfs for 
the remainder of the filling period, which lasts a total of 
approximately 4 weeks. 

DW Resen'oir Island Discharge Hydraulics 

Each DW reservoir island would have a single 
discharge station with 32 (Webb Tract) or 40 (Bacon 
Island) discharge pumps and pipes, as described and 
shown in Appendix 2 , "Supplemental Description of the 
Delta Wetlands Project Alternatives". As Figure 2-5 in 
Appendix 2 indicates, the discharge facilities would 
include submerged discharge expansion chambers lo
cated approximately 5 feet below low tide elevation so 
the discharge culverts would remain submerged through
out the tidal cycle. 

Each discharge pump would have a maximum flow 
rate of about I 00 cfs. The pipe would have a diameter of 
3 feet and an inside area of about 6 square feet, so that the 
maximum pipe velocity would be about 16.5 ftlsec (1 00 
cfs/6 ft2 = 16.5 ftlsec). The expansion chamber, with a 
width of I 0 feet and a depth of 3 feet, would reduce the 
maximum discharge velocity to about 3.3 ftlsec (100 
cfs/30 ft2 ). The maximum velocity of discharges enter
ing the adjacent channel would therefore be slightly 
greater than the assumed scour velocity threshold of3.0 
ftlsec. However, the discharge would be horizontal and 
would flow into the channel above the bottom. The 
discharge leaving the expansion chamber can be de-
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scribed as a turbulent plane jet having certain well-known 
characteristics (Fischer et al. 1979). 

A turbulent jet discharge will spread out as it enters 
the channel by entraining ambient water from the sides 
and bottom of the jet. The velocity will remain highest 
aloog the center of the jet and will be lowest at the edges 
of the jet. The proposed discharge pipes would be separ
ated by 25 feet, so there would be about 15 feet of 
ambient water between the discharge expansion cham
bers (each chamber is 10 feet wide). Turbulent plane jets 
are observed to spread out at a constant angle of approx
imately 7°. The discharge jets will be expected to spread 
and join each other at a distance of about 65 feet. At this 
distance, the jet flow will be about 250 cfs and the 
average jet velocity will be approximately 2.1 ftlsec 
(maintaining the same momentum flux). At this distance, 
the discharge velocity will be less than the scour velocity 
threshold of 3 ftlsec and will be comparable to maximum 
tidal velocities of 1-2 ftlsec (see tidal velocity discussions 
in Appendix B I). ..-

The discharge facilities would be clearly identified 
with pilings to anchor and protect the discharge culverts. 
The relatively high discharge velocities would be con
fined to the nearshore area (50-100 feet from shore) of 
the channels that are several hundred feet wide. The 
effects of the DW discharges therefore are not expected 
to have any localized significant impacts on channel 
scouring or on boating safety. The allowable mixing 
zone for purposes of water quality monitoring will be 
determined by SWRCB in Cooperation with regional 
board requirements for similar jet discharges into tidal 
waters. 

Hydrodynamics during Maximum DW Diversions 
and Discharges 

Hydrodynamic changes caused by maximum DW 
project diversions would not persist throughout an entire 
diversion period of several weeks. After the first few 
days of diversions, hydrodynamic effects would decrease 
as siphoning rates decreased during filling in response to 
decreasing head differential. 

The maximum DW diversions would occur at four 
siphon stations with capacities of 2,250 cfs each. Two 
stations are on Bacon Island, one on Middle River and 
one on Old River. The other two stations are on Webb 
Tract, one on the San Joaquin River and the other on 
False River, adjacent to Franks Tract. Proposed DW 
project filling would cause greatest . hydrodynamic 
changes in Delta channels adjacent to the DW project 
islands in the central Delta. The results ofRMA model 
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simulations foc diversions adjacent to each DW island are 
described in Appendix B 1. 

Table BI-7 in Appendix BI lists the net flows in 
each major Delta channel simulated for the typical 
diversion period, with and without the maximum initial 
daily average DW diversions of 9,000 cfs. Figure B 1-45 
shows the directions of these net flows in the major Delta 
channels in the absence ofDW diversions. 

Hydrodynamics in the channels surrounding the 
project islands were simulated with maximum initial daily 
average DW discharges to estimate maximum expected 
changes during DW project discharge operations for all 
project alternatives. 

Table B 1-8 in Appendix B I lists the net flows in 
each major Delta channel simulated for the typical dis
charge period, with and without the maximum DW dis
charges of 6,000 cfs. Figure Bl-48 in Appendix Bl 
shows the direction of these net flows in the major Delta 
channels. 

Hydrodynamic simulation of channel flows, veloci
ties, and stages during periods of maximum DW diver
sion and maximum DW discharges indicate that the 
channel stages most affected by DW operations would be 
those in the south Delta. Table Bl-9 in Appendix BI 
lists simulated channel stages during periods of maximum 
OW diversions and discharges. The results indicate that 
stages would not be substantially changed by DW 
operations. The minimum and maximum stages would be 
lowered in some channels by as much as 0.25 foot (3 
inches). However, because these south Delta channels 
nonnally experience tidal fluctuations of more than 5 feet, 
this is not considered a substantial change ( 5%) for these 
south Delta channels. These simulations did not include 
DWR's proposed south Delta project barriers. These 
tidal gates are designed to help control minimum tidal 
stages in south Delta channels and may also reduce the 
potential effects ofDW operations on channel stages. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact B-1: Hydrodynamic Effects on Local 
Channel Velocities and Stages during Maximum DW 
Diversions. The hydrodynamic simulation results for the 
maximum possible initial daily average DW diversion 
rate of9,000 cfs under Alternative I indicate that maxi
mum possible channel velocities and stages are within the 
range of conditions normally encountered during tidal 
fluctuations in the Delta channels surrounding the OW 
project islands. No hydrodynamic effects resulting from 
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maximwn diversions were identified as significant. 
Therefore, this possible hydrodynamic impact is consid
ered less than significant. 

Mitigation. No mitigation is required. 

Impact B-2: Hydrodynamic Effects on Local 
Channel Velocities and Stages during Maximum DW 
Dilcharges. 1be hydrodynamic simulation results for the 
maximwn possible initial daily average DW discharge 
rate of 6,000 cfs under Alternative I indicate that maxi
mwn possible channel velocities and stages are within the 
range of conditions normally encountered during tidal 
fluctuations in the Delta channels surrounding the DW 
project islands. No hydrodynamic effects resulting from 
maximwn discharges were identified as significant. 
Therefore, this possible hydrodynamic impact is consid
ered less than significant. 

Mitigation. No mitigation is required. ... 

Hydrodynamic Effects on 
Net Channel Flows 

DW monthly diversion and discharge operations 
were simulated with DeltaSOS as reported in Appendix 
A3, "DeltaSOS Simulations of the Delta Wetlands 
Project Alternatives". Under Alternative I, the simulated 
70-year average annual operations consisted of 222 
T AF /yr of diversions and 188 T AF/yr of discharge for 
export. 

Table A3-7 in Appendix A3 shows results of simu
lated monthly DW operations for the 70-year 1922-1991 
simulation period. Operations are simulated as diver
sions to storage (cfs), end-of-month storage volume 
(TAF), and discharges for export (cfs). Model simula
tions show that diversions would generally occur early in 
a water year (October-February) and discharges of 2,000-
4,000 cfs would generally occur during summer (June
August). 

Table BI-ll (Appendix Bl) shows simulated 
changes in channel flows for Alternative I compared with 
channel flows simulated for the No-Project Alternative at 
four selected Delta locations of concern for hydrodynamic 
effects for water years I %8-1991. This recent period 
includes a range ofhydrologic conditions similar to those 
of the 1922-1991 period (Appendix A I). Outflow was 
reduced the DW diversion flow in the simulations. San 
Joaquin River flows at Antioch were simulated to be 
reduced by about 70% of the DW diversions during the 
months when water was being diverted to fill the 
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reservoir islands. Threemile Slough flows from the 
Sacramento River were increased by about 30% of the 
DW diversion flow. Simulated flows in the Old and 
Middle River channels toward the export pumps would 
each be increased during months with DW discharges for 
export by approximately SOO/o of the D W discharges. The 
maximum net flows are not increased because these are 
controlled by the export capacity. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact B-3: Hydrodynamic Effects on Net 
Channel Flowa. All simulated changes are well within 
the histaical range ofDelta channel flows at the locations 
selected for hydrodynamic impact assessment. The 
simulated flow changes would not result in significant 
hydrodynamic effects. Therefore, this possible hydrody
namic impact is considered less than significant. 

Mitigation. No mitigation is required. 

Effects on Inflow Source 
Contributions 

Table BI-12 in Appendix Bl shows simulation 
results for inflow source contributions from the Sacra
mento and San Joaquin Rivers, Delta agricultural drain
age, and the DW project islands to the representative 
Delta exports (CCWD Rock Slough intake and SWP 
Banks and CVP Tracy Pwnping Plants) during 1968-
1991 for the No-Project Alternative and the DW project 
alternatives. DW project discharges were simulated to 
contribute between about 15% and about 30% of the total 
amount of exported water. During months with substan
tial DW contributions, contributions from other inflow 
sources were reduced proportionately. No hydrodynamic 
impacts are associated with source contribution changes. 

The potential water quality impacts resulting from 
these simulated DW discharge contributions at Delta 
export locations are evaluated in Chapter 3C, "Water 
Quality". The potential fishery effects of the increased 
pumping required to export DW discharges are evaluated 
in Chapter 3F. 
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IMPACI'S AND MffiGATION 
MEASURES OF 

ALTERNATIVE 2 

Alternative 2 would have the same physical arrange
ment and operating capacities as Alternative I. The 
diversion-period modeling asswnptions for this alterna
tive are the same as for Alternative 1. Under Alterna
tive 2, it is asswned that discharges from the DW islands 
would be exported by the SWP and CVP pumps when 
tmused capacity within the permitted pumping rate exists 
at the SWP and CVP pumps. DW discharges would be 
allowed to be exported in any month when such capacity 
exists, without regard for the export limits (percentage of 
total Delta inflow). Under this alternative, it is assumed 
that export of DW discharges is limited by the WQCP 
Delta outflow requirements and the permitted combined 
pwnping rate of the export pumps but is not subject to the 
1995 WQCP "percent inflow" export limited. 

The average monthly maximum diversion rate to 
storage on the reservoir islands under Alternative 2 
would be 4,000 cfs; the maximum initial daily average 
diversion rate would be 9,000 cfs. The maximum month
ly discharge rate is assumed to be 4,000 cfs, and the 
maximum discharge rate would be 6,000 cfs. Locations 
of siphon stations for project diversions and pumping 
stations for project discharges would be the same as those 
for Alternative I, as shown in Chapter 2. 

Under Alternative 2, DW discharge water would be 
allowed up to the permitted pumping capacity limits. 

Hydrodynamic Effects of Maximum 
DW Diversions and Discharges on 

Local Channel Velocities and Stages 

The analysis of effects of maximum diversions and 
discharges on local flow patterns for Alternative 2 would 
be identical to that described above for Alternative I. 
The impacts of maximum DW diversions and discharges 
on local channel velocities and stages under Alternative 2 
would be the same as undet:.Alternative 1. 

Hydrodynamic Effects on 
Net Channel Flows 

Monthly operations for Alternative 2 were simulated 
with DeltaSOS as reported in Appendix A3, "DeltaSOS 
Simulations of the Delta Wetlands Project Alternatives". 
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The 70-year average annual DW operations for Alter
native 2 were simulated to be 225 T AF lyr of diversions 
and 202 T AF lyr of discharge for export. 

Table A3-l 0 in Appendix A3 shows results of simu
lated monthly DW operations of Alternative 2 for 1922-
1991. Diversions would generally occur during the early 
or middle part of a water year (October-March) and dis
charges would generally occur during the middle or late 
part of a year (February-March or June-August). 

Detailed results of hydrodynamic simulation of 
Alternative 2 are presented in Appendix B 1. Table B 1-
·tl in Appendix B 1 gives the simulated changes in 
channel flows for Alternative 2 compared with channel 
flows simulated for the No-Project Alternative. Outflow 
would be reduced by the DW diversion flow. San 
Joaquin River flows at Antioch would be reduced by an 
amount equal to 70% of the DW diversions during 
months when water was diverted to the DW reservoir 
islands. Threemile Slough flows from the Sacramento 
River would be increased by an amount equal to 30% of 
DW diversions. Simulated flows in the Old and Middle 
River channels would each be increased toward the 
export pumps by about 500/o of the DW discharges during 
months with DW discharges for export. The changes in 
these channel flows correspond with the periods ofDW 
diversions and discharges. 

The impact of Alternative 2 on net channel flows 
would be the same as described for Alternative I. 

Effects on Inflow Source 
Contributions 

Table Bl-12 in Appendix Bl shows results for 
simulated source contributions from DW discharges at 
the representative Delta export locations for Alter
native 2. The DW discharges were simulated to 
contribute between 15% and 30% of the total amount of 
exported water. The changes in other source contribu
tions caused by DW discharges are also given in Table 
B 1-11. No hydrodynamic impacts are associated with 
these changes. The potential water quality impacts 
resulting from these simulated DW discharge contri
butions at Delta export locations are evaluated in Chapter 
3C, "Water Quality". The potential fishery effects of the 
increased pumping required to export DW discharges are 
evaluated in Chapter 3F. 
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IMPACTS AND MmGATION 
MEASURES OF 

ALTERNATIVE J 

Under Alternative 3, water would be diverted for 
storage in reservoirs on all four DW project islands. A 
habitat reserve would be created on Bouldin Island north 
of State Route 12. Under this alternative, DW initial 
storage volwne is assmned to be approximately 406 T AF; 
this volwne may increase slightly over the life of the 
project. 

'The diversion-period modeling asswnptions for this 
alternative are the same as for Alternatives 1 and 2. The 
discharge-period modeling assumptions for this alter
native are the same as for Alternative 2 (permitted export 
pwnping rate limits). Under Alternative 3, DW dis
charge water would be allowed up to the limits of the 
permitted export pwnping rates . 

..-

The maximwn average monthly diversion rate is 
assmned to be about 6,000 cfs, which would fill the four 
reservoir islands in about one month (maximwn initial 
daily average diversion rate of9,000 cfs). The maximwn 
monthly average discharge rate is also assumed to be 
6,000 cfs (maximwn discharge rate of 12,000 cfs). 
Under Alternative 3, siphon and pwnp stations would be 
constructed on Bouldin Island and Holland Tract to 
support water storage operations on these islands (see 
Figures 2-10 and 2-11 in Chapter 2). Siphon and pwnp 
stations on Bacon Island and Webb Tract would be 
located as for Alternatives 1 and 2. 

Likely DW monthly operations under Alternative 3 
were simulated with DeltaSOS as reported in Appendix 
A3. 'The 70-year average annual DW operations for this 
alternative were simulated to be 356 T AF lyr of diversions 
and 302 T AF lyr of discharge for export. 

Hydrodynamic Effects of Maximum 
DW Divenions and Discharges 

on Local Channel Velocities and Stages 

The analysis of effects of maximwn diversions and 
discharges on local flow patterns under Alternative 3 for 
Bacon Island and Webb Tract would be identical to that 
reported above for Alternative 1. Results of simulations 
of maximwn diversions and discharges from Holland 
Tract and Bouldin Island under Alternative 3 were simi
lar to results for Alternative 1. DW would.divert water to 
Holland Tract from Old River and Franks Tract and 
would discharge from Holland Tract to Old River. DW 
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would divert to Bouldin Island from Little Potato Slough 
and the Mokelwnne River, and would discharge from 
Bouldin Island to Little Potato Slough. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact B-4: Hydrodynamic Effects on Local 
Velocities and Stages during Maximum DW Diver
sions. This impact is described above under Impact B-1. 
This impact is considered less than significant. 

Mitigation. No mitigation is required. 

lmp.act B-5: Hydrodynamic Effects on Local 
Velocities and Stages during Maximum DW Dis
charges. This impact is described above under Impact 
B-2. This impact is considered less than significant. 

Mitigation. No mitigation is required. 

Hydrodynamic Effects on 
Net Channel Flows 

Table A3-13 in Appendix A3 shows the results of 
monthly simulated DW operations under Alternative 3 for 
1922-1991. Model simulations show that diversions of 
2,000-6,000 cfs would generally occur early in a water 
year (October-February) and discharges of2,000-6,000 
cfs would generally occur during the middle part 
(February-March) or late part (June-August) of a water 
year. 

1be DW project was simulated to have only limited 
operations in several years because of limited availability 
of water for diversions. The simulations showed the 
additional DW water storage capacity on four reservoir 
islands ( 406 T AF) used in most years when water was 
available, but water available for diversion limited the 
DW storage to less than the maximwn capacity in some 
years. 

Detailed results of hydrodynamic simulation of 
Alternative 3 are presented in Appendix B 1. Table B I
ll in Appendix B 1 shows monthly simulated changes in 
channel flows for Alternative 3 compared with channel 
flows simulated for the No-Project Alternative. Outflow 
would be reduced by an amount equivalent to the DW 
diversion flow. Simulated San Joaquin River flows at 
Antioch were reduced by 70% ofDW diversions during 
months when water was diverted to fill the four reservoir 
islands. Simulated flows in Old and Middle River 
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channels south of Bacon Island toward the export loca
tions were each increased by about 50% of OW dis
charges during months with DW discharges for export. 
The changes in these channel flows correspond with the 
periods ofDW diversions and discharges. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact ~= Hydrodynamic Effects on Net 
Channel Flows. This impact is described above under 
Impact B-3. The simulated changes between the No
Project Alternative and Alternative 3 are considered less
than-significant effects because they are well within the 
historical range ofDelta channel flows at these locations. 

Mitigation. No mitigation is required. 

Effects on Inflow Source 
Contributions 

Table Bl-12 in Appendix Bl shows the monthly 
simulated sow-ce contributions from OW discharges in 
the representative Delta exports for Alternative 3. 
Because of higher discharge capacity, DW discharges 
were simulated to contribute between 15% and 40% of 
the total exported water. The changes in other sow-ce 
contributions caused by DW discharges are also given in 
Table Bl-12. No hydrodynamic impacts are associated 
with these changes. The potential water quality impacts 
from these simulated OW discharge contributions at 
Delta export locations are evaluated in Chapter 3C, 
"Water Quality". 

IMPACTS AND MITIGATION 
MEASURES OF THE 

NO-PROJECT ALTERNATIVE 

The No-Project Alternative (intensified agricultw-al 
use of the fow- DW project islands) represents Delta 
water supply conditions predicted under the 1995 WQCP 
objectives. Consumptive use of water to supply crop ET 
would likely be somewhat greater under No-Project 
Alternative intensified agricultw-e conditions compared 
with existing agricultw-alland uses, but not measw-ably 
so at the scale of monthly Delta water supply modeling 
(e.g., DWRSIM or DeltaSOS). 

The DeltaSOS simulation results for the No-Project 
Alternative under the 1995 WQCP were described above 
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under "Impact Assessment Methodology". The No
Project Alternative as simulated by DeltaSOS would not 
cause adverse hydrodynamic effects relative to existing 
conditions as of 1989. 

CUMULATIVE IMPACTS 

Cumulative hydrodynamic impacts were assessed 
qualitatively without specific simulations using the RMA 
Delta hydrodynamic model. As described in Chapter 3A, 
the cumulative water supply impacts of the proposed DW 
project were evaluated with the same set of WQCP Delta 
standards, but assuming SWP pumping permitted at full 
capacity at Banks Pumping Plant (10,300 cfs). 

Cumulative impacts are the result of the incremental 
impacts of the proposed action when added to other past, 
present, and reasonably foreseeable futw-e actions. DW 
project effects on hydrodynamic conditions are inextric
ably tied to past and present hydraulic modifications that 
have been made in the Delta for various beneficial 
purposes, such as levee construction for land reclamation 
and flood control; channel dredging for navigation and 
levee maintenance; channel enlargement and deepening 
for navigation; operation of diversion pumps, siphons, 
and drainage pumps; and construction of export pumping 
plants (CVP Tracy Pumping Plant, SWP Clifton Court 
and Banks Pumping Plant) and associated facilities for 
water management (i.e., the DCC and the Suisun Marsh 
salinity control gate). 

The cumulative effects of the DW alternatives there
fore were evaluated in conjunction with past and present 
actions in the previous sections, which assumed the exist
ing arrangement of Delta channels and continued opera
tion of existing Delta hydraulic facilities and diversions. 
The focus of this section is on the evaluation of impacts 
of the DW project alternatives added to impacts of other 
futw-e projects. This cumulative impact evaluation is 
based on the following scenario: increased upstream 
demands; increased demands south of the Delta; an 
increased permitted pumping rate at the SWP Banks 
Pumping Plant (see Chapter 3A, "Water Supply and 
Water Project Operations"); implementation of DWR's 
South Delta and North Delta Programs; additional stor
age south of the Delta in Kern Water Bank, Los Banos 
Grandes Reservoir, Metropolitan Water District of South
em California's (MWD's) Domenigoni Reservoir and 
Arvin-Edison projects, and CCWD's Los Vaqueros 
Reservoir. 

Futw-e activities in the Delta will include continued 
maintenance of existing channels (dredging) and levees 
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(placement of riprap and other reinforcement measures). 
New facilities (e.g., channel gates and barriers) may be 
constructed, and existing channels may be modified for 
navigation or for increased water conveyance (e.g., DWR 
North and South Delta Programs). Some existing agri
culturallands may be converted to urban development or 
to wetlands and other wildlife habitat uses, changing the 
water diversion and discharge patterns for these lands. 

Cumulative Impacts, Including 
Impacts of Alternative 1 

The DeltaSOS simulations of the Alternative I under 
cumulative future conditions are summarized in the 
cumulative impact section of Chapter 3A and are de
scribed in Appendix A3, "DeltaSOS Simulations of the 
Delta Wetlands Project Alternatives". Alternative I 
would be operated in fewer years under cumulative con
ditions than under existing conditions because of limited 
availability of water for DW diversions. Because of 
greater assumed export pumping capacity, however, 
greater DW diversions for export were simulated in 
several of the years. 

Impact B-7: Cumulative Hydrodynamic Effects 
on Local Channel Velocities and Stages during Maxi
mum DW Diversions. Because the basic tidal hydraul
ics that control local channel velocities and stages are not 
expected to change substantially under cumulative future 
conditions, possible hydrodynamic impacts of Alterna
tive 1 during maximum DW diversions under cumulative 
future conditions are expected to be similar to those de
scribed above for hnpact B-1. This cumulative impact is 
considered less than significant. 

Mitigation. No mitigation is required. 

Impact B-8: Cumulative Hydrodynamic Effects 
on Local Channel Velocities and Stages during Maxi
mum DW Discharges. Because the basic tidal hydraul
ics that control local channel velocities and stages are not 
expected to change substantially under cumulative future 
conditions, possible hydrodynamic impacts of Alterna
tive 1 during maximum DW discharges under cumulative 
future conditions are expected to be similar to those de
scribed above for hnpact B-2. This cumulative impact is 
considered less than significant. 

Mitigation. No mitigation is required. 

Impact B-9: Cumulative Hydrodynamic Effects 
on Net Channel Flows. Under future conditions, the full 
physical capacity (10,300 cfs) at SWP Banks Pumping 
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Plant was assumed in the DeltaSOS simulations (see 
Appendix A3). Use of full capacity at the Banks Pump
ing Plant may require implementation of DWR's South 
Delta Project to provide sufficient channel conveyance 
and Clifton Court diversion capacity, to protect agri
cultural diversion siphons and pumps at low tidal stages, 
and to maintain water quality that is sufficient for south 
Delta irrigation uses. This may allow flows in the Old 
River and Middle River channels during periods of 
maximum Delta exports that are higher than historical 
flows . DW discharges would contribute to these channel 
flows during periods with available water for diversion 
and during periods with available export pumping 
capacity for DW discharges. 

Pumping at full SWP capacity would increase, by 
about 3,620 cfs ( 6,680 cfs to 1 0,300 cfs ), the total export 
capacity of the SWP pumps. Because the Old River and 
Middle River channels each carry about half of the export 
flow (not supplied by diversion from the San Joaquin 
River at the head of Old River), the increased assumed 
pumping rate under cumulative conditions would be 
expected to increase the maximum net flow in the Old 
and Middle River channels by about 1,800 cfs each. 
However, because tidal flows in these channels are sub
stantial under No-Project Alternative conditions (see 
Appendix ~ 1, "Hydrodynamic Modeling Methods and 
Results for the Delta Wetlands Project"), these channels 
(with modifications included in the DWR South Delta 
Project) are expected to provide sufficient flow convey
ance for maximum export pumping without any hydro
dynamic impacts from channel scouring or other hydraul
ic effects (i.e., navigation or recreation effects). 

Nevertheless, because the possible hydrodynamic 
effects ofDW project operations on south Delta channels 
under cumulative future conditions is uncertain at this 
time, this cumulative hydrodynamic impact is considered 
significant. Implementing Mitigation Measure B-1 would 
reduce Impact B-9 to less-than-significant level. 

Mitigation Measure B-1: Operate the DW 
Project to Prevent Unacceptable Hydrodynamic 
Effects in the Middle River and Old River Channels 
during Flows That Are Higher Than Historical 
Flows. USGS and DWR tidal flow measurements (i.e., 
velocities and stages) in south Delta channels, as well as 
tidal hydrodynamic model simulations, should be used to 
determine the effects ofDW operations and DW opera
tions should be controlled to prevent unacceptable hydro
dynamic conditions in south Delta channels. SWRCB 
water right terms and conditions and Corps permits 
should include appropriate measures to prevent adverse 
hydrodynamic effects caused by DW diversions and 
discharges. Measures that may be used to prevent 
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Wlacceptable hydrodynamic effects include establishing 
minimum tidal stages and maximum channel velocities. 
DW operations would be reduced or eliminated during 
these extreme tidal conditions. 

Cumulative Impacts, Including 
Impacts of Alternative 2 

Cumulative hydrodynamic conditions in the south 
Delta for Alternative 2 will be the same as described for 
Alternative I. The DeltaSOS simulations of operations 
of Alternative 2 Wlder cumulative future conditions are 
summarized in the cumulative impact section of Chapter 
3A and are described in Appendix A3. Alternative 2 
would be operated in fewer years Wlder cumulative con
ditions than Wlder existing conditions because of limited 
availability of water for DW diversions. Because of 
greater assumed export pumping capacity, however, 
greater DW exports were simulated in several of the 
years. The cumulative impacts and mitigation measure 
are the same as described for Alternative I. 

Cumulative Impacts, Including 
Impacts of Alternative 3 

Cumulative hydrodynamic conditions in the south 
Delta for Alternative 3 will be the same as described for 
Alternative I. The DeltaSOS simulations of operations 
of Alternative 3 Wlder cumulative future conditions are 
summarized in the cumulative impact section of Chapter 
3A and are described in Appendix A3. Alternative 3 
would be operated in fewer years, or with reduced diver
sions, Wlder cumulative conditions in comparison with 
existing conditions because of limited availability of 
water for DW diversions. Because of greater assumed 
export pumping capacity, however, greater DW exports 
were simulated in several of the years. The cumulative 
impacts and mitigation measure are the same as described 
for Alternative I. 

Cumulative Impact~o Including Impacts 
of the No-Project Alternative 

The No-Project Alternative, as simulated by 
DeltaSOS t.mder cumulative conditions, would not cause 
adverse Delta hydrodynamic effects. 
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Table 3B-l. Available Information for Describing Historical Delta Conditions 

1. DA YFLOW, DWR's database for historical daily Delta flows 

Item Source 

A. Sacramento River USGS measurements 
B. San Joaquin River USGS measurements 
c. Eastside streams (Mokelumne, Calaveras, 

Cosumnes Rivers) USGS measurements 
D. Yolo Bypass DWR estimates 
E. Delta exports CVP, SWP, CCWD records 
F. Channel depletion DWR estimates 
G. Delta outflow DWR estimates 
H. DCC and Georgiana Slough DWR estimates 
I. QWEST DWR estimates 

... 

2. RMA-simulated monthly average net channel flows, based on monthly average DA YFLOW 
inflows, exports, and channel depletions 

A. 
B. 
c. 
D. 
E. 
F. 
G. 
H. 

Old River diversions 
Sutter Slough and Steamboat Slough diversions 
DCC and Georgiana Slough flow (monthly DCC operations) 
Threemile Slough flow 
Jersey Point flow 
Antioch flow 
Chipps Island flow 
Old River and Middle River flow (at Bacon Island) 



Data 

Tidal stage for July 1979 at 12 Delta locations 

Average tide at Benicia 

Historical Delta inflows and exports for 1972, 
1976, and 1978 

Historical monthly average Delta inflows and 
exports for 1967-1991 (from DAYFLOW) 

Historical monthly average Delta flows and EC 
data at 12 locations (Reclamation and DWR) 

Table 3B-2. Preliminary Model Calibration and Conftnnation Tasks for Assessment of 
Impacts of the DW Project on Delta Hydrodynamics 

Model 

RMA Delta hydrodynamic model 

RMA Delta hydrodynamic model 

RMA Delta hydrodynamic model and 
RMA Delta water quality model 

RMA Delta hydrodynamic model 

RMA Delta hydrodynamic model and 
RMA Delta water quality model 
(EC data used to conftnn hydrodynamic results) 

Analysis 

Tidal stage calibration of hydraulic roughness 
coefficients 

Simulation of typical Delta tidal hydraulics 
(stages, flows, and velocities) 

Calibration with daily EC measurements at 19 
Delta locations 

• Simulated historical Delta channel flows 

• Estimated channel flow split relationships 
for the DeltaSOS model 

• Confirmation of simulated monthly 
historical EC patterns 

• Estimated channel EC relationships with 
Delta outflow and exports for the 
DeltaDWQ model 

Resuhs 

Smith and Durbin (1989); Appendix 81 

Chapter 38; Appendix 81 

Smith and Durbin (1989) 

Appendix 81; Chapter 38 

Appendix 81; Appendix A3; Chapter 38 

Appendix 82; Chapter 3C 

Appendix 82; Chapter 3C 
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Table 38-3. Modeling Tasks for Assessment of Impacts ofthe OW Project on Delta Hydrodynamics 

Data Model 

1922-1991 DWRSIM estimates of Delta DeltaSOS 
inflows and exports 

Representative Delta inflows andlexports for RMA Delta hydrodynamic model 
maximum OW diversions and maximum DW 
discharges 

Simulated Delta inflows and exports for the No- DeltaSOS 
Project Alternative and DW operations for each 
DW alternative 

Analysis 

Delta inflows and exports for the No-Project 
Alternative, cumulative No-Project Alternative, 
and OW ahematives 

Simulated Delta channel tidal flows and 
velocities 

\ 

Simulated monthly Delta net channel flows 

Results 

Chapter 3A; Appendices AI and A3 

Chapter 38; Appendix 81 

Chapter 38; Appendix 81 



Response 
Variable 

Local channel velocities 
and stages 

Delta export 

Delta outflow 

Delta channel flow 

Table 3B-4. Impact Variables Selected for Assessment of Effects ofDW Project 
Operations on Delta Hydrodynamics 

Method of Analysis 
and Assessment 

1RMA model for maximum diversion and discharge 

70-year simulation of export using DeltaSOS 

70-year simulation of outflow using DeltaSOS 

70-year simulations using DeltaSOS 

Locations for 
Assessment 

Channels adjacent to DW islands 

1. 

CCWD Rock Slough 
SWP Banks Pumping Plant 
CVP Tracy Pumping Plant 

Chipps Island/Collinsville 

San Joaquin River at Antioch 
Threemile Slough 
Old River at Woodward Canal 

EIR!EIS 
Chapter 

3B 

3A 

3C and 3F 

3B 
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Figure 38-1. 
Average Flood Tide Flows (cfs) Simulated 
by the RMA Delta Model 
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Figure 38-3. 
Monthly Average Historical San Joaquin River Flow at Vernalis and 
Simulated Flow Downstream of the Head of Old River for 1967-1991 
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Figure 38-4. 
Comparison of Simulated and Measured Old River 
and Middle River Channel Flows at Bacon Island 
Ultrasonic Velocity Meter (UVM) Stations 
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Figure 38-5. 
Simulated Monthly Average Delta Channel Flows for 
the No-Project Alternative and Measured Historical 
Conditions for 1967-1991 
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Chapter 3C. Affected Environment and Environmental 
Consequences -Water Quality 

SUMMARY 

The maintenance of beneficial uses of Delta waters depends on the levels of several key water quality variables 
(constituent concentrations and other water quality characteristics, such as temperature) in Delta waters. This chapter 
describes those key water quality variables, objectives associated with maintaining beneficial uses of Delta waters, existing 
Delta water quality conditions, and impacts of the DW project on levels of key variables in Delta channels and exports.· 
Information is also presented on estimated historical Delta water quality conditions to provide a context for assessing 
water quality effects of the No-Project Alternative. 

Diverting water onto the DW project islands would reduce Delta outflows and could increase salinity in Delta 
channels or exports. Discharges from the DW project islands could contribute to changes in concentrations of water 
quality constituents and other variables in Delta channel receiving waters and Delta exports. Variables that could be 
adversely affected are salinity, concentrations of dissolved organic carbon (DOC), temperature, suspended sediments 
(SS), dissolved oxygen (DO), and chlorophyll. Increases in DOC and salinity could indirectly increase trihalomethanes 
(l'HMs) in treated drinking water supplies that are exported from the Delta. Also of concern are pollutants that may 
remain in some DW island soils as a result of past agricultural and waste disposal activities; if pollutants are present, 
they could contaminate stored water that is later discharged into Delta channels. 

Water quality impacts of salinity increases were assessed for Chipps Islands, Emmaton, Jersey Point, and Delta 
exports (representative of diversions at CCWD Rock Slough intake and SWP Bank<; and CVP Tracy Pumping Plants). 
Water quality impacts of increases in DOC and resulting THM concentrations were assessed for Delta exports. Impacts 
of other variables and potential water pollutants in island soils were assessed qualitatively because quantitative models 
for these variables are not presently available. 

DW project diversions under Alternative 1, 2, or 3 could result in significant salinity increases at Chipps Island, 
Emmaton, and Jersey Point and in Delta exports during periods of low Delta outflow. These impacts would be reduced 
to less-than-significant levels through adjustments made to DW project diversions based on salinity estimates at these 
locations with and without DW project diversions. DW project discharges under Alternative I, 2, or 3 could result in 
significant elevations of /XX concentrations in Delta exports and elevations ofTHM concentrations in treated drinking 
water. These impacts would be reduced to less-than-significant levels through adjustments of DW project discharges 
based on measurements of DOC and bromide (Br-) in stored water during intended discharge periods and monitoring 
of channel receiving waters. 

DW project discharges '!..nder Alternative 1, 2, or 3 could also result in significant changes in other water quality 
variables (temperature, SS, DO, and chlorophyll) in Delta channel receiving waters. This impact would be reduced to 
a less-than-significant level through adjustments of DW project discharges based on measurements of these variables in 
stored water during intended discharge periods and monitoring in channel receiving waters. Potential contamination 
of stored water by pollutant residues under Alternative 1, 2, or 3 would also be a significant impact. This impact would 
be reduced to a less-than-significant level through assessment and necessary remediation of soil contamination prior to 
project implementation to eliminate sources of potential contamination. 

Water quality impacts under cumulative conditions would be similar to the direct and indirect impacts described 
above for Alternatives 1, 2, and 3. Additionally, use of the recreation facilities constructed on the DW project islands 
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would contribute to pollutant loading in the Delta from regional boating activities. The potential increase in pollutant 
loading from the DW project facilities and boating activities under Alternative 1, 2, or 3, in combination with other 
boating facilities in the Delta, is considered a significant and unavoidable cumulative impact. 

Implementation of the N(rProject Alternative would not result in measurable water quality effects relative to existing 
conditions. 

INTRODUCTION 

This chapter assesses the potential impacts of the 
DW project alternatives on: 

• levels ofDelta water quality variables for which 
Delta objectives have been established (i.e., 
salinity), 

• levels of other water quality variables that could 
affect beneficial uses of the Delta, and 

..-
• Delta export concentrations of constituents 

associated with the quality of water treated for 
mwlicipal use. 

Some issues related to this water quality assessment 
are discussed more fully in other chapters. Chapter 3A, 
"Water Supply and Water Project Operations", discusses 
issues related to effects of DW project operations on 
water supply available for export by the CVP and the 
SWP. Chapter 3B, "Hydrodynamics", discusses potential 
DW project effects on local and net channel flows. 
Chapter 3F, "Fishery Resources", discusses potential 
localized and general fish habitat changes resulting from 
DW project operations and project-related changes in 
outflow and export. 

The DW reservoir islands may be used for water 
banking or for storage and discharge of water being trans
ferred through the Delta by other entities. The frequency 
and magnitude of these uses is uncertain at this time, and 
impacts related to these uses would have to be analyzed 
separately. However, the analytical tools described in 
this chapter could also be used to analyze the effects of 
these uses. 

The discussion of water quality in this chapter 
includes several terms that may not be familiar to all 
readers. The following are definitions of key terms as 
they are used in this EIRIEIS: 

• Delta standards. A general term referring to 
all applicable water quality objectives; flow 
requirements; and other restrictions on diver
sions, exports, channel flows, or gate opera
tions. 
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• Historical conditions. The combination of 
measured inflows and exports, estimated chan
nel depletion and Delta outflow, simulated 
channel flows, and measured or simulated EC 
and other water quality variables. 

• 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. 

• Entrapment zone. An area or zone of the Bay
Delta estuary where riverine current meets 
upstream-flowing estuarine currents and varia
tions in flow interact with particle settling to 
trap particles. The entrapment zone generally 
corresponds to a surface salinity (EC) range of 
2-10 mS/cm specific conductance (Kimmerer 
1992). 

AFFECTED ENVIRONMENT 

Delta waters serve several beneficial uses, each of 
which has water quality requirements and concerns asso
ciated with it. The Delta is a major habitat area for 
important species of fish and aquatic organisms, as well 
as a source of water for mwlicipal, agricultural, recrea
tional, and industrial uses. Dominant water quality 
variables that influence habitat and food-web relation
ships in the Delta are temperature, salinity, SS (and asso
ciated light levels), DO, pH, nutrients (nitrogen and 
phosphorus), DOC, and chlorophyll. Other key consti
tuents that are monitored in water for mwlicipal use are 
Br· concentrations (measured in raw water) and con
centrations of THMs formed in the disinfection of water 
(measured in treated water). Also of concern in this 
water quality assessment are pollutants that may remain 
in some DW island soils as a result of past agricultural 
and waste disposal activities. If such pollutants are 
present, they may contaminate stored water that is later 
released into Delta channels. 
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Source~ of Information 

Water Quality Appendices 

This chapter is supported by a series of technical 
appendices that provide evaluation of available Delta 
water quality data and docwnent methods and results of 
impact assessment models used in this EIR/EIS. Follow
ing are descriptions of the information presented in these 
water quality appendices: 

• Appendix B2, "Salt Transport Modeling Meth
ods and Results for the Delta Wetlands Project", 
describes the available Delta salinity (EC) data 
and the results of the RMA Delta hydrodynamic 
and water quality modeling of Delta salinity 
conditions. 

• Appendix C 1, "Analy§js of Delta Inflow and 
Export Water Quality Data", describes the 
available water quality data for Delta inflows 
and exports (from DWR's Municipal Water 
Quality Investigations [MWQI] program) and 
discusses the likely loading (sources) of salt and 
DOC in the Delta. (The MWQI program is 
described below.) 

• Appendix C2, "Analysis of Delta Agricultural 
Drainage Water Quality Data", describes the 
available water quality data for Delta agricul
tural drainage (MWQI), and discusses the likely 
loading (sources) of salt and DOC from agri
cultural practices in the Delta. 

• Appendix C3, "Water Quality Experiments on 
Potential Sources of Dissolved Organics and 
Trihalomethane Precursors for the Delta Wet
lands Project", describes several water quality 
experiments that were conducted to identify the 
likely loading (sources) of salt and DOC from 
wetlands in the Delta, including contributions 
from vegetative decay and peat soil oxidation. 

• Appendix C4, "DeltaDWQ: Delta Drainage 
Water Quality Mooel", describes the Delta
DWQ water quality assessment model, which 
was used to evaluate possible effects of DW 
project operations on DOC and salinity in Delta 
exports. 

• Appendix CS, "Modeling of Trihalomethane 
Concentrations at a Typical Water Treatment 
Plant Using Delta Export Water", describes the 
WTP model, which was used to evaluate poss-
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ible effects ofDW project operations on THM 
concentrations in treated drinking water from a 
typical water treatment plant. 

• Appendix C6, "ASsessment of Potential Water 
Contaminants on the Delta Wetlands Project 
Islands", describes the sampling ofDW islands 
soils to identify possible sources of contami
nation from previous agricultural activities on 
the DW islands and discusses potential sources 
of water quality degradation related to recrea
tional boating and facilities. 

The results and conclusions from these technical 
water quality appendices are described below under 
"Impact Assessment Methodology". Details and addi
tional information about these water quality issues can be 
found in the appendices. All data and model results in 
this chapter and the appendices are presented for water 
years rather than calendar years (i.e., beginning in 
October of the previous calendar year and ending in 
September of the specified year). 

Agency Water Quality Sampling Programs in the 
Delta 

State and federal agencies conduct ongoing water 
quality sampling programs in the Delta. The following 
sections review previous and ongoing studies that pro
vided data on key water quality variables used for impact 
assessment of the DW project alternatives. 

Interagency Ecological Program of the Sacra
mento-San Joaquin Estuary. The Interagency Ecolo
gical Program (IEP), previously the Interagency Ecologi
cal Study Program (IESP), was initiated in 1970 by 
DWR, DFG, Reclamation, and USFWS to provide 
information about the effects of CVP and SWP exports 
on fish and wildlife in the Bay-Delta estwuy. Other 
agencies (e.g., SWRCB, EPA, the Corps, and USGS) 
have joined IEP and provide staff members and funding 
to assist in obtaining biological, chemical, and hydro
dynamic information about the Bay and Delta .. 

The fishery and water quality components of IEP 
were combined in 1985 to better coordinate investiga
tions of the Delta food web (Brown 1987). Further 
reorganization of IEP occurred in 1993. Fishery com
ponents ofiEP were initially designed' to docwnent habi
tat requirements and general food-web relationships of 
estuarine and migratory species. Water quality compo
nents were focused on salinity and algal productivity 
(nutrient) effects. 
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Agencies participating in IEP conduct extensive 
programs of routine sampling, as well as more intensive 
special studies, in the Delta. IEP maintains its data in 
EPA's centralized database (STORET) and other data
base systems to allow access to and analysis of collected 
data. Annual IEP reports are issued, and newsletters and 
annual meetings provide participants and the interested 
public with timely information about study results. 

SWRCB Biennial Reports for Clean Water Act 
Section 305(b). SWRCB, in fulfilling requirements of 
Section 305{b) of the Clean Water Act, prepares biennial 
reports on water quality conditions in California. 
SWRCB's 1986 report identified approximately 40 miles 
of the lower San Joaquin River from Vernalis to Stockton 
as a segment that did not fully support fishery-related 
designated uses because of water quality limitations. The 
1988 report did not list the lower San Joaquin River, but 
water quality remains a concern for this river. In 
contrast, the Sacramento River, theJargest tributary to the 
Delta, has relatively good water quality because of the 
large amount of dilution provided by runoff from the 
watershed and releases from storage reservoirs. 

Municipal Water Quality Investigations Pro
gram. DWR's MWQI program encompasses the 
previous Interagency Delta Health Aspects Monitoring 
Program (IDHAMP) and Delta Island Drainage Investi
gations (DIDI). IDHAMP was initiated by DWR in 1983 
to provide a reliable and comprehensive source of water 
quality infonnatioo for judging the suitability of the Delta 
as a source of drinking water (DWR 1989). Issues of 
concern included sodium, asbestos, and the potential for
mation of disinfection byproducts (DBP) such as THMs 
in treated drinking water from the Delta. 

As the MWQI program has proceeded, assessment 
of more water quality constituents has been added. These 
constituents include pesticide residues and concentrations 
of organic materials and THM precursors that are con
tributed to Delta waters from agriculture drains and from 
algal biomass in the Delta. The ionic compositions of 
inflowing rivers and exported water have been compared 
to provide a means of chemically tracking the movement 
of water through the Delta. 

MWQI studies have documented that Delta exports 
contain relatively high concentrations of DOC, a THM 
precursor. Agricultural drainage discharges containing 
natural decomposition products of peat soil and crop 
residues are considered dominant sources of DOC in 
Delta waters (DWR 1994). Additionally, DOC IS 

contributed to Delta waters by Delta inflows. 
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The MWQI program recently determined that Br· in 
Delta water contributes significantly to formation of the 
THMs observed in treated drinking water from the Delta. 
Sources ofBr· in Delta water are seawater intrusion, San 
Joaquin River inflow containing agricultural drainage, 
and possible connate groundwater. Br· measurements are 
relatively difficult to make but have been included in the 
MWQI study since January 1990. 

The Delta agricultural drainage component of the 
MWQI program has located and sampled discharge 
points of irrigation drainage water in the Delta since 
1985. The program initially focused on Empire Tract, 
Grand Island, and Tyler Island, collecting monthly 
samples from agricultural drains on these islands. Sev
eral new monitoring stations were added to the program 
in 1987, allowing a much broader interpretation of pat
terns among islands with different soil and farming prac
tices (DWR 1990). Drainage discharges from Bouldin 
and Bacon Islands and Webb and Holland Tracts are 
currently sampled under this program. Figure 3C-l 
shows the location of Delta agricultural drainage pumps 
and MWQI sampling locations (not all drains are 
sampled). 

In general, intensive surveys of agricultural drains on 
Delta islands have shown high DOC concentrations that 
may represent a significant contribution to DOC concen
trations in Delta waters (DWR 1990). The salt content of 
the drainage water is found to be greatest during October
March as a result of the leaching of salts from Delta 
island soils between growing seasons. 

In 1988, the DWR MWQI program analyzed agri
cultural drainage from approximately 30 Delta drains for 
a wide spectrum of agricultural pesticides. The drains 
were sampled during periods of heavy pesticide use or 
high drainage discharge to document concentrations 
during worst-case events. Pesticides were generally not 
detected in drainage water, except for small amounts of 
atrazine, sirnazine, and 2,4-D (DWR 1989). 

Toxic Substances Monitoring Program. Initiated 
in 1976, the Toxic Substances Monitoring Program 
(TSMP) is a statewide program for assessing water 
quality based on sampling of resident aquatic organisms 
(e.g., freshwater clams, carp, bass, and trout) to deter
mine the extent of synthetic organic chemicals and heavy 
metals in California rivers and major waterways. This 
approach to water quality monitoring is based on the 
assumption that an organism integrates toxicant exposure 
over time and concentrates pollutants to measurable 
levels (SWRCB 1985). 
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Although pesticides are rarely detected in Delta 
waters, data from various monitoring programs con
ducted by DWR and SWRCB have shown that contami
nation by synthetic organic chemicals is prevalent in 
sediment and organisms collected throughout the Delta. 
DDT, toxaphene, Aldrin, and other agricultural pesticides 
are consistently detected in fish collected from the Sacra
mento and San Joaquin Rivers and the Delta. Most 
pollutant concentrations in fish do not exceed standards 
established by the U.S. Food and Drug Administration or 
the National Academy of Sciences for the consumption of 
fish tissues. However, the presence of pollutants in fish 
demonstrates that organic chemicals are being bioaccum
ulated through the Delta food chain. 

Monitoring Program for D-1485 Standards. D-
1485 (SWRCB 1978), issued by SWRCB in August 
1978, amended previous water right permits of DWR and 
Reclamation for the SWP and CVP facilities, respec
tively. D-1485 also set numerigal water quality objec
tives and requirements for Delta outflow, export pumping 
rates, salinity as measured by electrical conductivity 
(EC), and chloride (Cl") to protect three broad categories 
of beneficial uses: fish and wildlife, agriculture, and 
municipal and industrial water supply. The standards 
included adjustments to reflect hydrologic conditions 
under different water-year types. 

D-1485 has required DWR and Reclamation to 
conduct comprehensive water quality monitoring of the 
Delta. Annual reports have been prepared on observed 
water qwility conditions in the Delta and compliance with 
limits set in D-1485 (DWR 1978). Similar monitoring 
requirements are included in the 1995 WQCP. DWR and 
Reclamation are responsible for adjusting their operations 
to satisfY the applicable objectives. Figure 3C-2 shows 
a map of the D-1485 water quality monitoring stations in 
the Delta. Some of these stations have continuous EC 
monitors; others are sampled routinely for chemical and 
biological measurements. 

EC monitors at Jersey Point and Emmaton are 
especially important for managing the linkage between 
upstream reservoir releases and export pumping limits 
needed to satisfY Delta water quality objectives. The 
CVP and SWP operationsstaffs have access to tete
metered data from these and several other EC monitors. 
'The DWR Delta Operations Water Quality Section pre
pares and distributes a daily report of data on flows and 
EC to assist in decision making on Delta water project 
operations. 
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Delta Water Quality Issues 

Water quality requirements and concerns are asso
ciated with each beneficial use of Delta water. Beneficial 
uses include agriculture, municipal and industrial water 
supply, fish and wildlife, and recreation (SWRCB 1975). 
Water is diverted for agricultural crop and livestock 
production at more than 1 ,800 siphons. Drainage water 
is returned to the Delta through pumping stations oper
ated independently by reclamation districts (Figure 
3C-1). 

The Delta export pumping plants (SWP Banks, CVP 
Tracy, and SWP North Bay Aqueduct) and CCWD 
diversions at Rock Slough intake supply a combination of 
agricultural, industrial, and municipal users and also 
some wildlife uses (water supply for refuges). Industrial 
intakes and discharges occur near Sacramento, Stockton, 
and Antioch. A wide variety of fish and wildlife inhabit 
or migrate through the Delta. Many public and private 
recreational facilities are located in the Delta. 

Recognized Delta water quality issues include the 
following: 

• High-salinity water from Suisun Bay intrudes 
into the Delta during periods of low Delta out
flow. Salinity adversely affects agricultural, 
municipal, recreational, and industrial uses. 

• Delta exports have elevated concentrations of 
DBP precursors (e.g., DOC), and the presence. 
of Br· increases the potential for formation of 
brominated DBP. 

• Agricultural drainage in the Delta contains high 
levels of nutrients, SS, DBP precursors (DOC), 
and minerals (salinity), as well as traces of agri
cultural chemicals (pesticides). 

• Synthetic and natural contaminants have bioac
cumulated in Delta fish and other aquatic organ
isms. Synthetic organic chemicals and heavy 
metals are found in Delta fish in quantities 
occasionally exceeding acceptable standards for 
food consumption. 

• The San Joaquin River delivers water of rela
tively poor quality to the Delta, with agricultural 
drainage to the river being a major source of 
salts and pollutants. The Sacramento River also 
contains agricultural drainage, but in lower 
concentrations because river flows are higher. 
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• Populations of striped bass and other species 
have declined significantly from recent histori
callevels. Causes of the declines are uncertain, 
although water quality conditions in the Bay and 
Delta, decreases in Delta inflow and outflow 
rates, and increases in Delta exports are sus
pected of contributing to the declines. 

• The location of the estuarine salinity gradient 
and its associated "entrapment zone", with rela
tively high biological productivity, is controlled 
by Delta outflow. The location of the entrap
ment zone relative to the available estuarine 
habitat area must be appropriate to protect 
estuarine species. 

Delta Water Quality Variables 

•' 
Water quality conditions in the Delta are influenced 

by natural environmental processes, water management 
operations, and waste discharge practices. The DW 
project would provide an additional method of water 
management in the Delta and thus would influence Delta 
water quality. This section describes water quality 
variables that might be affected by DW operations and 
identifies several key variables selected for impact 
assessment purposes. Some of the selected variables are 
assessed with impact assessment models and are dis
cussed quantitatively in the impact assessment. Others 
cannot be assessed with impact assessment models and 
are therefore discussed qualitatively. Variables that have 
not been identified as current problems in the Delta and 
those that are not likely to be affected by DW operations 
were not selected as impact assessment variables. 

Table 3C-1 lists the major water quality variables 
considered for use in this impact assessment. 

Flow 

Delta water quality conditions can vary dramatically 
because of year-to-year differences in runoff and water 
storage releases, and seasonal fluctuations in Delta flows. 
Concentrations of materials in inflowing rivers are often 
related to streamflow volume and season. 

Transport and mixing of materials in Delta channels 
are strongly dependent on river inflows, tidal flows, 
agricultural diversions, drainage flows, wastewater ef
fluents, exports, and cooling water flows. Possible water 
quality effects of the DW project depend on flows in the 
Delta. An accurate assessment of possible Delta water 
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quality effects therefore requires consideration of the 
patterns ofDelta channel flows (see Chapter 3B, "Hydro
dynamics"). Channel flow was not selected as a variable 
for impact assessment in this chapter but is considered in 
Chapter 3B. 

Temperature 

Temperature governs rates of biochemical processes 
and is considered a major environmental factor in deter
mining organism preferences and behavior. Fish growth, 
activity, and mortality are related to temperature. The 
maximum (saturated) concentration of DO in water is 
lower at higher temperatures. 

Water temperatures are determined predominantly 
by surface heat exchange processes, which are a function 
of weather. Delta temperatures are only slightly in
fluenced by water management activities. The most 
common environmental impacts associated with water 
temperatures are localized effects of discharges of water 
at substantially elevated temperatures (e.g., thermal 
shock). DW discharges may influence temperatures in 
surrounding Delta channels because stored water may 
become warmer during storage periods. Temperature is 
discussed qualitatively for impact assessment, with 
measurements proposed as part of impact mitigation to 
prevent any significant impacts from occurring. 

Suspended Sediments 

The presence of SS (often measured as turbidity) i~ 
a general indicator of surface erosion and runoff into 
water bodies or resuspension of sediment materials. 
Following major storms, water quality is often degraded 
by inorganic and organic solids and associated adsorbed 
contaminants, such as metals, nutrients, and agricultural 
chemicals, that are resuspended or introduced in runoff. 
Such runoff and resuspension episodes are relatively 
infrequent, persist for only a limited time, and therefore 
are not often detected in regular sampling programs. 

The attenuation of light in Delta waters is controlled 
by SS concentrations (with some effects from chloro
phyll). SS concentrations are often elevated in the en
trapment zone as a result of increased flocculation (i.e., 
aggregation of particles) in the estuarine salinity gradient. 
High winds and tidal currents also contribute to increased 
SS in the estuary. 

The DW reservoir islands are expected to act as 
settling basins; therefore, SS concentrations are expected 
to be considerably lower in discharges than in Delta 
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channels. Nevertheless, resuspension of SS materials 
from the reservoir bottoms into the water on the DW 
reservoir islands is possible and might have an impact on 
Delta channel SS concentrations. As the reservoir islands 
are emptied, the discharge water may have higher SS 
concentrations. SS is discussed qualitatively for impact 
assessment, with measurements proposed as part of 
impact mitigation. 

Dissolved Oxygen 

DO is often used as an indicator of the balance 
between sources of oxygen (e.g., aeration and photo
synthesis) and the conswnption of oxygen in decay and 
respiration processes. The DO saturation concentration 
changes with temperature, and DO concentration often 
varies diurnally. DO concentrations in Delta channels are 
not generally considered to be a problem, except near 
Stockton and in some dead-end sJpughs. DO concentra
tions in MWQI agricultural drainage samples are some
times slightly depressed (e.g., less than 5 milligrams per 
liter [mgll]), indicating the presence of a large quantity of 
organic material (measured by DOC). DO is discussed 
qualitatively for impact assessment, with measurements 
proposed as part of impact mitigation. 

pH 

The measurement of the overall acidity or alkalinity 
of water is its pH The pH of Delta water is governed by 
inflows, aquatic productivity, and the buffering capacity 
of the carbonate system (especially in estuarine water), so 
it is relatively constant in the Delta. DW discharges are 
not expected to have any measurable effect on channel 
pH. Therefore, pH was not selected as a variable for 
impact assessment. 

Electrical Conductivity 

EC is a general measure of dissolved minerals and is 
the most commonly measured variable in Delta waters. 
EC is generally considered a conservative parameter, not 
subject to sources or losses-internal to a water body. 
Therefore, changes in EC values can be used to interpret 
the movement of water and the mixing of salt in the Delta 
(see Appendix B2, "Salt Transport Modeling Methods 
and Results for the Delta Wetlands Project"). 

EC values increase with evaporation, decrease with 
rainfall, and may be elevated in agricultural drainage 
flows in the Delta. Because EC changes with tempera
ture, Delta EC measurements are standardized to 25°C. 
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Seawater intrusion from the modeled downstream 
boundary of the estuary at Benecia has a large effect on 
salinity in the Suisun Bay portion of the estuary. The 
estuarine entrapment zone, an important aquatic habitat 
region associated with high levels of biological produc
tivity is defined by the mean daily EC range of about 2-1 0 
mS/cm (Arthur and Ball 1980). 

The location of the estuarine salinity gradient and 
associated entrapment zone is estimated from EC moni
toring data and is directly related to Delta outflow. DW 
project operations will have direct effects on channel EC 
during DW discharge periods and may indirectly in
fluence EC by changing Delta outflow during periods of 
DW diversions. Reducing agricultural diversions and 
drainage from the DW project islands also may affect 
Delta EC values. EC has therefore been selected as a 
variable for impact assessment. 

Dissolved Minerals 

Beneficial uses of Delta water for agricultural, 
municipal, and industrial water supply can be limited by 
levels of dissolved minerals. Major parameters for 
judging Delta water quality have included salinity and 
concentrations of total dissolved solids (IDS); c1·; 
sodium (Na); and more recently, Br· (Delta M&I Work
group 1989). 

Determining concentrations of specific anions or 
cations may be important for particular water uses. c1· 
and Br· concentrations are important in evaluating do
mestic water supply quality, and sodium concentration is 
important for both agricultural and domestic water 
quality. The ratio ofCl· to EC (using units ofmgll for cJ· 
and microsiemens per centimeter (j.lS/cm] for EC) can be 
used to distinguish between sources of water from 
different inflows (e.g., Sacramento River, San Joaquin 
River, and seawater) sampled at different Delta locations. 

DW project operations would influence relative 
contributions of water from different Delta inflow 
sources. Therefore, the project would affect mineral con
centrations in the Delta. Cl" and Br· concentrations were 
selected as impact assessment variables. The Delta 
salinity model developed by RMA was used to simultane
ously simulate EC and concentrations of c1·. These 
simulations were compared with historical EC measure
ments and were then swnmarized to provide estimates of 
c1· and Br· concentrations for impact assessment with the 
DeltaDWQ model (see Appendix C4, "DeltaDWQ: 
Delta Drainage Water Quality Model"). 
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Di11olved Organic Carbon 

DOC concentration is one of the primary variables 
that influence the potential for formation ofDBP. DBP 
concentrations are important in judging the quality of 
drinking water sources (Delta M&I Workgroup 1989). 

The most common DBP is 11-IM compounds formed 
during chlorination of DOC in drinking water supplies; 
these potentially carcinogenic substances include chloro
form and bromoform (Bellar and Lichtenberg 1974; 
Wilkins et al. 1979). Chloroform has been shown to 
increase the risk of liver and kidney cancer in mice when 
administered at high doses (National Cancer Institute 
1976). Using data of the National Cancer Institute 
(1976) and considering water treatability, EPA has estab
lished a maximum contaminant level (MCL) of 100 
micrograms per liter 0-lg/1) or parts per billion (ppb) for 
THMs in finished (treated) drinking water ( 44 FR 
68624). 

The current MCL standard is under review by EPA 
and may be lowered in the near future. Proposed stand
ards being discussed are an MCL of 80 J.lg/1 for 11-IM, as 
well as MCLs for individual 11-IM compounds. The 
suspected carcinogenic risk to humans from THMs has 
led some communities to study and revise their methods 
of disinfecting drinking water. 

THM levels in drinking water can be reduced 
through the use of alternatives to chlorination in treating 
water for human conswnption (e.g., ozonation or chloro
mines), although other potentially harmful DBP com
pounds may be formed during these other disinfection 
processes. Disinfection itself is being more carefully 
regulated by EPA to avoid problems from various 
pathogens (i.e., viruses). Reducing DOC concentrations 
in raw water before chlorination with flocculation or 
granular activated carbon adsorption can reduce all DBP 
levels, but may be quite expensive. 

Minimizing DOC concentrations in the raw water 
source is a major water quality goal for drinking water 
uses. DW operations may directly influence DOC con
centrations in Delta channels and exports. DOC was 
selected as a variable for Impact assessment. The 
DeltaDWQ model was used to estimate the potential 
impacts of DW operations on export DOC concen
trations. 
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Trihalometbanes and Tribalomethane Formation 
Potential 

11-IM formation potential (THMFP) is measured in 
the MWQI samples as an index of THM concentrations 
that could be produced by maximum chlorination of Delta 
water. Several types of laboratory tests have been devel
oped to measure THMFP in water samples. Whereas 
THMFP is measured in raw untreated water, the regu
latory requirement for 1HM concentrations applies to the 
finished or fully treated water delivered to homes and 
commercial users. THM concentrations generally in
crease with higher chlorine doses and with higher DOC 
and higher Br· concentrations (DWR 1994 ). 

There are four types of 11-IM molecules, which can 
be differentiated by molecular weight: chloroform 
(CHC13), dichlorobromomethane (CHC12Br), dibromo
chloromethane (CHClBr:z), and bromoform (CHBr3). 

Total 11-IM concentration (by weight) is the basis for 
current EPA drinking water standards. The greater 
weight of total 11-IMs resulting from increased bromine 
incorporation, however, complicates comparison ofTI-IM 
precursors from two water samples with different Br· 
concentrations. One method to normalize the total 11-IM 
concentrations is to use molar 11-IM concentrations, the 
standard chemistry method, which essentially counts the 
number (moles) ofTI-IM molecules per liter of water. 

A slightly different technique, giving equivalent 
results, is to measure only the carbon weight of each 
THM molecule because each molecule has one carbon 
atom. The carbon-fraction concentrations of the four 
THM molecules are added together to calculate the 
carbon equivalent of the 11-IM concentration (C-THM), 
called the "total formation potential carbon" (TFPC) in 
the DWR MWQI program. 

Dividing the C-THM concentration 0-lg/1) by the 
DOC concentration 0-lgll) in a water sample gives the 
fraction of DOC molecules that were converted to 11-IM 
molecules during the THMFP assay. This C-THMIDOC 
ratio is called the 11-IM yield. 

These THM-related variables are discussed in 
greater detail in Appendix C 1, "Analysis of Delta Inflow 
and Export Water Quality Data"; Appendix C3, "Water 
Quality Experiments on Potential Sources of Dissolved 
Organics and Trihalomethane Precursors for the Delta 
Wetlands Project"; and Appendix CS, "Modeling of 
Trihalomethane Concentrations at a Typical Water Treat
ment Plant Using Delta Export Water". 

Simulated 11-IM concentration in treated drinking 
water using Delta exports as the raw water source, 
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modeled with the EPA water treatment plant (WTP) 
model (described in Appendix CS), was selected as a 
variable for impact assessment. 

Ultraviolet Absorbance and Color 

Ultraviolet absorbance (UV A) is the absorbance of 
light with a wavelength of 254 nanometers (nm), as 
meastU"ed with a spectrophotometer and reported in units 
of 1/cm (fraction absorbed in one centimeter of water). 
UV A, used in the study of humic acids and THM pre
cW"SOrs, has been fot:ind to be linearly related to both 
DOC and C-THM concentrations (see Appendix C2, 
"Analysis of Delta Agricultural Drainage Water Quality 
Data"). 

UV A may be useful as a field measurement variable 
for estimating DOC and C-THM concentrations in DW 
discharges and Delta channels, bu!. UV A was not selected 
as a variable for impact assessment because DOC and C
TIIM impact assessments will be sufficient (provide the 
same results). Color is a similar measure of light absorb
ance but is not selective for the humic and fulvic acid 
component of DOC materials. 

ChlorophyU 

Algal biomass and organic chemicals associated with 
algal processes may produce flavor and odor in water 
supplies as well as contribute to THM formation. Alter
natively, algal biomass may be a. desirable habitat 
constituent for fish and aquatic organisms. Chlorophyll 
concentration is the most common measure of algal . 
biomass. Fluorometric devices have been developed that 
may provide a field measurement technique for chloro
phyll. Algal biomass may increase during water storage 
on the DW reservoir islands and during wetland and 
wildlife management on the habitat islands. Chlorophyll 
is discussed qualitatively for impact assessment, with 
measurements proposed as part of impact mitigation. 

Nitrate and Phosphate 

Nitrate (N03") and phosphate (PO/"), nutrients re
quired for aquatic plant and algal growth, are supplied to 
the Bay-Delta estuary by river inflows, by agricultural 
drainage, from biochemical recycling in the water 
column, and from sediment releases. Macrophytes and 
wetland vegetation obtain these nutrients from the sedi
ment. Ammonia from sources such as wastewater ef
fluents and agricultural fertilizers is oxidized rapidly to 
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nitrate in Delta channels, and ammonia concentrations are 
usually quite low. 

Because DW operations are not likely to change the 
supply or concentrations of these nutrients in Delta 
channels, they were not selected as variables for impact 
assessment. 

Contaminant Residues 

Residues from pesticides, herbicides, trace metal 
compounds, and other agricultural or industrial chemicals 
may produce serious pollution conditions in Delta water 
and may bioaccumulate in Delta fish and aquatic organ
isms. These residues can be measured in water, soils, 
sediments, and organisms inhabiting Delta channels. The 
detection of a particular compound depends on its persis
tence and mobility in the environment, as well as its 
source characteristics. Contaminant residues were selec
ted as a variable for impact assessment because of poss
ible contamination of stored water on the DW reservoir 
islands. Appendix C6, "Assessment ofPotential Water 
Contaminants on the Delta Wetlands Project Islands", 
describes sampling of the DW project islands for possible 
contaminants. 

Water Quality of Delta Inflows 
and Exports 

Concentrations of many water quality constituents 
are often higher in Delta exports than in Sacramento 
River inflow. Possible sources of water quality consti
tuents in the Delta are seawater intrusion, inflows from 
the San Joaquin River and eastside streams, biological 
production in Delta channels, agricultural drainage from 
Delta islands, and treatment plant etlluents. Appendix 
Cl, "Analysis ofDelta Inflow and Export Water Quality 
Data", provides detailed information on the existing water 
quality characteristics of Delta inflows and exports and 
the observed changes in these characteristics during 
water transport through the Delta (data for EC, c1·, Br·, 
DOC, and THMFP are presented and interpreted in this 
appendix). Appendix B2, "Salt Transport Modeling 
Methods and Results for the Delta Wetlands Project", 
includes historical data on EC: 

Historical water quality data from the Delta inflows 
(Sacramento and San Joaquin Rivers) and the export 
locations (CCWD Rock Slough, SWP Banks, and CVP 
Tracy Pumping Plants) were used to characterize Delta 
water quality and to confirm the simulations of historical 
EC conditions performed using the RMA Delta water 
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quality model. These data. on inflow water quality are 
used in the DeltaDWQ assessment model to evaluate 
effects of DW operations on water quality of the Delta 
expms. Selected historical data are briefly summarized 
in the following sections. 

Temperature and Suspended Sediments 

USGS operates monitoring stations for daily mea
surements of temperature and SS on the Sacramento 
River at Freeport and on the San Joaquin River at 
Vernalis. Data from these measurements indicate the 
seasooal and stonn-eve:nt patterns of temperature and SS. 
Turbidity data collected by the MWQI program are 
described in Appendix C I. Available Delta temperature 
data are discussed as part of the fishery assessment in 
Chapter 3F, "Fishery Resources". 

Electrical Conductivity Data ..-

Figure 3C-3 shows monthly average EC measure
ments :from the Sacramento River at Greene's Landing for 
water years 1968-1991 from EPA's STORET database 
(Baughman pers. corrun.). Average EC is generally in the 
range of 100-200 JJ-S/cm. Sacramento River EC mea
surements decrease with higher flows, exhibiting a typical 
flow-dilution relationship that can be approximated with 
the following equation, estimated from the 1968-1991 
data: 

Sacramento River EC (Jl-S/cm) 
= 5,000 • flow (cfs) ""·35 

This equation was used to develop an input data set 
relating inflow EC levels to inflow volume for RMA salt 
modeling, as described in Appendix B2, "Salt Transport 
Modeling Methods and Results for the Delta Wetlands 
Project", and for DeltaDWQ modeling as described in 
Appendix C4, "DeltaDWQ: Delta Drainage Water 
Quality Model". The equation predicts that EC values 
would be greater than 200 JJ-S/cm only when Sacramento 
River flows are less than 10,000 cfs. Some measured 
values were greater than 200 JJ-S/cm when flows were 
higher than 10,000 cfs because of variations in the 
sources of minerals (EC) in the Sacramento River water
shed. 

1be monthly average EC values for the San Joaquin 
River are usually higher than EC values for the Sacra
mento River, with typical values varying between 
200 JJ-S/cm and 1,000 JJ-S/cm. Figure 3C-4 indicates that 
EC measurements from the San Joaquin River at Vernalis 
(Baughman pers. comm.) also generally decrease with 
increases in flow, exhibiting a flow-dilution relationship 
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that can be approximated with the following equation, 
estimated from the 1968-1991 data: 

San Joaquin River EC (mS/cm) 
= 25 • flow ( cfs) .o.s 

Several San Joaquin River monthly average EC 
values above I ,000 JJ-S/cm (1.0 mS/cm) were observed 
during winter in recent years ( 1988-1991) (Figure 3C-4, 
upper panel). These values are higher than EC values 
estimated with the flow-dilution equation. These elevated 
EC values suggest that an additional load of salt may have 
been released in drainage into the San Joaquin River 
during recent years. For impact assessment purposes, 
however, this equation was used as an estimate of San 
Joaquin River EC values. Because the simulated inflows 
will be different from historical inflows (due to differ
ences in reservoir operations and diversions), the histor
ical EC values cannot be used directly. 

Chloride and Bromide Concentrations 

Each Delta inflow has a specific chemical composi
tion that can be used to characterize the inflow source 
(see Appendix Cl). Concentrations of each mineral 
constituent increase directly with EC. CJ· and Br· are the 
two minerals of greatest interest for the DW impact 
assessment Where Br· measurements are available, data 
indicate that all three sources of Delta water (Sacramento 
River, San Joaquin River, and seawater) have a nearly 
identical and constant Br'/CI· concentration ratio of 
0.0035 (see Figure CI-S in Appendix C1). Variability in 
the Br·tci· ratio is greatest for the Sacramento River 
because of the low concentrations of c1· and Br·. 
Estimating the Br·fEc ratio driectly would provide 
identical results. 

In Sacramento River inflows, EC values are gener
ally between I 00 JJ-S/cm and 200 JJ-S/cm, Cl' concentra
tions are usually between 5 mg/1 and I 0 mg/1, and the 
Cl'/EC value for Sacramento River inflows averages 
about 0.04 (Figure 3C-5). The graphical presentation of 
mineral concentrations in the Sacramento River shows 
much scatter because the low concentrations are reported 
in whole units of mg/1. Br" concentrations are very low in 
the Sacramento River, averaging less than 0.05 mg/1 
(Br'/Cl' = 0.0035; Br·/Ec = 0.0001). 

In San Joaquin River inflows, CJ· concentrations 
fluctuate between about 20 mg/1 and 150 mg/1. Cl'/EC 
values increase from about 0.10 at low EC values to 
about 0.15 at high EC values (Figure 3C-6). The change 
in the CI'/EC ratio value may be explained by the fact that 
San Joaquin River inflow is a mixture of San Joaquin 
River water, containing significant agricultural drainage, 
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and Stanislaus River water. Nevertheless, the Cl"IEC 
value of 0.10 to 0.15 in the San Joaquin River inflow is 
distinct from the lower Cl·fEC value of about 0.04 in the 
Sacramento River. Br· concentration would be about 
0.5 mgll when c1· concentration is 150 mgll (Br ·tel · = 
0.0035~ Br·fEC = 0.00035 to 0.00052). 

The Cl"/EC value for seawater is approximately 0.35. 
The Cl"IEC value has averaged about 0.30 for MWQI 
samples from Mallard Island near the confluence of the 
Sacramento and San Joaquin Rivers (Figure 3C-7) 
because some mixture of Sacramento River water and 
ocean water was presumably collected in the samples. 
Br· concentrations would be about 17.5 mgll at Mallard 
Island when Cl- concentration is 5 gil (Br·tcl· = 0.0035; 
Br·fEc = 0.001). 

Concentrations of Dissolved Organic Carbon 

" DOC concentrations in Sacramento River inflow are 
generally the lowest measured in the Delta, usually 
approximately 2.0 mg/1. Sacramento River DOC concen
trations sometimes exceed 3.0 mg/1, however. Daily 
measurements during storm events in 1993 have con
firmed that Sacramento River DOC concentrations can 
exceed 2.0 mgll as the result of the presence of DOC 
material in surface runoff (Agee pers. comm.). DOC 
concentrations in the San Joaquin River (generally 
ranging between 3.0 mgll and 6.0 mgll) are usually 
higher than Sacramento River DOC concentrations. 
Available data on Delta DOC concentrations are dis
cussed in Appendix C I. Flow regressions were estimated 
for river inflow concentrations of DOC using available 
data and were used to calculate inflow DOC 
concentrations in DeltaDWQ for impact assessment 
purposes. 

Potential Water Contaminants on 
the DW Project Islands 

Potential water contaminants on the DW project 
islands include residues from pesticides applied by agri
cultural operations, materials-from waste disposal sites, 
and residues at maintenance and repair facilities for agri
cultural equipment. 

Appendix C6, "Assessment of Potential Water 
Contaminants on the Delta Wetlands Project Islands", 
describes the results of soil sampling conducted on the 
DW project islands and laboratory analysis for pesticide 
residues. The results indicated that, in general, DW 
island soils do not contain significant concentrations of 
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agricultural chemicals. Pesticide residues were low to 
nondetectable for agricultural chemicals known to have 
high potential to leach from soils. Detected residues of 
three herl>icides observed in one soil sample from Bacon 
Island were the result of recent application and do not 
represent a concern regarding water contamination 
because herbicides undergo rapid chemical degradation. 

Incidental discharges of petroleum-based materials, 
sewage, and litter into Delta channels and onto the DW 
project islands could occur in connection with the pro
posed recreational boating facilities and activities. 
Petroleum products contain chemicals toxic to aquatic 
organisms, and improperly treated sewage can introduce 
into Delta channels pathogens that are harmful to human 
health and nutrients that stimulate biological growth. The 
magnitude and significance of discharges depends on 
facility locations and services provided; types of boating 
activities and changes from existing conditions; timing of 
the activities; and quality factors associated with boat 
size, age, and maintenance. Information is provided in 
Appendix C6 regarding the potential for DW operations 
to contribute to water quality problems as a result of 
recreational boating. Boating activities associated with 
DW project implementation are not likely to cause 
significant adverse water quality impacts. 

The following discussions describe other potential 
water contaminants on the four DW project islands. 

Bacon Island 

Bacon Island is the most densely populated of the 
DW project islands. Most of the domestic wastewater 
from homes and farm worker barracks is disposed of by. 
septic tank systems. Before garbage collection service 
was provided by individual counties or private firms, 
many farm operators disposed of domestic trash at selec
ted locations on the island. Abandoned vehicles, used 
automobile tires, various containers, and common house
hold or farm-related trash can be found at these sites. 
Figure 3C-8 shows the locations of known or visible 
garbage disposal sites on Bacon Island. 

Bacon Island has several permanent farm operation 
facilities, with designated areas for maintenance and 
repair of farm machinery. Fugitive diesel fuel and gear 
and motor oil drippings are evident in the soils in most of 
these areas. Used oils are stored in aboveground con
tainers and are collected by a waste oil recycler as neces
sary (Shimasaki pers. comm.). 

Partially filled or empty pesticide containers are 
stored in structures at selected sites on Bacon Island 
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(Figure JC-8). Most of these structures are elevated 
above growtd surface and their contamination of surface 
soils is unlikely. Disposal of metal, plastic, and paper 
pesticide containers is regulated by the California Depart
ment of Food and Agriculture (DF A) wtder a set of 
container guidelines. Under these regulations, containers 
are completely rinsed three times with tap water, allowed 
to dry, pwtctured by mechanical means, and stored in 
these areas wttil the number of containers accumulated is 
sufficient to be disposed of by a certified waste hauler. 
Rinse waters are typically applied to fields where the 
chemical was used Staff members of the cowtty agricul
tural commissioner's office inspect these areas during 
normal field visits to farm operations (Gianelli pers. 
comm.). 

A }Xltential source of contamination by heavy metals 
is the site of a discontinued copper salvaging operation, 
located at the northwestern comer of Bacon Island 
(Figure JC-8). A hazardous wasts investigation and site 
cleanup was conducted on the site and high levels of 
copper, zinc, lead, and other heavy metals were detected 
in soils surrowtding the illegal operation area. Levels of 
copper and lead were fowtd to exceed hazardous waste 
criteria established by DHS. Soils were also tested for 
EPA priority pollutants, most of which are synthetic 
organic compounds, but no compowtds were observed to 
exceed their detection limits. DHS (Region One Sur
veillance and Enforcement Section) issued a letter stating 
that cleanup has been adequate and that constituents of 
concern are at backgrowtd levels. (Ambacher pers. 
comm.) · 

Webb Tract 

No indications of domestic garbage sites were ob
served on Webb Tract during field surveys in August and 
September 1988. Historically, few people have lived on 
Webb Tract and the potential for the presence of major 
trash deposits is thought to be fairly low. Some farmers 
live in small mobile homes during the growing season. 
Users of the few permanent structures on the island rely 
on septic systems for waste disposal. Few farm machine 
repair and pesticide storage areas are located on the 
island. Most of the farmers rebuild or repair machinery 
during idle periods, typically in workshops located off the 
island (Dinelli pers. comm.). 

Bouldin Island 

No visible signs of waste dumping have been ob
served during field visits to Bouldin Island, which accom
modates several homes. All homes and office buildings 
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on Bouldin Island use septic systems for domestic sewage 
disposal. Domestic trash is transported off the island by 
a certified waste disposal firm. Farm machinery repair 
facilities on Bouldin Island are located on the eastern end 
of the island, about ~ mile south of the SR 12 bridge at 
Terminous (Wilkerson pers. comm.). Oil and grease 
drippings are evident in localized areas. 

Pesticide storage areas are absent from Bouldin 
Island because of the island's proximity to the Stockton
Lodi area, where major agricultural chemical distributors 
are located. Because pesticide formulations are mixed at 
distributors' facilities, minimal onsite storage or mixing 
is required (Wilkerson pers. comm.). Most farmers use 
the same chemical distributor each year and through 
experience know quantities of compowtds needed to 
minimize waste and overuse. Additionally, many of the 
compowtds are aerially applied; chemicals are handled 
and loaded at Bouldin Island airstrip. 

Holland Tract 

Domestic gamage dumps have not been observed on 
Holland Tract. Few people live on the island; most 
visitors to Holland Tract are boaters with berthing leases 
at the marinas (Lindquist pers. comm.). Trash generated 
at the marinas is collected by a private waste hauling 
firm. Domestic waste dumping was not evident during 
field surveys. No signs of pesticide storage areas were 
identified on Holland Tract during numerous field 
surveys. 

Several landowners previously used Holland Tract · 
lands to spread paper pulp waste produced by Gaylord 
Container Corporation's paper recycling facility in An
tioch. The pulp waste was the byproduct of recycled 
corrugated cardboard, which was made into new paper 
products. The waste disposed of on the island consisted 
of short paper fibers, minor amowtts of plastic, and 
adhesive compowtds. 

Information about the disposal of pulp recycling 
wastes on Holland Tract was obtained from the lessee of 
the property where the disposal operations took place. 
The pulp disposal operation began in 1979 and ended in 
1993. Approximately 450 tons per day of wet material 
was delivered to the Holland Tract disposal site, where 
the material was stockpiled and allowed to dry. About 
80% of the wet weight was water and 20%, or 90 tons 
per day, was actual pulp waste. Starting in 1987, the 
materials were disked or plowed into the soil to improve 
the soil's percolation and water-retention capabilities 
(Laxson pers. comm.). 
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Recycled pulp waste was disposed of on Holland 
Tract 1.JI1der a land use permit issued by the Contra Costa 
Cotmty Planning Department (Permit 2127). The permit 
included requirements for groWidwater monitoring near 
the disposal sites; two 4-inch wells approximately 30 feet 
deep were installed to monitor groWidwater quality. 
Quarterly analytical reports were forwarded to CCWD 
Wider the tenns of the coWity permit. In 1984, moni
toring was discontinued after one well was accidentally 
destroyed by a bulldozer. 

A chemical analysis of waste pulp spread on Holland 
Tract was conducted for CCWD in 1988 (Gartrell pers. 
comm.). Concern had been raised over the potential 
·effects that trace metals, particularly lead, could have on 
CCWD drinking water supplies in nearby Rock Slough. 
Testing was performed by the DHS laboratory to deter
mine the maximum metal concentrations Wider worst
case conditions. Twenty-seven trace metals were ana
lyzed but none were foWid at levels that exceeded DHS 
hazardous waste ·criteria. Extractable and purgable 
organics also were not detected. Additional data collect
ed by Gaylord Container Corporation and analyzed by 
Emcon Associates in 1989 confirm that metal concen
trations were similar to backgroWid soil concentrations 
(Hsiong and Isham pers. comm.). 

The Central Valley Regional Water Quality Control 
Board (CVRWQCB), after reviewing results of chemical 
testing of the pulp waste, does not believe that metal 
concentrations in pulp wastes represent a potential threat 
to surface water or drinking water quality (Landau pers. 
comm.). Trace metals in pulp waste are Wider study by 
Gaylord Container Corporation for review by 
CVRWQCB (Roe pers. comm., Hsiong and Isham pers. 
comm.). Dioxin contamination of the pulp byproduct 
spread on Holland Tract is highly Wllikely because the 
pulp was not subjected to chlorination, which is essential 
in the formation of dioxins (Landau pers. comm.). 

IMPACT ASSESSMENT 
METHODOLOGY 

DW project operations may cause water quality 
effects in the Delta by two primary mechanisms: 

• DW project discharges may have EC levels or 
contain concentrations of water quality consti
tuents, such as c1·, Br·, or DOC, that may affect 
water quality in Delta channels and exports. 

• DW project diversions or discharges may 
change Delta outflow or Delta channel flows, 

Della Wetlands Draft EIRIE/S 

87-1 19HHICHJC 3C-13 

which might influence salinity intrusion or shift 
the contributions of water quality constituents 
from different Delta inflow sources. These 
changes may affect water quality in Delta 
channels and exports. 

Table 3C-2 gives a summary of impact assessment 
methods for the major water quality variables selected for 
impact assessment: salinity {EC, Cl·, Br") and DOC con
centrations in the Delta, and THM concentrations in 
treated drinking water obtained from the Delta. 

Overview of the Impact Assessment 
Models and Modeling Taskl 

The following models were used for the assessment 
of potential DW project effects on the major water quality 
variables selected for impact assessments, the RMA 
water quality model, the DeltaDWQ model, and the EPA 
WTP model. This section provides an overview of the 
most important steps in the development, calibration, 
confmnation, and application of these models for the 
impact assessment for water quality. 

The water quality assessment models rely on accur
ate hydrodynamic modeling of channel flows to allow 
simulation of salt transport and mixing in the Delta. The 
RMA Delta hydrodynamic model was used to simulate 
tidal and net channel flows in the major Delta channels, 
as described in Chapter 3B, "Hydrodynamics". The 
simulated net channel "flow-split" relationships were 
evaluated and summarized with equations that are incor
porated into the DeltaSOS model (Appendix A2, "Delta
SOS: Delta Standards and Operations Simulation 
Model"). The assumed water budget for Delta agricul
tural islands is incorporated into the DeltaDWQ model 
(Appendix C4, "DeltaDWQ: Delta Drainage Water 
Quality Model"). 

There are many Wipredictable processes and events 
that may affect water quality in the Delta that are not 
simulated with the assessment models developed for 
simulating likely effects of DW project operations. 
Examples of Wipredictable factors that are expected to 
influence conditions Wider the No-Project Alternative and 
Wider the DW project alternatives include occassional 
slugs of relatively high-salinity San Joaquin River 
inflows, intensive agricultural salt leaching following 
periods of drought, and increases in DOC concentrations 
in storm runoff. These Wipredictable water quality effects 
will be considered in actual DW operations, however, 
because they will be detected with routine monitoring 
data used to demonstrate compliance with the 1995 
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WQCP objectives and in data collection needed to satisfy 
mitigation requirements imposed on the DW project by 
SWRCB and the Corps. 

Figw-e 3-1 in Chapter 3, "Overview of Impact 
Analysis Approach", shows the relationship between the 
assessments performed using these models. Table 3C-3 
summarizes the preliminary model calbiration and 
confirmation tasks described below for the models used 
in the water quality impat assessment. Table 3C-4 swn
marizes the modeling tasks for the impact assessment. 

Methods for Assessing lmpadl on Salinity (Electrical 
Conductivity, Chloride, Bromide) 

There exist extensive historical data on EC from 
about 20 Delta locations. These measurements allow the 
RMA Delta water quality model to be calibrated and 
tested. Comparisons of EC data, and RMA simulation 
results are swnmarized in this chapter and are described 
in detail in Appendix B2. The simulated end-of-month 
EC patterns are quite similar to the patterns of measured 
mean monthly EC at most of the available measurement 
locations most of the time. There is some variation 
between the simulated and measured EC patterns because 
the model simulations used mean monthly flows and 
exports rather than the actual daily flows. These differ
ences are discussed in Appendix A4, "Possible Effects of 
Daily Delta Conditions on Delta Wetlands Project Oper
ations and Impact Assessments". During periods of 
salinity intrusion caused by low Delta outflow, there are 
additional differences between measured and simulated 
EC patterns caused by uncertainties in estimated Delta 
channel depletion and estimated Delta outflow. 

Historical daily Delta inflows and exports were used 
to test and calibrate the RMA water quality model (by 
adjusting tidal mixing coefficients) with daily EC 
measurements from 19 Delta locations for 1972. Flows 
and EC data for 1976 and 1978 were used to confirm the 
RMA water quality model results. These calibration 
results are shown in Smith and Durbin (1989). 

Historical monthly average Delta inflows and 
exports for 1967-1991 were Used to simulate monthly 
average net channel flows and end-of-month salinity pat
terns in the Delta. The historical Delta salinity simula
tions were used as a reference for judging the reliability 
of the RMA Delta water quality model. These results are 
described in Appendix B2, "Salt Transport Modeling 
Methods and Results for the Delta Wetlands Project", and 
are swnmarized in this chapter. 

Delta Wetlands Draft EIR!EIS 

87-1 J9HHICH3C 3C-14 

The RMA Delta water quality model was also used 
to simulate the mean monthly contributions of each Delta 
inflow source (Sacramento and San Joaquin Rivers, Yolo 
Bypass and eastside streams, agricultural drainage, and 
tidal mixing from the downstream model boundary) at 
selected Delta channel and export locations. These simu
lated mean monthly source contributions were swnmar
ized and incorporated into the DeltaDWQ model for 
impact assessment ofDW project operations on Delta EC 
and on c1· and Br· concentrations in Delta exports. 

Methods for Assessing Impacts on Dissolved Organic 
Carbon and Trihalomethane 

The simulated effects ofDW project operations on 
DOC concentrations depend on the estimated inflow 
concentrations and inflow source contributions, and on 
the asswned sources of DOC from Delta agricultural 
drainage and from the DW habitat and reservoir islands. 
1be simulated effects ofDW project operations on THM 
concentrations in drinking water also depend on the 
asswned chlorination and other treatment processes at the 
simulated water treatment plant. 

The DWR MWQI program has collected water 
samples from Delta channel, export, and agricultural 
drainage locations. The MWQI program measurements 
are the primary water quality measurements used to 
estimate changes in DOC between the Delta inflows and 
the Delta export locations and the contribution of DOC 
from Delta agricultural drainage, in units of grams of 
DOC per square meter per year (g-DOC/m2/year). The 
analyses of these data on Delta DOC and related 
variables are described in Appendices C 1, "Analysis of 
Delta Inflow and Export Water Quality Data", and C2, 
"Analysis of Delta Agricultural Drainage Water Quality 
Data". 

Because there are no measurements of agricultural 
drainage flows in the Delta, the MWQI measurements of 
DOC concentrations cannot be used to estimate the 
relative contributions of DOC from Delta agricultural 
land Possible contributions of DOC from crop residue, 
wetlands plants, and peat soil leaching have not been 
measured. Several water quality experiments were con
ducted to estimate these potential DOC source contri
butions for impact assessment purposes. Results of these 
experiments are described in Appendix C3, "Water 
Quality Experiments on Potential Sources of Dissolved 
Organics and Trihalomethane Precursors for the Delta 
Wetlands Project". 

There was no existing model for estimating the rela
tionship between the water budget for Delta agricultural 

Ch 3C. Water Quality 

September 1995 



( 

islands (diversions, ET, and drainage) and the corres
pooding salinity (EC) and DOC concentration patterns in 
agricultural drainage. The Delta drainage water quality 
model DeltaDWQ was developed for assessment of 
impacts associated with contributions of the DW project 
island discharges to DOC concentrations in Delta 
exports. This model combines the simulated monthly 
channel flows estimated in DeltaSOS with simulated 
moothly agricultural drainage and DW project discharge 
concentrations to estimate DOC concentrations in Delta 
exports. 

Finally, the simulated export concentrations of DOC 
and Br" were used to simulate expected monthly average 
THM concentrations in a typical water treatment plant 
obtaining its water supply from Delta exports. The EPA 
WTP model was used for the TIIM impact assessment. 
Appendix C5, wModeling of Trihalomethane Concen
trations at a Typical Water Treatment Plant Using Delta 
Export Waterw, describes this model and the results of 
1HM impact assessment for the DW project alternatives. 

This chapter swnmarizes the use of these water 
quality impact assessment models, selected criteria for 
judging impact sigriificance, and the results of the impact 
assessments for the constituents selected for impact 
assessment. However, the accompanying technical 
appendices should be consulted for many details that are 
not repeated in this chapter. 

Analytical Approach and 
Impact Mechanisms 

Assessment of water quality impacts requires estab
lishing a point of reference with which conditions under 
DW project operations can be compared. The point of 
reference used for this assessment is the No-Project 
Alternative. The simulated No-Project Alternative repre
sents Delta water quality conditions that are likely to exist 
in the absence ofDW project operations, with a repeat of 
the hydrologic conditions represented by the Delta 
hydrologic record, but with existing facilities, water 
demands, and Delta standards. The relationship between 
the No-Project Alternative and historical water quality 
conditions is described below. 

The 1962-1991 25-year period was used because: 

• the range of hydrologic conditions of the 25-
year period is similar to those of the 70-year 
1922-1991 period (Appendix AI), 
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• most reservoirs and diversion facilities were 
operational during this period, and 

• historical EC and water quality data are avail
able for this period. 

Conditions under the No-Project Alternative and the 
DW project alternatives were simulated using models 
discussed in the following sections. For a model to be 
considered a reliable predictive tool, simulations pro
duced by the model are confirmed through comparison 
with observed historical conditions. For this analysis of 
water quality effects ofDW project operations, simulated 
historical conditions were compared with historical data 
from the sampling programs described above under 
wSources oflnformationw. 

The following four locations in the Delta were 
selected for assessment of impacts related to Delta 
salinity conditions: 

• Chipps Island, usually considered to be the 
primary station for monitoring Delta outflow 
water quality because it is located downstream 
of the confluence of the Sacramento and San 
Joaquin Rivers, where river flows and Delta 
agricultural drainage have combined; 

• Emma ton, one of the locations for Delta agri
cultural salinity objectives located on the Sacra
mento River downstream ofThreemile Slough; 

• Jersey Point, one of the locations for Delta agri
cultural salinity objectives, and an important 
location for monitoring effects of agricultural 
drainage contributions to water quality in cen
tral Delta outflows; and 

• Delta exports from the southern Delta, assumed 
to be representative of CCWD diversions at 
Rock Slough intake #I; SWP exports at Banks 
Pumping Plant, where water is diverted from 
the Delta across Clifton Court Forebay into the 
California Aqueduct; and CVP exports at Tracy 
Pumping Plant, where Delta water is diverted 
into the Delta-Mendota Canal (DMC). 

A representative Delta export location was used 
because the impact assessment methods cannot reliably 
distinguish between water quality conditions at the three 
major export locations. Localized effects of agricultural 
drainage at the CCWD Rock Slough intake and effects of 
water quality of San Joaquin River inflows at the CVP 
Tracy Pumping Plant are described in Appendix B2, wsalt 
Transport Modeling Methods and Results for the Delta 
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Wetlands Project". For impact assessment purposes, the 
likely effects ofDW project operations on Delta export 
water quality were assessed for representative south 
Delta exports with the DeltaDWQ model, described in 
Appendix C4. The representative export water quality 
might be compared with historical water quality collected 
from Old River at Holland Tract. 

Impacts related to DOC and TIIM concentrations 
were assessed for Delta exports only. 

Water Quality Effects of DW Discharges: Contribu
tions of Constituents 

DW project discharges may contain elevated levels 
of water quality constituents that could affect water 
quality in Delta channels and Delta exports. Appendix 
C2, "Analysis of Delta Agricultural Drainage Water 
Quality Data", describes likely av.erage monthly concen
trations of water quality constituents in drainage water 
from Delta upland and lowland islands. The estimates for 
lowland islands were used to represent DW island dis
charges under the No-Project Alternative. Appendix C4, 
"DeltaDWQ: Delta Drainage Water Quality Model)", 
describes conceptual water, salt, and DOC budgets for 
typical Delta agricultural islands. Estimated agricultural 
drainage concentrations of EC and DOC under the No
Project Alternative are presented. c1· and Br· concentra
tions were also estimated with DeltaDWQ. Likely con
centrations of these constituents in discharges under the 
DW project alternatives were estimated for comparison 
with conditions under the No-Projec.t Alternative. 

DW discharges may change export water quality and . 
potentially affect TIIM concentrations in treated drinking 
water. The EPA WTP model, described in Appendix C5, 
"Modeling Trihalomethane Concentrations at a Typical 
Water Treatment Plant Using Delta Export Water", was 
used to simulate TIIM concentrations in Delta export 
water chlorinated in a typical water treatment plant. 

Water Quality Effects ofDW Operations: Changes 
in Channel Flows and Outflow 

DW project operations may influence salinity intru
sion to the Delta and contributions of water quality con
stituents from different inflow sources by changing Delta 
channel flows and outflows. Chapter 3B, "Hydrodynam
ics", describes hydrodynamic modeling of the DW project 
petformed by RMA for JSA and the lead agencies using 
its link-node hydrodynamic model of the Delta. RMA 
also performed salt transport modeling of monthly aver
age Delta conditions under contract to DW and provided 
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modeling results to JSA for use in performing water 
quality impact analyses. Appendix B I, "Hydrodynamic 
Modeling Methods and Results for the Delta Wetlands 
Project", describes the hydrodynamic modeling results 
and Appendix B2, "Salt Transport Modeling Methods 
and Results for the Delta Wetlands Project", describes the 
salinity modeling results. The RMA modeling was based 
on 25-year ( 1967-1991) historical inflows and exports. 

The RMA Delta salinity model uses the results from 
the RMA Delta hydrodynamic model and provides 
detailed simulations of salinity in all Delta channels. For 
impact assessment purposes, the observed relationships 
between effective Delta outflow and salinity at selected 
locations were used to summarize the likely effects of 
changes in Delta outflow caused by DW project oper
ations on EC at the four locations selected for impact 
assessment. The next section of this chapter shows that 
the DeltaDWQ results and the RMA Delta salinity model 
results indicated similar relationships between effective 
Delta outflow and EC at the locations selected for impact 
assessment. The detailed RMA modeling and the 
effective outflow relationships provided similar results. 
The negative exponential relationships between effective 
Delta outflow and EC were incorporated into the 
DeltaDWQ model and used for impact assessment of the 
alternatives. Comparisons between the historical EC data 
and the RMA salinity model results and the effective 
Delta outflow relationships are more fully described in 
Appendix B2. 

As described in Appendix B2, the effective Delta 
outflow is the equivalent steady-state outflow that will 
maintain the observed EC value at a particular monitor
ing station. Calculations of effective outflow incorporate 
the sequence of previous Delta outflows. The monthly 
change in effective outflow is calculated as a function of 
the previous month's effective outflow and this month's 
average outflow: 

Change in effective outflow = (outflow - effective 
outflow) • (l - exp[-effective outflow/R]) 

where R is a "response" factor that is approximately 
5,000 cfs for monthly average flows, as simulated in 
the DeltaSOS and DeltaDWQ impact assessment 
models. 

This effective Delta outflow calculation was used to 
allow impact assessment of Delta salinity intrusion to be 
estimated at selected locations in the DeltaDWQ model. 
EC values or c1· concentrations at selected channel loca
tions resulting from salinity intrusion were estimated from 
negative exponential relationships with effective Delta 
outflow, as described in Appendix B2. · Following are the 
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equations for the selected channel locations for impact 
assessment: 

Chipps Island EC (uS/em) = 30,000 
• exp( -0.00025 • effective outflow) 

Emmaton EC (uS/em) = I 0,000 
• exp( -0.00040 • effective outflow) 

Jersey Point EC (uS/em) = 8,000 
• exp( -0.00040 • effective outflow) 

Delta export EC (uS/em) = 5,000 
• exp( -0.00050 • effective outflow) 

Delta export c1· (mgll) = 1 ,667 
• exp( -0.00050 • effective outflow) 

At high outflows, the Delta salinity will no longer be 
influenced by salinity intrusion dects and each of these 
negative exponential equations will approach zero. The 
salinity at each channel location will then be determined 
by the mass balance of salinity from Delta inflows and 
:from agricultural drainage. These salinity mass-balance 
relationships are included in the DeltaDWQ assessment 
model as described in Appendix C4, "DeltaDWQ: Delta 
Drainage Water Quality Model". 

The DeltaDWQ model results for historical inflows 
and exports were confirmed with measured EC and c1· 
data for 1%8-1991. Salinity intrusion effects resulting 
from changes in effective Delta outflow, simulated with 
the DeltaSOS model for DW project alternatives, are 
adequately estimated in the DeltaDWQ model. The 
effects of river inflows and agricultural drainage are also 
adequately represented by the DeltaDWQ model. Model 
wtcertainties in monthly Sacramento and San Joaquin 
River inflow EC values or monthly flow and EC values of 
agricultural drainage discharges do not reduce the accur
acy of impact assessment results because the same esti
mates of river inflows and drainage discharges are used 
for each of the DW project alternatives. 

Confirmation of Salinity Simulations Performed 
Using the RMA and DeltabWQ Models 

The following sections summarize observed histor
ical Delta salinity patterns. The sections also compare 
observed and simulated values to describe confirmation 
of the RMA and DeltaDWQ model simulations of Delta 
salinity conditions with historical inflows and exports. 

The RMA model confirmation, performed through 
comparison between simulations of historical monthly 
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average Delta salinity conditions and measured historical 
EC data for 1968-1991 , is described in detail in Appen
dix B2, "Salt Transport Modeling Methods and Results 
for the Delta Wetlands Project". The DeltaDWQ esti
mates are compared with the historical EC data for 1968-
1991 at the four locations selected for impact assessment. 

Historical EC data are missing for some periods; 
Table B2-1 in Appendix B2 provides a statistical sum
mary of the historical EC data and the model results. The 
following discussion is based on graphical summaries, 
rather than statistical summaries, to demonstrate the 
correspondence between simulation results and general 
patterns of data. 

crupps Island (Pittsburg). Figure JC-9 shows the 
measured monthly average EC at Pittsburg (near Chipps 
Island) for 1968-1991 and the RMA model EC simu
lations and DeltaDWQ model EC estimates for historical 
Delta inflows, outflows, and exports. The RMA model 
simulations and the DeltaDWQ estimates of EC match 
the measured monthly average EC values relatively well. 
The negative exponential relationship with effective Delta 
outflow is generally confinned. Some of the scatter in the 
monthly average EC data may be attributed to wtcertain 
monthly outflow estimates, and some scatter may be 
caused by monthly averaging of EC during periods of 
large EC changes. The scatter is largest during periods 
of low Delta outflow, when salinity intrusion effects are 
greatest. 

EC values at Chipps Island increase above 3 mS/cm 
at an effective outflow of about 1 0,000 cfs. Chipps Island 
hasEC values that are within the entrapment zone (5-15 
mS/cm) for flows between 3,500 cfs and 7,500 cfs. Both 
the RMA model and the DeltaDWQ estimates provide 
adequate simulations of Chipps Island historical EC pat
terns. The response ofEC at Chipps Island to changes in 
Delta outflow caused by DW project operations can be 
adequately simulated with the DeltaDWQ estimates 
based on DeltaSOS calculations of effective Delta 
outflow. 

Emmaton. Figure 3C-1 0 shows the. measured 
monthly average EC at Emmaton for 1968-1991 and the 
RMA model EC simulations and DeltaDWQ model EC 
estimates for historical Delta inflows, outflows, and 
exports. The RMA model simulations and the Delta
DWQ estimates ofEC match the measured monthly aver
age EC values relatively well. The negative exponential 
relationship with effective Delta outflow is generally 
confirmed Some of the scatter in the measurements may 
be attributed to wtcertain monthly outflow estimates, and 
some scatter may be caused by monthly averaging ofEC 
during periods of large outflow changes. 
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EC values at Emmaton increase above 3 mS/cm at 
an effective outflow of about 3,000 cfs. Emmaton has EC 
values that are within the entrapment zone (5-15 mS/cm) 
only for flows of less than about 2,000 cfs (not allowed 
under the 1995 WQCP objectives). Both the RMA 
model and DeltaDWQ estimates provide adequate simu
lations ofEmmaton historical EC patterns. The response 
ofEC at Emmaton to changes in Delta outflow caused by 
DW project operations can be adequately simulated with 
the DeltaDWQ estimates based on DeltaSOS calculations 
of effective Delta outflow. 

Jersey Point. Figure JC-11 shows the measured 
monthly average EC at Jersey Point for 1968-1991 and 
the RMA model EC simulations and DeltaDWQ model 
EC estimates for historical Delta inflows and exports. 
The RMA model simulations and the DeltaDWQ esti
mates of EC match the measured monthly average EC 
values relatively well. The negative exponential relation
ship with effective Delta outflow ~ generally confirmed. 
Some of the scatter in the measurements may be attri
buted to uncertain monthly outflow estimates, and some 
scatter may be caused by monthly averaging ofEC during 
periods of large outflow changes. 

EC values at Jersey Point increase above 3 mS/cm at 
an effective outflow of about 2,500 cfs. During 1967-
1991, Jersey Point had no measured monthly average EC 
values within the entrapment zone (greater than 5 
mS/cm). Both the RMA model and DeltaDWQ estimates 
provide generally accurate simulations of Jersey Point 
historical EC patterns. The response of EC at Jersey 
Point to changes in Delta outflow caused by DW project 
operations can be adequately simulated with the Delta
DWQ estimates based on DeltaSOS calculations of 
effective Delta outflow. 

Delta Exports. Figure JC-12 shows the measured 
monthly average EC at the CCWD Rock Slough intake 
for 1968-1991 and the RMA model EC simulations and 
DeltaDWQ model EC estimates for historical Delta in
flows and exports. The RMA model simulations and the 
DeltaDWQ estimates ofEC match the measured monthly 
average EC values relatively poorly for the CCWD diver
sions compared with the other stations. The negative 
exponential relationship with -effective Delta outflow is 
generally confirmed at low Delta outflow. Some of the 
scatter in the CCWD EC measurements may be attributed 
to uncertain monthly outflow estimates, and some scatter 
may be caused by monthly averaging of EC during 
periods of large outflow changes. The effects of San 
Joaquin River inflows and local agricultural drainage on 
CCWD EC measurements are also likely calises for some 
of the differences between measured and simulated EC 
values at the CCWD diversion. Appendix B2 gives a 
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more complete discussion of the differences between 
CCWD and Old River EC measurements (see Figure B2-
16). 

The monthly average EC value for CCWD diver
sions has never been greater than 1.5 mS/cm. Both the 
RMA model and DeltaDWQ estimates provide similar 
estimates of CCWD historical EC patterns. The devia
tions between simulated and measured EC at the CCWD 
diversion are likely caused by local agricultural drainage 
or tidal gate failures in Sand Mound Slough; the salinity 
intrusion effects follow those simulated for and observed 
at Jersey Point. Therefore, the response of EC at the 
CCWD location (and other export locations) to changes 
in Delta outflow caused by DW project operations can be 
adequately simulated with the DeltaDWQ estimates 
based on DeltaSOS calculations of effective Delta out
flow. 

Figure JC-13 shows the measured monthly average 
c1· concentration at the CCWD diversion for 1968-1991 
and the RMA model and DeltaDWQ c1· estimates for 
historical Delta inflows and exports. The CCWD diver
sions are assumed to be similar to other southern Delta 
export locations (Cl" measurements are not available from 
other export locations). The RMA model and DeltaDWQ 
estimates of Cl- concentrations match the measured 
monthly average Cl- concentrations relatively well, al
though there is considerable deviation from measured Cl" 
concentrations in many months. The negative exponen
tial relationship with effective Delta outflow is generally 
confirmed at low Delta outflow. Some of the scatter in 
the measurements may be attributed to uncertain monthly 
outflow estimates, and some scatter may be caused by 
monthly averaging of Cl" during periods of large outflow 
changes. The eftects of San Joaquin River inflows and. 
local agricultural drainage on CCWD Cl" measurements 
are also likely causes for some of the differences between 
measured and simulated c1· concentrations. 

The monthly average Cl- concentration at CCWD 
diversions has never been greater than 300 mg!l. Both 
the RMA model and the DeltaDWQ estimates provide 
generally similar simulations of CCWD historical c1· 
patterns as a function of effective Delta outflow. The 
deviations between simulated and measured c1· at the 
CCWD diversions is likely caused by local agricultural 
drainage or tidal gate failures in Sand Mound Slough; the 
salinity intrusion effects follow those simulated and 
observed at Jersey Point. Therefore, the response of Cl
at the CCWD diversion (and other export locations) to 
changes in Delta outflow caused by DW project oper
ations can be adequately simulated with the DeltaDWQ 
estimates based on DeltaSOS calculations of effective 
Delta outflow. 
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Simulated Water Quality for the No-Project Alter
native 

Possible impacts of the DW project alternatives are 
compared with Delta water quality conditions represented 
as the No-Project Alternative. The No-Project alternative 
is simulated with DWRSIM and DeltaSOS, as described 
in Chapter 3A, "Water Supply and Water Project 
Operations", to represent likely Delta conditions that 
would result from a repeat of the historical hydrologic 
sequence, but with existing water project facilities (reser
voirs, diversions, and canals) and with current levels of 
demands for upstream diversions and Delta exports. 
Delta conditions are assumed to be controlled by 
objectives of the 1995 WQCP and other applicable water 
rights, agreements, and requirements. 

No-Project Alternative conditions and historical con
ditions are different because of _.the differences in up
stream reservoir operations and diversions, Delta 
standards and requirements, and demands for Delta 
exports. The comparison between salinity levels simu
lated for the No-Project Alternative and simulated for 
historical conditions are presented here to provide a 
reference for describing the No-Project Alternative as 
estimated with DeltaDWQ for impact assessment pur
poses. The previous section of this chapter has described 
the differences between measured EC and simulated 
historical EC. 

Simulated EC or Cl· for the No-Project Alternative 
and for historical Delta outflows at the four locations 
selected for impact analysis are shown to demonstrate the 
simulated similarities between the No-Project Alternative 
and simulated historical conditions. Differences in 
inflow, export, and outflow between these simulated 
cases are shown in Appendix B I. Appendix B2 de
scribes the comparison of simulated historical and No
Project Alternative salinity in detail. The purpose here is 
to better understand conditions under the No-Project 
Alternative as the basis for impact assessment. Simulated 
historical conditions are used so that the natural varia
bility in measured EC and Cl" is removed from the 
comparisons. 

Simulated Electrical Conductivity at Chipps 
Island. Figure 3C-14 shows simulated patterns ofEC at 
Chipps Island for 1968-1991 for the No-Project 
Alternative and for historical Delta outflow. 

During periods of high Delta inflow, salts at Chipps 
Island are flushed and salinity becomes similar to river 
inflow EC (assumed to be ISO .uS/em). During periods 
of low Delta inflow, outflow is often controlled by re-
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quired minimum outflow objectives or salinity standards. 
Some monthly values differ between the two cases, but 
the maximum seawater intrusion (during periods of low
est Delta outflow) simulated for each year under the No
Project Alternative is generally similar to EC simulations 
based on historical outflows, as shown by the peak values 
of EC simulated for Chipps Island. The maximum 
monthly EC value for Chipps Island was about 16,000 
.uS/em for the simulated No-Project Alternative. The 
maximum monthly simulated EC values were slightly 
lower for the No-Project Alternative than for historical 
conditions because the simulated minimum Delta outflow 
for the No-Project Alternative required under the 1995 
WQCP objectives was higher than historical outflows. 

Simulated Electrical Conductivity at Emmaton. 
The lower panel of Figure 3C-l4 shows simulated 
patterns of EC at Emma ton for 1968-1991 for historical 
Delta outflows and for the No-Project Alternative 
outflows. Simulated peak EC values for the No-Project 
Alternative outflows were generally lower than for 
historical conditions at Emmaton because of higher 
simulated minimum Delta outflows for the No-Project 
Alternative. Some years had higher EC for the No
Project Alternative. The simulated maximum EC values 
for Emmaton for the No-Project Alternative were about 
5,000 .uS/em, less than the maximum simulated historical 
EC values at Emmaton of about 7,000 .uS/em. The 
reduced peak EC values for the No-Project Alternative 
are the result of minimum Delta outflows simulated under 
the No-Project Alternative being higher than historical 
outflows because of the 1995 WQCP objectives. 

Simulated Electrical Conductivity at Jersey 
Point. Figure 3C-15 shows simulated patterns ofEC at 
Jersey Point for 1 968: 1991 for historical Delta outflows 
and for the No-Project Alternative outflows. Simulated 
peak EC values were generally lower for the No-Project 
Alternative than for the historical conditions at Jersey 
Point because simulated minimum Delta outflows for the 
No-Project Alternative were higher than historical 
outflows because of the 1995 WQCP outflow objectives. 

Simulated values for the No-Project Alternative were 
lower than simulated values for historical conditions 
during several months at the ends of many of the water 
years with greatest seawater intrusion. For such years, 
Delta outflow values for the·No-Project Alternative as 
simulated by DeltaSOS to satisfY the 1995 WQCP objec
tives were greater than historical Delta outflow values. 
The simulated maximum. EC values for the No-Project 
Alternative at Jersey Point of about 3,000 .uS/em were 
less than the maximum simulated EC values for historical 
outflows of about 4,000 .uS/em. 

Ch 3C. Water Quality 

September 1995 



Simulated Chloride Concentrations of Delta 
E:s:portl. Figure 3C-15 also shows the patterns of c1· 
concentration in Delta exports simulated for 1968-1991 
for historical Delta outflows and for the No-Project 
Alternative outflows. Maximwn simulated c1· concen
trations in Delta exports were sometimes lower for the 
No-Project Alternative than for historical conditions 
because ofhigher simulated minimwn Delta outflows for 
the No-Project Alternative. 

Seawater intrusion effects are much less pronounced 
in Delta exports than at Jersey Point because Sacramento 
River diversions through the DCC and Georgiana and 
Threemile Sloughs into the central Delta mix with tidal 
flows from the lower San Joaquin River to produce 
relatively freshwater conditions in Delta exports. In 
addition to seawater intrusion episodes, other fluctuations 
in simulated c1· concentrations in Delta exports are 
caused by variations in San Joaquin River inflow and 
agricultural drainage effects. Th~ effects are included 
in the DeltaDWQ estimates of Delta export Cl" concen
trations. 

Simulated Concentrations of Dissolved Organic 
Carbon and Trihalomethanes in Delta E:s:ports for 
the No-Project Alternative. Monthly export concen
trations of DOC were estimated using the DeltaDWQ 
model (Appendix C4, "DeltaDWQ: Delta Drainage 
Water Quality Model"). THM concentrations in treated 
drinking water were estimated on a monthly basis using 
the EPA WTP model (Appendix CS, "Modeling of Triha
lomethane Concentrations at a Typical Water Treatment 
Plant Using Delta Export Water"). 

Figure 3C-16 shows simulated monthly values for 
DOC concentrations in Delta exports and for THM con
centrations in Delta exports treated as drinking water for 
1968-1991 under the No-Project Alternative. The simu
lated DOC concentrations were highest in winter as a 
result of rainfall drainage and salt leaching from the 
agricultural islands. Many of the simulated peak DOC 
concentrations each year exceeded 5 mg/1. Simulated 
DOC concentrations in the remainder of the year were 
generally between 3 mg/1 and 5 mg/1. Simulated DOC 
and TIIM concentrations for historical Delta inflows and 
exports are also shown. -

The THM concentrations for treated (chlorinated) 
drinking water from Delta exports simulated for the No
Project Alternative fluctuated between about 30 .ug/1 and 
125 .ug/1. High DOC concentrations simulated in the 
winter drainage period contributed to increased THM 
concentrations. Elevated summer temperatures necessi
tate higher chlorination doses for treatment and result in 
highest THM concentrations. Because THM drinking 
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water standards are based on annual averages (as 
described in the next section), the 12-month moving 
average pattern of simulated THM concentrations is 
shown in Figure 3C-16 for the No-Project Alternative. 

Measures of Potential Water Quality 
Impacts and Criteria for 

Determining Impact Signif'~eance 

The selected water quality impact assessment vari
ables and the methods that were used to evaluate poten
tial impacts ofDW operations on each impact assessment 
variable are described below and identified in Table 3C-
5. The significance criteria developed for each variable 
(as described in this section) and the location for asses
sing each variable are also identified. 

The impact significance criteria for water quality 
variables that have regulatory objectives or nwnerical 
standards, such as those contained in the 1995 WQCP, 
are developed from the following general considerations: 

• Nwnerical water quality objectives have been 
established to protect beneficial uses, and there
fore represent concentrations or values that 
should not be exceeded; violation of the limits 
would be significant. 

• Natural variablity caused by tidal flows, river 
inflows, agricultural drainage, and biological 
processes in the Delta channels is sometimes 
quite large relative to the nwnerical standards 
or mean values of water quality variables. 

• Changes in water quality variables that are 
greater than natural variations, but are within 
the limits established by nwnerical water 
quality objectives, may cause potential signifi
cant impacts; a criterion for determining signifi
cant changes is necessary. 

For variables with nwnerical water quality criteria, 
the nwnerical limits are asswned to adequately protect 
beneficial uses and provide the basic measure of an 
allowable limit that will adequately protect benefical 
uses. Because it is asswned that there are benefits in 
maintaining water quality that is better than that specified 
by the nwnerical water quality criteria, a significance 
criterion is established at 90% of the specified water 
quality limit. Increases in a water quality variable 
resulting in exeedence of 90% of the nwnerical standard 
at a location is considered a significant water quality 
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impact. Variables without numerical limits would not 
have a maximum significance criterion. 

Natural variability is difficult to describe with a 
single value, but it is assumed that I 0% of the specified 
nwnerical criterion (for variables with numerical criteria) 
or 10% of the mean value (for variables without numer
ical criteria) would be a reasonable representation of 
natural variabilitY that would be expected to occur with
out causing a significant impact. Measurement errors and 
modeling Wlcertainties are likewise assumed to be about 
I 0% of the measured or modeled values. Simulated 
changes that are less than I 0% of the numerical criterion 
or less than I 0% of the measured or simulated mean 
value of the variable would not be considered significant 
water quality impacts because the simulated change 
would not be greater than natural variablity and model 
uncertainty. 

A second significance criterion is based on the 
assumption that some changes ~ay be substantial in 
comparison with natural variablity of the water quality 
variable, and could result in significant impacts. Because 
the change in water quality that should be considered 
substantial is not known, judgment must be applied to 
establish an appropriate significance threshold. Based on 
professional experience, the second significance criterion 
has been selected to be 20% of the numerical limits (for 
variables with numerical limits), or 20% of the mean 
value (for variables without numerical limits). It is 
assumed that this 20% change criterion would prevent 
relatively large changes that may have potentially signi
ficant impacts on benefical uses. 

The selected 200/o change significance criterion is a 
relatively simple rule that is used in this impact assess
ment for all water quality variables. However, it may be 
determined that some benefical uses are more sensitive to 
specific water quality variables than to others, and that 
other significance criteria should be applied. Because the 
proposed mitigation measure for all water quality vari
ables is to limit the estimated effects ofDW operations on 
water quality so that they remain less than the specified 
significance criterion (90% of limit and 20% change), the 
significance criterion used for impact significance can be 
adjusted, as appropriate, in tire terms and conditions of 
the water right permits and in the mitigation measures 
and monitoring plan required by the lead agencies. 

Criteria for Electrical Conductivity and Chloride 

EC and c1· concentrations are directly controlled by 
existing (1995 WQCP) Delta objectives for agricultural, 
fishery, and water supply uses and Suisun Marsh stand-
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ards for estuarine and fish and wildlife habitat uses. 
Current (1995 WQCP) Delta EC and Cl- objectives vary 
with month and water-year type. The 1995 WQCP 
objectives only apply for some months and at some loca
tions. The applicable objectives for c1· are either ISO 
mg/1 or 250 mg/1 at the three south Delta export locations 
(CCWD Rock Slough, SWP Banks, and CVP Tracy). 
Applicable EC objectives are specified for Chipps Island, 
Emmaton, Jersey Point, and the export locations. Signifi
cance criteria for EC and c1· may therefore be different 
for each month at each Delta location 

Increases in EC values and Cl- concentrations 
resulting in exceedance of 90% of these standards at 
specified locations in the Delta are considered to be signi
ficant water quality impacts. Changes in EC values and 
cJ- concentrations are also considered to be significant if 
they exceed 20% of the applicable objective. 

The selected thresholds for impact significance for 
EC values and Cl- concentrations (see Table 3C-5) may 
vary with month and water-year type at locations with 
applicable Delta objectives. For example, estuarine EC 
objectives specified in the 1995 WQCP are applicable at 
Chipps Island during several months (February to June of 
some years). The minimum applicable EC objective at 
Chipps Island is about 2,400 .uS/em (corresponding to 
the 2-ppt salinity location [X2] at Chipps Island). The 
1995 WQCP agricultural objectives for EC, ranging from 
450 .uS/em to 2,200 _uS/em, are applicable at Jersey 
Point from April through August I 5. Similar EC objec
tives are applicable at Emmaton. The I 995 WQCP con
tains an EC objective for Delta exports of I ,000 .uS/em 
for all months. 

The selected significance threshold of a 20% change 
relative to the EC objective also applies at these loca
tions. For Chipps Island, the threshold of 20% change is 
equivalent to an allowable increase of 520 .uS/em when 
the 2,600-.uS/cm estuarine objective is applicable. At 
Emmaton and Jersey Point, the threshold of 20% change 
is equivalent to an allowable increase of 90 .uS! em when 
the 450-.uS/cm EC objective is applicable. The threshold 
of a 20% change is equivalent to an allowable increase of 
200 .uS/em in Delta exports. 

The 1995 WQCP includes Cl" objectives that apply 
at the three export locations. The Cl- objective at the 
CCWD intake is I 50 mg/1 for some portion of each 
water-year type, and 250 mg/1 for the remainder of the 
year. The applicable Cl- objective at the other export 
locations is 250 mg/1. The selected significance criteria 
of 90% of the Cl" objective (i.e., 135 mg/1 or 225 mg/1) 
and a 20% change relative to the objective (i.e., 30 mg/1 
or 50 mg/1) applies at these locations. 
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Bromide Criteria 

Although Br" concentrations are generally correlated 
with c1· concentrations, no water quality objectives apply 
to Br·. The bromide-to-chloride ratio (Br"/Cl")of0.0035 
in seawater and San Joaquin River water indicates that a 
c1· concentration of 1 SO mg/1 (the lowest c1· objective for 
water supply) corresponds to a Br· concentration of about 
0.5 mgll (1 SO mgll • 0.0035 = 0.525 mg/1). An increase 
in Br· of 0.1 mg/1 would correspond to a 200/o increase 
relative to the equivalent c1· concentration at the applic
able c1· objective of ISO mg/1. For a 250-mg/l c1· 
objective, the 20% increase in Br" concentration would be 
about 0.175 mg/1. Therefore, increases in Br· concentra
tions in Delta exports exceeding 0.1 mg/1 are considered 
to be significant water quality impacts. Field monitoring 
of c1· concentrations can be used to estimate the Br· con
centration for mitigation purposes. Mitigation for c1· 
would also control Br·. 

.. 
Criteria for Dissolved Organk: Carbon 

DOC concentrations in the Delta exhibit relatively 
large fluctuations (see Appendix Cl, "Analysis ofDelta 
Inflow and Export Water Quality Data"). Although no 
water quality objectives apply to DOC concentrations, 
criteria for DOC can be determined from average data on 
Delta DOC and the estimated effects of DOC concentra
tions on TIIM concentrations in treated drinking water 
(see Appendix CS, "Modeling of Trihalomethane Con
centrations at a Typical Water Treatment Plant Using 
Delta ExpOrt Water"). Increases in export DOC of more 
than 20% of the mean DOC concentration (5 mg/1), or 
about 1 mg/1, are considered to be significant water 
quality impacts. DOC concentrations can be reliably 
estimated using UV A field measurements for mitigation 
monitoring purposes (see Appendix C3, "Water Quality 
Experiments on Potential Sources of Dissolved Organics 
and Trihalomethane Precursors for the Delta Wetlands 
Project"). Because TIIM standards involve annual 
average criteria, the estimated export DOC increases 
might also be averaged for purposes of mitigation moni
toring compliance. 

Trihalometbane Criteria -

The EPA standard for THM concentrations in 
drinking water is currently specified at 100 ,ug/1. TIIM 
concentrations vary seasonally because of DOC and 
temperature variations. Therefore, averages of quarterly 
or monthly samples are used for EPA compliance moni
toring. An increase in TIIM resulting in a concentration 
of more than 90% ofthe EPA standard of 100 .ug/1 (as 
simulated on a monthly average basis) or an increase of 
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more than 200/o of the standard, or 20 ,ug/1, is considered 
to be a significant impact. Because the TIIM criterion is 
an annual average value, simulated monthly TIIM con
centrations might be averaged for purposes of mitigation 
monitoring compliance. 

DW discharges would likely be exported for only a 
few months during a year. The increase in monthly TIIM 
concentrations resulting from DW discharges would 
therefore not be expected to increase the annual average 
TIIM concentrations substantially. TIIM concentrations 
can be estimated based on field monitoring of UV A 
measurements from Delta channels and stored water and 
the simulated relationship between the UV A of raw water 
and expected THM concentrations in treated water, as 
described in Appendix C3. 

Other Water Quality Criteria 

Temperature, SS, DO, and chlorophyll are consid
ered to be highly transient variables exhibiting significant 
daily or hourly fluctuations that cannot be predicted quan
titatively in this water quality assessment. These vari
ables cannot be quantitatively assessed because DW 
project operations are simulated based on average month
ly flows and modeling techniques are not available to 
reliably simulate patterns of these variables. 

The water quality impacts of these variables, how
ever, can be assessed qualitatively. The following signifi
cance criteria for these other water quality variables are 
based on their observed fluctuations in the Delta (DWR 
1989). Mitigation monitoring to compare DW discharge 
water quality with channel water quality should be 
required. 

Temperature. Based on the threshold for salmon 
mortality effects of water temperature increases (see 
Chapter 3F, "Fishery Resources"), increases of more than 
1 oF in water temperatures in channels near DW project 
discharge locations, when channel temperature exceeds 
60°F, are considered significant impacts that must be 
mitigated. The temperature criteria and apropriate moni
toring methods would be specified by SWRCB as part of 
the terms and conditions of water right permits. 

Suspended Sediments. SS concentrations in Delta 
channels typically average approximately 1 5 mg/1, and 
standard deviations are typically 500/o of the mean value 
(DWR 1989). Therefore, increases in channel SS con
centrations of more than 20% of the channel SS concen
tration are considered significant impacts that must be 
mitigated. The SS criteria and appropriate monitoring 
methods would be specified by SWRCB. 
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Dissolved Oxygen. DO concentrations in Delta 
channels are normally near saturation values that range 
from about 11.5 mg/1 at lO"C to about 8.5 mg/1 at 25"C. 
Diwnal variations in DO caused by algal photosynthesis 
often exceed 1 mg/1. Based on fish response to water low 
in DO (i.e., less than 5 mg/1), decreases in channel DO 
concentrations of more than 20% or resulting in DO 
concentrations below 5 mg/1 are considered significant 
impacts that must be mitigated. The DO criteria and 
appropriate monitoring methods would be specified by 
SWRCB. 

Chlorophyll. Chlorophyll concentrations in Delta 
channels average about 10 ~gil on an annual basis (DWR 
1989). In spring and swruner, however, chlorophyll con
centrations often exceed 20· ~gil, with maximum values 
greater than 50 ~gil during phytoplankton "blooms". 
Chlorophyll concentrations can be estimated in the field 
with calibrated fluorometric monitors. Based on 
available data on chlorophyll in.south Delta channels, 
increases of more than 20% in channel chlorophyll con
centrations are considered significant impacts that must 
be mitigated. The chlorophyll criteria and appropriate 
monitoring would be specified by SWRCB. 

Pollutant Contamination 

Another water quality variable that cannot be 
quantitatively predicted in this water quality assessment 
is pollutant contamination. The DW project islands 
contain several sites of potential soil contamination 
caused by historical agricultural operations or waste dis
posal. These sites potentially could release pollutants 
into water stored on the reservoir islands at concentra- . 
tions that might exceed water quality standards. Con
tamination of stored water exceeding applicable water 
quality standards is considered a significant impact that 
would be prevented through mitigation. 

IMPACI'S AND MmGATION 
MEASURES OF 

ALTERNATWE 1 

Alternative I involves potential year-round diversion 
and storage of surplus water on Bacon Island and Webb 
Tract (reservoir islands). Bouldin Island and Holland 
Tract (habitat islands) would be managed primarily as 
wildlife habitat. 

Under Alternative I, DW diversions could occur in 
any month with surplus flows. In DeltaSOS modeling, it 
is asswned that discharges of water from the DW project 
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islands would be exported in any month when unused 
capacity within the permitted pumping rate exists at the 
SWP and CVP pumps and the 1995 WQCP "percent 
inflow" export limits do not prevent use of that capacity. 
Such unused capacity would exist when the amount of 
available water (i.e., total inflow less Delta channel 
depletion and Delta outflow requirements) is less than the 
amount specified by the export limits, or when pumping 
capacity is not being used for other reasons. 

Water would be diverted to the reservoir islands 
(238-TAF water storage capacity) at a maximum average 
monthly diversion rate of 4,000 cfs, which would fill the 
two reservoir islands in one month. The maximum initial 
daily average diversion rate would be 9,000 cfs during 
several days when siphoning of water onto empty reser
voirs begins; at this time, the maximum head differential 
would exist between island bottoms and channel water 
surfaces. The maximum initial daily average discharge 
rate would be 6,000 cfs, but the maximum monthly 
average discharge rate is assumed to be 4,000 cfs, 
allowing the two reservoir islands to empty in one month. 

Delta Salinity Conditions 
(Electrical Conductivity,Chloride, and Bromide) 

Water quality impacts of salinity increases were 
assessed for four selected locations in the Delta: Chipps 
Island, Emmaton, Jersey Point, and Delta exports (repre
sentative of the CCWD Rock Slough intake, the SWP 
Banks Pumping Plant, and the CVP Tracy Pumping 
Plant). Impacts were measured based on changes in EC 
values and Cl· concentrations from the values simulated 
for the No-Project Alternative. The monthly results for 
the 1968-1991 period are shown in Table B2-2 in 
Appendix B2. 

DW project diversions would potentially occur 
during months with relatively high Delta outflows, when 
EC values in the Delta are low. Because DW discharges 
and export of DW discharges would not change Delta 
outflow, effects ofDW discharges on Delta EC would be 
minor. DW discharge salinity may be less than export 
salinity, creating a small water quality benefit. 

Chipps Island 

Figure JC-17 shows the simulated monthly EC 
values for Alternative I at Chipps Island and the changes 
from the simulated monthly EC values for the No-Project 
Alternative for 1968-1991. Appendix B2 (Table B2-2) 
gives the monthly results for the 1968-1991 simulations. 
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DWRSIM results that were .used in the DeltaSOS simu
lations required Delta outflows that would constrain DW 
project operations to satisfy applicable 1995 WQCP 
objectives for outflow and EC. Thus, simulated DW 
operations would not have caused significant adverse 
impacts by exceeding the applicable EC standards for 
Chipps Island. Some of the simulated EC values may 
have exceeded the 9()0/o significance criterion because 
this criterion was not included in the DeltaSOS simula
tions. The selected significance criterion for change 
(20% of the applicable maximum EC limit) may also 
have been violated, because it was not included in the 
DeltaSOS simulations. 

Table 3C-6 show an example of the procedure that 
should be used to determine significant water quality 
impacts ofDW project operations, which would require 
mitigation of reducing DW project operations to comply 
with the selected significance criteria, as specified in DW 
mitigation requirements. Table lC-6 shows changes in 
EC at Chipps Island simulated to result from operations 
under Alternative 1 for the 1922-1991 period, compared 
with the selected monthly significance criteria for Chipps 
Island The significance criteria depend on the applicable 
EC objective, which may change with month or with year 
type or runoff conditions, as specified in the 1995 
WQCP. 

Significance criteria for Chipps Island have been 
estimated from the 1995 WQCP minimum outflow objec
tives, using the relationship between effective Delta 
outflow and EC at Chipps Island (Figure 3C-9). These 
outflow objectives may vary for some water-year types. 
Once the equivalent EC objective is determined, the 
significance criteria are estimated as 90% and 20% of the 
maximwn EC limit. 

The applicable estuarine salinity (X2) objective for 
Chipps Island for February to June (of some years) 
requires an effective outflow of 11 ,400 and is equivalent 
to an EC value of about 2,600 f.J-S/cm. However, for 
some months with lower runoff, the estuarine salinity 
objective is at Collinsville (requiring an effective outflow 
of 7,100 cfs), and the Chipps Island EC value would be 
approximately 5,000 f.J-S/cm (Figure 3C-9). During most 
other months, the required Delta outflow is between 
3,000 cfs and 4,500 cfs, corresponding to EC values of 
between 10,000 f.-iS/em and 14,000 f.-iS/em. These desig
nated monthly significance criteria for Chipps Island are 
therefore approximate, and may not accurately reflect the 
applicable standard in each year of simulated operation. 

Significant water quality impacts ofDW operations 
will occur only during months for which DW diversions 
are simulated. Table 3C-6 evaluates significant impacts 
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at Chipps Island for September through March, which are 
the only months with DW diversions of more than 500 
cfs (Table B2-2). Most DW diversions are simulated for 
October-January. In October, DW diversions of greater 
than 500 cfs were simulated for 16 years of the 70-year 
( 1922-1991 ) simulation period. The 90% criterion of 
9,900 f.-iS/em was never exceeded, but changes in EC of 
more than the 20% change criterion of 2,200 f.-iS/em were 
simulated in 8 of the years. These changes in EC are 
considered significant and would require mitigation. 
Similar results were determined for November and 
September. Very few significant changes were simulated 
in December through March. During these months, the 
simulated outflows were higher and the changes in EC 
caused by DW diversions were correspondingly lower. 
No significant changes are shown for April through 
August because DW diversions were not simulated for 
these months under Alternative 1. 

The determination of significant EC changes at 
Chipps Island shown in Table 3C-6 is based on the 
monthly simulation results and approximate significance 
criteria estimated from the outflow objectives. These 
results are presented to illustrate the method for deter
mining significant impacts. Mitigation requirements to 
be specified by the lead agencies would incorporate all 
applicable EC objectives and anticipated DW operations, 
as estimated with daily flows and appropriate averaging 
periods (see Appendix A4, "Possible Effects of Daily 
Delta Conditions on Delta Wetlands Project Operations 
and Impact Assessments"). Mitigation monitoring would 
incorporate both field measurements and calculations of 
likely effects because EC monitoring and other water 
quality measurements would be affected once DW begins 
operations. Impacts would be estimated based on 
changes from the conditions estimated for the No-Project 
Alternative from the monitoring measurements. 

For some months at Chipps Island, simulated EC 
values were lower for Alternative 1 than for the No
Project Alternative (see Table B2-2 in Appendix B2). 
These reductions in EC values would occur because 
agricultural diversions for irrigation on the DW project 
islands would be reduced and Delta outflow would be 
slightly increased. 

Emmaton 

Figure 3C-17 also shows the simulated monthly EC 
values for Alternative 1 at Emmaton and the changes 
from the monthly EC values simulated for the No-Project 
Alternative for 1%8-1991. Applicable EC objectives for 
Emmaton for April to August range from 450 f.-iS/em to 
2,780 f.-iS/em, depending on water-year type. DWRSIM 
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results that were used in the DeltaSOS simulations 
required Delta outflows that would constrain DW project 
operations to correspond with the applicable objectives 
in each month of each water-year type. Thus, the simu
lated DW operations could not have caused significant 
adverse impacts by exceeding the applicable EC objec
tives for Emmaton. The only possible significant impacts 
would result from DW project operations exceeding the 
selected threshold of a 200/o change. 

Some of the simulated changes between Alterna
tive I and the No-Project Alternative at Emmaton were 
greater than 90 !A-S/em but did not occur during a month 
with applicable EC objectives for Emmaton. However, 
if a change in EC is greater than 20% of the applicable 
EC objective, the change in EC would be considered a 
significant impact at Emmaton and would require miti
gation. Mitigation requirements would be similar to 
those discussed above for Chipps Island. 

For some months at Emmaton, simulated EC values 
were lower for Alternative I than for the No-Project 
Alternative. These reductions in EC values would occur 
because agricultural diversions for irrigation on the DW 
project islands would be reduced and Delta outflow 
would be slightly increased. Simulated EC values were 
increased by simulated DW diversions during other 
months but did not exceed a significance criterion 
because there are no applicable EC objectives for Emma
ton for those months. 

JeneyPoint 

Figure JC-18 shows the simulated monthly EC 
values for Alternative I at Jersey Point and the changes 
from the monthly EC values simulated for the No-Project 
Alternative for 1968-1991. Applicable EC objectives for 
Jersey Point for April to August range from 450 !A-S/em 
to 2,200 J..lS/cm, depending on water-year type. 
DWRSIM results that were used in the DeltaSOS 
simulations required Delta outflows that would constrain 
DW project operations to correspond with the applicable 
objectives in each month of each water-year type. Thus, 
the simulated DW operations would not· have caused 
significant adverse impacts oy exceeding the applicable 
EC objectives for Jersey Point. The only possible signi
ficant impacts would result from DW project operations 
exceeding the selected threshold of a 20% change. 

Some of the simulated changes between Alterna
tive I and the No-Project Alternative at Jersey Point were 
greater than 90 J..lS/cm but did not occur during a month 
with applicable EC objectives for Jersey Point. However, 
if a change in EC is greater than 20% of the applicable 
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EC objective, the change in EC would be considered a 
significant impact at Jersey Point and would require 
mitigation. 

For some months at Jersey Point, simulated EC 
values for Alternative 1 were less than those for the No
Project Alternative. These reductions in EC values 
would occur because agricultural diversions for irrigation 
on the DW project islands would be reduced and Delta 
outflow would be slightly increased. Simulated EC 
values were increased by simulated DW diversions dur
ing other months but did not exceed significance criteria 
because there are no applicable EC objectives for Jersey 
Point for those months. 

Delta Exports 

Figure JC-18 also shows the simulated monthly c1· 
concentrations for Alternative I in Delta exports and the 
changes from the monthly c1· concentrations for the No
Project Alternative for 1968-1991. Monthly values are 
given in Table B2-2 for the 1968-1991 period. The 
applicable c1· objective for all Delta exports is 250 mg/1, 
with some periods of 150 mg/1 required for CCWD 
diversions (depending on water-year type). DWRSIM 
results that were used in the DeltaSOS simulations 
required Delta outflows that would constrain DW project 
operations to correspond with the applicable objectives 
in each month of each water-year type. Thus, the 
simulated DW operations could not have caused signi
ficant adverse impacts by exceeding the applicable c1· 
objectives for CCWD (or other export locations). The 
only possible significant impacts would result from DW 
project operations exceeding the selected threshold of a 
200/o change. 

Some of the simulated changes between Alterna
tive I and the No-Project Alternative in Delta exports 
were greater than 30 mg/1 but may not have occurred 
during a month with applicable 150-mg/1 Cl" objectives 
for CCWD. However, if a change in c1· is greater than 
20% of the applicable c1· objective, the change in Cl -
would be considered a significant impact in Delta exports 
and would require mitigation. Because the 250-mg/1 
objective is applicable in all months, any increase in 
Delta export ct· concentration of greater than 50 mg/1 or 
above the significance criterion of 225 mg/1 would be 
considered a significant impact that would require 
mitigation. 

For some months, simulated Delta export c1· 
concentrations for Alternative I were less than those for 
the No-Project Alternative. These reductions in Cl" con
centrations would occur because agricultural diversions 
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for irrigation on the DW project islands would be reduced 
and Delta outflow would be slightly increased. Simulated 
c1· concentrations were increased during other months by 
simulated DW diversions that reduce Delta outflow, 
while some increased c1· concentrations were the result 
ofDW discharges of water with relatively high Cl" con
centrations compared with southern Delta channel Cl" 
concentrations. Figure 3C-18 indicates that no c1· 
changes of geater than 50 mg/1 were simulated during the 
1 %8-1991 period. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact C-1: Salinity (EC) Increase at Chipps 
Island during Months with Applicable EC Objec
tives. Implementation of Alternative 1 may cause reduc
tions in Delta outflow during periods of several weeks of 
DW project diversions. These outflow reductions may 
result in significant adverse impacts on salinity near 
Chipps Island. Although proposed DW project opera
tions would not violate established water quality objec
tives for Chipps Island, changes in salinity (EC) may 
exceed the 9()0/o maximwn criterion or exceed 20% of the 
applicable objective in some months with DW diversions, 
as indicated by the simulation results. Therefore, this 
impact is considered significant. 

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

Mitigation Measure C-1: Restrict DW 
Diversions to limit EC Increases at Chipps Island. 
DW shall obtain daily EC measurements for Chipps 
Island and calculate the change in EC attributable to 
scheduled DW diversions, and shall restrict daily diver
sions whenever the 90% maximum criterion or 20% 
change criterion would be exceeded. DW shall submit to 
SWRCB a monthly report of measured EC, estimated 
No-Project Alternative conditions, and calculated EC 
contribution from DW operations. 

1be estimated EC without DW diversions would be 
compared with the expect~ EC value produced by 
maximum possible DW diversions each day. Possible 
DW diversions would be restricted if the expected maxi
mwn effect on the Chipps Island EC value exceeded the 
selected significance criterion of an EC increase. The 
magnitude of the decrease in Delta outflow that would be 
allowable without this criterion being exceeded can be 
estimated by the approximate relationship between 
effective Delta outflow and EC at Chipps ISland (Appen
dix B2, "Salt Transport Modeling Methods and Results 
for the Delta Wetlands Project"). DW diversions would 
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be more restricted at lower Delta outflows to satisfy this 
mitigation condition. 

Impact C-2: Salinity (EC) Increase at Emmaton 
during April-August. Implementation of Alternative 1 
may cause reductions in Delta outflow during periods of 
several weeks ofDW project diversions that would signi
ficantly increase salinity near Emmaton. Although DW 
project operations under Alternative I would not violate 
established water quality objectives for Emmaton, 
changes in salinity (EC) may exceed the 90% maximum 
criterion or exceed 20% of the applicable objective in 
these months during periods of low Delta outflow, as 
indicated by the simulation results. Therefore, this 
impact is considered significant. 

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

Mitigation Measure C-2: Restrict DW 
Diversions to limit EC Increases at Emmaton. DW 
shall obtain daily EC measurements for Emmaton and 
calculate the change in EC attributable to scheduled DW 
diversions, and shall restrict daily diversions whenever 
the 90% maximum criterion or 20% change criterion 
would be exceeded. DW ·shall submit to SWRCB a 
monthly report of measured EC, estimated No-Project 
Alternative conditions, and calculated EC contribution 
from DW operations. 

1be estimated EC without DW diversions would be 
compared with the expected EC value produced by maxi
mum possible DW diversions each day. Possible DW 
diversions would be restricted if the expected maximum 
effect on the Emmaton EC value exceeded the selected 
significance criterion of an EC increase during periods 
with applicable EC objectives for Emmaton. The magni
tude of the decrease in Delta outflow that would be allow
able without this criterion being exceeded can be esti
mated by the approximate relationship between effective 
Delta outflow and EC at Emmaton (Appendix B2). DW 
diversions would be more restricted at lower Delta out
flows to satisfY this .mitigation condition. 

Impact C-3: Salinity (EC) Increase at Jersey 
Point during April-August. Implementation of Alter
native 1 may cause reductions in Delta outflow during 
periods of several weeks ofDW project diversions that 
would significantly increase salinity near Jersey Point. 
Although DW project operations under Alternative 1 
would not violate established water quality objectives for 
Jersey Point, changes in salinity (EC) may exceed 20% of 
the applicable objective in these months during periods 
of low Delta outflow. Therefore, this impact is con
sidered significant. 
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Implementing Mitigation Measme C-3 would reduce 
Impact C-3 to a less-than-significant level. 

Mitigation Measure C-3: Restrict DW 
Diversions to Limit EC Increases at Jersey Point. 
DW shall obtain daily EC measurements for Jersey Point 
and calculate the change in EC attributable to scheduled 
DW diversions, and shall restrict daily diversions when
ever the 90"/o maximmn criterion or 20% change criterion 
would be exceeded. DW shall submit to SWRCB a 
monthly report of measured EC, estimated No-Project 
Alternative conditions, and calculated EC contribution 
from DW operations. 

The estimated EC without DW diversions would be 
compared with the expected EC value produced by maxi
mum possible DW diversions each day. Possible DW 
diversions would be restricted if the expected maximum 
effect on the Jersey Point EC value exceeded the selected 
significance criterion of an EC.increase during periods 
with applicable EC objectives for Jersey Point. The 
magnitude of the decrease in Delta outflow that would be 
allowable without this criterion being exceeded can be 
estimated by the approximate relationship between effec
tive Delta outflow and EC at Jersey Point (Appendix B2). 
DW diversions would be more restricted at lower Delta 
outflows to satisfy this mitigation condition. 

Impact C-4: Salinity (Chloride) Increase in 
Delta Export1. Implementation of Alternative 1 may 
cause reductionS in Delta outflow during periods ofDW 
project diversions that would cause increases in c1· con
centrations of more than the selected criterion (i.e., 200/o 
ofthe applicable objective) of30 mg/1 or 50 mg/1. DW 
discharges of high-salinity water could also cause a 
significant adverse impact on Delta exports. Simulation 
of DW project operations under Alternative 1 did not 
show violations of water quality objectives for Delta 
exports. Even so, actual DW project operations may 
cause changes in salinity (Cl- concentration) that exceed 
20% of the applicable objective under the right combi
nation of Delta conditions. Therefore, this impact is 
considered significant. 

Implementing Mitigati011 Measme C-4 would reduce 
Impact C-4 to a less-than-significant level. 

Mitigation Measure C-4: Restrict DW 
Diversions or Discharges to Limit Chloride Concen
trations in Delta Exports. DW shall obtain daily c1· 
concentration measurements from CCWD Rock Slough 
intake and calculate the change in concentration attri
butable to scheduled DW diversions, and shall restrict 
daily diversions whenever the 90% maximum criterion or 
20% change criterion would be exceeded. DW shall 
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submit to SWRCB a monthly report of measured c1·, 
estimated No-Project Alternative conditions, and calcu
lated c1· contribution from DW operations. 

The estimated c1· concentration without DW diver
sions would be compared with the expected c1· value 
produced by maximmn possible DW diversions each day. 
Possible DW diversions would be restricted if the ex
pected maximum effect on c1· concentration of Delta 
exports exceeded the selected significance criterion of 30 
mgll or 50 mgll or exceeded the 90% maximum criterion. 
The magnitude of the decrease in Delta outflow that 
would be allowable without this threshold being exceed
ed can be estimated by the approximate relationship 
between effective Delta outflow and EC at Chipps Island 
(Appendix B2). DW diversions would be more restricted 
at lower Delta outflows to satisfy this mitigation 
condition. Measurement of c1· concentration in DW 
storage water could be used to calculate expected c1· con
centration in Delta exports with maximum DW dis
charges. DW discharges would be limited if necessary to 
avoid violation of the significance criteria. 

Export Concentrations of Dissolved 
Organic Carbon 

Water quality impacts resulting from increases in 
export DOC concentrations were assessed for Delta 
exports in the south Delta. Impacts were measured based 
on DOC concentrations for Alternative 1 and the change 
in DOC concentration from No-Project Alternative 
conditions, as simulated by the DeltaDWQ model. 

Figure 3C-19 shows simulated monthly DOC con
centrations for Alternative 1 and the changes from the 
simulated No-Project Alternative DOC concentrations in 
Delta exports for 1968-1991. Measurements of DOC 
from the Penitencia Water Treatment Plant for 1991 are 
shown for reference. The simulation results indicate that 
Alternative 1 would slightly reduce export DOC con
centrations during many months without DW diversions 
or DW discharges. During these months, the amounts of 
DW island agricultural drainage containing relatively 
high DOC concentrations would be reduced under 
Alternative I compared with DOC concentrations expec
ted under the No-Project Alternative. Slightly less 
agricultural drainage would be exported, and the export 
DOC concentrations would be slightly reduced. The 
monthly results are given in Table CS-3 in Appendix CS 
for 1968-1991. 

Simulated export DOC concentrations were also 
slightly decreased under Alternative I during months 

Ch 3C. Water Quality 

September 1995 



with OW diversions because OW diversions reduced the 
relative contribution of agricultural drainage and San 
Joaquin River inflow to Delta exports. OW diversions 
would require a greater contribution of Sacramento River 
inflow to Delta exports. 

For example, during a month with approximately 
I2,000 cfs of export pumping and 3,000 cfs of agri
cultural drainage, the contribution of agricultural drainage 
in exported water would be about 25% (3,000/12,000). 
OW diversions of 3,000 cfs would increase the total 
diversions to IS,OOO cfs, and thereby reduce the agri
cultural drainage contribution in exports to 200/o 
(3,000/15,000). The agricultural drainage would be 
replaced by Sacramento River water. In this example, 
about 20% of the agricultural drainage would be diverted 
onto the OW reservoir islands. 

The effects of Alternative I on export DOC concen
trations during months with DW.discharges for export 
would depend on the difference between the estimated 
DOC concentration in OW discharge and the DOC 
simulated for operations under the No-Project Alter
native. For some months, the DeltaDWQ simulations 
indicated that DW discharges could increase the export 
DOC concentrations slightly. 

The selected significance criterion for a change in 
export DOC concentration is 0.8 mg/1, 20% of the mean 
value ( 4 mg/1). 

Table 3C-7 gives a summary of the changes in 
export DOC concentrations (from No-Project Alternative 
DOC concentrations) simulated to result from DW 
operations under Alternative I for 1967-I991 (see 
Appendix CS for monthly results). The DeltaDWQ 
results are reported for each month as either increases in 
DOC concentration or decreases in DOC concentration. 
The number of months (out of 25) and the average 
change in DOC concentration are given for both 
increases and decreases. For example, the largest 
average monthly increase in DOC of 0.17 mgll occurs in 
July. Increases in DOC during July were simulated in IS 
years, with decreases simulated in I 0 years. The five 
largest simulated changes!... and the five greatest 
percentage changes (from No-Project Alternative values) 
are also shown for each month. The highest simulated 
DOC concentration change in July was 1.0 mg/1. All 
other simulated changes were less than 0.8 mg/1. 

Table 3C-7 indicates that Alternative I caused only 
one month of simulated changes in export DOC 
concentrations from the No-Project Alternative DOC 
concentrations that were more than the selected 
significance criterion of0.8 mg/1. Any simulated change 
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in export DOC concentration of more than 0.8 mgll 
would be considered a significant impact and would 
require mitigation. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact C-5: Elevated DOC Concentrations in 
Delta Exports (CCWD Rock Slough, SWP Banks, 
CVP Tracy). Discharges from the DW project islands 
may have relatively high DOC concentrations that may 
significantly increase DOC concentrations in Delta 
exports. The DeltaDWQ simulation results indicate that 
possible increases in export DOC concentrations caused 
by implementation of Alternative I would be rare (Figure 
3C-19). Those results predict that in some months DOC 
increases would exceed 0.8 mg/1. Based on the selected 
significance criterion, these increases would be 
considered a significant impact. 

hnplementing Mitigation Measure C-5 would reduce 
hnpact C-5 to a less-than-significant level. 

Mitigation Measure C-5: Restrict DW Dis
charges to Prevent DOC Increases of Greater Than 
0.8 mg/1 in Delta Exports. DW shall make measure
ment ofDOC concentrations in stored DW project water 
and in channels receiving the DW discharge water and 
shall estimate the increase in export DOC that would 
result from maximum DW discharges. OW shall limit 
project discharges if this expected maximum effect on 
export DOC exceeds the selected significance criterion of 
an allowable change in export DOC concentration of 
0.8 mg/1. DW shall submit to SWRCB a monthly report 
of DOC concentrations in water stored on the DW 
reservoir islands, DOC channel concentrations estimated 
for the No-Project Alternative, and DOC increases in 
Delta exports attributable to DW project operations. 

The DOC measurements could be obtained through 
conversion of field measurements ofUV A using known 
relationships with DOC concentrations (Appendix C I, 
"Analysis of Delta Inflow and Export Water Quality 
Data", and Appendix C2, "Analysis of Delta Agricultural 
Drainage Water Quality Data"). 

Trihalomethane Concentrations in Treated 
Drinking Water 

Impacts of increases in THM concentrations in 
treated drinking water caused by implementation of 
Alternative 1 were assessed based on simulated THM 
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concentrations and changes froin THM concentrations 
Wlder the No-Project Alternative. Figure 3C-19 Oower 
panel) gives the monthly patterns of simulated THM con
centrations in treated drinking water for Alternative I and 
the changes between the No-Project Alternative and 
Alternative I. Measurements of THM from the Peni
tencia Water Treatment Plant for 1991 are shown for 
reference. 

Implementatioo of Alternative I would cause a signi
ficant adverse impact on THM levels in treated drinking 
water exported from the Delta if the following signifi
cance criteria are exceeded because of DW project 
discharges: 

• 90% of the current THM objective for treated 
drinking water of I 00 ).lg/1 (90 J.tg/1) or 

• an increase ofTHM concentration of more than 
200/o of the current THM objective (20 J.tg/1). 

Figure 3C-19 indicates that the monthly THM concen
trations wm Alternative I were simulated to be greater 
than 90 ).lg/1 only for 1977, and the change in THM con
centrations were always simulated to be less than 20 ).lg/1. 
The monthly results for 1968-1991 are given in Table 
C5-3 in Appendix C5, "Modeling of Trihalomethane 
Concentrations at a Typical Water Treatment Plant Using 
Delta Export Water". 

Table 3C-8 gives a summary of the changes in THM 
concentrations in treated (chlorinated) export water (from 
No-Project Alternative THM concentrations) simulated 
to result from DW operations Wlder Alternative 1 for 
1967-1991 (see Appendix C5 for monthly results). The 
results from the EPA WTP model are reported for each 
month as either increases or decreases in DOC con
centrations. The nwnber of months (out of 25) and the 
average change in THM concentration are given for both 
increases and decreases. For example, the largest 
average monthly increase in THM of 3.21 J.tg/1 occurs in 
July. Increases occurred in 15 years, with decreases 
simulated in 1 0 years. The five largest simulated 
changes, and the five greatest percentage changes (from 
No-Project Alternative values) are also shown for each 
month. None of the simulated monthly changes were 
greater than 20 ).lg/1. 

Under Alternative 1, THM concentrations would be 
reduced slightly in most months without DW discharges 
because agricultural drainage amounts from the DW 
islands would be reduced from amoWlts expected to be 
discharged Wider the No-Project Alternative. Agricul
tural drainage contains relatively high DOC concentra-
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tions that would be cooverted to THMs by chlorination of 
Delta export water. 

The effects of Alternative I on THM concentrations 
during discharge and export ofDW stored water would 
depend on changes in DOC concentration caused by 
implementatioo of the DW project and the temperature of 
the Delta export water. Temperature has a strong in
fluence on the conversion of DOC to THM in the simu
lated water chlorination process (see Appendix C5). 

Because of substantial monthly variations in THM 
coocentrations, the cwrent EPA monitoring requirements 
allow monthly or quarterly THM samples to be averaged; 
the THM objective is an annual average of 100 ug/1. 
Because DW project discharges would occur for a limited 
period each year, the possible effects on annual average 
THM concentrations are much less than the increases 
attributable to increased DOC or Br· concentrations 
during the discharge period. Therefore, the significance 
criteria for THM concentrations applied during periods 
of DW discharge is a worse-case approach that will 
reduce any possible increase in THM concentrations to a 
less-than-significant level. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact C-6: Elevated THM Concentrations in 
Treated Drinking Water from Delta Exports (CCWD 
Rock Slough, SWP Banks, and CVP Tracy). Dis
charges from the DW project islands may have relatively 
high DOC concentrations that may result in increases in 
THM concentrations in treated (chlorinated) drinking 
water from the Delta export locations. Possible increases 
in THM in treated water resulting from implementation 
of the Alternative l are expected to be rare based on the 
simulation results shown in Figure 3C-19. This impact 
is considered significant. 

Implementing Mitigation Measures C-6 would 
reduce Impact C-6 to a less-than-significant level. 

Mitigation Measure C-6: Restrict DW Dis
charges to Prevent Increases of More Than 20 ).lg/1 in 
THM Concentrations or THM Concentrations of 
Greater Than 90 J.t'i/1 in Treated Delta Export Water. 
DW shall make daily estimates of DOC and Br· concen
trations in stored DW project water and in Delta channels 
receiving DW discharge water and predict THM in
creases likely to be caused by DW project discharges, 
and shall restrict discharges whenever the 200/o change 
criterion would be exceeded. DW shall submit to 
SWRCB a monthly report of measured DOC and Br· con-
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centrations, estimated No-Project Alternative conditions, 
and calculated THM increases that could be attributable 
to DW operations. 

The DOC measurements could be obtained from the 
relationship between field measurements of UV A and 
DOC concentrations (see Appendix Cl, "Analysis of 
Delta Inflow and Export Water Quality Data"). Br· 
concentrations could be estimated from c1· measure
ments. 

Estimates of THM increases likely to be caused by 
DW project discharges would be accomplished using the 
predictive relationships for DOC increases in export 
water described above for Mitigation Measure C-5. 
THM formation could then be predicted based on rela
tionships among DOC, BI', temperature, and chlorination 
dose (see Appendix CS, "Modeling of Trihalomethane 
Concentrations at a Typical Water Treatment Plant Using 
Delta Export Water"). " 

An allowable DW discharge flow would be esti
mated each day during an intended discharge period 
based on the relationships described above. The allow
able DW discharge flow would be defmed as the dis
charge rate that would not cause an increase in THM 
level in treated export water exceeding 20 t.tg/1 or a 
resulting THM concentration exceeding 90 t.tg/1. Re
stricting DW discharges to avoid violation of the signi
ficance criterion would avoid significant adverse impacts 
on water quality of treated export water. 

Changes in Other Water 
QuaUty Variables 

Other water quality variables include temperature, 
SS, DO, and chlorophyll (Table 3C-5). Under Alter
native 1, levels of these water quality characteristics will 
vary widely with daily fluctuations in conditions affecting 
them (e.g., DW storage volumes, weather patterns, flow 
characteristics, and water quality of receiving water for 
DW discharges). 

The high variability typical of these par~eters and 
the tmeertainty regarding daily conditions that may coin
cide to produce adverse impacts do not allow a quanti
tative impact assessment to be performed. It is likely that 
conditions will occasionally combine under operation of 
Alternative 1 to produce impacts exceeding the signifi
cance criteria for these transient water quality variables. 
Habitat island discharges would be relatively small and 
are likely to have better water quality than agricultural 
drainage under the No-Project Alternative. The 
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significance criteria and mitigation requirements for 
changes in these water quality variables would be 
determined by SWRCB and would be included in project 
operation permits. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact C-7: Changes in Other Water QuaUty 
Variables in Delta Channel Receiving Waten. Dis
charges of stored water from the DW reservoir islands 
may adversely affect channel water quality under some 
daily patterns of water quality conditions in the channel 
receiving waters and in the stored DW project water. For 
example, stored DW project water with a low DO level 
discharged at a high flow rate may decrease DO levels by 
more than I mg/1 in a receiving Delta channel. There
fore, this impact is considered significant. 

hnplementing Mitigation Measure C-7 would reduce 
Impact C-7 to a less-than-significant level. 

Mitigation Measure C-7: Restrict DW 
Discharges to Prevent Advene Changes in Delta 
Channel Water Quality. DW shall monitor water 
quality variables in water stored on the reservoir islands 
during intended discharge periods and in Delta channel 
receiving waters, and shall limit discharges as needed to 
avoid significant adverse effects on levels of these 
variables in the receiving channels. DW shall submit to 
SWRCB a monthly report of measurements of variables 
in reservoir and channel water. It is possible that 
monitoring could be integrated with monitoring being 
performed under existing programs (e.g., IEP and 
MWQI), but DW would be required to monitor and 
report in any case. 

Field measurements of the four selected variables 
could be obtained using the following techniques: 

• temperature - temperature probes, 
• SS - turbidity measurements, 
• DO - calibrated DO probes, and 
• chlorophyll - calibrated fluorometric monitors. 

Levels of the four variables in stored water and 
receiving water would be related using the expected 
dilution ratio at each location of a DW discharge pump
ing station. The expected dilution ratio would be esti
mated based on channel flow rates and intended DW 
discharge rates using specified mixing-zone assumptions. 
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Effects of Pollutant Contaminants 

Sites of potential soil contamination resulting from 
historical agricultural operations or waste disposal exist 
on the DW islands (Figure 3C-8). 

Summary of Project Impacts and Recommended 
Mitigation Measurea 

Impact C-8: Potential Contamination of Stored 
Water by Pollutant Residues. Water storage on the 
resetvoir islands could mobilize soil contaminants at 
historical pollution sites. If the contaminant concentra
tions are sufficiently high, mobilization in the· stored 
water may cause a significant adverse impact on stored 
water quality and on Delta channel water quality after 
DW discharges stored water. Therefore, this impact is 
considered significant. ." 

Implementing Mitigation Measure C-8 would reduce 
Impact C-8 to a less-than-significant level. 

Mitigation Measure C-8: Conduct Assess
ments of Potential Contamination Sites and Reme
diate as Necessary. DW shall conduct preliminary site 
assessments at potential contamination sites, in addition 
to those already performed for this analysis, including 
assessment of sites associated with agricultural airstrip 

· operations. If the results of a preliminary site assessment 
indicate that contamination at a site is likely to con
taminate stored water, DW shall initiate an appropriate 
site investigation to either rule out the site as a pollutant 
source or confirm the need for site cleanup or reme
diation. Such site assessments and remediation typically 
would be performed under the supervision ofDHS. All 
required assessments and remediation would be com
pleted prior to the beginning ofDW project operations. 

IMPACTS AND MITIGATION 
MEASURES OF 

ALTERNATIVE 2 

Alternative 2 represents DW operations with two 
reservoir islands (Bacon Island and Webb Tract) and two 
habitat islands (Bouldin Island and Holland Tract). 

Under Alternative 2, DW diversions could occur in 
any month with surplus flows, as under Alternative I. In 
DeltaSOS modeling, it is assumed that diScharges from 
the DW project islands would be exported in any month 
when unused capacity within the permitted pumping rate 
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exists at the SWP lind CVP pumps. Under this alter
native, export ofDW discharges would be allowed in any 
month when such capacity exists and would not be con
strained by the 1995 WQCP "percent inflow" export 
limits. Export of DW discharges would be limited by 
Delta outflow requirements and the permitted combined 
pumping rate of the export pumps but would not be 
subject to strict interpretation of the "percent inflow" 
export limit. 

The maximum monthly average diversion rate to 
resetvoir island storage would be 4,000 cfs (maximum 
initial daily average diversion rate of 9,000 cfs). The 
maximum monthly average discharge rate is assumed to 
be 4,000 cfs (maximum initial daily average discharge 
rate of6,000 cfs). 

The impacts on water quality under Alternative 2 
operations would be similar to impacts described for 
Alternative 1, but the frequency and severity of adverse 
impacts generally would be higher because opportunities 
to export DW water would be increased. Figures 3C-20 
and 3C-21 show the simulated salinity variables for 
Alternative 2. Figure 3C-22 shows the simulated export 
DOC and treated drinking water 11IM concentrations for 
Alternative 2. Tables B2-2 in Appendix B2 and CS-3 in 
Appendix CS give the monthly values for Alternative 2 
for 1968-1991. 

Patterns of changes for all water quality variables 
between the No-Project Alternative and Alternative 2 are 
very similar to the changes for Alternative 1. 

Mitigation monitoring would be required to prevent 
significant water quality impacts under Alternative 2. 
The mitigation measures proposed for Alternative 2 
would be the same as those described above under 
"Impacts and Mitigation Measures of Alternative 1". 

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. 
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. Diversions to the resetvoir islands 
( 406-T AF capacity) would be allowed during any month 
with available surplus flows. The diversion and dis
charge operations for Alternative 3 would be the same as 
for Alternative 2, but the assumed diversion and dis-
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charge rates are higher. The maximwn average monthly 
diversion rate would be about 6,000 cfs, which would fill 
the four reservoir islands in about one month (maximwn 
diversion rate of9,000 cfs). The maximwn monthly dis
charge rate is assumed to be 6,000 cfs (maximwn dis
charge rate of 12,000 cfs). 

Delta Salinity Conditions 
(Eiedrk:al Conductivity, Chloride, 

and Bromide) 

Water quality impacts of salinity increases were 
assessed for four selected locations in the Delta: Chipps 
Island, Emmaton, Jersey Point, and Delta exports (repre
sentative of the CCWD Rock Slough intake, the SWP 
Banks Pwnping Plant, and the CVP Tracy Pumping 
Plant). Impacts were measured based on changes in EC 
values and Cl" concentrations froJJl the values simulated 
for the No-Project Alternative. The impacts on salinity 
under Alternative 3 would be similar to those described 
above under "Impacts and Mitigation Measures of Alter
native l ", but the severity of impacts generally would be 
greater because of increased diversions and discharges. 
Figures 3C-23 and 3C-24 show the simulated salinity 
variables for Alternative 3. Tables B2-2 in Appendix B2 
and C5-3 in Appendix C5 give the monthly results for 
Alternative 3 for 1968-1991. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact C-9: Salinity (EC) Inc:rease at Chipps 
Island during Months with Applic:able EC Objec:
tives. This impact is described above under Impact C-1. 
This impact is considered significant. Implementing 
Mitigation Measure C-1 would reduce Impact C-9 to a 
less-than-significant level. 

Mitigation Measure C-1: Restric:t DW 
Diversions to Limit EC Inc:reases at Chipps Island. 
This mitigation measure is described above under 
"Impacts and Mitigation Me~ures of Alternative 1 ". 

Impact C-10: Salinity (EC) Inc:rease at Emma
ton during April-August. This impact is described 
above under Impact C-2. This impact is considered 
significant Implementing Mitigation Measure C-2 would 
reduce Impact C-1 0 to a less-than-significant level. 

Mitigation Measure C-2: Restrict DW 
Divenions to Limit EC Inc:reases at Emmaton. This 
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mitigation measure is described above under "Impacts 
and Mitigation Measures of Alternative I ". 

Impact C-11: Salinity (EC) Inc:rease at Jersey 
Point during April-August. This impact is described 
above under Impact C-3. This impact is considered 
significant Implementing Mitigation Measure C-3 would 
reduce Impact C-11 to a less-than-significant level. 

Mitigation Measure C-3: Restrict DW 
Divenions to Limit EC Inc:reases at Jeney Point. 
This mitigation measure is described above under 
"Impacts and Mitigation Measures of Alternative I ". 

Impact C-12: Salinity (Chloride) Inc:rease in 
Delta Exports. This impact is described above under 
Impact C-4. This impact is considered significant. 
Implementing Mitigation Measure C-4 would reduce 
Impact C-12 to a less-than-significant level. 

Mitigation Measure C-4: Restrict DW 
Divenions or Disc:harges to Limit Chloride Con
c:entrations in Delta Exports. This mitigation measure 
is described above under "Impacts and Mitigation 
Measures of Alternative I ". 

Export Conc:entrations of Dissolved 
Organic: Carbon 

Water quality impacts of increases in export DOC 
concentrations were assessed for Delta exports in the 
south Delta. Impacts were measured based on DOC for 
Alternative 3 and the change in DOC from No-Project 
Alternative conditions, as simulated by the DeltaDWQ. 
model. Figure 3C-25 shows simulated monthly DOC 
concentrations for Alternative 3 and the changes from the 
simulated No-Project Alternative DOC concentrations in 
Delta exports for 1968-1991. 

Summary of Projec:t Impac:b and Rec:ommended 
Mitigation Measures 

Impact C-13: Elevated DOC Conc:entrations in 
Delta Exports (CCWD Roc:k Slough, SWP Banks, 
CVP Trac:y). This impact is described above under 
Impact C-5. This impact is considered significant. 
Implementing Mitigation Measure C-5 would reduce 
Impact C-13 to a less-than-significant level. 

Mitigation Measure C-5: Restric:t DW 
Disc:harges to Prevent DOC Inc:reases of Greater 
Than 0.8 mg/1 in Delta Exports. This mitigation 
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measure is described above wtder "Impacts and Mitiga
tion Measures of Alternative 1 ". 

Trihalomethane Concentrations in 
Treated Drinking Water 

Impacts of increases in THM concentrations in 
treated drinking water caused by implementation of 
Alternative 3 were assessed based on simulated THM 
concentrations and changes from THM concentrations 
wtder the No-Project Alternative. Figure 3C-25 (lower 
panel) gives the seasonal patterns of simulated THM 
concentrations in treated drinking water for Alternative 3 
and the changes between the No-Project Alternative and 
Alternative 3. 

Summary of Project Impac!, and Recommended 
Mitigation Measures 

Impact C-14: Elevated THM Concentrations in 
Treated Drinking Water from Delta Exports (CCWD 
Rock Slough, SWP Banks, and CVP Tracy). This 
impact is described above wtder Impact C-6. Imple
menting Mitigation Measure C-6 would reduce Impact 
C-14 to a less-than-significant level. 

Mitigation Measure C-6: Restrict DW Dis
charges to Prevent Increaaea of More Than 20 JJ,g/1 in 
THM Concentrations or THM Concentrations of 
Greater Than 90 JJ.g/1 in Treated Delta Export Water. 
This mitigation measure is described above wtder 
"Impacts and Mitigation Measures of Alternative 1 ". 

Changes in Other Water 
Quality Variables 

Other water quality variables include temperature, 
SS, DO, and chlorophyll. Under Alternative 3, levels of 
these water quality characteristics will vary widely with 
daily fluctuations in conditions affecting them (e.g., DW 
storage volumes, weather patterns, flow characteristics, 
and water quality of receiving water for DW discharges). 

The high variability typical of these parameters and 
the lDlCCrtainty regarding daily conditions that may coin
cide to produce adverse impacts do not allow a quanti
tative impact assessment to be performed. It is likely that 
conditions will combine wtder operation of Alternative 3 
to produce impacts exceeding the significance criteria for 
these transient water quality variables. The significance 
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criteria and mitigation requirements would be determined 
by SWRCB and would be included in project operation 
permits. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact C-IS: Changes in Other Water Quality 
Variables in Delta Channel Receiving Waten. This 
impact is described above wtder Impact C-7. This 
impact is considered significant. Implementing Mitiga
tion Measure C-7 would reduce Impact C-15 to a less
than-significant level. 

Mitigation Measure C-7: Restrict DW 
Discharges to Prevent Advene Changes in Delta 
Channel Water Quality. This mitigation measure is 
described above lUlder "hnpacts and Mitigation Measures 
of Alternative 1 ". 

Effects of Pollutant Contaminants 

Sites of potential soil contamination resulting from 
historical agricultural operations or waste disposal exist 
on the proposed D W reservoir islands. 

Summary of Project Impact• and Recommended 
Mitigation Measure• 

Impact C-16: Potential Contamination of Stored 
Water by PoUutant Residues. This impact is described 
above under Impact C-8. This impact is considered 
significant hnplementing Mitigation Measure C-8 would 
reduce Impact C-16 to a less-than-significant level. 

Mitigation Measure C-8: Conduct Assess
ments of Potential Contamination Sites and Reme
diate as Necessary. This mitigation measure is de
scribed above lUlder "Impacts and Mitigation Measures 
of Alternative 1 ". 

IMPACTS AND MITIGATION 
MEASURES OF THE 

NO-PROJECT ALTERNATIVE 

The No-Project Alternative (intensified agricultural 
use of the four DW project islands) represents Delta 
water quality conditions predicted lUlder the 1995 
WQCP. Compared with existing agricultural land uses, 
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irrigation diversions and agricultural drainage would be 
somewhat greater under the intensified agriculture condi
tions of the No-Project Alternative. At the scale of 
monthly water quality modeling (e.g., DeltaSOS and 
DeltaDWQ models), effects on Delta salinity and export 
water quality generally would be similar to those under 
existing conditions. 

The DeltaDWQ results for the No-Project Alterna
tive were described above under "Impact Assessment 
Methodology". 

The No-Project Alternative, as simulated by Delta
SOS, DeltaDWQ, and the EPA WTP model, would not 
cause measurable water quality effects relative to existing 
conditions. 

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. DW 
project effects on Delta water quality conditions are 
inextricably tied to past and present environmental factors 
and conditions. Cumulative water quality impacts are 
bounded by the requirements and controls mandated by 
various regulatory measures, such as the swrcb 1995 
WQCP objectives and the regional water quality control 
board basin plans and National Pollutant Discharge 
Elimination System (NPDES) discharge permits. 

The cumulative water quality effects of the DW 
alternatives therefore were evaluated in conjunction with 
past and present actions in the previous sections, which 
assumed the recently adopted 1995 WQCP objectives; 
existing agricultural drainage loading patterns; and con
tinued operation of existing Delta export pumping plants, 
gate and barrier facilities, and diversions. The focus of 
this section is on the evaluation of impacts of the DW 
project alternatives added to impacts of other likely future 
projects. This cumulative impact evaluation is based on 
the following scenario: increased upstream demands; 
increased demands south of the Delta; an increased per
mitted pumping rate at the SWP Banks Pumping Plant 
(see Chapter 3A, "Water Supply and Water Project Oper
ations"); implementation of DWR's South Delta and 
North Delta Programs; additional storage south of the 
Delta in the Kern Water Bank, Los Banos Grandes Reser
voir, MWD's Domenigoni Reservoir and Arvin-Edison 
projects, and CCWD's Los Vaqueros Reservoir. 

Future activities affecting water quality in the Delta 
will include continued agricultural and municipal diver-
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sions, discharges from treated municipal wastewater and 
agricultural drainage, and maintenance of existing chan
nels and levees. New facilities (e.g., channel gates and 
barriers) may be constructed, and existing channels may 
be modified for navigation or for increased water convey
ance (e.g., DWR North and South Delta Programs). 
Some existing agricultural lands may be converted to 
urban development or to wetlands and other wildlife 
habitat uses, changing the water diversion and discharge 
patterns for these lands. Increasing populations in the 
watershed may result in higher concentrations of water 
quality variables associated with wastewater and in
creased surface runoff 

Cumulative water quality impacts were assessed 
qualitatively without specific DeltaDWQ simulations 
being performed. As described in Chapter 3A, "Water 
Supply and Water Project Operations", the cumulative 
water supply impacts of the DW project alternatives and 
the No-Project Alternative were evaluated with a slightly 
different set of Delta export pumping limitations (SWP 
pumping at full capacity), which represents reasonably 
foreseeable future Delta conditions and regulatory 
objectives. 

Because total diversions (exports and DW diver
sions) are limited by the percentage of inflow criteria 
specified in the 1995 WQCP, the increased export capa
city reduces the available water for DW diversions in 
some months. However, slightly higher DW project dis
charges and export of DW discharges would be possible. 
Delta outflow would be reduced during months of 
increased exports or increased DW project diversions. 
Results of the DeltaSOS simulations (Table A3-25) 
indicate that cumulative water quality impacts would be 
similar to the impacts described above for the DW 
project alternatives, and the same mitigation measures 
would apply. 

Cumulative Impacts, Including 
Impacts of Alternative 1 

The DeltaSOS simulations of Alternative I under 
cumulative future conditions are summarized in the 
cumulative impacts section of Chapter 3A and are de
scribed in Appendix A3. Alternative I would be oper
ated in fewer years under cumulative conditions than 
under existing conditions because oflimited availability 
of water for DW diversions. Because of greater assumed 
export pumping capacity, however, greater DW exports 
were simulated in several of the years. The average 
annual simulated· DW diversion for Alternative I under 
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cumulative future conditions was 191 T AF lyr, with dis
charges for export of 161 TAF/yr (Table 3A-3). 

Delta Salinity Conditions (Electrical Conductivity, 
Chloride, and Bromide) 

Because Delta salinity conditions are directly linked 
with Delta outflow, which will be changed by cumulative 
future conditions as well as DW operations, Alternative 1 
will have significant cumulative impacts whenever DW 
project operations change cumulative future salinity con
ditions in excess of the selected significance criterion 
(i.e., maximum of9QO/o of established objectives or maxi
mum change of 20% of established objectives). 

Although the 1995 WQCP is assumed to remain the 
applicable water quality objectives, and the 70-year his
torical hydrologic conditions are assumed to represent the 
likely cumulative future hydrologis< conditions, other fac
tors may change the Delta inflows and therefore affect 
Delta outflow. It is likely that the cumulative future water 
quality impacts of Alternative 1 would be similar to those 
simulated for Alternative 1, in comparison with opera
tions Wtder the No-Project Alternative. Similar mitiga
tion measures to limit DW operations during periods of 
moderate Delta outflow would be required to prevent the 
occurrence of significant water quality impacts. 

Impact C-17: Salinity (EC) Increase at Chipps 
Island during Months with Applicable EC Objectives 
under Cumulative Conditions. This impact is 
described above Wlder Impact C-1. This impact is con
sidered significant. Implementing Mitigation Measure 
C-1 would reduce Impact C-17 to a less-than-significant 
level. 

Mitigation Measure C-1: Restrict DW 
Diversions to Limit EC Increases at Chipps Island. 
This mitigation measure is described above Wtder 
"Impacts and Mitigation Measures of Alternative 1". 

Impact C-18: Salinity (EC) Increase at Emma
ton during April-August under Cumulative Condi
tions. This impact is described above Wlder Impact C-2. 
This impact is considered significant. Implementing 
Mitigation Measure C-2 would reduce Impact C-18 to a 
less-than-significant level. 

Mitigation Measure C-2: Restrict DW 
Diversions to Limit EC Increases at Emmaton. This 
mitigation measure is described above Wtder "Impacts 
and Mitigation Measures of Alternative 1". · 
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Impact C-19: Salinity (EC) Increase at Jersey 
Point during April-August under Cumulative Condi
tions. This impact is described above Wtder Impact C-3. 
This impact is considered significant. Implementing 
Mitigation Measure C-3 would reduce Impact C-19 to a 
less-than-significant level. 

Mitigation Measure C-3: Restrict DW 
Diersions to limit EC Increases at Jersey Point. This 
mitigation measure is described above Wlder "Impacts 
and Mitigation Measures of Alternative 1". 

Impact C-20: Salinity (Chloride) Increase in 
Delta Exports under Cumulative Conditions. This 
impact is described above Wtder Impact C-4. This 
impact is considered significant. Implementing Mitiga
tion Measure C-4 would reduce Impact C-20 to a less
than-significant level. 

Mitigation Measure C-4: Restrict DW 
Diversions or Discharges to Limit Chloride Con
centrations in Delta Exports. This mitigation measure 
is described above Wtder "Impacts and Mitigation 
Measures of Alternative 1". 

Export Concentrations of Dissolved Organic Carbon 

The assessment of Alternative 1 effects on export 
DOC concentrations, using the Delta channel flows 
simulated with DeltaSOS and Delta inflow and agri
cultural drainage concentrations simulated with Delta
DWQ, provide the basis for the qualitative assessment of 
impacts of Alternative 1 Wlder cumulative future con
ditions. Although the average effects of operations Wlder 
Alternative 1 on cumulative future export DOC con
centrations are expected to be generally small, the possi
bility of high export DOC concentrations in DW dis
charges relative to cumulative future export DOC con
centrations Wtder the No-Project Alternative must be 
considered significant and be mitigated with a combi
nation of DOC measurements and limitations on DW 
discharges. The significant impacts of Alternative 1 
under future conditions would be similar to those de
scribed for Alternative 1. 

Impact C-21: Elevated DOC Concentrations in 
Delta Exports (CCWD Rock Slough, SWP Banks, 
CVP Tracy) under Cumulative Conditions. This 
impact is described above Wtder Impact C-5. This 
impact is considered significant. Implementing Mitiga
tion Measure C-5 would reduce Impact C-21 to a less
than-significant level. 
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Mitigation Measure C-5: Restrict DW Db
charges to Prevent DOC Increases of Greater Than 
0.8 mg/1 in Delta Exports. This mitigation measure is 
described above Wlder "Impacts and Mitigation Measures 
of Alternative 1 ". 

Trihalomethane Concentrations in Treated Drinking 
Water 

The assessment of effects of Alternative 1 on THM 
concentrations in treated drinking water, using Delta 
export DOC concentrations simulated with DeltaDWQ 
and THM simulated with the EPA WTP model, provide 
the basis for the qualitative assessment of significant 
impacts of Alternative 1 Wlder cumulative future condi
tions. Water quality objectives for THM concentrations, 
as well as treatment technology for drinking water disin
fection are likely to change in the future. 

Although the average effeCts of operations Wlder 
Alternative 1 on cumulative future THM concentrations 
in treated drinking water are expected to be generally 
small, the possibility of high DOC concentrations in DW 
discharges relative to cumulative future export DOC 
concentrations Wlder the No-Project Alternative must be 
considered significant and be mitigated with a combi
nation of DOC measurements, estimates of THM con
centrations, and limitations on DW discharges. The 
significant impacts of Alternative 1 Wlder future condi
tions would be similar to those described for Alterna
tive 1. 

Impact C-22: Elevated THM Concentrations in 
Treated Drinking Water from Delta Exports (CCWD 
Rock Slough, SWP Banks, and CVP Tracy) under 
Cumulative Conditions. This impact is described 
above Wider Impact C-6. Implementing Mitigation Mea
sure C-6 would reduce Impact C-22 to a less-than
significant level. 

Mitigation Measure C-6: Restrict DW Dis
charges to Prevent Increases of More Than 20 J,lg/1 in 
THM Concentrations or THM Concentrations of 
Greater Than 90 J.lr/1 in Treated Delta Export Water. 
This mitigation measure is described above Wlder 
"Impacts and Mitigation Measures of Alternative 1 ". 

Changes in Other Water Quality Variables 

The effect of operations of Alternative 1 Wlder cum
ulative future conditions would be similar to the effects 
described for Alternative 1 compared with operations 
Wlder the No-Project Alternative. Similar significant 
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impacts are possible and similar mitigation measures 
would be required. Significance criteria and mitigation 
requirements will be determined by SWRCB and would 
be included in project operation permits. 

Impact C-23: Changes in Other Water Quality 
Variables in Delta Channel Receiving Waten under 
Cumulative Conditions. This impact is described 
above Wlder Impact C-7. This impact is considered 
significant Implementing Mitigation Measure C-7 would 
reduce Impact C-23 to a less-than-significant level. 

Mitigation Measure C-7: Restrict DW 
Discharges to Prevent Advene Changes in Delta 
Channel Water Quality. This mitigation measure is 
described above under "Impacts and Mitigation Measures 
of Alternative 1 ". 

Effects of Pollutant Contaminants 

Appendix C6, "Assessment ofPotential Water Con
taminants on the Delta Wetlands Project Islands", 
analyzes pollutant loading effects from the recreational 
use ofDW boating facilities. Sources of potential pollu
tion resulting from the presence of recreation facilities 
and from boating activities include the discharge of 
petroleum-based materials (e.g., fuel, oil, and grease), 
sewage, and litter. Although the direct effects are con
sidered minor (based on a 5% increase in boating use in 
the Delta as described in Chapter 3J, "Recreation and 
Visual Resources"), the potential increase in pollutant 
loading from the DW project facilities and boating 
activities, in combination with other boating facilities in 
the Delta, could cause periodic pollution problems in 
Delta waters. 

Impact C-24: Increase in Pollutant Loading in 
Delta Channels. Pollutant loading associated with 
recreational boat use in the Delta, including pollutant 
loading effects caused by the DW project, could result in 
periodic pollution problems in Delta waters. This cumu
lative impact is considered significant and Wlavoidable. 

Implementing Mitigation Measure C-9 would reduce 
this impact, but not to a less-than-significant level. 

Mitigation Measure C-9: Clearly Post 
Waste Discharge Requirements, Provide Waste Col
lection Facilities, and Educate Recreationists regard
ing lllegal Discharges of Waste. Prior to operation of 
the DW recreation facilities, DW shall post notices at all 
DW recreation facilities describing proper methods of 
disposing of waste. Waste discharge requirements shall 
be posted and enforced in accordance with local and state 
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laws and ordinances. Prior to operation of the DW 
recreation facilities, DW shall provide waste collection 
receptacles on and armmd the boat docks for the boaters 
using the DW recreation facilities. Prior to operation of 
the DW recreation facilities, DW shall provide educa
tional materials to inform recreationists about the dele
terious effects of illegal waste discharges and the location 
of waste disposal facilities throughout the Delta. 

Cumulative Impacts, Including 
Impacts of Alternative 2 

Effects of operations of Alternative 2 under future 
cwnulative conditions would be the same as those de
scribed above for operations of Alternative 1 under future 
cumulative conditions. The impacts and mitigation mea
sures would be the same as described for Alternative 1 
cwnulative conditions. ,. 

Cumulative Impacts, Including 
Impacts of Alternative 3 

Effects of operations of Alternative 3 under future 
cwnulative conditions would be the same as those de
scribed above for operations of Alternative 1 under future 
cumulative conditions. The impacts and mitigation mea
sures would be the same as described for Alternative 1 
cwnulative conditions. 

Cumulative Impacts, Including Impacts 
of the No-Project Alternative 

1be No-Project Alternative would not contribute to 
cwnulative Delta water quality impacts. 

CITATIONS 

References to the Federal Register (FR) are not 
included in this list. FR citations in text refer to volume 
and page number (e.g., 44 FR 68624 refers to Volume 
44 of the FR. page 68624). 
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Table 3C-l. Important Delta Water Quality Variables and Characteristics 

Variable Unit 

Physical habitat parameters 

Flow cfs 

Temperature oF 

Suspended sediments (SS) mgll 

Dissolved oxygen (DO) mgll 

pH standard 
unit 

Electrical conductivity (EC) j.i.S/cm 

Dissolved minerals 

Salinity ppt 

Total dissolved solids (IDS) mgll 

Chloride (Cl") mgll 

Bromide (Br") mgll 

Cl"/EC ratio 

Nutrient and organic constituents 

Dissolved organic carbon mgll 
(DOC) 

Trihalomethanes (THMs) j.i.g/1 

Trihalomethane formation j.i.g/1 

Potential (THMFP) 

C-THM j.i.g/1 

Cl-THM j.i.g/1 

Br-THM j.i.g/1 

Characteristic 

Governs dilution, transport, and mixing; both tidal flow and flow from 
inflows and pumping may be significant 

Governs biochemical rates and regulates biological production; 
determines dissolved oxygen saturation concentration 

Sediments or other particulates that adsorb chemicals and block light 
transmission through water 

Dissolved oxygen concentration in water; available to supply oxidation 
and respiration requirements 

Measure of acidity or alkalinity of water 

Measure of dissolved anions and cations; conservative variable, easily 
measured with monitors 

Measure of salt content of water (measured in ppt) 

Measure of total dissolved materials 

Dominant anion; important to agricultural soil condition; 1995 WQCP 
water supply objective 

Trace anion; important for trihalomethane (THM) production 

Ratio of chloride (mgll) to EC {J.i.S/cm); helps to identify the source of 
the water 

Measure of dissolved organic content 

Disinfection byproducts (DBPs) formed during the chlorination of water 
for municipal use 

Measure of potential formation of THMs when water 
is chlorinated 

Carbon-fraction concentrations ofTHM compounds 

Chlorine-fraction concentrations ofTHM compounds 

Bromine-fraction concentrations ofTHM compounds 



Constituent 

UVA 

Color 

Chlorophyll 

Nitrate (N03") 

Phosphate (PO/") 

Contaminants .. 
Pesticides 

Herbicides 

Trace metals 

Unit 

1/cm 

standard 
unit 

jig/l 

mgll 

mgll 

jig/l 

jig/l 

jig/l 

Table 3C-l. Continued 

Characteristic 

Ultraviolet light (254-nm wavelength) absorption of water; has been 
found to be directly related to the DOC content 

Measure of dissolved organics expressed in color absorbance units 

Measure of algal pigment indicating algal biomass 

Major nitrogen nutrient essential for plant growth 

Major phosphorus nutrient essential for plant growth 

Agricultural pest control residues with potential toxicity 

Agricultural vegetation control residues with potential toxicity 

Industrial residues with potential toxicity 



( 

Table 3C-2. Swnmary of Assessment ofDW Project Impacts on Water Quality 

I. Water quality effects on EC, Cl", Br·, and DOC are directly linked with the asswned water budget on Delta 
islands (estimated in DeltaDWQ) and Delta channel flows (estimated in DeltaSOS). DOC effects also depend 
on the asswned sources of DOC resulting from agricultural drainage and DW habitat or reservoir island 
operations (estimated in DeltaDWQ). THM concentrations in treated drinking water were simulated with the 
EPA WfP model. 

II. EC, c1·, and Br· effects are governed by: 

• inflows (Sacramento and San Joaquin Rivers), 
• seawater intrusion (governed by Delta outflow), 
• Delta exports and channel flows, and 
• Delta island drainage and evapotranspiration (ET). 

III. DOC effects are governed by: 

• inflows, •. 
• Delta channel processes (vegetation and sediments), 
• Delta exports and channel flows, and 
• Delta island drainage (sources). 

IV. Changes in DOC sources can be comparatively described as a function ofland use. DOC sources on the DW 
project islands may therefore change: 

Habitat Reservoir 
DOC Source Agriculture Islands Islands 

Peat soil oxidation f(Temp, 0 2) reduced source reduced source 
Peat soil leaching f(water flow) reduced source reduced source 
Vegetation residue (biomass) reduced source reduced source 

V. THM effects are governed by: 

• Delta export DOC and Br· concentrations and 
• Water treatment processes (temperature or chlorination dose). 

VI. DW project operations will change Delta water quality variables by reducing outflow during diversion periods 
and by discharging water that may have elevated salinity or DOC concentrations. Reducing agricultural 
diversions onto the DW islands may reduce salinity and reduce the contribution of DOC from agricultural 
drainage. 



Table 3C-3. Preliminary Model Calibration and Confinnation Tasks and Summary of Preliminary Analyses for the 
Assessment of Impacts of the DW Project on Water Quality 

Data Model Analysis Results 

Historical Delta iitflows and exports RMA Delta water quality model Calibration with daily EC measure- Smith and Durbin (1989) 
for 1972, 1976, and 1978 ments at 19 Delta locations 

Historical 1968-1991 data on Delta RMA Delta water quality model and Confirmation of simulated historical AppendixB2 
EC and CCWD Cl" concentrations DeltaDWQ model EC patterns 

' 
Historicall982-1991 MWQI DeltaDWQ model Simulation of Delta agricultural Appendices C 1, C2, and C4 
measurements of channel and drainage (flow, EC, DOC) and export 
drainage samples water quality (EC, Cl", Br·, DOC) for 

the No-Project Alternative 

DW demonstration wetlands water DeltaDWQ model Comparison of source loading of DOC AppendixC3 
quality experiments from agricultural drainage and 

wetlands 

THM measurements from Penitencia EPA WTP model Confirmation of simulated THM Appendixes 
Water Treatment Plant concentrations 
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Table 3C-4. Modeling Tasks for Assessment of Impacts of the DW Project on Water Quality 

Data 

DeltaSOS-simulated flows for the No
Project Alternative and the DW 
project alternatives 

DeltaDWQ-simulated export water 
quality for the No-Project Alternative 
and the DW project alternatives 

Model 

DeltaDWQ model 

EPA WTP model 

Analysis 

Simulation of water quality impacts 
(EC, Cl", Br·, DOC) of the DW project 
alternatives 

Simulation of treated drinking water 
HIM concentrations 

' 

Results 

Chapter 3C 
AppendixB2 
AppendixC4 

Chapter 3C 
Appendixes 



Variable 

Electrical conductivity 

Chloride 

Bromide 

Dissolved organic carbon 

Trihalomethanes 

Temperature 

Suspended sediments 

Dissolved oxygen 

Chlorophyll 

Pollutant contaminants 

• Source: DWR 1989. 

Table 3C-5. Water Quality Response Variables and Significance Criteria for Impact Assessments 

Impact Assessment 
Method 

RMA Delta model results for 1967-1991 
incorporated in DeltaDWQ model 

RMA Delta model results for 1967-1991 
incorporated in DeltaDWQ model 

RMA Delta model results for 1967-1991 
incorporated in DeltaDWQ model 

DeltaDWQ model 

EPA WTP modeling 

Evaluation of historical Delta field data• 

Evaluation of historical Delta field data• 

Evaluation of historical Delta field data• 

Evaluation of historical Delta field data• 

Survey ofDW project islands for 
contaminant sites 

Significance 
Threshold 

a. Increase of 20% of applicable standards 
or 

b. 90% of applicable standard 

a. Increase of 20% of applicable standards 
or 

b. 90% of applicable standard 

Location of 
Assessment 

Chipps Island, Emmaton, Jersey Point, and 
representative exports (CCWD, SWP, and 
CVP) 

Representative exports 

Increase of 20% equivalent of c1· standards Representative exports 

Increase of0.8 mg/1 (or 20% of mean Representative exports 
value) 

a. Increase of20% of standard (20 ,ug/1) Treated water from representative exports 
or 

b. 90% of applicable standard (90 ,ug/1) 

Increase of 1 °F, when channel temperature 
exceeds 60°F 

Increase of 20% of mean channel 
concentration 

Decrease of 20% of mean channel 
concentration 

Increase of 20% of mean channel 
concentration 

Presence of significant contamination from 
waste disposal or agricultural operations 

Delta channel waters receiving OW 
discharges 

Delta channel waters receiving DW 
discharges 

Delta channel waters receiving OW 
discharges 

Delta channel waters receiving DW 
discharges 

Specific contaminated sites on OW project 
islands 
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Table 3C-6. Example of Determination of Significant Water Quality Impacts and Mitigation Requirements for Alternative 1 
at Chipps Island Based on 1922-1991 DeltaDWQ Simulation Results 

~-=~~-----------------------. 
No-Project 

Effective 
Outflow 

(cfs) 

8,343 
8,362 
7,858 
7,791 
8,376 
7,640 
7,409 

10,769 
6,9n 

11,600 
11,882 
11,730 
11,706 
5,417 

13,812 
19,597 

8,176 
9,162 
7,107 
8,389 

11,338 
11,639 
6,609 

14,110 
13,857 
13,846 
15,371 
18,663 
17,638 
25,347 
31,138 
40,244 

DW Changein 
Diversion (cfs) Chipps EC 

(>500 cfs) ~S/cm) 

October 
Outflow Objective: 4,000 cfs 
Equivalent EC: 11 ,000 IJS/cm 

20% Change: 2,200 IJS/cm 
90% Umit: 9,900 _jJS/cm 

::=~~ . ) ~:i~ 
~:~!~ ···································#:~~··· 
~::~! ·••••••••••••••·•••••·••••••••••••~:~~·•· a,871 < H ~i~?~ 
1,710 2,041 
3,213 1,784 
3,726 1,763 
3,871 1,742 
1,020 1,017 

631 887 
1,263 850 
3,871 210 

Novemb« 
Outflow Objective: 4,500 cfs 
Equivalent EC: 1 0,000 IJS/cm 

20% Change: 2,000 IJS/cm 
90% Umit: 9,000_1JS/cm 

a,606 X }. !;gMt: 
::: ••••••••• < ~:;1~ 
1 ,328 /\ < ~;g~ 
4,000 1,n9 
4,000 1,741 
1,196 1,416 
3,373 958 
4,000 939 

654 648 
4,000 544 
2,258 354 
4,000 346 

906 78 
4,000 14 
4,000 

Alt 1 
Chipps EC 

(u_§/cm) 

7,765 
7,728 
8,252 
8,237 
7,406 
8,151 
8,426 
4,742 
8,309 
3,860 
3,707 
3,756 
3,043 

10,071 
2,107 

621 

7,932 
6,683 
9,050 
6,4n 
3,986 
3,798 
8,272 
2,136 
2,185 
1,896 
1,444 

833 
922 
290 
178 
153 

No-Project 
Effective 
Outflow 

(cfs) 

11,083 
6,883 
7,497 
7,022 

10,949 
13,339 
10,987 
6,604 

25,725 
27,368 
32,649 
49,670 
51,188 

9,798 
11,465 
7,721 
9,858 

10,094 
8,728 
7,133 

14,2n 
6,947 

15,311 
15,206 
15,055 
16,802 
15,763 
22,329 
19,685 
38,413 

1. Specify appropriate EC criteria based on the 1995 WQCP outflow or EC objectives. 

ow Change In Alt 1 
Diversion (cfs) Chipps EC ChippsEC 

(>500 cfs) ~S/cm) (uS/em) 

Decemb« 
Outflow Objective: 4,500 cfs 
Equivalent EC: 1 0,000 IJS/cm 

20% Change: 2,000 IJS/cm 
90% Umit: 9,000 J!S/cm 

3,871 1,978 4,320 
1,744 1,879 8,292 
1,686 1,773 7,295. 
1,198 1,719 7,919 
1,040 1,220 3,636 
3,784 1,189 2,586 
1,627 970 3,365 

863 835 7,700 
3,871 53 260 
3,871 31 219 
2,726 15 175 
3,871 0 150 
3,~71 

-
0 

·-
150 

January 
Outflow Objective: 4,500 cfs 
Equivalent EC: 10,000 JlS/cm 

20% Change: 2,000 JlS/cm 
90% Umit: 9,000 JlS/cm 

a.a25 ~Mg~ 5,300 
3,871 1,857 3,999 
2,005 1,839 7,067 
2,491 1,798 4,924 
2,047 1,797 4,753 
1,593 1,557 5,655 

990 1,047 7,079 
3,845 945 2,081 

869 912 7,226 
3,871 731 1,642 
3,871 691 1,622 
3,871 675 1,637 
3,871 447 1,122 
1,479 185 1,016 
3,293 102 383 
1,065 52 457 
3,871 2 154 

No-Project 
Effective ow Change in Alt 1 
Outflow Diversion (cfs) Chipps EC Chipps EC 

(cfs) (>500 cfs) (IJS/cm) (uS/em) 

February 
Outflow Objective: 11 ,400 cfs 
Equivalent EC: 2,600 IJS/cm 

20% Change: 520 IJS/cm 
90% Umit: 2,340 1-!S/cm 

17,380 3,684 412 1,016 
16,169 2,520 336 1,101 
24,242 3,354 101 333 
25,005 3,132 53 270 
24,946 634 52 271 
20,498 742 27 385 
29,069 4,000 26 200' 
32,451 4,000 10 171 
34,625 2,465 5 161 
36,089 4,000 4 158 

---- ---- ··-

March 
Outflow Objective: 11 ,400 cfs 
Equivalent EC: 2,600 JlS/cm 

20% Change: 520 IJS/cm 
90% Umit: 2,340 S/cm 

25,740 3,769 57 263 
22,185 1,106 34 320 
35,067 3,871 6 161 
38,043 1,091 1 153 
43,558 3,210 1 151 

Note: No April-August DW Diversions of greater than 300 cfs. 

8,852 
8,853 
8,854 
7,683 
8,425 

11,302 
13,292 
6,730 

S~tember 
Outflow Objective: 3,000 cfs 
Equivalent EC: 14,000 IJS/cm 
20% Change: 2,800 JlS/cm 
90% Umit: 12,600 /.IS/em 

3,879 . . $;$04 
3,880 . 3,~!ffi 
3,881 .•... 3;$® 
2,749 j.1~? 
a,ooo ?~Qn 
4,000 2,131 
4,000 1,306 

734 878 

7,781 
7,782 
7,783 
8,469 
7,387 
4,356 
2,717 
7,535 

3. Determine DW project effects and mitigation requirements. 
2. Estimate Chipps Island EC for the No- Project Alternative and DW project operations. 4. Shading indicates significant impacts that would require mitigation. 



October 
X>O % x<=O % 

Five Largest Values 
0.13 2.70 -0.52 -15.7 
0.07 1.71 -0.52 -14.5 
0.07 1.69 -0.44 -14.5 
0.04 1.49 -0.42 -13.7 
0.04 1.08 -0.42 -13.0 

25-yr Summary 
Number of months 

9 16 
Average 

0.04 1.13 -0.17 -5.15 

April 
X>O % x<=O % 

Five Largest Values 
0.40 12.0 -0.34 -7.51 
0.36 8.37 -0.15 -3.98 
0.29 6.94 -0.09 -2.70 
0.14 3.40 -0.02 -0.46 
0.10 2.08 -0.00 -0.08 

25-yr Summary 
Number of months 

20 5 
Average 

0.09 2.28 -0.12 -2.94 

Table 3C-7. Summary of Changes between Alternative 1 and the No- Project Alternative in 
DeltaDWQ-Simulated Export DOC Concentrations (mgll) for 1967-1991 

November 
X>O % x<=O % 

Five Largest Values 
0.31 7.89 -0.51 -18.0 
0.15 3.56 -0.51 -17.0 
0.12 3.51 -0.49 -16.3 
0.09 12.64 -0.49 -16.3 
0.08 2.49 -0.43 -13.5 

25-yr Summary 
Number of months 

12 13 
Average 

0.08 2.23 -0.22 -7.25 

May 
X>O % x<=O % 

Five Largest Values 
0.39 10.3 -0.29 -7.52 
0.33 8.65 -0.18 -5.76 
0.30 8.43 -0.18 -5.15 
0.21 6.37 -0.17 -4.71 
0.15 4.16 -0.14 -3.95 

25-yr Summary 
Number of months 

17 8 

Average 
0.11 2.87 -0.13 -3.70 

December 
X>O % x<=O % 

Five Largest Values 
0.09 1.69 -1.21 -22.9 
o.o7 1.55 -o.n -16.9 
0.07 1.28 -0.68 -13.9 
0.04 0.68 -0.43 -12.0 
0.03 0.64 -0.41 -9.96 

25-yr Summary 
Number of months 

7 18 
Average 

0.05 0.90 -0.27 -5.93 

June 
X>O % X<=O % 

Five Largest Values 
0.71 14.0 -0.20 -4.48 
0.15 4.44 -0.15 -4.09 
0.07 2.35 -0.08 -2.09 
0.07 2.17 -0.07 -1.98 
0.07 2.10 -0.08 -1.73 

25-yr Summary 
Number of months 

18 7 
Average 

0.07 1.81 -0.08 -2.24 

January 
x>O % x<=O % 

Five Largest Values 
0.195 3.18 -1.78 -26.0 

0.10 1.79 -0.87 -17.3 
0.10 1.66 -0.86 -15.7 
0.08 1.46 -0.78 -15.2 
0.05 1.20 -0.68 -12.4 

25-yr Summary'
Number of months 

9 16 
Average 

0.07 1.26 -0.37 -6.60 

July 
X>O % x<=O % 

Five Largest Values 
1.00 27.8 -0.18 -5.15 
0.53 12.0 -0.09 -3.06 
0.35 11.0 -0.09 -3.05 
0.24 6. 71 -0.05 -1.22 
0.17 5.36 -0.02 -0.84 

25-yr Summary 
Number of months 

15 10 
Average 

0.17 4.72 -0.05 -1.48 

February 
x>O % x<=O % 

Five Largest Values 
0.15 3.20 -0.60 -15.8 
0.12 2.58 -0.04 -0.86 
o.o9 1.n -o.o3 -0.65 
0.08 1.47 -0.03 -0.62 
0.07 1.47 -0.02 -0.39 

25-yr Summary 
Number of months 

14 11 
Average 

0.05 1.04 -0.07 -1.79 

August 
X>O % x<=O % 

Five Largest Values 
0.75 13.2 -0.39 -11.9 
0.32 11.1 -0.15 -4.36 
0.31 9.40 -0.08 -2.37 
0.21 6.67 -0.05 -1.63 
0.18 4.70 -0.02 -0.75 

25-yr Summary 
Number of months 

17 8 
Average 

0.14 3.64 -0.09 -2.75 

Note: The value "x" represents the calculated change in units of measurement. 

March 
X>O % x<=O % 

Five Largest Values 
0.40 11.1 -0.39 -14.7 
0.20 6.02 -0.33 -12.1 
0.18 5.05 -0.12 -3.57 
o.13 4.n -o.11 -3.36 
0.12 3.71 -0.03 -1.17 

25-yr Summary 
Number of months 

20 5 
Average 

0.11 2.96 -0.20 -6.99 

September 
X>O o/o X< =0 % 

Five Largest Values 
0.26 10.4 -0.50 -17.6 
0.17 4.53 -0.48 -16.4 
0.13 3.58 -0.44 -15.8 
0.11 3.57 -0.42 -14.8 
0.08 2.31 -0.13 -4.43 

25-yr Summary 
Number of months 

15 10 
Average 

0.07 2.17 -0.20 -6.98 



October 
X>O. % x<=O % 

Five Largest Values 
2.9 3.46 - 5.30 -13.6 
1.3 2.20 -5.00 -11.9 
1.2 1.61 -4.30 -11.8 
1.0 1.59 -4.00 -11.1 
0.5 1.23 -3.80 -10.1 

25-yr Summary 
Number of months 

9 16 
Average 

0.86 1.31 -1.68 -4.31 

April 
x>O % x<=O % 

Five Largest Values 
5.5 10.8 -4.9 -9.04 
4.3 8.45 -2.8 -6.10 
3.5 8.16 -1.3 -3.23 
1.4 2.n -0.1 -1.36 
1.1 1.88 -0.2 -0.49 

25-yr Summary 
Number of months 

19 6 
Average 

1.13 2.29 -1.67 -3.41 

r''"'>, 

Table 3C-8. Summary of Changes between Alternative 1 and the No- Project Alternative in 
DeltaDWQ-Simulated Export THM Concentrations (JLg/1) for 1967-1991 

November 
X>O % x<=O % 

Five Largest Values 
3.7 6.50 -4.8 -17.5 
2.6 3.16 -4.8 -15.8 

1.4 ,3.12 
1.1 2.73 

-4.4 -13.9 
-4.2 -13.7 

1.0 2.45 -3.6 .:..10.8 

25-yr Summary 
Number of months 

12 13 
Average 

1.03 2.04 -1.86 -6.05 

May 
x>O % X<=O % 

Five Largest Values 
6.8 11.3 -4.0 -7.62 
5.7 9.93 -3.8 -7.52 
4.3 8.24 -2.8 -5.59 
3.0 6.41 -2 .5 - 5.27 
2.6 5.11 -2.0 -4.77 

25-yr Summary 
Number of months 

14 11 
Average 

1.93 3.50 -1.53 -3.11 

December 
x>O % x<=O % 

Five Largest Values 
1.3 2.02 -13.7 -27.3 
0.5 1.18 -6.5 -15.0 
0.5 1.05 -5.7 -13.2 
0.3 0.63 -3.1 -11.7 
0.2 0.43 -2.9 -8.50 

25-yr Summary 
Number of months 

6 19 
Average 

0.48 0.93 -2.18 -5.33 

June 
x>O % x<=O % 

Five Largest Values 
14.7 15.1 -3.4 -4.83 
2.7 4.99 -2.6 -4.38 
1.9 3.49 -1.4 -2.33 
1.7 3.35 -0.7 -1.43 
1.3 2.44 -0.6 -1.13 

25-yr Summary 
Number of months 

14 11 
Average 

1.54 2.21 -1.34 -2.21 

January 
X>O % x<=O % 

Five Largest Values 
1.8 0.00 -14.6 -28.3 
0.6 1.52 -7.1 -18.1 
0.6 1.45 -6.4 -16.6 
0.6 1.37 -5.3 -14.9 
0.5 1.24 -4.9 ':" 12.5 

25-yr Summary 
Number of months 

7 18 
Average 

0.66 1.02 -2.49 -6.01 

July 
x>O % X<=O % 

Five Largest Values 
16.8 26.1 -4.4 -7.33 
14.8 15.0 -3.3 -5.63 
5.6 8.05 -3.0 -4.80 
4.3 7.50 -1.5 -2.95 
2.6 4.81 -1.5 -2.23 

25-yr Summary 
Number of months 

15 10 
Average 

3.21 4.61 -1.65 -2.86 

February 
x>O % x<=O % 

Five Largest Values 
1.1 2.64 -4.7 -14.8 
1.1 2.53 -0.3 -0.73 
1.0 2.09 -0.2 -0.56 
0.8 1.96 -0.2 -0.55 
0.5 1.46 -0.2 -0.53 

25-yr Summary 
Number of months 

10 15 
Average 

0.58 1.41 -0.40 -1.23 

August 
X>O % x<=O % 

Five Largest Values 
19.3 15.6 -8.7 -16.2 
4.6 6.17 -4.2 -7.75 
3.2 4.41 -3.9 -7.33 
2.4 4.38 -3.7 -6.88 
2.2 4.25 -0.8 -1.65 

25-yr Summary 
Number of months 

15 10 
Average 

2.89 3.68 -2.29 -4.29 

Note: The value "x" represents the calculated change in units of measurement. 

March 
X>O % x<=O % 

Five Largest Values 
1.1 2.64 -4.7 -14.8 
1.1 2.53 -0.3 -0.73 
1.0 2.09 -0.2 -0.56 
0.8 1.96 -0.2 -0.55 
0.5 1.46 -0.2 -0.53 

25-yr Summary 
Number of months 

20 5 
Average 

1.04 2.68 -1.9 -6.56 

September 
x>O % x<=O % 

Five Largest Values 
3.9 5.65 -5.7 -15.2 
2.3 3.61 -5.7 -14.2 
2.3 3.48 -5.2 -14.1 
1.7 2.43 -4.3 -11.5 
1.2 1.93 -1.7 -3.99 

25-yr Summary 
Number of months 

14 11 
Average 

1.02 1.64 -2.42 -6.13 
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Figure 3C-1. 
Agricultural Drainage Returns in the Delta and 
MWQI Sampling Locations 
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Prepared by: Jones & Stokes Associates 
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Figure 3C-2. 
D-1485 Water Quality Monitoring Locations 

DELTA WETLANDS 
P R 0 J E C T E I R/E I S 
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Relationship between Simulated End-of-Month and 
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Prepared by: Jones & Stokes Associates 
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Prepared by: Jones & Stokes Associates 



::·. 

13 

12 

11 

10 

9 

-l 8 

._., 
= 7 
~ 
(0 ... 6 -= ~ 
Cj ·= 5 
0 
u 

4 

3 

2 

1 

0 
0 

Figure 3C-5. 

I 
I 

' 
/'"''"', 

I I I I I I I I I I I 
------r------1------~-------~------r------1------~-------~------r------1------~------ ------

1 I I I I I I I I ~ A. I I 
I I I I I I I I I .,.. I I 
I I I I I I I I I I I I 

------i------i------i-------i------i------i------i-------i--~---i-~---i-r--- ____ i _____ _ 
I I I I I I I I I I I 
I I I I I I I I I I I I 

------~------i------~-------~------~------i------~-------~------~--r-r -1--H--t----~------

: I : : : : : h : : : : : 
------~------i------~-------~------~------i------~-------~~--- -~~--r---~-------~------

1 I I I I I I I· I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 

------r------~------~-------r------r------~------~----t- -t----~--r---~-------r------
1 I I I I I I I I I I I 
I I I I I I I I I I I I 

------t------i------+-----+------t------i------ : +11----i Ill Ill lljl ----i------+------~------
1 I I I I I I I I I I I 

------t ------i ------+-----+ ------t ------ ; --- ~ ~ I IIIII f*--tt~J -rL\~- i------+-----+------
1 I I I I I I I I I I I 

------~------i------~-------~------ 1 ------i~-~---~-----~------i------~-------~------
1 I I I I I I I I I I I 
I I I I I I I I I I I I 

------ ~- ---- -~ ------ ~----- __ I ------ ~----+- -4t++t--~------ -~----- -~- ---- -c ~--- ----~-------~------
I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I ______ i ______ i______ _ _____ i ______ i ______ i---~-i-------~--~-zt------i ______ i _______ i _____ _ 
: 5% Rat~o 1 : : : : : : : : : 

------~------ I -----~---f---~----~------i------~-------~------~------i------~-------~------
1 I I I I I I I I I I I 
I I I I I I I I I I I I 

______ I ------1------1-------(------t--~--1------1-------(------t------1------1-------(------
l I I I I I I I I I I 
I I I I I I I I I 1 I 

I I I I I I I I 1 I 

20 40 60 80 100 120 140 160 180 200 220 240 260 

EC (J.LS/cm) 

+ Chloride 6 Bromide/0.0035 

Relationship between EC and Concentrations of Chloride and Bromide in the 
Sacramento River at Greene's Landing (1982-1991 MWQI Monthly Samples) 

DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 



200 
190 
180 
170 
160 
150 
140 
130 -~ 120 

5 110 
= 100 0 

".C e 90 -= ~ 80 CJ 

= 0 70 u 
60 
50 
40 
30 
20 
10 
0 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

EC (mS/cm) 

+ Chloride 

Figure 3C-6. 
Relationship between EC and Concentrations of Chloride and Bromide in the 
San Joaquin River at Vernalis (1982-1991 MWQI Monthly Samples) 

1.0 1.1 1.2 

6 Bromide/0.0035 

1.3 1.4 1.5 

DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 



:•! 

~ 
s 
~ c 

~ = u 

7 

6 

5 

4 

3 

2 

1 

·r""'\ 

I 
I 
I . , , 
I I I I I\ 

I I I I I I I I I a' 
I I I I I I I I I 

--------:--------:---------:--------:--------:---------:--------:-~-----~--------~L~------
1 I I I I I I I~ I 
I I I I I I I I 
I I I I I I A I 8:-JA 
I I I I I I I t 
I I I I I il\ I ...._ + 

--------t--~-----j---------~--------t--------j-------~-~--------t---jf~-j--
: : : : : : : ~ /. 30% Ratio 
I I I I I I 6. : """-'IFF 
I I I I I I -f'&" I 
I I I I I I ..J... A 
I I I I I .U...± +.,_ I .U I I 

--------+--------~---------~--------+--------~---------~ --- --+--------~---------~--------
1 I I I I I I I I 
I I I I A' ..J... I I I 
I I I I I +-t .,_ I I I : : : : .6: ~ : : : 
I I I I I I I 
I I I I I I I I 

--------T--------~---------r-----~--T--- ---------r--------T--------~---------r--------
1 I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I 

: : :A 1 : : : : : 
I I I I I I I I I 

--------~--------~-------~~- -----~--------~---------~--------~--------~---------r--------

' I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 

________ i____ _ _________ L ________ i--------~---------L ________ i--------~---------L--------
1 I I I I I I I I 
I I I I I I I I I 

I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I 1 ! 1 

o~----4-----~----~----~-----+-----+----~----~----~~--~ 
0 2 4 6 8 10 12 14 16 18 20 

EC (mS/cm) 

+ Chloride ll Bromide/0.0035 

Figure 3C-7. DELTA WETLANDS 
PROJECT EIR/EIS Relationship between EC and Concentrations of Chloride and Bromide in Water 

from Mallard Island (Chipps Island) (1982-1991 MWQI Monthly Samples) Prepared by: Jones & Stokes Associates 



;.:· 

RF 
p 

rOW 
css 

{)-ow 

Bacon 
Island ,))> 

Crop Duster .... 

[3.p 

Airstrip 
r-:::±:: 

Woodwll'd bland 

LEGEND 
Farm machinery repair facility 
Pesticide storage area 
Domestic waste dump 
Copper salvaging site 

0 

! 
I 

ac.le 

Feet 

Mildred 
Island 

(lloodocl) 

Cui 

Upper Jones 
Tract 

6000 

d· 

Bethel 
Island 

Franks · 

Groundwater 
Monitoring Wei 1 

Hotchkiss 
Tract 1!'1 

!r11 
I 

• 

~Groundwater 

Monitoring WeR 2 m·'~'''''''''%'"'~' 
li~~t\%W~~ilt1 

Tract 

liL--- ··---=------w 2 w~ 

Veale 
Tract 

LEGEND 
~TilE] Historical pulp disposal areas 

0 

! 
I 

ScM 
;;;;i;ll!!!!!! 
Feet 

Quimby 
Island 

Bacon 
Island 

15000 
!!!!I 

Note: Only Bacon Island and Holland Tract are shown because no potential contaminant sites exist on Webb Tract and Bouldin Island. 

Figure 3C-8. 
Potential Contaminant Sites on the DW Project Islands 

DELTA WETLANDS 
P R 0 J E C T E I R/E I S 
Prepared by: Jones & Stokes Associates 



{ 
\ 

18 

16 

14 -s 12 
~ 
C"'-l 

!. 10 
u 
~ 

~ 
= a:.. 
~ ... 
< 

8 

6 

4 

2 

0 

t8 
17 
16 
15 
14 

5 13 
~ 12 
C"'-l 11 
!. 10 

~ ~ 
~ 
f 7 
~ 6 
< 5 

4 
3 
2 
1 
0 

DeltaDWQ Model 

0 1 2 - 3 4 5 6 

Water Year 

[ilifi0Iiil EC Data 

7 8 9 

Effective Outflow (1,000 cfs) 

A DeltaDWQ Model 11m EC Data 

Figure 3C-9. 
Comparison of Average Monthly Measured EC 
at Pittsburg (Chipps Island) with RMA and 
DeltaDWQ Model Simulations for 1968-1991 

RMANode356 

10 11 12 13 14 15 

\7 RMA Node 356 

DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 



6 

5 

-e 
4 tJ -rl:l e -u 3 rOiil 

~ 
~ = ... 
~ 2 ... 
< 

1 

0 
1968 1970 1972•' 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 

Water Year 

-- DeltaDWQ Model ECData •• • • • • RMA Node 353 

6 

5 

-e 4 
r}3 
e -

1 

0 
0 1 2 3 4 5 6 7 8 9 

Effective Outflow (1,000 cfs) 

.6 DeltaDWQ Model lllll Emmaton Data 

Figure 3C-10. 
Comparison of Average Monthly Measured EC 
at Emmaton with RMA and DeltaDWQ 
Model Simulations for 1968-1991 

10 11 12 13 14 15 

\1 RMA Node 353 

DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 



,r 

\. 

6 

5 

-e 4 ~ 
C'l:l e -u 3 ~ 
Q,l 
CJ) 

E 
Q,l 2 ... 
< 

1 

0 

6 

5 

-e 4 ~ 
C'l:l e -u 3 
~ 
Q,l 
Oll 
E 
Q,l 2 ... 
< 

1 

0 

I 
I 
I 
I 

I I I I I I I I I I I I I I I I I I I I I I I I I 
~--J __ J __ J __ J __ J __ J __ ~--~--L--~--~--L--L--L--L--L--L--L--L--L--L--L--L--L 

I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I ! I I I I 
I I I I I I I I I I I I I I I I I I I I 1 I I I I 
I I I I I I I I I I I I I I I I I I I I .0 I I I I 

J __ J __ J __ J __ J __ J __ J __ J __ J __ L __ L __ J __ L __ L __ L __ L--L--L--L--L--~--L __ L __ L __ L 
I I I I I I I I I I I I I I I I I I I I • .• I I I 
I I I I I I I I I I I I I I I I I I I I 'P 0f I I I 
I I I I I I I I I I I I I I I I I I I '!' •' I I I 
I I I I I I I I I I nu·ssm· g data I I I I I I l •t I I I 
I I I I I I I I I I I I I I I ol. •e I I I 

J __ J __ J __ J __ J __ J __ J __ J __ J __ ~- ~--~--L--~--L--L- __ L_ -~L __ L __ L __ L 
I I I I I I I I I I I I I I I I I to I I I 
I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
~--J __ J __ J __ J_ __J __ ~--~-- --L- --L--L--L- --L-

1 I I I I I I I I I I I I I 
I I I I I I I I I I I I I 
I I I I I I I I I I I I I 
I I I I I I I I I I I I I 
I I I I I I I I I I I I 

_J_ __J_ __J __ J_ --L--L--
1 I I I I I I 
I I I I I I 
I I I I I I 
I I I I 

DeltaDWQ Model 

Water Year 

ECData 

Effective Outflow (1,000 cfs) 

RMANode44 

Ll. DeltaDWQ Model Ill! EC Data V' RMA Node 44 

Figure 3C-11. DELTA WETLANDS 
PROJECT EIR/EIS Comparison of Average Monthly Measured EC 

at Jersey Point with RMA and DeltaDWQ 
Model Simulations for 1968-1991 

Prepared by: Jones & Stokes Associates 



2 

1.8 

1.6 

- 1.4 e 
~ 
Cl.l 1.2 e -u 1 ~ 
Cl.l 
~ 0.8 = ... 
Cl.l ... 
< 0.6 

0.4 

0.2 

0 

Water Year 

-- DeltaDWQ Model - ECData 

2.0 

1.8 

1.6 

- 1.4 e 
~ 1.2 e -u 1.0 
~ 

~ 0.8 = ... 
Cl.l ... 

0.6 < 
0.4 

0.2 

0.0 

0 1 2 3 4 5 6 7 8 9 

6. DeltaDWQ Model 

Effective Outflow (1,000 cfs) 

lim ECData 

Figure 3C-12. 
Comparison of Average Monthly Measured EC at the 
CCWD Rock Slough Diversion with RMA and 
DeltaDWQ Model Simulations for 1968-1991 

RMANode206 

10 11 12 13 14 15 

\1 RMA Node 206 

DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 



500 

400 

.-. 
~ e 300 -I u 
fc 
E 200 ~ ... 
< 

100 

0 

500 

400 

.-. 
~ e 300 -I u 
~ 
OJ) 

= "" 200 ~ ... 
< 

100 

0 
0 

I 
I 
I 
I 
I 
I 

I I I I I I I I I I 
~--4--~--4--4--4--4--4--4--4--

1 I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

I I I I I I I I --,--,--,--,--,--,--,--,--, 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I ,--,--,--,--,- -,--,--,--
1 I I I I I 
I I I I I I 

1 

I I I I 
I I I I 
I I I I 
I I I I 

2 

I I I 
--~--~-

1 I 
I I 

DeltaDWQ Model 

'7: 
I 

~I 

V' h 

3 4 5 6 

maximum of 653 mgll 

I I 

: : 
I t 
I t 

I I I I I I I I I t I I I I 

-~--~--~--~--~--t--~--t--t--t--~--~--t--~-
1 I I I I I I I I 'lo .;, I I I 
I I I I I I I I · I ' • I I I 
I I I I I I I I I 'lo 10 I I I 
I I I I I I I I I 'lo .. I I I 
I I I I I I I I I ~ I I I 
I I I I I I I I I ~ I I I 
I I I I I I I I I I I I 

-~--T--T--T--T--T--T--T--T- --r-- --r 
I I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I 

-~-- --~--T--T--T--T--

1 I I I 
I I I I 
I I I I 
I I I 
I I I 
I I I 

I 
I 
I 

Year 

- croata 

7 8 9 10 

RMANode206 

11 12 13 14 15 

Effective Outflow (1,000 cfs) 

DeltaDWQ Model 1m cr Data 

Figure 3C-13. 
Comparison of Average Monthly Measured Chloride 
at the CCWD Rock Slough Diversion with RMA 
and DeltaDWQ Model Simulations for 1968-1991 

'V RMA Node 206 

DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 



20 

18 

16 

- 14 s y 

V5 12 s -u 10 ~ 
~ 
CJ) 

8 = ... 
~ 
~ 

< 6 

4 

2 

0 

8 

7 

6 -s 
y - 5 r'-l s -u 4 
~ 

~ = 3 ... 
~ 
~ 

< 
2 

1 

0 

Estimated Chipps Island EC 

I 
I I I I I I I I 

I I I I I I I I I I 

~--~--~--~--~--~--~--~--~--~-
1 I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
~--~--~--~--~--~--~--~--~--+-

1 I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
~--~--~--~--~--4--4--+--+-

1 I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

--~--~--4--4--4--+--+-
1 I I I I I 

I I I I 
I I I I 

-~-- _,_ --+--+-
1 I I I 
I I I I 
I I I I 

-~--T-

Water Year 

!mr:::tt:j Simulated with Historical Flows 

Estimated Emmaton EC 

No-Project Alternative 

I I 
I I 
I I I I I I I I I I I I I I I I I I I I 

~--~--~--~--~--~--~--~--~--~-- --~--~--L--~--L--L--L--L--L-
1 I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I : I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
~--4--~--~-_, __ , __ , __ , __ +--+- -+--+--+--+--+--+--T--+--T--

1 I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I . 
I I I I I I I I I I I I I I I I I I ; 
~--~--~--~--~--~--~--~--~-- -T--T--T--T--r--T--r-- --~--. 

I I I I I I I I I I I I I I ·: 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
~--4--~--~--4--4--~--~--+-- -+--+--+--+--+--+--+- --+-

1 I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I ,- --,--,--,--,--,--,--T- -~-- --T--r--r- --r-
1 I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
~- -~-- -~- -~--~- --+--+--+-

1 I I I I I I I 
I I I I I I I 
I I I I 
I I I 

-n1:- -•:::t- -·llr--- t-
I 

Water Year 

[:::t@l!l Simulated with Historical Flows No-Project Alternative 

Figure 3C-14. DELTA WETLANDS 
PROJECT EIR/EIS Comparison of EC at Chipps Island and EC 

at Emmaton Simulated for the No-Project Alternative 
and for Historical Outflows for 1968-1991 

Prepared by: Jones & Stokes Assodates 



( 

\ 

5 

4 

-s 
CJ 3 fi5 
s -u 
~ 

2 ~ 
ell = ... 
~ .. 
< 

1 

0 

700 

600 

- 500 
~ s - 400 I 

0 
~ 
ell 300 = ... 
~ .. 
< 

200 

100 

0 

Estimated Jersey Point EC 

I 
I 
I 
I 
I 

I I I I I I I I I I 
""1---t -- T-- -T-- -t- --t---1-- -1----1-- ""1--

I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I 
__ ..L--.L--.L--L--L--1--_L_...J_ 

I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
--r--r--r--r-~--~--,--

1 I I I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

--r- --+-- -1----1-

I 
I 
I 
I 
I 

I I I I I I I I I 
--r--T- -t---t- --1----1----1-- ""1 -- -r--

1 I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

-..L--.L--L--L--L_...J __ _J__ _..!. __ 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I 
I I I I I I 

-T- --~--~--~--

1 I I I 
I I I I 
I I I I 
I I I I 

I I I 
I I I 

- -1-- --1-- --1-· -tiE::t--
1 
I 
I 
I 

Water Year 

Simulated with Historical Flows No-Project Alternative 

Estimated Delta Export Chloride 

I 
I 
I 

I I I I I I I I I I 
~--..L __ ..L __ .L __ .L __ L __ L __ L __ L_...J __ 

I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 

~--~--~--~--~--L--L--L--L-~--
1 I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I ,--,--T--T--r--r--r--r--r-,-
1 I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
,--,--;---r--T--r--r--r--r-,-

1 I I I I I I I 
I I I I I I I 
I I I I I I 
I I I I I I I I I 
;--;---r--+---r--t---r--r--t--

1 I I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I 

...1- - -J.-- -- .1. - -- '--- -L- --f:J,:::n,J:::::~:::I 
I I I I I 

I 
I 
I 

I I I I I I I I I I I I I I 
_..J __ ..L __ .L __ .L __ L __ L __ L __ L __ L_...J __ ...J __ ~--..L--.L-

1 I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 

-~--~--~--L-_L __ L __ L __ L--L-~--~--~--~--L-
1 I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 

-,--T--T--r--r--r--r--r--r-~--,--,--T--r-

1 I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I 

-~--;---r--T--r--r--r--r--r- , __ --T-
1 I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I 

-;---r---r--+--t---r--1-- --r--
1 I I I I I I I 
I I I I I I 
I I I I I I 
I I I I I 

-.L- --L--L--L-
1 I I 

I 

Water Year 

l??????l Simulated with Historical Flows No-Project Alternative 

Figure 3C-15. DELTA WETLANDS 
PROJECT EIR/ElS Comparison of EC at Jersey Point and Chloride in 

Delta Exports Simulated for the No-Project Alternative 
and for Historical Outflows for 1968-1991 

Prepared by: Jones & Stokes Associates 



10 

9 

8 

7 

- 6 ~ 
,§, 
u 5 
0 4 Q 

3 

2 

1 

0 

200 

180 

160 

140 

=- 120 C1l 
:1. - 100 ::?! 

== 80 E-< 

60 

40 

20 

0 

I I 
I I I 

I I I I I I I I I I I I I I I I I I I I I I I T--r--r--r-,--,--T--r--r-,-- T--r--r-,--,--T--r--r--r-,--,--T--r-
1 I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I 
__ L __ L __ I __ ...J __ ...l __ J. __ L_-L _ _j__ -...l--L--L-...l--....1--.l.--L--L--L-...l--...l--.l.--L--L 

I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I 
--~--~--~-~--~--+--~--~- -+--~--~-~--~--+--+--~--~-~--~--+--

1 I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
T--r -~--~---,-- -T--r--rlt---i11 .. t-1tt-r-T--r--r- --~--~--~---,--.,.--

1 I I I I I I I I I I I I 
I I I I I I I I I I I 
+--

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 .. Water Year 
Simulated with Historical Flows No-Project Alternative 

I 
I I I I I I I 

I I I I I I I I I I I I I I I I I I I I I I I 
-~--+--~--r-~--~--T--~--r-~--~--r--~--r-~--~--r--~--r-~--~--r--r-

1 I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I I I I I I I I 
~--,--T--r--r--,--T--T--r--r- --.,.--,--r--r--,--.,.--,--,--r--,--T--r--r--r 

I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I ; I I I I I I I I I I I I I I I I I I I I 
~--~--+--~--~-~--+--+--~--~ --+--~--~--~-~--+--~--~--~-~--+--~--~--~ 

I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I 

,--,--T--r--r-,--,--T--r--r --,--r--r--r-,--T--r--r--r-,--T--r--r--r 
I I I I I I I I I I :I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I 

...J __ ...J __ J_ __ L __ L_....I __ .l. __ J. __ L __ L __ .l. __ L __ L __ L_...J __ .l. __ L __ L __ L_...J __ .l.--L--L--L 
I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I 
~--~- --r--r-~--~--T--~- -~--r--r--r --~--r--r-~-- -r--

1 I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
I I I I I I 

~--~- I 
I 

1968 1970 -1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 

Water Year 
Simulated with 
Historical Flows 

No-Project Alternative 12-Month Moving Average 
for the No-Project Alternative 

Figure 3C-16. DELTA WETLANDS 
PROJECT EIR/EIS Comparison of Export DOC and THM 

Concentrations Simulated for the No-Project Alternative 
and for Historical Inflows and Exports for 1968-1991 

Prepared by: Jones & Stokes Associates 



( 
:.· 

\ 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0 

-2 

6.0 

5.5 

5.0 

4.5 

4.0 

- 3.5 
e 

r)3 3.0 
e 2.5 '-" 

u 2.0 ~ 

1.5 

1.0 

0.5 

0.0 

-o.5 

Chipps Island 
I I 1 I 1 I 1 1 1 1 1 I I I I I 1 I 1 I 1 I 1 I 
I I I I 1 I 1 I 1 I I I I I I I I I I I 1 I I I 

+--t--+--t--+--~--1--~--i--i--i--i--1--~--1--i--1--i--1--~--1--i--1--~--~-
l I I I I 1 I 1 I 1 1 I I I I I I 1 I I I 1 I 1 I 
I I I I I 1 I 1 I I I I I I I I I 1 I 1 I I I 1 I 
+--T--+--T--+--~---+--~--~-- -- --~---+--~---+--~---+--~---+--~---+--~---+------; 
I I I I I 1 I 1 1 I I I I 1 I 1 I 1 I I I 
I I I I I I I I I I I I I I I I I I I I 

+--t--+--t--+--i--1--i--i-- -I -i--i--i--1--i--1--i--i--i--i-- -i--
1 I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I 
+--T--+--T.--+--~---+--~--~-- ~ -~-- --~-- --~---+--~---+--~-- - -
I 1 I I I I I I I I I I I I n. I 

+-- --f-- --f-- -- --i--i--: i -i-- -i-- r-i--~--i-- -II- -: -
l __ -1-- __ : __ I __ --~--~--~ ~ -~- -~ -

1 -~--1--
1

-- - - -~-
I I I I I I I I I I I I I 
: I I I I I I ,! _I~ I I I : I I I 

T I - --I--: 1 - :1-- - i--i -~ - ~ ir- --1-- 1 1 - 1 i i 
I I I I I I I I I I I I I I I I 1 

I 
I 
I 

I I 
I I 

- ~ ~ 
1 I 

I 1 I 
I .J_ I 
I I -1 
I 1 I 
I I I 

-+ .,- --l 
~ I I I I I I I I I I I I I I I I 

.._ T - - ~- 1-- - ~--~ ~~-~ ~ -+- --- -+ ~ -+ ~-
1 I I I I I I I I I I 1 I 1 I 1 I 1 I 

I I I 
...1--~- .J 
I I I 
I I 1 I 
I A I I 

I I I I I I I I I I I I I I I 

+ -:- t -:---I -; ji -- r_.

1
---;---; -t i - -- - ~i i -;- -t --;-

1 I Ill.. I I I I IJ II u I I I I I I 
~ I "" I I Ill I I II lib./ I I I A I 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 

Water Year 

Alternative 1 • Change 

Emma ton 
I I I I I I i I I I I I I I I I 1 I I 1 I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I 
+--+--~--+--~--+--~--+--~--+--~--+--~--+--+--+--+--+--~--+--~--+--~--+--~ 
I I I I I I I 1 I I I I I I 1 1 I 1 I 1 I 1 I 1 I 
I I I I I I I I I I I I I I I I I 1 I 1 I 1 I I I 
+--+--~--+--~--+--~--+--~-- --+--~--+--+--+--+--+--~--+--~-- --~-- --~ 
I I I I I I I I I I I I 1 I 1 1 I 1 I I I 
I I I I I I I I I I I I I I 1 1 I I I I 
+--+--~--+--~--+--~--+--~-- -+--~--+--+--+--+--+--~--+--~-- --~--
1 I I I I I I I I I I I 1 I 1 1 I I I I 
I I I I I I I I I I I I I I I I I I I I 
+--+--+--+--+--+--+--+--+-- -+--+--+--+--+--+--+--+--+--+-- --+--
1 I I I I I I 1 I I I I 1 1 I 1 I 1 I I 
I I I I I I I 1 I I I I 1 1 1 1 I 1 I I 
+--+--+--+--+--+--+--+--+-- -+-- --+--+--+--+--+--+--+--+-- -+--
1 I I I I I I I I I I I 1 I I I I I 
I 1 I I I 1 I I I I I I I I I I I 
T--T--+--T--+--T--+--T--+-- -T-- --T-- --T--T--T--+--T--
1 I I I I I I I I I I I I I I 
I I I I I I I I I I I I 
T-- --+-- --+-- --T--+-- -T-- --T-- --T--T--T--
1 I I I I I I I I I I 
I I I I I I I I I I I 
T-- --T-- --T-- --T--T-- -T-- --T-- --T--T--T--
1 I I I I I I I I I 
I I I I I I I I I I 
T-- -T-- --T.-- --T--T- - -- --T--T--
1 I I I I 
I I I I I 
T-- --T--
1 I I I 
I I I I 
I T I 
I I 
I I 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 
Water Year 

Alternative 1 • Change 

Figure 3C-17. DELTA WETLANDS 
PROJECT EIR/EIS Simulated End-of-Month EC Values and Predicted 

Changes in EC at Chipps Island and Emmaton 
under Alternative 1 Operations for 1968-1991 

Prepared by: Jones & Stokes Associates 



3.5 

3.0 

2.5 

- 2.0 s 
tJ -rr.l 1.5 s -u 
~ 1.0 

0.5 

0.0 

-0.5 

400 

350 

300 

250 

-~ 200 
s -I 150 0 

100 

50 

0 

-50 

I 

I 
I 
I 

I 1 I I I I I I I 
,--~--~--~--T--T--1--I--1--

1 1 I I I I I I I 
I I I I I I I I I 
I I I 1 I 1 I I I 

1--~--1--~--l--~--1--~--l--
1 I I I I I I I I 
I I I 1 I 1 I 1 I 
I 1 I I I I I I I 
I I I I I I I I I 
~--~--~--~--~--+--~--~--~--
1 I I .1 I I I I I 
I I I I I 1 I 1 I 
I I I I I 1 I 
I I I 1 I 
~-- --~-- --+-- --~--~--
1 I I 1 I 
I I I I I 
I I I I I 
I I I 1 I 
~-- -~-- --+-- --~--+--
1 I I I 
I I 
I I 
I 
~ 
I 

Jersey Point 
I 

I 
I 
I 

I I I I I 1 I I I I 
-~--T--~--~--~--~--~--T--T--T--

1 I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 

-~--l--~--l--~--~--~--l--~--1--
1 I I I I I I I I I 
I I I I I I I I I I 
I I I I I 1 I I I I 
I I I I I I I I I 

-+-- --~-- --~--+--+--~--+--
1 I I I I I I 
I I I I I I I 
I I I I I 
I I I I I 

-+-- --~-- --+--+--+--
1 I I I I I 
I I I I I I 

I I I I I 
I I I I 

- -- --~---r-- --
1 I I I 
I I I I 
I I I I I 
I I I I 

~ --T--
1 I I 
I I 
I 
I 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 
Water Year 

-- Alternative 1 R Change 

Exports 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 
Water Year 

-- Alternative 1 Ill Change 

1 I 
I I 
1 I 
I I I 

--~-- --T-
1 
I 
I 

-~--
1 
I 
I 
I 

-~--

1990 

I 
I 
I 
I 
I-
I 
I 
I 

- I
I 

1990 

I 
I 

-I-
I 
I 
I 

1992 

I 
I 

- I-
I 
I 
I 

I 
I 
I 

-1-
1 
I 
I 

1992 

Figure 3C-18. 
Simulated End:-of-Month Values for and Predicted 
Changes in Jersey Point EC and Export Chloride under 
Alternative 1 Operations for 1968-1991 

DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 



f 
\ 

8 

7 

6 

5 -~ 4 s 
'-" 

u 3 
0 
~ 

2 

1 

0 

-1 

-2 

160 
150 
140 
130 - 120 

~ 
:::t 110 
'-" 
c 100 
0 90 ; 

= 80 r.. .... 
c 70 ~ 
(J 60 c 
0 50 u 
~ 40 

= 30 
E-4 20 

10 
0 

-10 
-20 

I 
I 
I --, 

I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I 

----1- -I-- --1-- +---1-- -1--1---1- -I-- --1-- +- --1---1--1---1- -I-- --1--1---1---1--1---1- -I-- --1-- +-------
I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I ---,--r-,--r--r-,--r-,--r-,--T--r --r-,--r-,--r-~--,--r-,--r-,--T------

1 I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I 

' 

67 68 69 10 71.72 73 74 75 76 n 78 79 80 81 82 83 84 85 86 87 88 89 90 91 

Water Year 

---DWDOC Change with DW V Penitencia DOC Data 

I I I I I I I I I 

I I I I I I I I I I I I I I I I I I I I I I I I I 
---,--r-~--T--r-,--r-,--r-~--T--r-,--r-~--T--r-,--r-,--r-~--T--r-,------

I I I I I I I I I I I I I I I I I I I I I I I I I 
---,--r-~--T--r-,--r-,--r-~--T- r-,--r-~--T--r-,--r-,--r-~--T--r-,------

1 I I I I I I I I I I 1 I I I I I I I I I I I I I 
---,--r-~--T--r-,--r-,--r-~--T- r-,--r-~--T--r-,--r-,--r-~--T--r-,------

1 I I I I I I I I I I 1 I I I I I I I I I I I I I 
---,--r-~--T--r-,--r-,--r-~--T- r-,--r-~--T--r-,--r-,--r-~--T--r-,------

1 I I I I I I I I I I 1 I I I I I I I I I I I I I 
---,--r-~--T--r-,--r-,--r-~--T- r-,--r-~--T--r-,--r-,--r-~--T--r-,------

1 I I I I I I I I I I 1 I I I I I I I I I I I I I 
---,--r-~--T--r-,--r-,--r-~--T- r-,--r-~--T--r-,--r-,--r-~--T--r-,------

1 I I I I I I I I I I 1 I I I I I I I I I I I I I 
---,--r-~--T--r-,--r-,--r-~--T- -,--r-~--T--r --r-,--r-~--T--r-,------

1 I I I I I I I I I I 1 I I I I I I I I I I 
---,--r-~--T--r-,--r-,--r-~--,- - --r-~--T--r --r-,--r-~-- --r-

1 I I I I I I I I I I 1 I I I I I I I I I I 
---,--r-~- T--r-,--r-,--r-~-- --r-~--T r --r-,--r-~-- --r-

1 I I I I I I I I I 1 I I I I I I I I ---,- r-~- --r-,--r-,--r-~- - r- --T r -r-, -~-

1 I I I I I I I I I 1 I I I I ---,- r-~- -,- - r 
I I I I I ---,- T -

I 
-T 

I I I I I I I I I I I I I 
r-~--r-,--T--r-,--r-,--T-~--T--r-,------

1 I I I I I I I I I I I I I - --r-,--T--r-,--r-,--r-~--T--r-,------

1 I I I I I I I I I 

67 68 69 1011 12 73 74 75 76 n 78 79 80 81 82 83 84 85 86 87 88 89 90 91 

Year 

- Monthly THM 12-Month Moving Average THM -- Change with DW V Penitencia THM Data 

Figure 3C-19. 
Simulated Inflow DOC and Final THM 
Concentration in Delta Exports under Alternative 1 
Compared with the No-Project Alternative 

. ·'~!· .-,. 

DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 



20 

18 

16 

14 

12 -5 10 -tl.l e -u 
r.:l 

8 

6 

4 

2 

0 

-2 

6.0 

5.5 

5.0 

4.5 

4.0 

-3.5 e 
~ 3.0 
tl.l 

!2.5 
u 
~ 2.0 

1.5 

1.0 

0.5 

0.0 

-0.5 

Chipps Island 
I I I I I I I I I I I I I I 
I I I I I I I I I 1 I I I 1 I I I 1 I I I 1 I 1 I 
I I I 1 I I I 1 I 1 I 1 I 1 I I I 1 I 1 I 1 I 1 I 

+ -- -r-- + ---r- --t -- -r-- -t ---r- --t -- -r -- -t-- ~----i-- ~----i-- ~-- --i-- ~- --1---0 --1---.---1-- -~---I-
I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I 1 I I I 1 I I I I I I I 1 I 1 I I I 

.!_ __ .L __ .!_ __ _L __ J __ ..l __ j _ _ ..l __ J __ ..l- _ I~ _.J __ __! __ .J __ __! __ .J __ __! __ .J ___ 1 ___ I ___ l ___ l ___ 1 ___ L __ 1_ 
I I I I I I I I I I I I I I I I I . 1 I I I I 
I I I I I 1 I I I 1 I I I 1 I I I 1 I I 
I I I I I I I I I 1 I I I I I 1 I 1 I I 
+ ---r--+--"t-- -t -- ""! ---+-- ""! ---+-- 1-- - ~-- --1-- ""1-- --1--..,----1- -..,-- -1-- -~-- -1-- --1-- - -
I I I I I I I I I I I I I I I I 1 I 1 I I 
I I I I I I I I I I I I 1 I I I 1 I I 

t--t--t--.1---~--~--~--i--~-- 1-- ~ -~-- -~-- -~--~--~---L--I--- - : __ I - 1 - :-

~-- --~-- --t- -- --~--J __ : J -~-- -~-- ~~--J--~-- - ~- - i - - i- i-
1 I I I I 1 I I I I I I I 1 I I 

l__ 1--L- -- I-- -- __ J __ j __ I J - ~ - - ~ - I _j __ j__ -- : - :_ : - ,:_ - :_ :_ 
I I I I I I I I I I I I I 1 I I 
I I I I I I I 1 I I I I I I I I I 
I I I I I I I I I I I I I I I I II I I I 

T I - --I-- "111-- - ~--~ - 1 - ~· - I I - --~-- 1 - I - 1- I -~- 1- -~- -~-
1 I I I f11 I I I I I I I I I I I I I I I 
I I I I I I I I I 1 I I I I I 1 I 1 I I I 
I + - 1-- -t - 1-- - -+--~ -l; -"-! --1 -4 - -- -- -1- 1- -1 -1- :- -1- -:-

Cl t -t b ' 1 Ji" ~ ~~d--i ' v ~ U ' i --- -j ~ + + +~-+ +~-+ + 
I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I 
I I I •' I I I I I I I I I -r 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 
Water Year 

Alternative 2 • Change 

Emma ton 
I 1 I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I 
.L--.i---.L--.i---.I---.1---.L--.i---.L--.i---.L--.i---.L--.i---.L--.i---.L--.i---.L--.i---.1---.l---.i--.l---.l--
l I I I I I I I I 1 I 1 I I I 1 I 1 I 1 1 I I 1 1 
I I I I I I I I I I I I I I I I I I I I I I I I I 
.L--.1---.L--.1---.1---.1---.L--.i---.L-- __ .j_ __ .L __ .j_ __ _L __ .j_ __ _L __ .j_ __ _L __ .j_ __ .j_ ____ _L __ --.1--
1 I I I I I I I I 1 I 1 I 1 I I I 1 1 I 1 
I I I I I I I I I 1 I I I I I I I 1 I I 

_L __ .j_ __ _L __ .I---.1---.1---.L--.i---.L-- _.j_ __ .L __ .j_ __ _L __ .j_ __ _L __ .j_ __ _L __ .I---.1--- __ .L __ 
I I I I I I I I I 1 I I I 1 I 1 I 1 1 I 
I I I I I I I I I I I I I I I 1 I 1 I I 
.!---+--+--+--+--+--+--+--+-- -+--+--+--+--+--+--+--+--+--+-- -+--
1 I I I I I I I I 1 I I I 1 I 1 I 1 1 I 
I I I I I I I I I I I I I I I I I I I I 
.1---+--.1---+--+--+--+--+--+-- -+-- --+--+--+--+--+--+--+--+-- -+--
1 I I I I I I I I 1 I 1 I 1 I I I 
I I I I I I I I I I I I I I I I I 
+---r--+---r---r---r--+---r--+-- --r-- ---r-- ---r--+---r--+---r--
1 I I I I I I I I I I I I I I I 
I I I I I I I I I I I I 
+-- --+-- ---r-- ---r--+-- --r-- ---r-- ---r--+---r--
1 I I I I I I I I I I I 
I I I I I I I I I I I I 
+-- --+-- ---r-- ---r--+-- --r-- --r-- ---r--+---r-- -r-
1 I I 1 I I I I I I I 
I I I 1 I I I I I I I 
-r-- --r-- --T---r- - -- --T---r-- T-
1 I 1 I I I 
I I I I I I 
-r-- ---r-- - T-
1 I I I I 
I I I I I 

T T T-
1 I I 
I I I 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 
Water Year 

Alternative 2 II Change 

Figure 3C-20. 'DELTA WETLANDS 
PROJECT EIR/EIS Simulated End-of-Month EC Values and Predicted 

Changes in EC at Chipps Island and Emmaton under 
Alternative 2 Operations for 1968-1991 

Prepared by: Jones & Stokes Associates 



-s 
~ 
t"l.l s -u 
~ 

-~ s -I u 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

-0.5 

400 

350 

300 

250 

200 

150 

100 

50 

0 

Jersey Point 
I 
I 
I 

I I I I I I I I I I 
1--~--~--L-_L __ L __ L __ L __ l __ 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
~--+--+--r--~--r--r--r--~-- -
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I T--T--T--r--r--,--,--,--r-
1 I I I I I I I I 
I I I I I I I I I 
I I I I I I I 
I I I 1 I 
T-- --~-- --~-- --~--~-

1 I I 1 I 
I I I I I 
I 1 I 1 I 
~-- -~-- __ L__ --~--L-
1 I I I I 
I I I 
I I 
I I 
~ 
I 
I 

I .. : 

I 
I I 
I I 
I I I I I I I I I I 

- _L --L __ L- _I ___ L __ I ___ I_- _I_- _l __ _j_-
I I I I I I I I I I 
I I I 1 I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 

- -f- --~ --f- --1---1---1---1---1---4-- _J--
I I I I I I I I I I 
I I. I I I I I I I I 
I I I I I I I I I 
I I I I I I I I --,-- --,- --~---~---~---~--,--

1 I I I I I 
I I I I I I 
I I I I I 
I I I I I --r- --r- --r--r--r-
1 I I I I 
I I I I I 

I I I I 
--1---1---1--

1 I 
I 
I 
I 

- ---1--

I 
I 
I 
I 

-~--

1 
I 
I _ _J __ 

I 
I 
I 
I 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 
Water Year 

Alternative 2 II Change 

I 
I 
I 

I I I I I I I I I I 
-T--T--~--~--~--~--~--~--~--

1 I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

-T--T--r--r--r--r--r--r--r-- -
I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

-~--~--~--~--~--~--~--~--~-
1 I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 

-~--~--L--L--L--L--L--L--L-
1 I I I I I I I I 
I I I I I I 
I I I I I 

_ l__ __L__ __L__ __L __ L_ 
I I I I I 
I I I I I 
I I I I I I 
I I I I I I 

-T-- -r-- --r--r-
1 I 
I I 
I I 

-+ + 
I I 
I I 

I 

I 
-I 

I 

Exports 
I 
I 
I 

I I I I I I I I I I I I - -~- --~-- -~-- -~--,--,--,--,--,--,--,--,--
I I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I 

- -~-- -~-- -~- --~-- -,--..,--.., --""'j-- -,-- -r-- --r--
I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I 

--1---1---1---1-- _J_- _J __ _J-- _J-- ...J-- -1-- --1--
I I I I I I I I I I 
I I I I I I I I 
I I I I I I I 

__ I__ __I__ __l __ _l __ _l __ _l __ _l __ 

I I I I I 
I I I I I 
I I I I I 

__ I__ __I__ __j __ _j __ _j __ 
I I I I I 
I I I I I 

I I I 
I I 

---j---,--
1 
I 
I 

---4--

I 
I' 
I 

-50 
1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 

Water Year 
Alternative 2 Ia Change 

I 
I 
I 
I 

_J_ 

I 
I 
I 
I 

1992 

1992 

Figure 3C-21. 
Simulated End-of-Month Values for and Predicted 
Changes in Jersey Point EC and Export Chloride 
under Alternative 2 Operations for 1968-1991 

DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 

'· :·: 



8 

7 

6 

5 -~ 4 e 
'-' 
u 3 
0 
Q 2 

1 

0 

-1 

-2 

160 
150 
140 

- 130 
~ 120 
::1. 110 -= 100 -~ .... 90 = "" 80 .... 
= ~ 70 CJ 

= 60 = u 50 ::g 40 = E-4 30 
20 
10 

0 
-10 
-20 

I 
I 
I 

--T 
I I I I I I I I 

I I I I I I I I I I I I I I I I I I I I I I 
---~--L-~--~--L-~--L-~--~-~--~--L-~--L-~--~--L-~--L-~--L-~--~--L-~------

1 I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I 

---,--r-~--~--r-,--r-~--~-~--~--r-,--r-~--~--r-,--r-,--r-~--~--r_, _____ _ 
I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I 

-!11'""1;1-or-!t,.,.,;.l""'""l"' I I I :if'""li.l,.,...""hl'\l"tl; ~N:..I""''f'l ..... -!""'"1b;.f~~irt"t..,'M¥,.,."'l\:fl'"'i"" 

67 68 69 70 71 .72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 

Water Year 

-- DWDOC Change with DW 'V Penitencia DOC Data 

' I I I I I I I I I I I I I I I I I I I I I I I I I ---,--r-,--r--r-T--r-,--r-,--T--,-,--,-,--r-,--T--,-,--,-,--r-,--T------
I I I I I I I I I I I 1 I I I I I I I I I I I I I ---,--r-,--r--r-T--,-,--r-,--r- ,-,--,-,--r-,--T--,-,--,-,--r-,--T------
1 I I I I I I I I I I 1 I I I I I I I I I I I I I ---,--r-,--r--r-r--,-,--r-,--r- ,-,--,-,--r-,--T--,-,--,-,--r-,--T------
1 I I I I I I I I I I 1 I I I I I I I I I I I I I ---,--r-,--r--r-T--,-,--r-,--T- ,-,--,-,--r-,--T--,-,--,-,--r-,--T------
1 I I I I I I I I I I 1 I I I I I I I I I I I I I ---,--r-,--r--r-r--,-,--r-,--r- ,-,--,-,--r-,--T--,-,--,-,--r-,--T------
1 I I I I I I I I I I 1 I I I I I I I I I I I I I ---,--r-,--r--r-T--,-,--r-,--r- ,-,--,-,--r-,--r--,-,--,-,--r-,--T------
1 I I I I I I I I I I 1 I I I I I I I I I I I I I ---,--r-,--r--r-T--,-,--r-,--T- -,--,-,--r-,- T--,-,--,-,--r-,--T------
1 I I I I I I I I I I 1 I I I I I I I I I I ---,--r-,--r--r-T--,-,--r-,--T- -,--,-,--r-,- T--,-,--,-,-- -,--
1 I I I I I I I I I I 1 I I I I I I I I I I I ---,--r-•- r--r-T--,-,--r-,-- ,--,-~--r ,- --,-,--,-,-- -,--
1 I I I I I I I I I 1 I I I I I I I I I ---,- r-,- r--r-T--,-,--r-,- - r --r ,-, -,- -~ 

1 I I I I I I I I I I I I I ---,- r-~- r-T r- - r-
1 I I I I I ---,- -T--

1 I --r--,-, 
I I I I I I I I I I I I I I I I I I I I I I I ---,--r-•--r--r-T--r-•--r-,--r- r-;--,-,--r-,--T--r-;--r-,--r-,--T------

1 I I I I I I I I I I I I I I I I I I I I I I I I ---;--r-•--r--r-r--r-•--r-•--r- r-;--r-•--r-•--r--r-;--r-•--r-•--r------
1 I I I I I I I I I I I I I I I I I I I 

67 68 69 1011 72 73 74 75 76 n 78 79 80 81 82 83 84 85 86 87 88 89 90 91 
Year 

-- Monthly THM 12-Month Moving Average THM -- Change with DW 'V Penitencia THM Data 

Figure 3C-22. 
Simulated Inflow DOC and Final THM 
Concentration in Delta Exports under Alternative 2 
Compared with the No-Project Alternative 

DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 



. 
l 

20 

18 

16 

14 

12 

4 

2 

0 

-2 

6.0 

5.5 

5.0 

4.5 

4.0 

-.3.5 e 
~ 3.0 en 
,§.2.5 
u 
~ 2.0 

1.5 

1.0 

0.5 

0.0 

-0.5 

Chipps Island 
I l I I I I I I I I 

I I I I I I I 1 I I I I I I I I I I I I I I : I I 
I 1 I 1 I 1 I 1 I I I 1 I 1 I I I I I I I I I I I 
+-- "t--+- --r---+ -- -r---+ ---r- --+-- -t-- -+-- _,_- --i- -"""1----i----j----i-- _,_- -1-- -~---1-- -,------~---I-
I I I I I I I I I I I I I I I I I I I I I I : I I 
I I I I I 1 I I I 1 I 1 I 1 I 1 I I I I I I I I 
I .l I .l I .1 I .1 I .1 1 __ _1

1 
__ _!

1 
__ _1

1 
__ _!

1 
__ _1

1 
__ _!

1 
__ _1

1 
___ 1

1 
____ 1

1 
___ 1

1 
___ 1---:---1

1 
___ 1

1
_ 

~--~--~--~--~-- ~--,-- ~--~--~--' 

I 1 I I I I I 1 I 1 I 1 I 1 I 1 I I I I 
I I I I I I I 1 I I I I I I I I I I I I 
+---r--+---r---+---r---+---r---+-- - ---j----i----j----i----j----i----j---1---l---1-- --1--- - -
I I I 1 I I I 1 I I 1 I 1 I 1 I 1 I 1 I I 
I I I I I I I I I I 1 I 1 I I I I I I 

_l __ .j_ __ _l __ .j_ __ _[ __ _j. __ _[ __ _j. __ _[__ - --"-- f---"-- --"---'---"---~---1-- - I -_I -
I I I I 1 I I I 1 I 1 1 I I 1 I I 

I I I I 1 I 1 I I 1 I I I ~ I +-- --+-- --~-- -- ---+--~-- I ~ -~-- I -~-- -~--~--~-- - ll- - : -
I I I I I I I A I I I I I I I I 

I 
- I-

I 

l__ __:___ -- I-- -- __ J__j__ ~ l -"' - I _ ~ - I _J__j__ __ : _ I t- : _ ,:-f---
l I 1 I 1 I I I I I I I I I I 

I 
- I

I 
I I I I I I I 1 I I I I I I I I I 

-:- I ___ I"--- I "11

1 

_ I__ _ -+--~ _ I _ h _ I ~ _ --~-- I _ ~:- _ :- : 1-:-
1 I I I f1 I I I I I I I 1 I I I I I I I 
I I I I I I I I I I I I I I I I I I I I 

-1- + - - -+ - - - -+-- -1. - ~ - ~ f- --i -" - -- -- -1
1
- 1- -1 -I-

I I I I I I 1 I I I I I I I I I I I 
I I I I I I I 1 I I I I I I I I t t t ·+~: .-: i Ji -- -~r--:--i u ~ ~ - r-- - ~ + :- +r-:-
~ I ll ...,. I I I I I u I ~ j I I A I 

I 
I I 
1- -~-
1 I 
I I 
I_ -I-
I I 
I I 
I I 

"--1---~-

1 I I 
I A I 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 
Water Year 

Alternative 3 • Change 

Emma ton 

- I_ 
I 
I 
I 
I
I 
I 
I_ 
I 
I 
I 

-~-

1 
I 

-I
I 
I 
I 

-~-

1 
I 

1992 

I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I 
-1----1----l----1----1----1----1----1----1----l---.l---i---.l---l---.l---1----l---+--+--+--+--+--+--+--+-
l I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I 
+--+--+--+--+--+--+--+--+-- --+--.l--+--.l--+---1----1----1---+--+-- ---1--- --+-
1 I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I 
+--+--+--+--+--+--+--+--+-- -+---1---+--+--+--+--+--+--+--+-- --+--
1 I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I 
+--+--+--+--+--+--+--+--+-- -+--+--+---1---+--+--+--+--+--+-- --+--
1 I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I 
+--+--+--+--+--+--+--+--+-- -+-- --+--+--+--+--+--+--+--+-- -+--
1 I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I 
-r--T---r--T---r--T---r---r--T-- -T-- --T-- --T---r--T--T---r--
1 I I I I I I I I I I I I I I 
I I I I I I I I I I I I 
-r-- ---r-- ---r-- ---r---r-- --r-- --T-- ---r---r---r--
1 I I I I I I I I I I 
I I I I I I I I I I I 
T-- --T-- --T-- --T--T-- -T-- --T-- --T--T--T--
1 I I I I I I I I 
I I I I I I I I I I 
T-- -T-- --T--T-- - -- --T--T-- --
1 I I I I I I 
I I I I I I I I 
T-- T --T--
1 I I I I 
I I I I I I 
I T ~--T I 
I I I I 

I· I I 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 
Water Year 

Alternative 3 IJI Change 

Figure 3C-23. DELTA WETLANDS 
PROJECT EIR/EIS Simulated End-of-Month EC Values and Predicted 

Changes in EC at Chipps Island and Emmaton under 
Alternative 3 Operations for 1968-1991 

Prepared by: Jones & Stokes Associates 



3.5 

3.0 

2.5 

- 2.0 
e 
~ 
rl.l 1.5 e 
'-' 

u 
~ 1.0 

0.5 

0.0 

-0.5 

400 

350 

300 

250 

-~ 200 
e 
'-' 
I 150 u 

100 

50 

0 

-50 

I 
I 
I 

I I I I I I I I I 
L--~--~--~--~--~--~--~-~~--
1 I I I I I I I I 
I I I I I I I I I 
I 1 I I I 1 I I I 
I I I I I I I I I 
r--r--+--T--+--T--+---r---+--
1 I I I I 1 I 1 I 
I I I I I I I I I 
I I I I I 1 I I I 
I I I I I 1 I I I 
r--~--T--T--T--T--T--,---r--

1 I I I I 1 I I I 
I I I I I 1 I I I 
I I I I 1 I 
L __ --~-- --~-- --~--~--
1 I I 1 I 
I I I 1 I 
I I I I I 
I I I I I 
L-- --~-- --~-- --~--~--

1 I I I 
I I 
I I 

I 

1968 1970 1972 1974 1976 

Jersey Point 
I 
I 
I 

I I I I I I I I I I I 

-~--~--~--~--~--~--~---L--~-~---
1 I I I I I I I I I 
I I 1 I 1 I I I I I 
I I I I I I 1 I 1 I 
I I I I I I I I I I 

- ""t- --+-- --j-- "1-- --j-- -1-- --j-- -1-- -~-- -1--
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I 
I I I I I I I 

-,-- -,-- --,--"1--,---~--r-- -
I I I I I I I 
I I I I I 
I I I I I 

-~-- -~-- -~--~--~--
1 I I I I 
I I I I I 
I I I I I 

I I I 

I 
I 
I 
I 
I 
I 
I 
I 

-~--~--
1 I 

- I
I 

I I 
I I 

I 
---1--

1 

1978 1980 1982 1984 
Water Year 

1986 1988 

I 
I 
I 

-~-

1 
I 
I 
I 

I 
I 
I 
I I __ I __ _ 

I 
I 
I 
I 

--1--
1 
I 
I 
I 

--1 
I 
I 
I 

- I_ 
I 
I 
I 
I 

- I
I 
I 
I 
I 

-~-

1 

I 
I 
I 

1990 

I 
I 
I 
I 

--1-
1 

I 
I 
I 
I 

- I 
I 
I 
I 
L 
I 
' 
I 
I 
I
I 
I 
I 
I 

-r-
1 
I 
I 
I 

1992 

Alternative 3 1W Change 

I 
I 
I 

I I I I I I I I I 1 
r--r--r--T--+--T--+--T--+--T.--
1 I I I I I I I I I 
I I I I I I I I I 
I I I I I 1 I I I 
~--r--~--+--~--+--~--+--~--
1 I I I I 1 I I I 
I I I I I 1 I I I 
I I I I I I I I I 
L--~--L--~--~--~--~--~--~--
1 I I I I 1 I 1 I 
I I I I I I I I I 
I I I I I 1 I I I 
L __ L __ L--~--~--~--~--~--~--
1 I I I I I I I I I 
I I I I 1 I 1 
I I I 1 I 1 
I I I I I I r-- --~-- --T-- -- --~--T--1 

I I I 1 I I 
I I I I I I I 
I I I I I 1 I I 
r-- --r-- -- -- -- --T--+-
1 I I I I 
I I I I I 
I I I I I 

r 
I 
I 
I 

Exports 
I 

I I I 
I I I I I 1 I I I I I I I I I 
I 1 I 1 I 1 I I I 1 I I I I I 
-- ""t---+ ---r-- -+-- -r-- -1--- "1-- -1-- "1-- -1-- "1-- ~-- "1-- -I-

I I I I 1 I I I I I I I I I 
1 I 1 I 1 I 1 I 1 I I I 
I I 1 I I I I I 1 I I 

--t---1----t---1----t--~---1--~---1--~-- -~--
1 I 1 I 1 I 1 I 1 I I 
I I I I 1 I 1 I 1 I I 
I I I I 1 I I I 1 I I 

--1---~----~---~---1---~--~--~--~--~-- -~--
1 I I 1 I I I 1 I I 
I I I I I I I I 
I I 1 I 1 I I I 

-~-- --~-- --~--~--~--~--~--
1 I I I I 
I I I 1

1 
I 

I I I I I 

-i-- -i-- -i---r--~--
1 I I 1

1 
I 

I I 
I 1 I --r---t--

1 
I 

- --~--

- I_ 
I 
I 
I 
I 

- I-
I 
I 
I 

- I-
I 
I 
I 
I
I 
I 
I 

-I
I 
I 
I 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 
Water Year 

Alternative 3 ll\l Change 

Figure 3C-24. DELTA WETLANDS 
PROJECT EIR/EIS Simulated End-of-Month Values for and Predicted 

Changes in Jersey Point EC and Export Chloride 
under Alternative 3 Operations for 1968-1991 

Prepared by: Jones & Stokes Assoc1ates 



/ 
( 
' '( 

8 

7 

6 

5 

-~ 4 
e 
'-" 3 u 
0 
Q 2 

1 

0 

-1 

-2 

160 
150 
140 

- 130 

~ 120 
:::1. 110 '-" 
c 100 
-~ .... 90 E 80 .... 
c 

70 ~ 
Cj 

c 60 = u 50 
~ 40 = 30 E-1 

20 
10 
0 

-10 
-20 

I 
I 
I 

- T 
I I I 

I I I I I I I I I 
___ _l _ _ L __ I __ J. __ I __ ... L _ L __ I __ L ____ J. __ L _ _l __ L_...J_ _ __I __ J. __ L_ ... L _ J... __ l __ j_ __ L_...J _____ _ 

I I I I I I I I I I 
I I I I I I I I I I 

I I I I I I I I I I I I I I I I I I I I I I I I I 
---~--~-~--+--r-~--~-~--~-~--+--r-~--~-~--+-~--+--r-~--+-~--+--r-~------

1 I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I 

I I I I I I I _I_ I I I I I I I I 

I I I 
I I I 

-.l.--L-....I------
1 I I 
I I I 
I I I 

67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 .. 
Water Year 

-- DWDOC - Change with DW V Penitencia DOC Data 

I I I I 1 I I I I 

I I I I I I I I I I I I I I I I I I I I I I I I I ---,--,-,--r--r-T--r-,--,-,--T--r-,--r-,--r-,--T--r-,--r-,--T-,--T------
I I I I I I I I I I I I I I I I I I I I I I I I I 

---~--~-~--T--r-T--r-1--I-I--T- r-,--r-,--r-,--T--r-,--r-,--T-,--T------
1 I I I I I I I I I I 1 I I I I I I I I I I I I I 

---~--~-~--T--r-T--r-1--r-1--T- r-,--r-,--r-,--T--r-,--r-,--r-,--T------
1 I I I I I I I I I I 1 I I I I I I I I I I I I I 

---~--~-~--T--r-T--r-,--,-~--T- r-,--r-,--r-,--T--r-,--r-,--r-,--T------
1 I I I I I I I I I I 1 I I I I I I I I I I I I I ---,--,-,--r--r-T--r-,--,-,--T- r-,--r-,--r-,--T--r-,--r-,--T-,--T------
1 I I I I I I I I I I 1 I I I I I I I I I I I I I 

---1--r-,--r--r-T--r-,--r-~--r- r-1--r-~--r-~--T--r-1--r-~--T-1--T------

1 I I I I I I I I I I 1 I I I I I I I I I I I I I 
---1--r-~--r--r-T--r-,--r-~--r- r-1--r-1--r-~- r--r-,--,-~--T-~--T------

1 I I I I I I I I I I 1 I I I I I I I I I I I 
---~--r-~--r--r-T--r-,--r-1--T- -~--r-~--r-~- T--r-,--r-~-- -~--

1 I I I I I I I I I I 1 I I I I I I I I I I I 
---4--r-1- T--r-T--r-1--r-~-- --r-~--r ~- --r-,--r-~-- -~--

1 I I I I I I I I I 1 I I I I I I I I I 
---1- r-~- r--r-T--r-1--r-~- - r- --r r-1 r-~- -~ 

1 I I I I I I I I I I I I I I 
---~- r-1- r-T--r- - r-~-

1 I I I I 
---;-,-,T=.·....,., 

67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 

Year 

-- Monthly THM 12-Month Moving Average THM -- Change with DW V Penitencia THM Data 

Figure 3C-25. 
Simulated Inflow DOC and Final THM Concentration 
in Delta Exports under Alternative 3 Compared with the 
No-Project Alternative 

DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 



.. 



( 
\ 

Chapter 3D. Affected Environment and Environmental 
Consequences - Flood Control 

SUMMARY 

This chapter describes flood control features of the DW project alternatives and identifies impacts of the alternatives 
on levee reliability and flood control on the DW project islands. Key flood control issues discussed are reliability of 
interior and exterior levees around the DW project islands, seepage impacts on neighboring islands, and effects of wind 
and wave erosion on levees. 

Features and programs incorporated into Alternatives 1, 2, and 3 would limit potential flood control impacts to less
than-significant levels. Less-than-significant impacts are the potential for seepage from reservoir islands to adjacent 
islands, wind and wave erosion on reservoir islands, and erosion of levee toe berms at new facilities on the reservoir 
islands. No significant impacts are projected to occur under Alternative 1, 2, or 3. 

In general, the levee buttressing and maintenance program proposed by DW for Alternative 1, 2, or 3 would have 
several beneficial impacts. It would increase the long-term stability of perimeter levees on the DW project islands, 
decrease the potential for levee failure during seismic activity, reduce the cumulative flooding hazard in the Delta, and 
reduce long-term public costs for levee maintenance and repair around the reservoir islands. By decelerating the rate 
of subsidence relative to existing conditions on the habitat islands, implementing Alternative 1 or 2 would improve long
term levee stability on the habitat islands by slowing levee deterioration that results from subsidence. 

Because the rate of subsidence would increase under the No-Project Alternative, levee stability would decline over 
time and the potential for seepage and for levee failure during seismic activity would increase. The cumulative risk of 
levee failure would increase under the No-Project Alternative. The perimeter levees could be substantially buttressed and 
improved to increase long-term levee stability. 

INTRODUCTION 

This chapter assesses potential impacts of the DW 
project alternatives on DW island levee reliability and 
flood control in the Delta. The discussion in this chapter 
includes several terms that may not be familiar to all 
readers. The following are definitions of key terms as 
they are used in this EIRIEIS: 

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

• Toe berm. The section projecting at the 
base of a dam, levee, or retaining wall. 

• Levee crest. The top of a levee. 

Delta Wetlands Draft EIR!EIS 
87-119AAICH3D 

·:· -.···· .·-· 

3D-I 

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

• Subsidence. A local or regional sinking of 
the ground. In the Delta, this results 
primarily from peat soil being converted 
into gas. 

• 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. 

• Seismicity. The frequency, intensity, and 
distribution of earthquake activity in a 
given area. 
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• Liquefaction. The process in which soil 
loses cohesion when subject to seismic 
activity (i.e., shaking). 

• Seepage. A slow movement of water 
through permeable soils caused by in
creases in the hydraulic head (see below). 

• Piezometer. A sandpipe monitoring well 
used to measure the depth to the ground
water surface in the aquifer. 

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

• Hydrostatic pressure. The pressure of 
water at a given depth due to the weight of 
the fluid above it. 

•' 
AFFECTED ENVIRONMENT 

This section describes levee and flood conditions on 
the OW project islands. Information for this section is 
based, in part, on infonnation collected for the 1990 draft 
EIRIEIS. Where conditions have not changed, this infor
mation has been used. Descriptions of levee and flood 
conditions have been updated using more recent infor
mation from DWR; the Bay-Delta Oversight Council; and 
OW's ·geotechnical engineers, Harding Lawson Asso
ciates {HLA) and Hultgren Geotechnical Engineers, 
where appropriate. 

Sources of Information 

Infonnation on levees and flood control in the Delta 
and on the OW project islands was collected from reports 
by DWR, the Bay-Delta Oversight Council, and OW's 
engineering consultants. Local reclamation district engi
neers and consulting engineers were also contacted for 
fin1her information. Appendix D I is an annotated list of 
geotechnical reports prepared for the OW project and 
consulted for much of the information in this chapter. 

Delta Levee Stability 

History of Delta Levees 

Prior to reclamation for agriculture, the Delta was a 
tidally influenced marshland Reclamation began in 1850 
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and involved the use of extensive levee systems, internal 
drainage networks, and pumps. In 1861 , the California 
Legislature created a state commission to manage recla
mation projects. In 1868, the responsibility for reclama
tion was given to landowners and their reclamation 
districts, and Delta island reclamation began on a large 
scale. 

Between 1871 and 1879, most of the Delta islands 
were enclosed by levee systems. By the late 1870s, 
steam-powered dredges were being used to build levees, 
and between 1880 and 1916, most of the Delta marshes 
were reclaimed (DWR 1982). By the mid-1940s, the 
Delta had been completely transformed from a tidal 
wetland to a series of channels separated by islands 
protected by levees. 

Delta Levee System 

The Delta levee system initially served to control 
island flooding. Today the levees are necessary to pre
vent inundation of island interiors during normal runoff 
and tidal cycles because island interiors have been 
lowered by extensive soil subsidence. Subsidence is the 
loweringofthe interior land level primarily as a result of 
microbial decomposition, topsoil erosion, and oxidation 
of the islands' peat soils. Delta lands have historically 
subsided at rates that are among the highest in the world. 
The land surface of some Delta islands is subsiding at a 
rate of 2-3 inches per year (U.S. Soil Conservation 
Service [SCS] 1989). Levees that were originally built 
2 or 3 feet above ground level must now be maintained, 
in many cases, at heights of over 20 feet above ground 
level as a result of interior island subsidence (DWR 
1982, 1988; Bay-Delta Oversight Council 1993). 

Before reclamation, the surface elevations of the 
Delta soils were approximately at sea level. Therefore, 
the difference between sea level and existing elevations 
of the island interiors represents the magnitude of subsi
dence that has taken place on each island since reclama
tion began. The lowest surface elevations of Bacon and 
Bouldin Islands and Holland and Webb Tracts are -20.3, 
-19.9, -17.9, and -20.5 feet relative to mean sea level, 
respectively (Northpoint Engineers 1988). 

Delta Levee Failure Mechanisms 

More than I 00 Delta island levee failures have 
occurred since the early 1890s (DWR 1982). Figure 
30-1 shows the 15 Delta islands that have flooded since 
1967. Levee failures occur as a consequence of over
topping or levee instability. 
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Overtopping occurs when the crest of the levee is 
lower than the water level. Overtopping can occur not 
only as a result offloodflows, but also as a consequence 
of high tides and wind (Bay-Delta Oversight Council 
1993). Factors contributing to levee instability include 
seepage, settlement, erosion, subsidence, and seismicity. 
These factors are described below. 

Seepage. Water seeping through or beneath levees 
contributes to erosion problems and subsequent levee 
instability. Sandy levees are especially susceptible to 
seepage erosion and the resulting formation of "pipes" 
Oarge voids) in the levee material. (Bay-Delta Oversight 
Council 1993). Regional and project-specific seepage 
conditions are described below. 

Seepage of water from waterways or adjacent islands 
is a major concern of Delta land users. The amount of 
seepage that occurs is controlled by the permeability of 
soils, length of the seepage p,ath, and height of the 
hydraulic head (i.e., the pressure created by water within 
a given volume). The problem is worsened in the Delta 
by the decline in the level of peat soils, which increases 
the hydraulic head between channel water surfaces and 
the islands, and by the presence of permeable subsurface 
sand layers. Seepage has been reported to increase after 
flooding of an adjacent island and to cease after the 
flooded island has been drained (DWR 1982, HLA 
1989). 

Under existing conditions, seepage fluctuates with 
exterior channel water levels; dredging episodes in exter
ior channels; and variations in farming practices, such as 
weed control, flooding adjacent to levees, or lowering of 
interior water levels. Seepage varies from island to 
island and within individual islands as a function of soil 
conditions and levee conditions. Site-specific informa
tion on groundwater conditions on the DW islands and 
neighboring islands is now being collected by HLA and 
Hultgren Geotechnical Engineers under contract to DW 
to give an indication of existing seepage through the 
aquifer. Results of groundwater monitoring to date have 
been published in three reports (see Appendix Dl, 
"Annotated List of Geotechnical Reports Prepared for the 
Delta Wetlands Project"). 

Water seeps onto Delta islands by two primary 
routes: high seepage passes through or immediately 
beneath levee embankments, and deep seepage passes 
through permeable materials below the peat that under
lies most levee embankments. High seepage is not trans
mitted from flooded islands to adjacent islands and is 
addressed by individual reclamation districts as it occurs. 
Subsurface sand layers provide the primary conduits for 
deep seepage. These layers may permit the seepage to 
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travel from a flooded island to an adjacent island. If clay 
is present tmder channels between islands, or if it overlies 
sand layers, the permeability of the seepage path and 
resultant seepage are greatly reduced. 

Settlement. The construction of Delta levees over 
soft foundation materials has caused ongoing consoli
dation of levee material and levee settlement. Delta 
islands are subject to levee cracking, seepage, and insta
bility of varying degrees because of differential settlement 
and the composition of the levee soils. The levees are 
raised periodically to compensate for settlement. The 
process of raising levees increases the load on the under
lying materials, causing more settlement, and the cycle 
repeats itself Levees commonly settle at various rates, 
which depend on factors such as the nature of underlying 
material and the length of time since the levee crest was 
last raised with additional fill (HLA 1989). 

Wind and Wave Erosion. Levee exterior (water
side) slopes are subject to varying erosional effects of 
channel flows, tidal action (which can cause water levels 
in some channels to vary by as much as 4 feet daily), 
wind-generated waves, and boat wakes. To counter ero
sion, riprap (rock) may be placed on a levee, or a berm 
may be placed as a buffer in front of the levee. Although 
vegetation can contribute to piping problems, it is gener
ally desirable as another tool in controlling erosion. 
(Bay-Delta Oversight Council 1993.) 

Subsidence. Subsidence (i.e., lowering of the land 
swface) results primarily from peat soil being converted 
into a gas. Many Delta islands are composed of peat soils 
that decompose when exposed to oxygen and higher 
temperatures, a process that is accelerated by agricultural 
activity (Bay-Delta Oversight Council 1993). 

Seismicity. Faults are considered active if they have 
moved at least once during the last 11,000 years. Active 
faults that have the potential to produce earthquake 
effects on Delta levees exist (DWR 1982). None of the 
Delta levee failures are known to have been the direct 
result of an earthquake. However, an earthquake could 
potentially cause levee failures through lateral deforma
tion, settlement, or liquefaction because Delta levees are 
founded on sand, silt, clay, and peat that, when saturated, 
generally lose strength under seismic acceleration. 

The height differential between the top of existing 
levees and island interior bottoms is gradually increasing 
because of subsidence. This growing differential in
creases levee vulnerability to earthquake effects because 
hydrostatic pressure (i.e., the pressure of water at a given 
depth due to the weight of the fluid above it) becomes 
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greater relative to the resisting forces of the levees and 
foWldation soils. 

DWR has an emergency plan to protect Delta water 
supplies in the event that levees are damaged by an earth
quake. The plan calls for cessation of pumping in the 
south Delta, release of water from upstream reservoirs, 
use of Clifton Court F orebay as a temporary supply, and 
rapid repair of damaged levees (Argent 1988). 

DW Project hlands 

Levee Failure. Since 1932, two DW project 
islands, Holland and Webb Tracts, have flooded as a 
result of levee overtopping or stability failure. Using 
levee data from 197 4, the Corps calculated the statistical 
frequency of levee failure resulting from overtopping or 
levee instability on Delta islands, based on the assump
tion that no major rehabilitation work would be done 
(Table 3D-1). The Corps predicted that Bouldin Island 
would experience levee failure more than 18 times in 1 00 
years, or an average of once every 5.5 years Wider exist
ing conditions. The Corps predicted that levees on Bacon 
Island, Holland Tract, and Webb Tract would fail once 
every 11-24 years Wider existing conditions. (DWR 
1982.) 

Seepage. The DW project islands and adjacent 
islands experience seepage problems of varying degrees 
under existing conditions. Existing levees will continue 
to have at least some high seepage caused by the high 
hydraulic heads between exterior water surfaces and 
interior island bottoms. Site-specific data on seepage in 
the DW project area indicate that water levels in sand 
aquifers are within a few feet of the interior elevations of 
the islands (lll.A 1992a). 

Cw-rent agricultural land use practices (see Chapter 
3I, "Land Use and Agriculture") on many Delta islands 
lower groWidwater levels and accelerate subsidence in 
peat material at or near the island surfaces. Because of 
continued subsidence, associated increases in levee 
heights, and corresponding hydrostatic pressures, seepage 
is expected to increase over time in the DW project island 
interiors Wider existing conditions. 

HLA, Wider contract to DW, issued questionnaires 
pertaining to seepage on Delta islands to reclamation 
engineers in 1988. Although most of the information 
collected was not specific, results indicated that all 
islands adjacent to DW project islands have some prob
lem with seepage, subsidence, or groWld settlement. Dis
trict engineers reported no seepage on many islands after 
flooding events on adjacent islands. However, some 
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islands have reported increases in seepage after such 
flooding (HLA 1991, Holmes pers. comm. ). 

HLA has been collecting baseline groWidwater data 
from 34 piezometers since 1989 on islands adjacent to 
the DW islands. As seepage through the deep aquifer 
increases and decreases, groWidwater levels within the 
aquifer will rise and fall accordingly. Thus, measuring 
preproject and during-project groWidwater levels pro
vides the most reliable indicator of changes in seepage 
through the aquifer (see Appendix Dl for an annotated 
bibliography of reports prepared by HLA since 1989 for 
the DW project). 

Settlement. Typical levees on Delta islands consist 
of a layer of fill, about I 0 feet thick, composed mostly of 
sand with some peat and clay. The fill is underlain by 
peat and soft clay, which in tum is typically Wlderlain by 
sand, silt, and clay (lll.A 1989). The peat and soft clay 
foundation materials are highly compressible and create 
continual settlement problems for Delta island levees, 
includmg the proposed project levees. 

Wind and Wave Erosion. The DW project islands 
are subject to varying erosional effects from wind-gener
ated waves, channel flows, and tidal action. Exterior 
levee slopes on the DW project islands are constructed 
with erosion control material (e.g., riprap) to COWlter 
wind and wave erosion. 

Subsidence. If current DW agricultural practices 
continue, the surfaces of the DW islands will decline 
roughly 6-10 feet over the next 50 years, assuming peat 
layers are at least 10 feet thick (lll.A 1989). Table 3D-2 
shows DWR's (1982) estimates of projected island 
bottom subsidence in 50 years. Island bottom elevations 
below sea level -are predicted to subside 16-18 feet 
between 1982 and 2032. If the existing levees are main
tained and built to greater heights to compensate for the 
subsidence, hydrostatic pressures on the DW project 
levees would increase and greatly increase the risk of 
seepage and levee failure. 

Seismicity. No active faults are known to pass 
beneath the DW project islands, although the islands are 
within the zones of influence of several active faults. The 
major active fault systems and their distances west of · 
Webb Tract are the Concord-Green Valley (22 miles), 
Calaveras (27 miles), Hayward (37 miles), Rodgers 
Creek (43 miles), San Andreas (54 miles), and Vacaville/ 
Winters (26 miles) fault systems (lll.A 1989). The 
Midland fault passes near the western edges of Holland 
and Webb Tracts but is not considered to be active 
(DWR 1982). 
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Flood Control System 

Existing System in the Delta 

Levee systems throughout the Delta are either federal 
"project levees" or "nonproject levees". Project levees 
within the Delta are maintained to federal Corps stan
dards by the State of California or by local landowners 
under state supervision Nonproject levees are defmed as 
levees constructed and maintained by local landowners 
and reclamation districts and constitute about 65% of 
levees in the Delta flood control system (DWR 1982). 
Federal and state agencies have no jurisdiction over non
project levees and cannot require maintenance of these 
levees. Maintenance of nonproject levees is largely 
financed by landowners to widely ranging and less strin
gent standards than are applied to project levees. 

Nonproject levees are m~ip.tained, repaired, and 
upgraded by local reclamation districts according to the 
state's Flood Hazard Mitigation Plan for the Delta. The 
Delta Flood Protection Act of 1988 increased the 
financial assistance to Delta reclamation districts respon
sible for maintaining nonproject levees. The Delta Flood 
Protection Act authorized $12 million annually through 
1998-1999, with the money to be split between supple
menting local revenues and fimding special levee projects 
in the western Delta and flood protection for Walnut 
Grove and Thornton. The Delta Flood Protection Act 
also focused on protecting and enhancing the fish, plant, 
and wildlife resources of the Delta. Under the Delta 
Flood Protection Act, no project receiving funding from 
the act can result in a net long-term loss of riparian, 
fishery, or wildlife habitat, and a DFG finding to that 
effect must be issued before funds are disbursed. 

Financing of the Levee System 

Costs of maintaining and repairing the levee system 
in the Delta are substantial (DWR 1982, 1993). State 
and local governments have invested millions of dollars 
in the past 10 years to maintain and repair eroded levees. 
In some instances, the expenditures exceeded the ap
praised value of the island or tract being protected. The 
average annual cost oflevee maintenance on nonproject 
levees in the Delta ranged from $3,000 to $165,000 per 
levee mile, averaging $11 ,800 per levee mile between 
1981-1991(DWR 1993). 

Beginning in 1988, state cost-sharing was increased 
to 75% of costs exceeding $1,000 per mile under the 
Delta Levee Rehabilitation Act of 1988. Under the 7 5% 
cost-share proportion established by the Delta Levee 
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Rehabilitation Act, the state cost could increase to appro
ximately $170,000 per year, or $8.5 million over 
50 years if projected based on experience from 1981-
1991. This cost is approximately twice current costs. 

The Delta Flood Protection Act provided $60 million 
over a 1 0-year period to control subsidence and rehabil
itate levees on eight western Delta islands. Subsidence 
makes levees more difficult to maintain because of 
greater hydrostatic pressure and is most directly con
trolled through elimination of agricultural cultivation of 
peat soils. (DWR 1988.) 

Local Reclamation Districts 

Landowners throughout the Delta, including those on 
the DW project islands, have organized into local 
reclamation districts to reclaim and protect lands from 
overflow. Generally, each landowner has one vote per $1 
of assessed value of taxable land and improvements. 
Typically, each district is governed by a board of three 
trustees. The districts finance levee maintenance work by 
assessments on protected landowners. 

Flood Control System for the DW Project Islands 

Existing System. The four DW project islands are 
completely bounded by nonproject levees. On Webb 
Tract, the nonproject levee along the San Joaquin River 
on the north side of the island borders the Stockton ship 
channel and is classified as a "direct agreement" levee. 
The Port of Stockton has assured the federal government 
that this and other direct agreement levees will be main
tained. The federal government will repair damage to 
this levee resulting from wave wash from large ships 
(DWR 1982). 

Financing. During 1980-1986, over $36 million of 
federal, state, and local reclamation district money was 
spent on emergency levee repairs on the DW project 
islands (Table 3D-3). Approximately 85% of this money 
was spent on Holland and Webb Tracts, where major 
levee breaks occurred in 1980. During 1981-1986, 
$1,362,000 was spent on levee maintenance work on the 
four DW project islands (Table 3D-3). Approximately 
400/o of this maintenance cost was reimbursed by the state 
under the Delta Levee Maintenance Subventions Pro
gram. During this period, up to 50% of maintenance 
costs exceeding $1 ,000 per mile of nonproject levees was 
reimbursable under the subventions program. 

Emergency repair and maintenance costs for nonpro
ject levees on the DW project islands totaled about $37 
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million over the periods shown in Table 3D-3. Of this 
total, approximately 95% was state or federal public 
money, only about 5% was raised by reclamation districts 
through assessments oflandowners within their jurisdic
tion. As part of the Delta Flood Protection Act West 
Delta Isl$11ds Program to meet the water quality objec
tives for the Delta, Holland and Webb Tracts can receive 
funding for subsidence control and levee rehabilitation. 

I..ocal Reclamation Districts 

Bacon Island. Levees on Bacon Island are 
maintained by Reclamation District No. 2028. The 
reclamation district engineer inspects the island levees in 
spring and fall or when levee problems are reported by 
the local landowners. The district engineer generally 
specifies, supervises, and coordinates any required levee 
repair or rehabilitation. Levee maintenance can be per
fonned by ~e reclamation district at any time during the 
year and can include vegetation ~ntrol, road mainte
nance, and the raising of levees that have subsided 
(Sinnock pers. comm.). The materials used for levee 
reconstruction on Bacon Island have been primarily 
dredged from adjoining channels. 

The levees are maintained to reclamation district 
standards requiring top widths of 20 feet, exterior levee 
slopes of 2: 1, and interior slopes of 4: 1 (Sinnock pers. 
comm.). The minimum top width prescribed in DWR 
Bulletin 192-82 (DWR 1990) and Corps bulletins is 16 
feet, but accepted practice in the Delta is to require 
20-foot top widths to allow equipment maneuvers and car 
passage. 

Webb Tract. Webb Tract levees are main
tained by Reclamation District No. 2026. The levees are 
inspected approximately twice each year by the recla
mation district engineer or more often in response to local 
alert. The reclamation district engineer specifies, super
vises, and coordinates levee rehabilitation work. The 
reclamation district and landowners maintain all levees, 
including those along the Stockton ship channel, where 
bank protection against wave wash is under federal 
jurisdiction (Kjeldsen pers. comm. ). The materials used 
for levee reconstruction on Webb Tract were primarily 
dredged from adjoining chaniiels. Borrow areas were 
developed on Webb Tract in 1990 and have since been 
used as the primary source of fill material to improve the 
levees. The levees are maintained to local reclamation 
district standards with top widths of 20 feet, exterior 
levee slopes of2:1, and interior slopes of 4:1 (Sinnock 
pers. comm.). 

Flood waters rushing through a levee breach on 
January 18; 1980, created the blowout pond on the east 
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end of Webb Tract. The Corps emergency pumps were 
moved to Webb Tract after being removed from Holland 
Tract in May 1980. The Corps removed its emergency 
pumps and turned over the island to the local reclamation 
district in mid-December 1980; the district then began 
rehabilitating its own pumps for final drawdown. Water 
was not drawn down below the island bottom until 
February 1981 (Kjeldsen pers. comm.). 

Bouldin Island. Bouldin Island levees are 
maintained by Reclamation District No. 756. The recla
mation district engineer specifies, supervises, and coor
dinates any levee rehabilitation work and generally 
inspects the levees approximately three times each year. 
Materials used for levee reconstruction on Bouldin Island 
were a conibination of dredged soils from adjoining chan
nels and imported material from other sources. Borrow 
areas were developed on Bouldin Island in 1990 and have 
since been used as the primary source of fill material to 
improve the levees. Levees are maintained to local 
reclamation district standards of top widths of 20 feet, 
exterior levee slopes of 2:1, and interior slopes of 4: I. 
(Wright pers. comm.) 

HoDand Tract. Holland Tract levees are main
tained by Reclamation District No. 2025 according to the 
same maintenance procedures and standards as those 
previously discussed for Bouldin Island. Materials used 
for levee reconstruction on Holland Tract were a com
bination of dredged soils from adjoining channels and 
imported material from other sources. (Wright pers. 
comm.) Borrow areas were developed on Holland Tract 
in 1990 and have since been used as the primary source 
of fill material to improve the levees. 

The levee on the northern tip of Holland Tract 
breached on January 18, 1980. Flood waters scoured out 
the blowout pond now present at that location. The 
Corps installed emergency pumps after the breach; the 
pumps operated until April 25, 1980, when dismantling 
began. The surface water level was drawn down to the 
island bottom by May 5, 1980 (Wright pers. comm.). 

IMPACT ASSESSMENT 
METHODOLOGY 

Analytical Approach and 
Impact Mechanisms 

Impacts on levee reliability and flood control were 
evaluated through comparison of the levee improvement 
design for the DW project alternatives with conditions 
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studied, based primarily on results of the preliminary 
geoteclmical investigations by DWs consultants, ID..A 
(1989) and Moffatt & Nichol (1988). 

The geotechnical studies included field investi
gations, monitoring, modeling, and levee stability analy
ses for the DW project islands. Potential effects on levee 
stability and the flood risk that could exist during project 
construction or operation were identified. ID..A assisted 
DW in development of project design and operation mea
sures that would reduce or eliminate those potential 
effects. DW incorporated these measures into design of 
the DW project alternatives. Therefore, the DW project 
includes measures that avoid or reduce significant im
pacts relative to flood control. Appendix D l is an anno
tated bibliography of the geoteclmical studies performed 
for this project. 

The impact analysis for flood control impacts is 
based on the preliminary levee pesign described below. 
The levee stability analysis assumes the maximum levee 
cross section described below. Variation from the pre
liminary design may require supplemental levee stability 
analysis, and if results of the new analysis differ signifi
cantly from the existing results, supplemental environ
mental review may be required prior to fmallevee design 
approval. 

There is a potential of some level of continuing sub
sidence on the DW project islands, even with the ces
sation of farming activities. As a result, the water storage 
capacity of the reservoir islands could incr~ase in future 
years. The rate of subsidence, however, would be sub
stantially less than under existing conditions. Reduced 
rates of subsidence and increased water storage capacity 
on the reservoir islands would not be expected to sub
stantially increase or decrease levee stability analyzed in 
this chapter. 

Criteria for Determining 
Impact Significance 

An alternative is considered to have a significant 
impact on flood control if invould: 

• decrease levee stability on the DW project 
islands during project construction, 

· • substantially decrease regional supplies of levee 
material, 
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• decrease long-term levee stability on the DW 
project islands below long-term stability under 
existing conditions, or 

• increase risk of cumulative levee failure and 
flooding in the project vicinity. 

An alternative is considered to have a beneficial 
impact on flood control if it would increase long-term 
levee stability on the DW project islands or reduce the 
cumulative risk oflevee failure in the project vicinity. 

IMPACTS AND MffiGATION 
MEASURES OF 

ALTERNATIVE l 

Alternative 1 involves storage of water on Bacon 
Island and Webb Tract (reservoir islands) and manage
ment of Bouldin Island and Holland Tract (habitat 
islands) primarily for wetlands and wildlife habitat. The 
reservoir islands would be managed primarily for water 
storage, with wildlife habitat and recreation constituting 
secondary uses. The impacts of Alternative I on flood 
control in the project area are described below. Impacts 
on flood control under Alternative I are considered either 
less than significant or beneficial because the project 
includes measures that avoid potential impacts or reduce 
them to a less-than-significant level. 

Flood Control Features 

Bacon Island and Webb Tract 

The exterior levees of the DW reservoir islands, 
Bacon Island and Webb Tract, would be improved to 
bear the stresses and erosion potential of interior island 
water storage and drawdown. Water would be stored on 
the islands to a maximum elevation of 6 feet above sea 
level. This storage elevation is subject to a number of 
constraints, including, but not limited to, water avail
ability, seepage monitoring, and DSOD regulations. The 
DW project's design, construction, monitoring, and main
tenance measures to address flood control are detailed 
below. 

Levee Design. Under Alternative I, the exterior 
levees of the reservoir islands would be improved. A 
typical improved levee would have a 2: I exterior (water
side) slope, a crest about 22 feet wide (including the 
thickness of erosion protection on the interior slope) at an 
elevation of about +9 feet, a 3: I or steeper initial interior 
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slope down to an elevation near -3 feet, and wide toe 
berms to buttress the levee. Alternatively, the interior 
slope may be inclined at about 5:1 and be without toe 
berms. Figure 3D-2 shows examples of potential initial 
levee improvements. on levees with a 3: 1 existing interior 
slope. The initial. levee crest would be constructed 
approximately 8 feet wider than the long-term planned 
width (22 feet) to accommodate settlement and to allow 
for future levee raising. (HLA 1993.) The new slopes 
would meet or exceed criteria for Delta levees outlined in 
DWR Bulletin 192-82. 

Owing final design, the range of existing conditions, 
including various existing slope inclinations and thick
ness of peat, would be checked. Each levee section with 
a different soil condition or levee geometry may require 
a slightly different toe berm thickness and slope. During 
final design, consideration will be given to steepening the 
upper portion of the interior slopes to inclinations of 
between 2:1 and 2.5:1. A slightl¥ steeper slope may 
reduce the amount of new fill required and limit both 
settlement and the potential for cracking. 

Erosion Protection in Levee Design. The interior 
slopes of perimeter levees would be protected :from 
erosion by conventional rock revetment similar to 
existing exterior slopes or other conventional systems, 
such as soil cement or a high-density polyethylene liner. 
The erosion protection would be sized to withstand 
design storms with a 50-year return period (Moffatt & 
Nichol 1988). There exists only a 2% chance of a 50-
year severe wind event occurring in any year. 

Moffatt & Nichol Engineers, in its September 1988 
report to DW, gave a preliminary assessment of the effect 
of winds and waves on levees. For fmal levee design, 
Moffatt & Nichol will evaluate the expected waves along 
each section of the interior levees of the reservoir islands, 
considering fetch, angle of incidence, wind speed and 
duration, and depth of reservoir. Riprap or other suitable 
erosion protection measures will be sized for each section 
of interior levee slope based on these studies. In areas 
where fmal design studies indicate that wave splash and 
runup could potentially erode the levee crest if it is 
unprotected, the levee crest would be hardened or the 
erosion-protection facing woUld be extended up as a 
splash berm. Frequent monitoring of levee conditions 
conducted duririg and after the construction phase of the 
OW project is described below. 

Project Features to Control Seepage. Interceptor 
wells would be installed in the exterior levees of the 
reservoir islands in those locations where substantial 
seepage to adjacent islands is predicted to occur (Figure 
3D-3). The system would not be installed along non-

Delta Wetlands Draft EIRIEIS 
87-119AAJCH3D 30-8 

critical sections oflevee, such as the south side of Webb 
Tract bordering Franks Tract. The interceptor wells 
would be installed prior to diversions of water to the 
islands and filling of the reservoirs. As the reservoirs are 
filled, water would be pumped :from the interceptor wells 
into the reservoirs. The interceptor wells would be 
pumped sufficiently to maintain the hydraulic heads at 
distances of 500-1,000 feet :from the project island 
perimeters (i.e., beneath levees of adjacent islands) 
within existing conditions as determined by the results of 
background seepage monitoring described below. 

Because of the potential for increased seepage to 
adjacent islands, DW has undertaken an extensive pro
gram to document existing locations and amounts of 
seepage. DW, working with the Central Delta Water 
Agency, formed a Seepage Review Committee repre
senting reclamation districts and their district engineers 
on islands swrounding the DW project islands. Commit
tee members reviewed their records on historical seepage 
problem areas to suggest monitoring locations. 

Identified pwposes of the Seepage Review Commit
tee are to: 

• provide a line of communication :from DW to 
reclamation districts on adjacent islands and the 
Central Delta Water Agency through district 
engineers; 

• inform the reclamation district engineers about 
significant technical issues that could affect the 
adjacent islands; and 

• review and provide comments on DWs pro
posed plan and fmdings related to seepage 
issues to DW, reclamation districts, and the 
Central Delta Water Agency. 

1-ll.A, under contract to DW, designed and imple
mented a groundwater monitoring program to document 
preproject seepage patterns. By January 1992, 34 
piezometers had been installed on 17 islands in the Delta 
(lll.A 1992b). Currently, Hultgren Geotechnical Engi
neers is continuing to monitor 30 piezometers. Two 
monitoring wells on Webb Tract have been damaged 
beyond use, and two on McDonald Island are no longer 
monitored because they are influenced by a relief well 
demonstration project (described below) and are not 
believed representative of background conditions. Pie
zometers have been installed vertically through levee 
crowns at boring depths ranging :from 36 feet below 
ground surface to approximately 13 5 feet below ground 
surface. Water levels are measured weekly to monitor 
hydraulic head in the sand aquifer. To supplement 
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weekly manual measurements, automated data acquisition 
devices have been used continuously for 1-2 weeks in 
individual piezometers to record piezometric conditions 
as affected by tides and flood stages (HLA 1992b ). 

Grolmdwater monitoring has shown that tidal fluctu
ations in nearby Delta channels affect groundwater levels 
in baseline piezometers. Daily groundwater fluctuations 
in individual piezometers range from 0.5 foot to 3 feet 
(lll.A 1992b ). 

Seepage Monitoring Program. A seepage moni
toring program would be implemented to provide early 
detection of seepage problems caused by the project. 
Seepage monitoring would use the piezometer readings 
on islands adjacent to the reservoir islands, infrared aerial 
photography, weir monitoring, visual inspection, and 
other methods as appropriate. The seepage monitoring 
program would quantify and document seepage impacts 
as the basis for appropriate mitigation and compensation 
measures. Diversions of water onto the DW project 
islands would continue only if seepage to adjacent and 
neighboring islands does not increase beyond existing 
conditions or if increases can be effectively mitigated. 

Piezometer Monitoring. To monitor seepage 
caused by project operations, daily mean water levels for 
individual piezometers and groups of three or more 
piezometers on islands adjacent to DW project islands 
would be compared with seepage performance standards 
described below. In addition to the 34 baseline piezo
meters, additional piezometers are proposed for locations 
1 or more miles from perimeters of the DW project 
islands to detennine variations in groundwater levels that 
are not attributable to the project (l-ILA 1992a). 

Recommended locations of the proposed piezo
meters for Alternative 1 are shown in Figure 3D-3. A 
piezometer spacing of 1,500 feet to 2,000 feet on neigh
boring islands would closely monitor a continuous aquifer 
that underlies both a DW project island and a neigh
boring island. A minimum spacing of 1 ,000 feet would 
be used for critical seepage risk locations, and a maxi
mwn spacing of about 4,000 feet would be used in other 
areas. The spacing of monitoring piezometers will be 
influenced by the character -af the underlying aquifer and 
the distance from the DW reservoir island. 

Cooperation from neighboring reclamation districts 
and landowners would be needed for DW to install 
monitoring piezometers and periodically access them to 
download data from the devices. If, for some reason, an 
adjacent reclamation district or landowner would not 
allow piezometers to be placed over a long stretch of 
levee on their property, DW would place several piezo-
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meters on the DW reservoir island levees to monitor 
groundwater levels. Based on that information, DW 
would maintain the average groundwater level beneath 
the reservoir levee near historical levels. 

Pressure transducers (instruments that detect fluid 
pressure and produce electrical signals related to the 
pressure) connected to electronic data loggers (to record 
the electronic signals) will be installed in each piezo
meter at least 1 year before the first project filling. The 
data loggers will be programmed to measure groundwater 
levels at least once per hour, and the readings will be 
averaged to compute a daily mean for each piezometer 
(lll.A 1992a). Water level measurements taken concur
rently in sloughs and rivers near the DW project islands 
also will be recorded. 

Seepage Performance Standards. 1-ll..A, 
under contract to DW, has developed the following 
recommended performance standards to be used during 
filling ana water storage periods to determine net in
creases in seepage caused by the DW project (l-ILA 
1992a). The recommended seepage performance stand
ards have been approved by the Seepage Review Com
mittee. The seepage performance standard for individual 
piezometers is 1 foot above two standard deviations of 
the previous year's background groundwater data for that 
location; the standard for a group of three or more piezo
meters is 0.25 foot above two standard deviations of the 
previous year's data for that group. These standards 
would be evaluated by comparison with data collected 
from background seepage monitoring activities. Using 
this comparison, net seepage increases caused by the 
project could be detected within approximately 1 week 
(Hultgren pers. comm.). 

Hypothetical patterns of seepage relative to per
formance standards for individual piezometers are pre
sented graphically in Figure 3D-4. This figure illustrates 
three scenarios: no seepage increase (Case 1), a seepage 
increase that is not attributable to the project (Case II), 
and a seepage increase that is caused by the project (Case 
III). Mean water levels in individual piezometers surpass 
the seepage performance standard in Case II; however, 
mean water levels in background piezometers show a 
corresponding increase, indicating a regional seepage 
increase not caused by the project (Figure 3D-4). The 
seepage increase in individual piezometers in Case III is 
attributable to the project because background piezo
meters do not show a corresponding increase (Figure 
3D-4). 

Final seepage performance standards will be set by 
SWRCB in consultation with the local reclamation 
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districts governing adjacent islands, the technical review 
group described below, and DWR. 

Evaluation of' Monitoring Information. OW 
is working toward the continuation of a technical review 
group, similar to the Seepage Review Committee, to 
work with OW and its engineers to jointly evaluate any 
seepage increases caused by the project and cooperatively 
review appropriate com:ctive actions. During diversions, 
OW will submit biweekly reports describing the results 
of seepage monitoring to the technical review group, 
SWRCB, and DWR If seepage exceeds performance 
standards, additional diversions of water would be halted, 
the teclmical review team would be informed, and reme
dial actions described below would be implemented. The 
committee would be informed and DW would implement 
one or more of the seepage control measures described 
below. Water diversions would not be restored until 
seepage monitoring indicated that seepage levels are not 
exceeding the performance stancWds. OW will also 
submit quarterly seepage reports summarizing the results 
of ongoing seepage monitoring. 

Remedial Measures to Control Seepage. If 
seepage monitoring detects seepage caused by the project 
that exceeds the seepage performance standards, OW 
would undertake appropriate measures to reduce the 
seepage to preproject levels. These measures may con
sist of installing additional interceptor wells or other 
available measures described below. 

One potential method for controlling seepage is 
implementation of a relief well program. A relief well is 
a well that drains a pervious soil layer to relieve seepage. 
A relief well program for Alternative 1 would consist of 
relief wells installed at regular spacings near the toes of 
existing levees on neighboring islands. Discharge eleva
tions for the relief well system would be set to maintain 
water levels within historical levels to control subsidence 
rates. (HLA 1992a.) 

The effectiveness of relief wells in controlling 
seepage was tested in the McDonald Island drawdown 
demonstration study, conducted by 1-ll..A under contract 
to OW (HLA 1990a). This investigation sought to de
monstrate that groundwater heaa in a sand aquifer can be 
lowered using a groundwater relief well system and that 
such a system is a viable option for controlling seepage 
caused or increased by the proposed project. Results 
from the McDonald Island drawdown demonstration 
indicate that dewatering was effective in controlling 
essentially all seepage through the sand aquifer into the 
island and that a gravity flow relief system can control 
hydraulic head in the sand aquifer within a desired range 
by adjusting ihe discharge head level (HLA 1990a, b). 
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Relief wells would provide neighboring reclamation 
districts and landowners with benefits unrelated to the 
OW project. In addition to providing valuable reclama
tion capabilities on neighboring islands, relief wells can 
reduce the risk of levee instability as subsidence con
tinues (HLA 1992a). 

The effect that increased seepage may have on levee 
stability can also be offset through construction of toe 
berms with an internal drainage system on neighboring 
islands. Berm construction would depend on the agree
ment of the affected landowner and the reclamation 
district. Other measures may be more feasible where an 
agreement cannot be reached. 

Other technically feasible seepage control measures 
include lowering the design pool elevation on the OW 
reservoir islands, developing wetland easements adjacent · 
to levees on neighboring islands, purchasing farmlands 
affected by increased seepage, constructing a combina
tion of seep and interior ditches and increasing pumping 
rates, installing clay blankets, and installing impervious 
cutoff walls through project island levees. 

Siphon and Pump Station Erosion Control Mea
sures. Facilities needed for the proposed water storage 
operations include intake siphons to divert water into the 
island interiors and pump stations to discharge the stored 
water from the islands. A new intake siphon complex 
and a new discharge pumping station would be con
structed on the reservoir islands. (See locations in Chap
ter 2, Figures 2-2, 2-3, 2-7, and 2-8). 

Because flow velocities could cause erosion at the 
interior toes of the newly reconstructed levees, expansion 
chambers are proposed for the siphon outlets and pump 
outlets (see siphon and pump designs in Appendix 2, 
Figures 2-2 and 2-5). These chambers would dissipate 
exit flow energies, decrease the exit velocities onto the 
island interiors, and prevent erosion to the interior levee 
toes. 

The outlets from the proposed pump stations would 
discharge underwater on the channel side of the levees. 
The discharge velocities from the pump outlets would not 
exceed 5 feet per second when water is entering the Delta 
channels. Exit velocities would be reduced to this level 
by an expansion chamber fitted to the end of each dis
charge pipe. Additionally, rock riprap would be placed 
around the outlets where necessary to protect the em
bankments and dissipate energy. Velocities at the intake 
ends of the siphons would not cause erosion to the 
exterior channel sides of the levee embankments. 
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Constn1ction Techniques. Placing levee construc
tion materials on soft or poorly consolidated foundation 
soils can lead to rapid compression, slwnping, and 
ground heave. To control these problems during con
struction, the toe berm fill will be started prior to fill 
being placed on the slopes or levee crest. After the toe 
berm has been installed, the slope and crest fills may be 
completed. The first fill placement would be no more 
than 5 feet thick on peat or clay substrates and no greater 
than 8 feet thick on sand substrate. These placement 
limits would allow pore pressures in foundation materials 
to dissipate and would permit monitoring of the existing 
levees with piezometers as construction proceeds (HLA 
1989). 

Peat fot.mdation materials are expected to consolidate 
and pore pressures are expected to dissipate quickly after 
the first placement of fill (HLA 1989). The fill on the 
crest would be allowed to remain in place as long as 
possible prior to placement of the road surface; this will 
allow some settlement and minor 'grading to occur prior 
to completion of the levee road. 

The second placement could be possible within a 
few months of the first. As the peat foundation material 
consolidates, permeability and rates of pore pressure 
dissipation would decline, and the interval between fill 
placements may increase. On clay or clayey peat 
materials, pore pressure would dissipate more slowly, 
and many months may be needed between fill placements 
(HLA 1989). 

DW constructed a levee test section (a section of 
levee built to determine its stability characteristics) on 
Bouldin Island away from existing levees. The test sec
tion was brought to failure so that strength and behavior 
of foundation materials could be evaluated. The test 
section was constructed using conventional construction 
equipment (i.e., scrapers). Fill was placed until failure 
occurred, while measures of pore pressure, shear 
strength, and settlement were made. Strength of founda
tion materials was determined through back-calculation 
of the stresses when failure occurs and then evaluation of 
lateral deformation, cracking, and settlement. Results 
from the test section will be used during the fmal design 
phase for the DW project to determine safe rates of levee 
construction. Results of the test on Bouldin Island are 
described in the Wilkerson Dam report (HLA 1992b ). 

Construction Monitoring. DW engineers 

existing levees where they are unlikely to be damaged by 
construction activity. If monitoring detects levee stability 
problems, construction would be halted until the problem 
is corrected or compensated for through modification of 
designs or procedures. 

Sources of Levee Materials. Materials needed 
to improve the existing levees would be obtained pri
marily from sand deposits within the interiors of the 
islands. Some peat may also be mixed with sand dredged 
for reconstructing the levees. Analyses performed on 66 
sand samples from the island interiors indicated that 
sands on all project islands are suitable for use as levee 
fill (HLA 1989). 

Supplies of suitable sand deposits for levee con
struction exist on all the DW project islands (ID..A 1989). 
Sand frequently lies beneath layers of soft peat approxi
mately 10-15 feet deep, which must first be removed 
from the borrow areas. The borrow pits would generally 
be more than 400 feet inward from the top of a levee to 
avoid structural impacts on the levee and at least 2, 000 
feet inward from the final toe of an improved levee where 
seepage restrictions are required. 

It is anticipated that rock revetment would be 
quarried from either the Dutra-McNeer quarry or the 
Basalt quarry of Syar Industries. Both of these quarry 
operations are presently ongoing. Riprap material would 
be barged from the quarry to the construction site (see 
Chapter 3L, "Traffic"). Levee construction under Alter
native 1 would require approximately 470,000 tons of 
rock for Bacon Island and 405,000 tons of rock for Webb 
Tract (Forkel pers. comm.). 

Postconstruction Monitoring and Maintenance. 
Reconstructed exterior levees would be maintained for 
the life of the project. Maintenance activities for the 
reservoir island levees and their erosion protection would 
include the following measures. 

• D W will conduct a weekly inspection of the 
levees to check for surface erosion, slwnping, 
tension cracking, damaged erosion protection, 
seepage, and encroaching vegetation. Results 
of weekly monitoring inspections would be 
submitted to the governing local reclamation 
district and DWR for review and to SWRCB for 
permit compliance. 

would monitor rates of settlement, consolidation, and • If weekly inspections indicate erosion, cracking, 
or seepage problems, DW will implement 
corrective actions, including, but not limited to, 
placement of fill material; placement or instal
lation of erosion protection material; reshaping 

strength gain during the levee reconstruction process. 
Piezometers and other equipment used .to determine 
settlement (e.g., settlement plates and slope inclino-
meters) would be installed prior to construction near 
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or grading of fill material; herbicide application; 
selective burning; and/or installation of relief 
wells, toe berms on adjacent islands, or other 
seepage control measures described below. 

• Tall grasses, brush, and/or trees will be kept 
cleared from the levee crest, slope, and stability 
berm. 

• Areas of erosion will be repaired through 
replenishment the protective cover as needed. 

• The road surface will be regraded and/or 
patched as required for all-weather accessi
bility. 

• Levee profile SUIVeys will be conducted by DW 
annually for the first 5 years of operation and 
triannually thereafter. Results of levee profile 
surveys will be submitteqlo DWR, SWRCB, 
and the Corps for review. 

• The levee crest will be raised by the addition of 
fill to maintain the crest at or above D WR 
Bulletin 192-82 criteria, additional erosion 
protection will be placed to protect the added 
fill, and the all-weather road surface will be 
reestablished after the fill is placed. 

Wave Erosion Protection, Monitoring, and 
Maintenance Program. A weekly visual inspection of 
levees would be conducted by DW to ensure that erosion 
protection materials are not eroded beyond SO-year storm 
design criteria. Results of visual inspections would be 
included in DWs quarterly report to the local reclamation 
districts and DWR. If visual monitoring indicates that 
erosion is occmring more rapidly than anticipated during 
design analysis, corrective action will be taken imme
diately. Corrective actions include, but are not limited to, 
installing wave protection barriers, increasing erosion 
protection placement, and/or lowering reservoir water 
levels (HLA 1992c). Appropriate corrective action to 
ensure protection of the levee crest will be determined in 
the field based on conditions encountered. 

Bouldin Island and Holland Tract 

Under Alternative 1, Bouldin Island and most of 
Holland Tract (3,014 acres) would be devoted to wildlife 
habitat On the habitat islands, the existing levee system 
would be improved to meet state-recommended standards 
for Delta levees identified in DWR Bulletin 192-82. The 
interior slope faces and toe berms of the perimeter levees 
would be planted with grass to resist erosion from rainfall 
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and would be maintained in a manner similar to current 
practices. Levee tops would be modified to accom
modate construction and operation of recreation facilities. 
The recreation facilities would be constructed on a raised 
pile foundation interior of the center line of the levees and 
would not require levee improvements beyond those 
currently required. Routine maintenance activities on 
perimeter levees would not differ from current practices 
and would include, but are not limited to, placement of 
fill material and gravel, reshaping of fill material, 
grading, discing, mowing, selective burning, rodent 
control, and installation of rock revetment. 

Changes in Flood Control Conditions 

Bacon Island and Webb Tract 

Settlement during Construction. DW's proposed 
material placement procedures, use of the levee test sec
tion, and construction monitoring program would contrib
ute to adequate levee reliability. Levee stability analyses 
by HLA (1989) calculated safety factors during con
struction of the proposed DW levee improvements. 
Adequate safety factors were calculated if lifts of fill did 
not exceed 5 feet until sufficient time was allowed for 
consolidation and strength gain in foundation materials. 
As proposed, levee reconstruction on the DW project 
islands would be staged over several years to allow time 
for consolidation of foundation materials. Therefore, 
reconstruction of reservoir island levees would not affect 
levee stability during construction. 

Settlement and Long-Term Levee Stability. 
Reconstruction oflevees by DW would cause compres
sion of substrates and settlement of the new levees. 
Extent of settlement would vmy both with thickness of fill 
and with peat thickness below the fill. 

lll.A estimated depths of settlement resulting from 
fill placement in an area directly underlain by 20 feet of 
peat. If fill is added up to an elevation of I 5 feet above 
the initial growtd surface and then is continuously placed 
as the ground settles (keeping the surface of the fill 
1 5 feet above the original ground elevation), 1 5 feet of 
settlement is predicted. This condition will result in the 
thicknesses of the underlying peat compressing from 
20 feet to 5 feet. The total thickness of the fill will be 
30 feet: the initial I 5 feet of fill thickness plus another 
I 5 feet placed over time to maintain the top elevation of 
the fill as the fill mass settles. (lll.A 1989, Hultgren pers. 
comm.) Approximately one-half of the estimated settle
ment would occur within 2-3 months after fill placement, 
one-quarter of the settlement would occur within 3 years, 
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and the remaining one-quarter would occur over the next 
30-50 years (l-ILA 1989). Figure 3D-5 shows examples 
of settlement of initial fill (the initial fill profile is shown 
in Figure 3D-2) and the additional fill required to raise 
the levee crest. 

Differential settlement can create tensions in the soil, 
resulting in cracks parallel to the existing levee. Crack
ing may also occur where the reconstructed levee joins 
with an existing levee, where levees cross subsurface 
peat or clay-filled channels, or where new interior levees 
abut existing levees. These factors differ for each site on 
the DW project islands and would be investigated in 
detail before construction begins and before settlement 
monitoring locations are chosen. Monitoring and main
tenance on levees as described above would quickly 
detect any cracking problems and replenish fill material 
where cracking occurs. 

Differential settlement ca~ by levee reconstruc
tion may also affect existing levees. Any cracking of the 
existing levees caused by levee reconstruction would be 
mitigated by placement of sand against the inside of the 
existing levees. Movement of soil from levee cracks or 
water seeping through cracks would be slowed by the fill 
and would be monitored for subsequent maintenance 
needs, includingplacementofadditional fill or implemen
tation of erosion control measures. 

Stability analyses by 1-ll..A (1993) calculated that 
under Alternative 1, levee reconstruction would increase 
thefactorofsafety for levee stability 14%-28% (depend
ing on levee slope design) over existing conditions. The 
inward (toward island interior) factor of safety would 
increase immediately after construction and continue to 
increase as the peat foundations consolidate and gain 
strength under the weight of new fill. The outward 
(toward Delta channels) factor of safety would decrease 
about 1 0% when the reservoir is full, but the margin of 
safety would still be greater than that computed for 
existing conditions. There is a slight decrease in the 
factor of safety calculated for the exterior levee slope 
when the reservoir is full because the island would be 
filled to 6 feet above the channel water levels. However, 
the consequence of a levee breach would be much less 
when the island reservoir is fbll or partially full than when 
the island is empty, as it is now, because improved DW 
project levees are more likely to minimize the size of a 
levee breach if one occurs and because the hydraulic head 
between the channel water level and reservoir water level 
(approximately 6 feet) would be less than the existing 
head between the channel water level and island interiors 
(16-18 feet) (l-ILA 1993). Therefore, the existing 
conditions pose a higher risk to levee stability than the 
levee configurations under Alternative 1. 
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In conclusion, levee settlement or instability is not 
predicted to adversely affect levee reliability because the 
proposed initial placement of fill would be staged over 
several years until sufficient levee heights are reached, 
and because the proposed annual maintenance program 
would replenish the levee slopes with new fill to com
pensate for settlement. Any diminishing of levee height 
oc cracking would be corrected annually. Levee stability 
analysis indicates that implementing Alternative 1 would 
improve levee stability and safety factors on the reservoir 
islands. 

Seepage. Dredging of material for improvements to 
the levees would cause exposure of subsurface sand 
deposits on the reservoir island interiors. Under pro
posed water storage operations, such exposed areas 
would be subject to up to 24 feet of hydraulic head. Such 
exposure of sand deposits has the potential to permit 
seepage beneath the DW project levees to adjacent 
islands. 

An engineering model (SEEP) was used by 1-ll..A 
(1989) to analyze seepage potential of water storage on 
Webb Tract across Fishermans Cut to Bradford Island. 
This location was identified as being particularly sensi
tive because of the short seepage distance across Fisher
mans Cut. Fixed hydraulic levels were tested under a 
range of permeability conditions of soil materials to 
determine the effect of flooding and exposed borrow pit 
excavation. The model indicated that both hydraulic 
heads and seepage levels in sands on Bradford Island 
would increase as a result of flooding of Webb Tract. 
This analysis assumed a water storage elevation of 
+4 feet based on a previous project description; however, 
the currently proposed water storage level of +6 feet 
would not alter the results of the study (Tillis pers. 
comm.). Seepage levels would still increase on Bradford 
Island as a result of the proposed +6 feet water storage 
under Alternative 1. 

Alternative 1 incorporates an interceptor well system 
to control seepage to adjacent islands and a seepage 
monitoring system described above under "Flood Control 
Features". The monitoring system would verify that 
seepage on adjacent islands is controlled at or below 
existing conditions and would detect the need for addi
tional seepage control measures to be implemented. A 
measurable seepage performance standard based on 
background monitoring data to determine existing seep
age conditions would be used to trigger the implementa
tion of additional seepage control measures. Therefore, 
Alternative 1 would control seepage at existing condi
tions or would improve seepage conditions. 
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Wind a.nd Wave Erosion. The proposed flooding 
of reservoir islands could result in wind and wave erosion 
of the interior levee slopes because of the long wind fetch 
across the islands and the water depths during water 
storage. Prolonged removal of levee slope material by 
wave erosion of the interior levee slopes could eventually 
affect levee reliability. Interior slopes of perimeter levees 
would be constructed with erosion control material (rock 
revetment or riprap) similar to that used on exterior levee 
slopes. 

The erosion control measures, erosion monitoring 
program, and levee maintenance measures described 
above Wlder "Flood Control Features" would be imple
mented as part of Alternative 1. Perimeter levees would 
be inspected weekly, and any potential erosion problems 
would be reported and would trigger maintenance mea
sures, which could include placement of additional rock 
revetment, replenishment of fill, or lowering of pool 
elevations. , . 

Slope Slippage during Drawdown of Stored 
Water. If levee soils remain saturated while external 
water pressure is removed, as could occur during draw
down of the reservoirs, the levee slope could become 
WlStable. The rate of drawdown would be slow enough 
to allow substantial drainage of the relatively permeable 
slope materials (Tillis and Hultgren pers. comms.). 
Drawdown is considered rapid if a water level is lowered 
faster than the soil's ability to drain; in this case, the 
weight of saturated soil exceeds the stabilizing effect of 
water pressure against the levee embankment, which can 
result in slope slippage. Based on a discharge rate of 
4,000 cfs, the reservoir drawdown rate could be as fast as 
18 inches per day at the higher reservoir stages (Hultgren 
pers. comm.). This drawdown rate would not be con
sidered rapid from this perspective (Tillis and Hultgren 
pers. comms.). Therefore, the possibility of slope failure 
during drawdown would be minimal Wlder Alternative .1. 
Any interior slope slippage following drawdown would 
be corrected during maintenance replenishment of fill 
material. DWs proposed drawdown schedule would not 
threaten levee stability during drawdown of stored water. 

Erosion at Siphon and Pump Stations. High
velocity water releases at siphon and pump stations could 
erode levee materials. Operation of the proposed siphon 
and pump stations would not cause substantial levee toe 
erosion on interior or exterior levee slopes because the 
stations will be equipped with expansion chambers, 
which reduce flow velocities through dissipation, and 
rock revetment will be placed in the interiors of the 
islands to minimize erosion potential of the levee toe 
surfaces at the siphon and pump stations. 
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Project-Induced Seiamic Activity. Although deep 
well water injection and reservoir flooding have been 
associated with triggering earthquakes, there is no evi
dence to support that theory in. the Delta area. The pre
sence of the Sacramento and San Joaquin Rivers and the 
existing flooding ofFranks Tract have not increased seis
mic activity in the region. Creating reservoirs on Bacon 
Island and Webb Tract would not be likely to increase 
seismic risk in the Delta region. 

Liquefaction a.nd Levee Movement during 
Seismic Activity. The two predominant risks to Delta 
levees during earthquakes are liquefaction (loss of soil 
cohesion when subject to shaking) of poorly consolidated 
sands beneath levees and damage caused by movement of 
levees under seismic acceleration. The materials used for 
levee reconstruction could be subject to liquefaction 
resulting from seismic acceleration; however, both these 
risks would be reduced by the proposed buttressing of the 
DW project island levees. Soil borings indicate that 
some of the sand layers beneath the peat on the DW 
project islands have a potential for liquefaction, but levee 
reconstruction and island flooding would probably not 
increase nor decrease the potential for liquefaction and 
levee failure (HLA 1989). Because the proposed levees 
are broader than the existing levees and broader levees 
distribute seismic effects over a larger area, total levee 
failure caused by substrate liquefaction would be less 
likely with the proposed levees than with the existing 
levees. The buttressed project levees would have much 
greater mass than existing levees and may be less 
vulnerable to failure from seismic acceleration. The level 
of potential risk of levee movement Wlder seismic 
shaking may be somewhat lower than many existing 
levels because levee stability would increase Wlder 
Alternative 1. 

An earthquake powerful enough to cause failure of 
project levees would likely destroy many of the existing 
weaker levees on neighboring islands. Even if they failed 
Wlder seismic activity, project levees would be likely to 
offer some protection against wind-generated wave 
erosion. DW project levees would probably be more 
intact and more easily repaired following a breach than 
would other Delta levees. Thus, Alternative 1 would 
likely produce an overall benefit in levee protection Wlder 
seismic activity. 

Levee Fill Availability. Sources of suitable levee 
reconstruction material are located on the DW project 
islands or in existing quarries in the region. Borrow 
quantities for Alternative 1 are shown in Table 30-4. It 
is unlikely that levee construction and improvement Wlder 
Alternative 1 would deplete regional supplies of levee 
materials. 
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Bouldin Island and Holland Tract 

Habitat management on Bouldin Island and Holland 
Tract would not decrease levee stability or require sub
stantial amounts of levee material during project con
struction. A habitat type defined as "borrow pond" is 
included in the HMP (Appendix G3, "Habitat Manage
ment Plan for the Delta Wetlands Habitat Islands") and 
will provide a source of adequate borrow material for 
initial construction under the project. Borrow ponds 
would be managed similarly to lake habitat but may be 
deeper than the proposed lakes and would be occasion
ally disturbed to facilitate extraction of borrow for long
term maintenance of the project. Any future borrow 
excavation for levee maintenance outside these areas 
would be subject to review by the HMP oversight team, 
but overall, habitat management on these islands would 
not impair long-term levee maintenance activities. 

Habitat management woul9. slow the rate of subsi
dence on these islands relative to subsidence rates under 
existing agricultural use. Therefore, implementation of 
Alternative 1 would increase long-term levee stability on 
habitat islands by decreasing subsidence. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact D-1: Increase in Long-Term Levee Sta
bility on Resen-oir Islands. Implementation of Alterna
tive 1 would increase levee stability on the reservoir 
islands. Levee stability analyses conducted by HLA 
(1989, 1993) indicate that improvements to perimeter 
levees (e.g., widening and fill placement) on reservoir 
islands would more than offset decreases in stability that 
could result from island flooding. Therefore, this impact 
is considered beneficial. 

Mitigation. No mitigation is required. 

Impact D-2: Potential for Seepage from Re
sen-oir Islands to Adjacent Islands. Implementation 
of Alternative 1 could increase the potential for seepage 
beneath the DW island levees to adjacent islands during 
project operation. Dredging of material from the reser
voir island interiors for improvements to perimeter levees 
could expose subsurface sand deposits, which could 
result in increased hydraulic heads between adjacent 
islands and the reservoir islands when they are filled. 
The proposed project seepage monitoring and control 
measures that are detailed above would control seepage 
at or below existing conditions. Therefore, this impact is 
considered less than significant. 
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This impact conclusion is based on three elements 
provided by DW and its geotechnical consultant, HLA, 
and described above under "Flood Control Features": 

• a measurable seepage performance standard, 

• a feasible monitoring program to determine 
whether the performance standard is met, and 

• a feasible mitigation program that would be 
implemented if the performance standard is 
exceeded during project operations. 

SWRCB will develop terms and conditions attached 
to any water right permit granted to DW for Alterna
tive 1. Conditions relevant to the seepage issue will 
ensure that seepage control measures and monitoring are 
continued through the life of the project and that mitiga
tion measures to correct any seepage problems attribut
able to project operations are implemented when moni
toring indicates a need for such measures. DW could 
divert water and operate the project only if these condi
tions were satisfied. 

Mitigation. No additional mitigation is re-
quired. 

Impact D-3: Potential for Wind and Wave 
Erosion on Resen-oir Islands. Implementation of 
Alternative 1 could result in wind and wave erosion of the 
interior levee slopes of perimeter levees on reservoir 
islands because of the long wind fetch across the islands 
and the water depths during water storage. Interior 
slopes of the levees would be constructed with rock 
revetment to prevent erosion of the interior levee slopes. 
The erosion control design measures, erosion monitoring 
program, and levee maintenance measures described 
above would be implemented under Alternative 1. 
Therefore, this impact is considered less than significant. 

Mitigation. No additional mitigation is re-
quired. 

Impact D-4: Potential for Erosion of Levee Toe 
Berms at Pump Stations and Siphon Stations on 
Resen-oir Islands. Implementation of Alternative 1 
would not cause substantial levee toe erosion at siphon 
and pump stations on interior or exterior levee slopes. 
Pwnp and siphon units will be equipped with expansion 
chambers, which reduce flow through dissipation, and 
routine inspection and maintenance of the levees would 
identify any erosion problems and include implementing 
erosion control measures as needed. Therefore, this 
impact is considered less than significant. 
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Mitigation. No mitigation is required. 

Impact D-5: Decrease in Potential for Levee 
Failure on DW Project Island• during Seismic 
Activity. Implementation of Alternative 1 would require 
strengthening and reconstructing perimeter levees on 
reservoir islands and improving perimeter levees on 
habitat islands. Existing levees on reservoir islands 
would be buttressed and broadened, and levees on habitat 
islands would be improved to meet DWR's recommended 
standards for Delta levees. These improvements would 
increase long-term levee stability, the overall risk of levee 
failure caused by earthquakes would be less than under 
existing conditions. Therefore, this impact is considered 
beneficial. 

Mitigation. No mitigation is required. 

Impact D-6: Increase in Long-Term Levee Sta
bility on Habitat Islanda. Implementation of Alterna
tive 1 would slow the rate of subsidence on Bouldin 
Island and Holland Tract relative to subsidence rates 
under existing agricultural use. Decreased subsidence 
contributes to increased long-term levee stability on habi
tat islands. Therefore, this impact is considered benefi
cial. 

Mitigation. No mitigation is required. 

IMPACTS AND MmGATION 
MEASURES OF 

ALTERNATIVE2 

Impacts and mitigation rneasw-es of Alternative 2 are 
the same as those of Alternative 1. 

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. 
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 flood 
control in the project area are described below. Impacts 
on flood control under Alternative 3 are considered less 
than significant or beneficial because the project includes 
measures that avoid impacts or reduce potential impacts 
to a less-than-significant level. 
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Flood Control Features 

The exterior levees of the four DW project islands 
would be reconstructed as described for levee recon
struction on Webb Tract and Bacon Island under Alter
native I. The design, construction, monitoring, and 
maintenance measures for reservoir island perimeter 
levees foc Alternative 3 would be as described for Alter
native 1. 

Alternative 3 would require interior levees to be 
constructed around several parcels not owned by DW: 
the two marina sites at the south edge of Holland Tract, 
and across Bouldin Island on the southern and northern 
sides of SR 12. The interior levee on the south side of SR 
12 would be designed and constructed in accordance with 
standards ofDWR's DSOD. Interior levee designs have 
been submitted to DSOD for review and approval 
(Hultgren pers. comm.). The levee on the southern side 
of SR 12 on Bouldin Island is described in Chapter 3E, 
"Utilities and Highways", and in Appendix El, "Design 
and Construction of Wilkerson Dam South of SR 12 on 
Bouldin Island". 

The methods of fill placement and staged construc
tion for interior levees would be similar to those de
scribed for the exterior levees, except that fill would be 
compacted to DSOD standards. The DSOD levees 
would be protected from wind and wave erosion on the 
water side with a method of slope protection, potentially 
a high-density polyethylene surface or placement of 
riprap. 

The DSOD levee on Bouldin Island may require a 
longer construction period than all other elements of the 
project. Borrow material from the island would be used 
for interior levee construction. An estimated 8,900,000 
cubic yards of borrow material would be needed for the 
DSOD levee construction (Table 30-5). 

Changes in Flood Control 
Conditions 

Bacon Island, Webb Tract, Bouldin Island, and 
Holland Tract 

Settlement during Construction. Settlement 
impacts on the reservoir islands under Alternative 3 
would be similar to those described above for reservoir 
islands under Alternative 1. Stability analysis (HLA 
1989) indicates that levee reconstruction on the DW 
islands would allow time for consolidation of foundation 
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materials and would not affect levee stability during 
construction. 

Interior Levees. The toe of the proposed interior 
levee along the southern side of SR 12 across Bouldin 
Island would be set back from the highway to protect the 
roadbed from settlement problems caused by the new 
levee (HLA I989). OWR's OSOO must approve the 
final design of this interior levee (see Chapter 3E and 
Appendix E I for further detail regarding the proposed 
OSOO levee). 

Given that OSOO must approve the design and con
struction of these interior levees, no increase in flooding 
hazard or decrease in public safety is expected to occur 
during project operation. 

Settlement and Long-Term Levee Stability. 
Long-term levee stability impacts on Alternative 3 
reservoir islands would be simi~IJI" to those described for 
the two reservoir islands under Alternative I. Levee 
stability analyses (HLA I989, I993) indicate that initial 
and final perimeter levee conditions would increase levee 
stability on the project islands. 

Seepage. The seepage mitigation, monitoring, and 
control program under Alternative 3 would control seep
age impacts at or below existing conditions as described 
for Alternative I but would be expanded to include 
Bouldin Island and Holland Tract. 

Under Alternative 3, I42 more piezometers would 
be installed on neighboring islands than would be 
installed under Alternative I. Figure 30-6 shows the 
proposed interceptor well system and seepage monitoring 
system for Alternative 3. 

Wind and Wave Erosion. The erosion control 
measures, erosion monitoring program, and levee main
tenance measures described for Alternative I would be 
implemented as part of Alternative 3. Alternative 3 
would require approximately 470,000 tons, 405,000 tons, 
385,000 tons, and 400,000 tons of rock for levee 
improvements on Bacon Island, Webb Tract, Bouldin 
Island, and Holland Tract, respectively (Forkel pers. 
comm.). Potential erosion~:ffects would be monitored 
weekly, and proposed maintenance measures would be 
implemented to maintain levees at conditions equal to or 
better than existing conditions. 

Liquefaction and Levee Movement during 
Seismic Activity. As described for reservoir islands 
under Alternative I , improved levees would decrease 
liquefaction effects of seismic shaking and may be less 
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vulnerable to failw-e from seismic acceleration than exist
ing levees. 

Levee Fill Availability. As under Alternative l, 
sources of suitable levee reconstruction material are 
adequate for Alternative 3 and are located on the OW 
project islands or in existing quarries in the region. 
Borrow quantities proposed for Alternative 3 are shown 
in Table 30-5. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact D-7: Increase in Long-Term Levee 
Stability on Reservoir Islands. This impact is 
described above under Impact 0-I. This impact is 
considered beneficial. 

Mitigation. No mitigation is required. 

Impact D-8: Potential for Seepage from Reser
voir Islands to Adjacent Islands. This impact is 
described above under Impact 0-2. This impact is 
considered less than significant. 

Mitigation. No mitigation is required. 

Impact D-9: Potential for Wind and Wave Ero
sion on Reservoir Islands. This impact is described 
above under Impact 0-3. This impact is considered less 
than significant. 

Mitigation. No mitigation is required. 

Impact D-10: Potential for Erosion of Levee Toe 
Berms at Pump Stations and Siphon Stations on 
Reservoir Islands. This impact is described above 
under Impact 0-4. This impact is considered less than 
significant. 

Mitigation. No mitigation is required. 

Impact D-11: Decrease in Potential for Levee 
Failure on DW Project Islands during Seismic 
Activity. This impact is described above under Impact 
0-5. This impact is considered beneficial. 

Mitigation. No mitigation is required. 
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IMPACI'S AND MmGATION 
MEASURES OF TilE 

NO-PROJECI' ALTERNATIVE 

The project applicant would not be required to 
implement mitigation measures if the No-Project Alterna
tive were selected by the lead agencies. However, miti
gation measures are presented for impacts of the No
Project Alternative to provide information to the review
ing agencies regarding the mellSW"es 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 alter
natives, including implementation of recommended miti
gation mellSW"es, with the No-Project Alternative. 

Flood Control Fe~tures 

Levee maintenance and operation under the No
Project Alternative would be the same as existing routine 
maintenance procedures. 

Changes in Flood Control 
Conditions 

Bacon Island, Webb Tract, Bouldin Island, and 
HoUandTract 

Settlement and Long-Term Levee Stability. 
Under the No-Project Alternative, which would consist 
of intensified agricultural operations on the project 
islands, the DW island interiors would subside an addi
tional 6-10 feet over the next 40 years (lilA 1989). 
Levee heights would increase as the island interiors sub
side. Long-term stability analyses indicate that levee 
reliability would decrease below existing conditions 
under the No-Project Alternative. 

Seepage. The loss of peat through subsidence and 
oxidation could lead to greatef infiltration and increased 
seepage onto the island. Seepage under the No-Project 
Alternative would exceed existing conditions. 

Wind and Wave Erosion. Wind and wave erosion 
tmder No-Project conditions would be similar to existing 
erosion. The No-Project Alternative would not increase 
erosion on the DW project island levees. 
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Liquefaction and Levee Movement during Seis
mic Activity. Because the No-Project Alternative would 
decrease levee stability compared with existing condi
tions, the risk of seismically induced levee failures would 
increase. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Decrease in Long-Term Levee Stability. Imple
mentation of the No-Project Alternative would result in 
increased levee heights on the OW project islands as the 
island interiors subside. Long-term levee stability 
analyses indicate that levee reliability would decrease 
under the No-Project Alternative. Implementing the 
following mellSW"e would reduce this effect of the No
Project Alternative. 

Buttress Perimeter Levees. The perimeter 
levees of the DW project islands could be substantially 
buttressed to increase levee stability under the No-Project 
Alternative. The need for improvements to those levees 
over time would be evaluated by the local reclamation 
districts. 

Increase in Potential for Seepage onto Project 
Islands. Implementation of the No-Project Alternative 
would cause the loss of peat through subsidence and 
oxidation on DW project islands, which could lead to 
greater infiltration and increased seepage onto the OW 
project islands. 

Increase in Potential for Levee Failure during 
Seismic Activity. Implementation of the No-Project 
Alternative would decrease long-term levee stability, 
which would increase the potential for seismically 
induced levee failures. 

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 sections consider only those impacts that may 
contribute cwnulatively to impacts on flood control on the 
Delta islands. 
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Cumulative Impacts, Including 
Impacts of Alternative I 

Cumulative Flood Hazard 

Under DW's proposed levee reconstruction and 
maintenance program, the potential for levees to fail on 
the DW project islands would be lower than under exist
ing conditions. Therefore, the cumulative flood hazard for 
adjacent islands when Webb Tract and Bacon Island are 
filled with stored water would not exceed present haz
ards. In fact, Alternative 1 would be likely to reduce 
cumulative flood hazard in the Delta by increasing levee 
safety on these islands. 

Impact D-12: Decrease in Cumulative Flood 
Hazard in the Delta. Implementation of Alternative 1 
would likely reduce the cumulative risk of flooding in the 
Delta. Under Alternative 1, levee safety on the DW 
islands would increase; therefor~, the cumulative safety 
of levees in the Delta would increase. This impact is 
considered beneficial. 

Mitigation. No mitigation is required. 

Financing of the levee System 

Implementation of Alternative 1 would reduce the 
need for public financing of maintenance and repair work 
on the levee systems around the DW project islands. DW 
would continue to seek reimbursement for maintenance 
work on the channel sides of exterior levees. During the 
early 1980s, public fmancing of this work on the four 
islands exceeded $36 million, or about $5.5 million each 
year. Alternative 1 would have a substantial fiscal benefit 
at the state and federal levels. Savings would result from 
the project because the risk of levee failure would be 
reduced, the cost of project-specific maintenance and 
rehabilitation work on the levees above state or federal 
standards would be borne entirely by DW, and the cost of 
reclamation would be much lower than in the case of 
existing Delta levees because much of the routine levee 
maintenance would not fall within the state or federal 
cost-sharing programs. 

Impact D-13: Decrease in the Need for Public 
Financing of levee Maintenance and Repair on the 
DW Project Islands. Implementation of Alternative 1 
would likely reduce the need for public fmancing of levee 
maintenance and repair on the DW project islands. 
Savings at the state and federal level would result from 
project implementation because the risk of levee failure 
would be reduced, so the cost of reclamation would be 
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much lower than in the case of existing levees. This 
impact is considered beneficial. 

Mitigation. No mitigation is required. 

Cumulative Impacts, Including 
Impacts of Alternative 2 

1be cumulative impacts of this alternative would be 
the same as those described for Alternative 1. 

Cumulative Impacts, Including 
Impacts of Alternative 3 

Under the Alternative 3 levee reconstruction and 
maintenance program, the potential for levees to fail on 
the project islands would be lower than under existing 
conditions. Therefore, this alternative would likely 
reduce cumulative flood hazard in the Delta. Similar to 
Alternative 1, Alternative 3 would also reduce the need 
for public fmancing of maintenance and repair work on 
the levee systems around the DW islands. 

Cumulative Impacts, Including Impacts 
of the No-Project Alternative 

By decreasing levee reliability below extstmg 
conditions over time, the No-Project Alternative could 
increase the cumulative risk of levee failure in the Delta. 
The risk to levee stability on the DW project islands 
under the No-Project Alternative would be primarily a 
result of accelerated subsidence of the island bottoms 
caused by increased agricultural production over time. 
Repair work on the levees over time would be the 
responsibility ofDW because the islands are surrounded 
by nonproject levees. 

Increase in Cumulative Risk of levee Failure in 
the Delta. By decreasing levee reliability below existing 
conditions over time, the No-Project Alternative could 
increase the risk of cumulative levee failure in the Delta. 
Implementing the following measure would reduce this 
cumulative effect. 

Buttress Perimeter levees. The perimeter 
levees of the DW project islands could be substantially 
buttressed to increase levee stability under the No-Project 
Alternative. The need for improvements to those levees 
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over time would be evaluated by the local reclamation 
districts. 
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Table 30-1. Historic Flooding and Predicted Statistical Frequency 
of Levee Failures on the DW Project Islands 

Predicted Failures per 100 Years 
Years of 
Levee Under 
Failure Existing After After 

Island Since 1932 Conditions 20 Years 40 Years 

Bacon Island None 5.63 7.25 8.77 

Webb Tract 1950, 1980 8.81 9.29 9.29 

Bouldin Island None 18.25 18.25 18.25 

Holland Tract 1980 4.17 5.68 7.89 .. 

Source: DWR 1982. 
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Table 30-2. Predicted Future Subsidence on the DW Project Islands 

Predicted 
Estimated Estimated Additional Predicted 

Subsidence Maximum Future Subsidence Island Bottom 
since Thickness of Rate of in Next Elevation by 

Reclamation Organic Soils Subsidence SO Years• 2032b 
Island (feet) (feet) (inches/year) (feet) (feet) 

Bacon Island 18 18 3.0 13 -31 

Webb Tract 18 33 3.0 13 -31 

Bouldin Island 17 31 3.0 13 -30 

Holland Tract 16 24 3.0 13 -29 

Base year is 1982; therefore, this table shows estimates of subsidence between 1982 and 2032 . .. 
b Predicted island bottom elevation is sum of"Subsidence since Reclamation" and "Predicted Additional Subsidence in 

Next SO Years". Elevation is in relation to mean sea level. 

Source: DWR 1982. 
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Table 3D-3. Expenditures for Emergency Levee Repairs (1980-1986) and Levee Maintenance (1981-1986) 
on the DW Project Islands ($1 ,000) 

Maintenance Expenditures 
Emergency Expenditures ( 1980-1986) (1981-1986) 

Island Nonproject 
(Reclamation Levee Local Local 
District No.) Mileage Federal• Stateb District Total State0 District Total Public 

I 

. -
Bacon Island 14.3 467 259 74 800 354 482 836 1,080 
(2028) 

Webb Tract 12.8 14,537 6,846 582 21,965 12 25 37 21,395 
(2026) 

Bouldin Island 18.0 2,350 2,103 288 4,741 118 221 339 4,571 
(756) 

Holland Tract 10.9 6.655 1,837 ill 8,669 59 91 150 8.551 
(2025) 

Total 56.0 24,009 11,045 I, 121 36,175 543 819 1,362 35,597 

• Federal emergency expenditures through the Federal Emergency Management Agency (FEMA). 

b State emergency expenditures under the Natural Disaster Assistance Act (NDAA). 

c State maintenance expenditures under the Delta Levee Maintenance Subventions Program. 

Source: DWR 1993. 

Combined 
Expenditures 

Local Total 
District Expenditures 

556 1,636 

607 22,002 

509 5,080 

268 8.819 

1,940 37,537 



Table 3D-4. Asswned Borrow Site Requirements for Alternatives I and 2 

Perimeter levees 
Bacon Island 
Webb Tract 
Bouldin Island 
Holland Tract 

Inner levees 
Bacon Island 
Webb Tract 
Bouldin Island 
Holland Tract 

Total levee borrow 
Bacon Island 
Webb Tract 
Bouldin Island 
Holland Tract 

Source: Forkel pers. comm. 

Borrow 
Quantity 

(cubic yards) 

330,000 
410,000 

1,830,000 
250,000 

160,000 
600,000 

•' 400,000 
200,000 

490,000 
1,010,000 
2,230,000 

450,000 

Depth 
(feet) 

5 
5 

10 
5 

5 
5 
5 
5 

5 
5 

5 or 10 
5 

Borrow Site Configuration 

Total Area 
(acres) 

41 
51 

113 
31 

20 
74 
50 
25 

61 
125 
163 
56 

Average Size 
(acres) 

10 
10 
10 
10 

10 
10 
10 
10 

10 
10 
10 
10 



Table 3D-5. Assumed Borrow Site Requirements for Alternative 3 

Borrow Site Configuration 

Borrow 
Quantity Depth Total Area Average Size 

(cubic yards) (feet) (acres) (acres) 

Perimeter levees 
Bacon Island 330,000 5 41 10 
Webb Tract 410,000 5 51 10 
Bouldin Island 1,830,000 10 113 10 
Holland Tract 250,000 5 31 10 

Inner levees 
Bacon Island 160,000 5 20 10 
Webb Tract 600,000 5 74 10 
Bouldin Island 400,000 5 50 10 

•' 
Holland Tract 200,000 5 25 10 

DSOD levee borrow 
Bouldin Island 8,900,000 30 184 184 

Total levee borrow 
Bacon Island 490,000 5 61 10 
Webb Tract 1,010,000 5 125 10 

f Bouldin Island 11,130,000 5, 10, or 30 347 10 ~~ 

'-- Holland Tract 450,000 5 56 10 

Source: Forkel pers. comm. 
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Chapter 3E. Affected Environment and Environmental 
Consequences - Utilities and Highways 

SUMMARY 

This chapter discusses the effects of constnJction and operation of the DW project alternatives on existing utility 
infrastnJcture, public services, highways, county roads, and ferry services on the DW project islands. 

Implementation of Alternative 1, 2, or 3 would result in significant impacts on electrical utilities and emergency 
services. Existing Pacific Gas and Electric Company (PG&E) overhead transmission lines would be inundated on 
reservoir islands during water storage operations and would need to be extended on Webb Tract, Bouldin Island, and 
Holland Tract to serve proposed siphon, pump, and recreation facilities. Operation of the recreation facilities on the DW 
project islands would increase di/mandfor police and fire services on the DW project islands and in adjacent waterways. 
These impacts are considered significant. To mitigate impacts on electrical utilities to a less-than-significant level, DW. 
in coordination with PG&E, would permanently relocate the affected electrical transmission lines on reservoir islands 
to the improved perimeter levees during project constnJction and would extend the existing electrical transmission lines 
on the DW project islands to serve new facilities. DW would also incorporate adequate lighting, security services, and 
fire protectionfoatures into design and operation of the recreation facilities to reduce impacts on police and fire services. 
Also, under Alternative 3, fog hazard along SR I 2 on Bouldin Island could increase and result in a significant and 
unavoidable impact on traffic safety; no mitigation is available to reduce this impact to a less-than-significant level. 
Implementing Alternative 1, 2, or 3 is not expected to result in any significant cumulative impacts. 

Implementation of Alternative 1, 2, or 3 would result in less-than-significant impacts on PG&E gas lines on Bacon 
Island; ferry service operations to Webb Tract; and water supply, sewage, and solid waste facilities and services. 
Additionally, implementation of Alternative 3 would result in a less-than-significant impact on the structural integrity of 
SR 12. 

Beneficial impacts on utilities and roadways are associated with improvement of existing levees under Alternative 1, 
2, or 3. Utilities and county roads on levees would benefit from levee improvements on the DW project islands, and 
electrical transmission lines and utility facilities on adjacent islands would benefit from the overall reduction in cumulative 
risk of levee failure in the area. 

Implementation of the No-Project Alternative would increase the subsidence rate of DW project island soils and, 
consequently, would increase the risk of failure of roads associated with DW island levees, maintenance requirements for 
gas lines on Bacon Island, and risk of stnJctural failure and need for maintenance of transmission lines. 

AFFECTED ENviRONMENT 

This section describes the utility and roadway infra
structure on the DW project islands. Information on utili
ties and roadways is based, in part, on information collec
ted for the 1990 draft EIR/EIS. Where conditions have 
not changed, this information has been used to describe 
current conditions. The description of utilities and road
way conditions has been updated, however, to reflect 

Delta Wetlands Draft EIR!EIS 

87-119M\CH3E 3E-l 

changes in public access on Holland Tract Road, recon
struction ofBacon Island Bridge, and electrical utility line 
mapping and information on ferry service for Webb 
Tract More infonnation on existing use of roads is given 
in Chapter 3L, "Traffic". 
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Sources of Information 

Information on utilities, services, and highways on 
the DW project islands was collected from current maps 
and communication with the affected public utility or 
service agency, county, or state agency. The DWR 1993 
Delta atlas (DWR 1993) provided baseline mapping 
information. 

Highways, County Roads, 
and Ferry Service 

Figure 3E-1 shows the highways and county roads in 
the project vicinity. 

Bacon Island 

A cotmty road provides limited access to portions of 
Bacon Island (Figure 3E-l). Bacon Island Road enters 
Bacon Island near its southeast corner and runs north
ward on the eastern perimeter levee to a private bridge to 
Mandeville Island; the road provides access to the Bull
frog Landing Marina and agricultural properties on 
Bacon Island. 

As part of the San Joaquin County Regional Trans
portation hnprovement Program, realignment and recon
struction of the Bacon Island Bridge between Bacon 
Island and Mandeville Island began in April 1994 (Vidad 
pers. comm.). The new bridge will be located approxi
mately 300 feet north of the existing bridge. Construction 
activities are expected to last approximately 3 years; no 
construction would take place from February through July 
of each year. 

Webb Tract 

No county roads exist on Webb Tract; the Delta 
Ferry Authority provides ferry service to Webb Tract 
from Jersey Island (Figure 3E-1 ). The ferry operates 
from 8:00 a.m. to 5:00 p.m.;-Monday through Friday 
during fall, winter, and spring and Friday through Tues
day during summer. A total of 10,440 passengers used 
the ferry system in Contra Costa County in fiscal year 
1991-1992 (California Office ofthe Controller 1993). 
Based on this figure, year-round average daily use is esti
mated to be 40 passengers. The ferry system is funded 
under a resolution by Contra Costa County, Webb Tract 
Reclamation District, and the Bradford Island Reclama
tion District, at one-third per entity. 
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Bouldin bland 

SR 12, a tw~lane highway between Lodi on the east 
side of the Delta and Rio Vista on the west side of the 
Delta, crosses Bouldin Island (Figure 3E-l). SR 12 runs 
along the bottom ofBouldin Island at 10-15 feet below 
water levels in exterior channels. At the east end of the 
island, SR 12 crosses Little Potato Slough on a swing 
bridge, and at the west end of the island it crosses the 
Mokelumne River, also on a swing bridge. No county 
roads exist on Bouldin Island. 

Holland Tract 

Holland Tract Road, a county road, enters the south
west corner ofHolland Tract (Figure 3E-l ). Since 1991, 
access northward on the western perimeter levee has · 
been blocked by a locked gate. This county road also 
runs eastward on the south levee to the Holland Tract 
Marina at the southeast comer of the island, where it also 
ends at a locked gate. In 1993, the Contra Costa County 
Department ofPublic Works abandoned those sections of 
Holland Tract Road on the west and east perimeter levees 
past the locked gates (Badst pers. comm.). 

Gas Facilities and Transmission 
Pipelines 

Although no operating gas wells exist on the project 
islands, exploratory wells are continually being drilled 
throughout the Delta. Known underground gas fields and 
storage areas in the project vicinity are shown in Figure 
3E-2. The possibility exists for gas wells to be drilled 
and even produce gas from the project islands because of 
third-party mineral right holders. Gas wells could be 
drilled on the reservoir islands during drawdown periods. 
The compatibility of gas drilling with water storage or 
wildlife habitat management of the islands would be re
viewed by the lead agencies or oversight management 
team for the habitat islands; the administering county; and 
the California Department of Conservation, Division of 
Oil and Gas, prior to granting an oil or gas well permit 
for gas exploration on the islands. The county would be 
the lead agency under CEQA for permitting gas wells. 

hnplementation of the DW project would not affect 
the likelihood of gas exploration on DW project islands; 
mineral rights would not change under the DW project 
from current conditions, and future proposals to drill on 
the islands would be subject to environmental review by 
the county and by the California Department of Conser
vation under an oil or gas well permit. Assumptions 
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regarding the future locatioos and timing of gas well drill
ing on the project islands would be speculative and these 
issues are not addressed in the EIRIEIS. 

Bacon Island 

PG&E operates one high-pressure gas transmission 
line that crosses Bacon Island. Another gas transmission 
line owned by PG&E crosses the island but is not in 
operation (Figure 3E-3). The operating line is the only 
connection between PG&E's McDonald Island Storage 
Field to the east and its Bay Area customers. The 
McDonald Island Storage Field is primarily used to 
supply gas during peak winter periods when other 
resources are inadequate to meet immediate demands; the 
facility has supplied gas for up to one-third of PG&E's 
customers during those periods (Stoutamore pers. 
comm.). 

Gas line 57-B serves as an mput and output conduit 
for gas stored in the McDonald Island Storage Field; gas 
line 57-A is not in operation. Line 57-A is an IS-inch
diameter pipeline and Line 57 -B is a 22-inch-diameter 
pipeline. Both lines are buried as they cross Bacon Island 
and are designed to operate under temporary flooded con
ditions on the island. Line 57-A has concrete weights, 
except for approximately 900 feet on the west side of the 
island that are concrete coated. Line 57-B is entirely 
concrete coated. 

Webb Tract 

Chevron owns a gas extraction well on Webb Tract, 
but the well is capped and not operating. 

Bouldin Island and Holland Tract 

No gas facilities or transmission pipelines exist on 
Bouldin Island or Holland Tract. 

Electrical Transmission and 
Distribution Lines 

PG&E operates 12-kilovolt (kV) electrical distri
bution lines on all four project islands to serve residences 
and farm operations (Figure 3E-3). These lines typically 
run on wooden utility poles. 
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Police and Fire Protection Services 

Bacon Island and Bouldin Island 

Police protection for Bacon Island and Bouldin 
Island is provided by the San Joaquin County Sheriff's 
Department. The department's main headquarters is in 
French Camp, California. The San Joaquin County 
Sheriff's department marine patrol division provides 
water patrol services to approximately 600 square miles 
of waterways in the Delta area. The marine patrol unit 
is staffed by four deputy officers and one supervisor, 
reserve officers are also used during major events and 
holidays. The marine patrol division substation, located 
at Steven's Anchorage in Stockton, responds to emer
gencies on Bouldin Island and Bacon Island. Through a 
mutual aid agreement with San Joaquin County, the 
Sacramento County Sheriff's Department, the Contra 
Costa County Sheriff's Department, and the U.S. Coast 
Guard also provide emergency services to Bacon and 
Bouldin Islands if needed. The San Joaquin County 
Sheriff's Department is responsible for law enforcement 
and investigation in the area regarding, but not limited to, 
drownings, boat accidents, drunkenness, theft, vandalism, 
property crimes, trespassing, disturbances, and enforce
ment of boat speed limits. (Bohnak pers. comm.) 

Fire protection for Bouldin Island is provided by the 
San Joaquin County Delta Fire Protection District, Sta
tion 1. The Delta Fire Protection District's service area 
encompasses approximately 95 square miles and pro
vides fire protection and emergency services to Bouldin 
Island. Station 1 is located in Lodi and is staffed by two 
full-time firefighters. Volunteer firefighters are also 
available to respond to fire emergencies as needed. Sta
tion 1 is equipped with four engines, including Type 1, 2, 
and 3 engines; one rescue unit; and two fire boats. The 
fire boats are launched at Tower Park Marina and Para
dise Marina. Response time from Station 1 to Bouldin 
Island is approximately 2-3 minutes. The district has a 
Class VI Fire Department InsuranCe Service Office Rat
ing and operates under a mutual aid agreement with other 
fire departments within San Joaquin County. (Davidson 
pers. comm.) 

Bacon Island is not currently in a fire protection 
district Fire protection services are the responsibility of 
the landowners. 

Webb Tract and Holland Tract 

The Contra Costa County Sheriff's Department 
provides law enforcement services for Webb and Holland 
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Tracts. The department's headquarters is in Martinez. 
The n.tra Costa County Sheriff's Department Delta 
man... patrol division provides emergency service to 
Webb and Holland Tracts through its substation in 
Oakley. The marine patrol is staffed by two deputy 
officers year round; an additional deputy officer is 
available during the peak summer season (Memorial Day 
through Labor Day). Contra Costa County has a state
wide mutual aid agreement with the San Joaquin County 
Sheriff's Department and the U.S. Coast Guard to 
respond to emergency situations in the Delta. Typical 
crimes reported to the sheriff's department in the Delta 
area include disturbances, thefts, and vandalism of pro
perty. (Hunt pers. comm.) 

The Contra Costa County Fire Protection District 
provides fire protection for Holland Tract. The district is 
staffed by approximately 480 full-time firefighters, and 
the district service area encompasses approximately 350 
square miles. Knightsen Station 94,, located in Knightsen, 
provides emergency services to Holland Tract and is 
staffed by volunteer firefighters. Response time from 
Station 94 to Holland Tract is less than 7 minutes. The 
district has a Class ill Fire Department Insurance Service 
Office Rating and operates under a statewide mutual aid 
agreement with other fire agencies in and around San 
Joaquin County. (Bell pers. comm.) 

Similar to Bacon Island, Webb Tract is not currently 
in a fire protection district. Fire protection is the respon
sibility of the landowners. 

Water Supply Facilities and 
Sewage Disposal Service 

Existing water supply and sewage treatment facilities 
support farmsteads, rural residences, and seasonal bar
racks on Bacon Island; trailers, a residence, and a club
house on Webb Tract; rural residences and farmsteads 
mostly north of SR 12 on Bouldin Island; and rural 
residences, a trailer, and two marinas on Holland Tract. 
See Chapter 3I, "Land Use and Agriculture", for more 
information on existing structures and land uses on the 
DW project islands. Agricl.lltural water supply under 
existing conditions is described in Chapters 3A, "Water 
Supply and Water Project Operations", and 3C, "Water 
Quality". 

Water supply for existing buildings and facilities on 
the DW project islands is provided by wells on the 
islands, water pmnped from nearby channels, and bottled 
water service. Well water and pumped water are treated 
on the islands. Treatments include pretreatment reverse 
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osmosis systems and filtering systems. All water services 
are privately managed; no public facilities are available 
on the DW project islands. 

Septic systems are primarily used for sewage dis
posal at existing buildings and facilities on the DW 
project islands. A lagoon treatment system on Holland 
Tract serves a marina. Waste is transported to a "lagoon" 
lined with material to prevent seepage into the ground 
and is treated through evaporation and aerobic decompo
sition. 

Solid Waste Service 

Solid waste collection and disposal service for the 
DW project islands is provided by private waste col
lection service(s) authorized to operate in Contra Costa 
and San Joaquin Counties. The waste is collected and 
transported to the appropriate county landfills in com
pliance with CO\Ulty and state regulations governing solid 
waste disposal. 

The Marine Plastic Pollution Research and Control 
Act of 1987 (33 U.S.C. 1901 et seq.) requires that all 
ports, terminals, and marinas provide adequate reception 
facilities for disposal of garbage from vessels with which 
they conduct commerce. This act sets performance 
standards to ensure that garbage is removed from the 
vessels and processed in accordance with U.S. Coast 
Guard and U.S. Department of Agriculture (USDA) 
regulations. However, the installation of equipment to 
handle garbage is not a requirement. Waste collection 
and disposal activities are also subject to regulations 
stated in the California Administrative Code, Title 14, 
Division 7. (California State Lands Commission 1994.) 

Other Utility Facilities 

PG&E and Western Area Power Administration 
Transmission Lines 

Two major electrical transmission lines cross Hotch
kiss Tract and Veale Tract to the west and southwest of 
Holland Tract: PG&E's 500-kV Table Mountain-to
Tesla line and Western Area Power Administration's 
230-kV Intertie line. 
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Santa Fe Rallroad 

Santa Fe Railroad's Stockton-to-Richmond rail line 
crosses the Delta in an east-west direction immediately 
south of the south end of Bacon Island (Figure 3E-l ). 
The single-track line traverses a narrow linear causeway 
within Santa Fe Cut, which separates Bacon Island :from 
Woodward Island to the south. Santa Fe Cut between the 
south edge of the island and the railroad causeway is 
approximately 400 feet wide along its entire length. 
Nineteen freight trains and eight passenger trains use the 
Richmond-Stockton line daily (Colbert pers. comm.). 

Mokelumne Aqueduct 

East Bay Municipal Utility District (EBMUD) owns 
and operates the Mokelumne Aqueduct, which crosses 
the Delta immediately south of the Santa Fe rail line 
(Figure 3E-l). The aqueduct, consisting of three above
ground steel and concrete pipelmes, crosses Woodward 
Island south of Bacon Island, approximately 800 feet 
south of the rail line. Siphons connect the pipelines 
beneath Old River and Middle River west and east of 
Woodward Island. The aqueduct provides water to over 
1 million people in the east Bay Area. 

IMPACT ASSESSMENT 
MEmO DO LOGY 

Analytical Approach and 
Impact Mechanisms 

Impacts on utilities, services, and highways were 
assessed based on how construction and operation of the 
DW project alternatives would benefit or adversely affect 
the existing utility infrastructure or service. Effects of the 
project alternatives on highways and county roads were 
evaluated based on how the project operation could affect 
the integrity of the roadway levees through wave erosion 
and differential settlement; these effects are based on the 
assessment of levee stability described in Chapter 3D, 
"Flood Control". Potential-ehanges in operation of the 
ferry system to Webb Tract were evaluated through 
discussions with the Delta Ferry Authority and estimation 
of changes in passenger travel during project operation. 
Effects of the project alternatives on gas and electrical 
transmission lines and facilities on the DW project 
islands were determined through discussions with the 
affected utility agency and estimation of alterations to the 
existing infrastructure and any changes in existing oper
ation of the facilities that would be needed during project 
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operatioo. Increased risk to facilities on adjacent islands 
was assessed using estimated changes in risk of levee 
failure during construction and operation of the DW pro
ject alternatives. Potential effects of the DW project 
alternatives on emergency services and public utilities 
were evaluated based on how project operation would 
affect the ability of the service agencies and existing 
facilities to adequately serve the DW project islands. 

There is a potential of some level of continuing sub
sidence on the DW project islands even with the cessa
tion of farming activities. As a result, the water storage 
capacity of the reservoir islands could increase in future 
years. The rate of subsidence, however, would be sub
stantially less than under existing conditions. Reduced 
rates of subsidence and increased water storage capacity 
on reservoir islands would not be expected to substan
tially increase or decrease utility and roadway effects 
analyzed in this chapter. 

Criteria for Determining 
Impact Significance 

An alternative is considered to have a significant 
impact on utilities and highways if it would: 

• increase risk of structural failure of existing 
railways and roadways, gas facilities and pipe
lines, electrical transmission and distribution 
lines, and water distribution facilities; 

• result in a need for new systems, or substantial 
alterations to or increased maintenance of 
power or natural gas facilities, communication 
systems, water infrastructure, sewer lines, septic 
tanks, or solid waste services; 

• result in increased demand for existing emer
gency services beyond their current capacity; or 

• increase traffic hazards to motor vehicles, 
bicyclists, or pedestrians by degrading the exist
ing infrastructure. 

An alternative is considered to have a beneficial 
impact on utilities and highways if it would improve the 
existing utility or roadway infrastructure. 
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IMPACfS AND MITIGATION 
MEASURES OF 

ALTERNATIVE I 

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 secondary uses. The impacts 
of Alternative 1 on utilities and highways in the project 
area are described below. Most of the impacts on utilities 
and highways under Alternative 1 are considered less 
than significant; mitigation is recomm~ded for one 
impact that is considered significant. 

Highways, County Roads, 
and Ferry Serv!~e 

Bacon Island 

Under Alternative 1, Bacon Island Road, the existing 
county road, would remain along the east side of Bacon 
Island to the private bridge to Mandeville Island. Imple
mentation of Alternative 1 would improve the eastern 
perimeter levee on Bacon Island, thereby improving the 
structural integrity of Bacon Island Road. 

Construction of Alternative 1 would not conflict with 
reconstruction of the Bacon Island Bridge. Public access 
to Bacon Island will be maintained during construction, 
and flooding of the island is not anticipated to conflict 
with construction access for Bacon Island Bridge recon
struction. DW will coordinate with San Joaquin County 
and the California Department of Transportation (Cal
trans) during DW construction scheduling to plan levee 
construction work on Bacon Island in conjunction with 
the Bacon Island Bridge reconstruction. Therefore, 
implementation of Alternative I would not affect Bacon 
Island Bridge reconstruction. 

Chapter 3D, "Flood Control", discusses the topic of 
levee reliability with regard to"wave erosion and settle
ment, and Chapter 3L, "Traffic", addresses any construc
tion-related safety and traffic impacts on Bacon Island 
Road. 

Webb Tract 

Implementation of Alternative 1 would reduce ferry 
traffic from Jersey Island to Webb Tract as farming 
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operations on Webb Tract cease. However, the ferry 
would be used by DW workers and by recreationists to 
reach the island during project operation. Based on esti
mated recreation use-days wtder Alternative 1 (see Chap
ter 3J, "Recreation and Visual Resources"), the number 
of ferry passengers is expected to decline to approxi
mately 55% of existing use during hunting season (Octo
ber-Janumy). Feny use during spring and summer could 
also decline substantially. However, the current opera
tion schedule for the ferry is not proposed to change 
dwing project operation. Because revenues for the ferry 
are not generated by passenger fees, funding for the ferry 
system would not be affected by reduced use during 
project operation, and the likelihood of service failure 
would not increase due to financial constraints. The 
operation and maintenance cost of running the ferry may 
decline as ferry traffic, especially heavy grain truck 
traffic, is reduced after project implementation. 

Bouldin Island 

Water storage levels during operation of the pro
posed project would not differ significantly from existing 
storage levels during agriculture production, so the risk 
oflevee failure or traffic hazards (e.g., fog) along SR 12 
would not change under Alternative 1. Therefore, imple
mentation of Alternative 1 would not affect SR 12. 

Holland Tract 

As on Bouldin Island, projected water storage levels 
on Holland Tract under Alternative I would not exceed 
current water storage levels. Holland Tract Road would 
not be adversely affected by management of the island for 
wildlife habitat; the road would benefit from levee ero
sion control measures (i.e., levee revegetation) under 
Alternative 1. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact E-1: Increase in the Structural Integrity 
of County Roads. Implementation of Alternative 1 
would result in levees swrounding reservoir islands being 
raised and widened. Erosion-resistant facing would be 
placed on the interior slopes of the levees. These levee 
improvement activities would increase the structural 
integrity of Bacon Island Road on the eastern perimeter 
levee of Bacon Island. 

Because subsidence rates on habitat islands would 
decrease under Alternative I, the stability of levees 
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surrounding Bouldin Island and Holland Tract would 
increase. DW would undertake levee rehabilitation on 
the habitat islands as needed consistent with the state 
standards described in DWR Bulletin 192-82 (DWR 
1982), which would strengthen the levees. Holland Tract 
Road would benefit from the increased levee stability and 
the probable reduction of road maintenance activities. 
(See Appendix D2, "Levee Design and Maintenance 
Measures", for more detailed information regarding 
subsidence and erosion control.) This impact is therefore 
considered beneficial. 

Mitigation. No mitigation is required. 

Impact E-2: Reduction in Ferry Traffic from 
Jersey Island to Webb Tract. Implementation of 
Alternative I would cause cessation of farming opera
tions on Webb Tract, and ferry traffic from Jersey Island 
to Webb tract would decline. Alternative I could gener
ate approximately IS passengers 1?~ hunting day (3 hunt
ing days per week during the October-January season) for 
recreation access to Webb Tract, resulting in a decline of 
ferry use from the existing average of 40 passengers per 
day. The current ferry schedule (5 days per week) would 
not change during project operation. The ferry would 
provide transportation for DW workers year round. A 
projected net decline in ferry use during project operation 
would not result in a need for a new system or adversely 
affect operation and maintenance of the existing system. 
Reductions in traffic on the ferry, especially heavy grain 
truck traffic during harvest, could result in reduced opera
tions and maintenance costs. Therefore, this impact is 
considered less than significant. 

Mitigation. No mitigation is required. 

Gas Facilities and Transmission 
·Pipelines 

Bacon Island 

Flooding of the PG&E easement on Bacon Island 

The pipelines across Bacon Island would not require 
major structural modification under the proposed project. 
The operating gas line on Bacon Island is concrete 
coated, so it can withstand temporarily flooded condi
tions. The abandoned pipeline on Bacon Island may need 
to be anchored before island flooding to prevent it from 
floating (Grimm pers. comm.). 

The proposed levee buttressing could cause differen
tial settlement where the gas lines penetrate the Bacon 
Island exterior levees. During levee strengthening, DW 
engineers would monitor rates of settlement, and if levee 
stability problems are detected, initial operations would 
be halted until the problem is corrected. After levee 
improvements are completed, DW would conduct weekly 
inspections to check for potential problems, including 
levee stability and settlement, at existing gas lines. If 
weekly inspection indicates that settlement, erosion, cir 
slumping at the gas lines have occurred, DW will notifY 
PG&E and DW will implement corrective measures to 
mitigate any decrease in levee stability near the gas lines. 
See Appendix D2, "Levee Design and Maintenance 
Measures", for more detail on monitoring and corrective 
measures for levee stability issues. Although imple
mentation of Alternative 1 could result in minor stability 
effects on existing gas lines at the exterior levees, imple
menting the measures described above would decrease 
the risk of failure of the gas lines. 

As part of its pipeline maintenance procedure, 
PG&E conducts annual walking inspections along the 
pipeline route to check for slow leaks or evidence of 
internal corrosion. Valves are also monitored for 
pressure fluctuations that could be caused by leaks 
(Grimm pers. comm.). Implementation of Alternative 1 
would not affect PG&E's routine maintenance along the 
pipeline; inspections could occur during dry periods, and 
no valves are located on the island. Inundation of the 
island, however, could slow PG&E's response time to 
repair a line if one failed while the island was flooded. 

Currently, to respond to an emergency line failure on 
Bacon Island, PG&E would: 

would not increase the risk of structural failure of the • shut off gas flowing through the line at the near
est valves (2.9 miles east of the east side of 
Bacon Island on McDonald Island and 5.2 miles 
west of the west side of Bacon Island); 

operating gas line or cause a1>hysical change in PG&E's 
ability to supply gas to Bay Area customers. The risk of 
pipeline breakage, which is generally caused by internal 
corrosion, ground settlement, or physical damage from 
ground-disturbing equipment (e.g., farm equipment), • 
would not increase under proposed project conditions. 
Indeed, the risk of pipeline rupture may decline because 
implementation of the DW project would eliminate 
ground disturbance from agricultural practices on Bacon 
Island. 
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release gas within the pipeline section that 
crosses the island at one of the shut-off valves; 
and 
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• drive equipment to the leak site, uncover the 
pipe, cut out the damaged section, and weld a 
new section in place (Warner pers. comm.). 

Under Alternative I, this procedure would continue to be 
used during dry periods. 

To service a line that failed on Bacon Island during 
water storage operations, PG&E would use a process 
similar to that used for lines under Delta channels. When 
a line breaks under a Delta channel, PG&E bores a new 
pipeline under the channel adjacent to the damaged line. 
The new pipeline is welded into the existing line on both 
sides of the channel, and the damaged line is abandoned. 
PG&E does not work through water to make repairs and 
is not currently equipped to service pipelines through 
water with divers and underwater equipment. (Warner 
pers. comm.) 

If an emergency leak occun;c;d on Bacon Island 
during water storage operations, PG&E would have to 
bore a new line (approximately 2 miles long) under the 
island. Construction of a new line under Bacon Island 
when the reservoir is full would be costly and time con
suming. It could take 2-3 weeks to bore a new line under 
Bacon Island. Given PG&E's current operating proce
dures and equipment, underwater repair would not be a 
feasible alternative if a leak were to occur during water 
storage. 

There is little likelihood of a line rupturing on Bacon 
Island when water storage operation coincides with criti
cal gas line operation. This conclusion is based on the 
following considerations: 

• Emergency ruptures on Bacon Island under the 
proposed project would be caused by internal 
corrosion or settlement pressures. Currently, 
pipeline ruptures in the Delta caused by internal 
corrosion are infrequent (Warner pers. comm.). 
PG&E more often must respond to leaks caused 
by farm equipment; emergency repairs in the 
Delta caused by ground-disturbing equipment 
generally occur once or twice a year. 

• Annual inspections mat can detect slow leaks, 
identify potential settlement problems, and 
prevent future ruptures in those areas by pre
scribing immediate repair work will still be 
conducted on the island during dry periods. 

• Bacon Island will not be at full storage year 
round or every winter. Based on modeling of 
water storage operations for Alternative I , it is 
estimated that Bacon Island would be at full 
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storage approximately 500/o of winters (filled by 
the end of December). 

• McDonald Island is not the primary gas source 
for the Bay Area. The line crossing Bacon 
Island is used only during JX:ak winter periods 
when other supplies are inadequate to meet 
immediate demands. Therefore, the use of the 
line crossing Bacon Island is only critical during 
these peak hours or days. 

In conclusion, implementation of Alternative 1 
would adversely affect PG&E's gas operations only if a 
line rupture caused by internal corrosion or settlement 
problems occurs along the 2-mile stretch of pipeline 
across Baoon Island while the island is flooded and the 
delivery of gas through the pipeline is critical to Bay Area 
customers. For the reasons stated above, the occurrence 
of these specific conditions during the 50-year project 
planning period is considered to be unlikely. 

Webb Tract 

The Chevron gas well on Webb Tract is capped and 
not operating. The capped well would not be disturbed 
during project construction or water storage operations. 
Therefore, Alternative 1 would not affect gas facilities on 
Webb Tract. 

Bouldin Island and Holland Tract 

As stated previously, no gas facilities or transmission 
pipelines exist on Bouldin Island or Holland Tract. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact E-3: Increase in the Risk to Gas lines 
Crossing Exterior Levees on Bacon Island. Imple
mentation of Alternative 1 would not substantially in
crease the risk of failure of gas lines at the exterior levees 
because settlement and erosion monitoring and control 
measures would be implemented as part of the OW 
project (see Appendix 02 for more detail regarding 
settlement and erosion control). Therefore, this impact is 
considered less than significant. 

Mitigation. No mitigation is required. 

Impact E-4: Increase in PG&E Response Time 
to Repair a Gas Line Failure on Bacon Island. 
Implementation of Alternative I would cause an increase 
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in PG&E's current response time to repair a gas line 
failure on Bacon Island during water storage. Based on 
the risk assessment described above, there is little likeli
hood of a line failure occurring when water storage oper
ations are concurrent with peak gas demand periods. 
Therefore, this impact is considered less than significant. 

Mitigation. No mitigation is required. 

Electrical Transmission and 
Distribution Unea 

Bacon Island 

PG&E may provide electrical service for the dis
charge pwnp stations on the reservoir islands wtder 
Alternative 1. This would require adding capacity to the 
existing transmission lines but ~ould not require new 
transmission easements or structures on Bacon Island. 
Therefore, Alternative 1 would not substantially change 
the existing electrical infrastructure by increasing capa
city on the lines. 

Electrical lines along Bacon Island's perimeter 
levees would be modified as needed during project con
struction and levee improvements. OW would negotiate 
with PG&E regarding necessary arrangements for the 
needed work. Modifications to existing lines during levee 
construction would not substantially alter the existing 
system ori Bacon Island. Before temporary or permanent 
modification or relocation of existing electrical lines, OW 
would conduct special-status plant surveys in areas that 
could be affected by the proposed modifications. If 
threatened or endangered plant species are fowtd, OW 
will avoid disturbing those plants when making changes 
to existing electrical lines. 

Webb Tract 

As stated previously, PG&E may provide electrical 
service for discharge pwnp stations on the reservoir 
islands. If provision of electrical service is required, 
PG&E would add capacity to the existing transmission 
lines. Adding capacity would not require new transmis
sion easements or structures, as described above for 
Bacon Island. 

Some transmission lines are located on Webb Tract 
on the perimeter levees, and one line traverses the island. 
Consequently, inwtdation of Webb Tract would alter the 
existing system. The PG&E overhead transmission line 
that crosses the bottom of Webb Tract and connects to 
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Bradford Island and Mandeville Island transmission lines 
(Figure 3E-3) would need to be relocated during con
struction. This would substantially affect the existing 
infrastructure on Webb Tract. Before temporary or 
pem1anent modification or relocation of existing electri
callines, OW would conduct special-status plant surveys 
in areas that could be affected by the proposed modifi
cations. If threatened or endangered plant species are 
found, OW will avoid disturbing those plants when mak
ing changes to existing electrical lines. 

Bouldin Island and Holland Tract 

Wildlife habitat management on Bouldin Island and 
Holland Tract would be compatible with operation of 
PG&E electrical facilities. Some existing distribution 
lines that serve farming operations would no longer be 
needed. Infrastructure stability may be enhanced and 
maintenance needs reduced wtder Alternative I condi
tions because subsidence rates will be lower with wildlife 
management uses than wtder existing agriculture man
agement Chapter 30, "Flood Control", discusses subsi
dence rates wtder existing and project conditions. Wild
life habitat management would not affect existing electri
cal utility lines on Holland Tract and Bouldin Island. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact E-5: Inundation of Electrical Trans
mission Utilities on the Reservoir Islands. Implemen
tation of Alternative I would cause inwtdation of existing 
PG&E overhead transmission lines on Webb Tract dur
ing water storage operations. Maintenance of electrical 
service between Bradford Island and Mandeville Island 
would require raising or relocating the transmission lines. 
This impact is considered significant. 

Implementing Mitigation Measure E-1 would reduce 
Impact E-5 to a less-than-significant level. 

Mitigation Measure E-1: Relocate Electrical 
Transmission Lines to the Perimeter Levee around 
Webb Tract. OW, in coordination with PG&E, shall 
pennanently relocate the existing electrical transmission · 
lines on Webb Tract to the improved perimeter levees 
during project construction. The new or relocated trans
mission lines would be located along perimeter levees 
and would be installed overhead near the toe of the new 
slopes, similar to existing installations. Before temporar
ily or permanently modifying or relocating existing elec
trical lines, OW would conduct special-status plant sur
veys in areas that could be affected by the proposed 
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modifications. If threatened or endangered plant species 
are folUld, DW will avoid disturbing those plants when 
making changes to existing electrical lines. 

Impact E-6: Po11ible Need to Increase Capacity 
of the Existing Electrical Transmission Lines on the 
DW Project Islands. Implementation of Alternative I 
may require PG&E to provide electrical service for 
discharge pwnp stations, siphon stations, and recreation 
facilities on the DW project islands. If electrical service 
is required, PG&E would add capacity to the existing 
transmission lines. The proposed locations for some 
pump and siphon stations and recreation facilities (see 
Chapter 2, Figures 2-2 and 2-3) are adjacent to or within 
existing electrical line easements. Increasing capacity of 
existing transmission lines would not require new trans
mission easements or structures on the islands. There
fore, this impact is considered less than significant. 

Mitigation. No mitigati9n is required. 

Impact E-7: Possible Need to Expand the 
Existing Electrical Transmission Lines on Webb 
Tract, Bouldin Island, and Holland Tract to Sen'e a 
Proposed Siphon Station and Recreation Facilities. 
Implementation of Alternative I may require PG&E to 
provide electrical service to a siphon station on the 
northeast end of Webb Tract and to recreation facilities 
along the perimeters of Webb Tract, Bouldin Island, and 
Holland Tract that would not easily be serviced by 
existing lines. Because service to these facilities would 
require an extension of existing service lines, this impact 
is considered significant. 

hnplementing Mitigation Measure E-2 would reduce 
Impact E-7 to a less-than-significant level. 

Mitigation Measure E-2: Extend Electrical 
Transmission Lines to Sen'e New Siphon and Pump 
Stations and Recreation Facilities. DW, in coordi
nation with PG&E, shall extend existing electrical trans
mission lines on the reservoir islands where needed to 
serve new siphon and pwnp stations and recreation 
facilities. Before modifYing existing electrical lines, DW 
would conduct special-status plant surveys in areas that 
could be affected by the proposed modifications. If 
threatened or endangered plant species are foWld, DW 
will avoid disturbing those plants when making changes 
to existing electrical lines. 
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Police and Fire Protection Sen'ices 

hnplementation of Alternative I would result in an 
incremental increase in demand for.police and fire pro
tection services on the DW project islands. Construction 
and operation of the proposed recreation facilities on the 
DW project islands would result in the following con
ditions that would contribute to the need for emergency 
services: 

• construction of new buildings, 

• an increase in the number of people visiting the 
DW project islands, 

• an increase in boating use on waterways adja
cent to the DW project islands, and 

• establishment ofboat facilities, which common
ly attract criminal activities (e.g., vandalism and 
theft). 

Therefore, operation of the recreation facilities Wlder 
Alternative 1 would increase the need for emergency 
services on the DW project islands. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact E-8: Increase in Demand for Police 
Sen'ices on the DW Project Islands. hnplementation 
of Alternative 1 would increase demands on police 
service during project operation. Construction of the 
recreation facilities would increase recreation activity in 
the Delta and could attract criminal activity, which is 
currently very low on the DW project islands. This 
impact is considered significant. 

Implementing Mitigation Measures E-3 and E-4 
would reduce Impact E-8 to a less-than-significant level. 

Mitigation Measure E-3: Provide Adequate 
Lighting in and around Buildings, Walkways, Park
ing Areas, and Boat Berths. DW should provide 
illumination, in compliance with the recommendations of 
the Contra Costa CoWlty Sheriffs Department and the 
San Joaquin CoWlty Sheriff's Department, in and aroWld 
recreation facilities, walkways, parking areas, and boat 
berths on all the DW project islands. Also, DW should 
consult with both sheriffs departments for building 
design recommendations in order to avoid features that 
may promote criminal activity. 
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Mitigation Measure E-4: Provide Private 
Security Servket for Recreation Facilities and Boat 
Dockl. OW should provide 24-bour onsite private secur
ity for the recreation facilities and boat docks on all four 
OW project islands. The security service will assist the 
San Joaquin County Sheriff's Department and Contra 
Costa County Sheriff's Department by deterring criminal 
activity. 

Impact E-9: Increase in Demand for Fire 
Protection Servket on the DW Project Ialands. 
Implementation of Alternative 1 would increase demands 
on fire protection services during project operation. 
Construction of the recreation facilities would increase 
the number of people recreating on the OW project 
islands. Also, two of the OW project islands (Webb 
Tract and Bacon Island) are not currently serviced by a 
fire protection district. This impact is considered signifi
cant. 

Implementing Mitigation Measures E-5 and E-6 
would reduce Impact E-9 to a less-than-significant level. 

Mitigation Measure E-5: Incorporate Fire 
Protection Features into Recreation Facility Design. 
OW should incorporate the required design features 
identified in the Uniform Building Codes and the Uni
fonn Fire Codes into the design of the recreation facilities 
and boat docks. 

Mitigation Measure E-6: Provide Fire Pro
tection Services to Webb Tract and Bacon Island. 
OW, in coordination with the county and the local agency 
formation commission (LAFCO), should incorporate 
Webb Tract and Bacon Island into an existing fire protec
tion district or create a new fire protection district to 
serve these islands. 

Water Supply Facilities and 
Sewage Disposal Service 

Implementation of Alternative 1 would require the 
provision of water and sewage services to the proposed 
recreation facilities on the..OW project islands. OW 
would need to provide new water sources and supply 
infraslructure for the recreation facilities. The recreation 
facilities would use gray water wherever possible to 
reduce the need for potable water consistent with county 
policies. To support recreation facilities, OW will need 
to increase bottled-water delivery service, drill and 
maintain new wells, and construct water treatment facili
ties as necessary to supply water at the recreation facili
ties. 
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OW will need to install sewage disposal systems that 
meet San Joaquin County and Contra Costa County 
requirements and standards for sewage disposal systems 
and design at the proposed recreation facilities. Facilities 
on the habitat islands would most likely be served by 
septic systems, and facilities on the reservoir islands 
would be se&Ved by a dual treatment system whereby gray 
wata" is treated to a tertiary level and released and black 
water is held in the system for offsite disposal. 

OW will need to obtain the appropriate state and 
local permits for these facilities. Design of sewage dis
posal and water supply facilities would be site specific for 
each recreation facility, and the governing county would 
approve the final designs before issuing building or en
croachment permits. 

Implementation of Alternative 1 would also increase 
boating use and demand for boating-related sewage treat
ment and pwnpout facilities. Pumpout stations would not 
be constructed at the recreation facility boat docks for 
sewage disposal. Boaters docked at the OW project 
facilities would use pumpout stations open to the public 
on Andrus Island, Empire Tract, Bethel Island, Termi
nous Tract, or other pUillJXlllt stations in the Delta (Figure 
3E-4). Wau:r quality issues associated with boat use and 
sewage disposal are addressed in Appendix C6, "Assess
ment of Potential Water Contaminants on the Delta 
Wetlands Project Islands". 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact E-10: Increase in Demand for Water 
Supply Services. Implementation of Alternative 1 would 
increase the need for potable water on the OW project 
islands. As part of the recreation facility design, OW will 
increase bottled-water delivery service, drill new wells, 
and incorporate water purification techniques as neces
sary to increase water supply at the recreation facilities. 
New services would need to be consistent with county 
policies. Therefore, this impact is considered less than 
significant. 

Measures that would minimize the effects of this 
impact have been incorporated into the project descrip
tion. However, implementing Mitigation Measure E-7 
would monitor the effectiveness of those measures. 

Mitigation Measure E-7: Obtain Appro
priate Local and State Permits for Recreation Facil
ity Services and Utilities. Before construction of the 
proposed recreation facilities, OW should demonstrate to 
the Corps and SWRCB that it has obtained all required 
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pennits and approvals from local and state agencies for 
the design and construction of utilities and services 
including, but not limited to, water supply, sewage dispo
sal, and solid waste disposal on the OW project islands. 

Impact E-ll: Increase in Demand for Sewage 
Disposal Sen'ices. Implementation of Alternative I 
would result in an increased need for sewage disposal at 
the proposed recreation facilities. As part of the recrea
tion facility design, OW will install a new sewage dis
posal system at each facility consistent with San Joaquin 
CoWlty and Contra Costa Co\Ulty requirements for sew
age disposal systems and design. Therefore, this impact 
is considered less than significant. 

Measures that would minimize the effects of this 
impact have been incorporated into the project descrip
tion. However, implementing Mitigation Measure E-7 
(described above) would monitor the effectiveness of 
those measures. ,. 

Mitigation Measure E-7: Obtain Appro
priate Local and State Permits for Recreation Facil
ity Sen'ices and Utilities 

Solid Waste 

Under Alternative I, use of the recreation facilities 
would increase demand for solid waste removal services 
on the OW project islands. OW would need to contract 
with a private waste collection and disposal service 
authorized to operate in Contra Costa CoWlty and San 
Joaquin CoWlty to serve the recreation facilities. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact E-12: Increase in Demand for Solid 
Waste Removal Implementation of Alternative I would 
result in the need for solid waste removal at the recreation 
facilities. OW will contract with a private waste collec
tion and disposal service to respond to the need for 
removal of solid waste from the recreation facilities. The 
amount of solid waste generated at the recreation facili
ties would not likely exceed capacity of the collection 
service or local landfills. Therefore, this impact is con
sidered less than significant. 

Measures that would minimize the effects of this 
impact have been incorporated into the project descrip
tion. However, implementing Mitigation Measure E-7 

Delta Wetlands Draft EIR!EIS 

87-119AA\CHJE 3E-12 

(described above) would monitor the effectiveness of 
those measures. 

Mitigation Measure E-7: Obtain Appro
priate Local and State Permits for Recreation Facil
ity Sen'ices and Utilities 

Infrastructure Facilities on 
Adjacent Islands 

Infraslructure on adjacent islands includes transpor
tation and water conveyance facilities (Figure 3E-l), 
WldergroWld gas fields and storage areas (Figure 3E-2), 
and gas and electrical transmission lines (Figure 3E-3). 
Increased risk of levee failure and seepage to adjacent 
islands caused by proposed water storage on Bacon· 
Island and Webb Tract could threaten the reliability of 
these facilities and increase maintenance and repair costs; 
however, OW has made a commitment to improve levees 
arotmd OW islands, which would increase the reliability 
of the OW island levees. OW will also mitigate any seep
age problems beyond existing seepage levels by installing 
an interceptor well system aroWld the project island 
levees (see Appendix 02, "Levee Design and Mainte
nance Measures", for more information on seepage con
trol). Project features would maintain potential levee 
stability and seepage impacts at existing levels or better, 
so implementation of Alternative 1 would not increase the 
risk to adjacent utilities. Adjacent utilities would not be 
affected by Alternative 1. 

IMPACTS AND MITIGATION 
MEASURES OF 

ALTERNATIVE 2 

Impacts and mitigation measures Wlder this alter
native are the same as Wlder 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. 
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 utili
ties and highways in the project area are described below. 
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Most of the impacts on utilities and highways are con
sidered less than significant; mitigation is reconunended 
foc one impact that is considered significant, and no miti
gation is available foc one impact that is considered signi
ficant. 

Highways, County Roads, 
and Ferry Service 

Bacon Island 

The effect of implementation of Alternative 3 on the 
structural integrity of Bacon Island Road would be iden
tical to that described above under "Impacts and Mitiga
tion Measures of Alternative I ". Reconstruction of the 
bridge connecting Bacon Island to Mandeville Island 
would not be affected under Alternative 3. 

,. 

Webb Tract 

The effect of implementation of Alternative 3 on 
feny traffic from Jersey Island to Webb Tract would be 
identical to that described above under "Impacts and 
Mitigation Measures of Alternative 1". 

Bouldin Island 

Increased Flood Risk on SR 12. Under Alter
native 3, DW proposes to construct levees along SR 12 
to protect the highway and the NBHA north of the 
highway from the water storage operations on the south 
side ofSR 12. 

To retain water and protect the existing highway, a 
dam would be required along the south side of SR 12 
across Bouldin Island. The dam, Wilkerson Dam, would 
be constructed according to standards ofDWR's DSOD 
because water would be impounded within the Bouldin 
Island reservoir to a maximum pool elevation of +6 feet. 
Design features for Wilkerson Dam include measures to 
control settlement, seepage, and wave erosion. Extensive 
geoteclmical studies have been conducted for the dam, 
and design specifications have been developed and 
submitted to DSOD for review and approval (lll.A 1992, 
1993). Appendix El, "Design and Construction of 
Wilkerson Dam South of SR 12 on Bouldin Island", 
presents detailed information on the dam design, con
struction staging and monitoring, and results of geotech
nical studies for Wilkerson Dam. Levee reliability is 
described in Chapter 3D, "Flood Control", based on 
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preliminary teclmical analyses and design specifications 
(HLA 1989, 1992, 1993) and Moffatt & Nichol (1988). 

Implementation of Alternative 3 could increase the 
risk of structural failure of SR 12 by increasing the risk of 
flood damage from the reservoir south of the highway. 
Appendix E I describes dam design features that would 
JDinimize the risk of failure. The proposed dam would be 
protected from wind and wave erosion on the water side 
with a high-density polyethylene surface or riprap or 
cement soil, the toe of the proposed dam would be set 
back from the highway to protect the roadbed from mud 
heave or settlement problems caused by the new levee, 
and seepage through the dam would be monitored and 
controlled by a drainage system Therefore, water storage 
operations south of SR 12 would not affect SR 12 
roadway stability. 

The levee along the north side of SR 12 would hold 
back water present year round within the NBHA. The 
entire habitat area would be regraded during project 
construction to achieve a desired mix of habitats, includ
ing year-round water in ditches and interconnecting 
ponds. The regrading design for the NBHA should be 
reviewed by Caltrans to verify that the probability of 
adverse flooding impacts on SR 12 would be negligible. 
As proposed, the water level in the NBHA would not 
differ substantially from current water levels during 
agricultural production. Therefore, the levee on the north 
side of SR 12 would not require DSOD's approval, and 
operation of the NBHA would not affect the structural 
integrity of SR 12. 

Highway Safety. Low-lying winter fog is an exist
ing traffic hazard on SR 12 and in the project area. 
Because implementing Alternative 3 would increase the 
amount of water surface area adjacent to SR 12, the 
amowtt of fog produced on Bouldin Island could increase 
and affect traffic conditions on SR 12 (Costa pers. 
comm.). Constructing reservoirs on DW project islands 
would not substantially increase regional fog hazards in 
the Delta but may create patches of fog on each island. 
Because SR 12 is a regional transportation route, in
creasing fog on Bouldin Island may increase traffic 
hazards. The reservoir will be constructed 240-370 feet 
from the existing highway right-of-way (lll.A 1992), and 
the highway is currently raised +4 feet above adjacent 
fields, which may alleviate some fog hazard problems. 
Increased potential for fog to rise from the surface of 
reservoirs under Alternative 3 cannot be avoided, how
ever, and is assumed to increase traffic hazards along 
SR 12. 

Wind conditions on SR 12 would not substantially 
change from existing conditions under Alternative 3. 
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Construction of levees or SOWldwalls along roadways 
does not generally affect wind conditions on the road, and 
the levees would be set back 240-370 feet from the 
existing highway right-of-way. Therefore, construction 
and operation of Alternative 3 would not increase wind 
hazards on SR 12. 

Visibility on the roadway could be adversely affected 
if the levee on the north side of SR 12 obstructed west
boWld views of the road along the curved portion of the 
highway; however, SR 12 is a raised roadway and the 
curve in the road is gradual. The levee would be con
structed to approximately 6 feet in height and will be set 
back from the roadway at least 50 feet. Based on existing 
roadway conditions and proposed levee design, visibility 
on SR 12 for westboWld traffic is not expected to sub
stantially change from existing conditions. Therefore, 
construction of a levee along the north side of SR 12 
would not affect visibility or traffic safety. 

Holland Tract 

Under Alternative 3, Holland Tract Road would 
remain along the southern levee of Holland Tract. Imple
mentation of Alternative 3 would include improving the 
perimeter levee, thereby improving the structural integrity 
of Holland Tract Road. 

Chapter 3D, "Flood Control", addresses levee relia
bility with regard to erosion and settlement, and Chapter 
3L, "Traffic", addresses construction-related safety and 
traffic impacts on Holland Tract Road. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact E-13: Increase in the Structural Inte
grity of County Roads. · Implementation of Alterna
tive 3 would result in levees surroWlding the reservoirs 
on the DW project islands being raised and widened. 
Erosion-resistant facing would be placed on the interior 
slopes of the levees. These levee improvements would 
increase the structural integrity of Bacon Island Road on 
the eastern levee ofBacon Island and Holland Tract Road 
on the southern levee of Holland Tract. Therefore, this 
impact is considered beneficial. 

Mitigation. No mitigation is required. 

Impact E-14: Increase in the Risk of Structural 
Failure ofSR 12. Implementation of Alternative 3 could 
cause the proposed Wilkerson Dam along SR 12 to fail, 
which would result in the structural failure and inWldation 
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of SR 12. Because the design of Wilkerson Dam would 
minimize seepage, settlement, and erosion, adverse 
impacts on the structural integrity of SR 12 caused by 
levee failure and flooding would have a low probability 
of occurring (see Appendix E 1 ). The fmallevee design 
would also address Caltrans' concerns and must be 
reviewed for structural stability and approved by DSOD. 

As part of Alternative 3, DW, in coordination with 
Caltrans, will review the regrading design for the NBHA 
to verify that the probability of adverse flooding impacts 
along the north side of SR 12 would be negligible. 
Therefore, this impact is considered Jess than significant. 

Measures that would minimize the effects of this 
impact have been incorporated into the project descrip
tion. However, implementing Mitigation Measure E-8 
would monitor the effectiveness of those measures. 

Mitigation Measure E-S: Coordinate Design 
and Construction of Wilkerson Dam with Caltrans 
and DSOD. Prior to project construction, DW s!t!l\1 
demonstrate to the Corps and SWRCB that it has con
sulted with and obtained all required permits and 
approvals from Caltrans and DSOD for the design and 
construction of Wilkerson Dam. 

Impact E-15: Increase in the Fog Hazard on SR 
12. Implementation of Alternative 3 could increase the 
amoWlt of fog produced along SR 12 on Bouldin Island 
by increasing the water surface area adjacent to the road
way. Fog on the roadway would increase existing traffic 
hazards on SR 12. This impact is considered significant 
and Wlavoidable. 

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

Impact E-16: Reduction in Ferry Traffic from 
Jersey Island to Webb Tract. This impact is described 
above Wlder Impact E-2. This impact is considered Jess 
than significant. 

Mitigation. No mitigation is required. 

Gas Facilities and Transmission 
Pipelines 

Bacon Island 

The effects of flooding the PG&E easement and 
buttressing the exterior levees where gas lines penetrate 
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the levees on Bacon Island are described above under 
"Impacts and Mitigation Measures of Alternative 1". 

Webb Tract 

As explained above under "Impacts and Mitigation 
Measures of Alternative 1", a gas well on Webb Tract is 
capped and not operating. Construction activities and 
water storage operations would not disturb the capped 
well. 

Bouldin bland and Holland Tract 

As stated previously, no gas facilities or transmission 
pipelines exist on Bouldin Island or Holland Tract. 

Summary of Project Impacts and Recommended 
Mitigation Measures '· 

Impact E-17: Increase in the Risk to Gas Lines 
Crossing Exterior Levees on Bacon Island. This 
impact is described above under Impact E-3. This 
impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact E-18: Increase in PG&E Response Time 
. to Repair a Gas Line Failure on Bacon Island. This 

impact is described above under Impact E-4. This 
impact is considered less than significant. 

Mitigation. No mitigation is required. 

Electrical Transmission and 
Distribution Lines 

Bacon Island 

As explained above under "Impacts and Mitigation 
Measures of Alternative 1 ", PG&E may provide electrical 
service for the proposed discharge pump stations on 
reservoir islands. This would require adding capacity to 
the existing transmission lines on Bacon Island but would 
not require new transmission easements or structures. 

Webb Tract 

The effects of flooding existing electrical trans
mission facilities that are located on Webb Tract off the 
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perimeter levees are described above under "Impacts and 
Mitigation Measures of Alternative 1 ". 

Bouldin bland and HoUand Tract 

Electrical distribution lines that traverse Holland 
Tract and Bouldin Island would be inundated during 
water storage operations and would require substantial 
alteration for existing services to be maintained on the 
islands. PG&E overhead transmission lines that cross the 
bottoms of the islands (Figure 3E-3) would need to be 
raised or relocated during construction. Before tempo
rarily or permanently modifying or relocating existing 
electrical lines, DW would conduct special-status plant 
surveys in areas that could be affected by the proposed 
modifications. If threatened or endangered plant species 
are found, DW will avoid disturbing those plants when 
making changes to existing electrical lines. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact E-19: Inundation of Electrical Trans
mission Utilities on the Reservoir Islands. Implemen
tation of Alternative 3 would cause inundation of existing 
PG&E overhead transmission lines on the bottoms of 
Webb Tract, Holland Tract, and Bouldin Island during 
water storage operations. To maintain existing service, 
the lines would need to be relocated. This impact is 
considered significant. 

Implementing Mitigation Measure E-9 would reduce 
Impact E-19 to a less-than-significant level. 

Mitigation Measure E-9: Relocate Electrical 
Transmission Lines to the Perimeter Levees around 
Webb and Holland Tracts and Bouldin Island. DW, 
in coordination with PG&E, shall permanently relocate 
the existing electrical transmission lines on Webb and 
Holland Tracts and Bouldin Island to the improved 
perimeter levees dW"ing project construction. The new or 
relocated transmission lines would be located along 
perimeter levees and would be installed overhead near 
the toes of the new slopes, similar to existing installa
tions. Before temporarily or permanently mOdifying or 
relocating existing electrical lines, DW would conduct 
special-status plant surveys in areas that could be affected 
by the proposed modifications. If threatened or endan
gered plant species are found, DW will avoid disturbing 
those plants when making changes to existing electrical 
lines. 
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Impact E-20: Possible Need to Increase Capacity 
of the Existing Electrical Transmission Lines on the 
Reservoir Islands. Implementation of Alternative 3 may 
require PG&E to provide electrical service for discharge 
pump stations, siphon stations, and recreation facilities on 
the DW project islands. PG&E would add capacity to the 
existing transmission lines, which would not require new 
transmission easements or structures on the islands. 
Therefore, this impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact E-ll: Possible Need to Expand the Exist
ing Electrical Transmission Lines on Webb Tract, 
Bouldin bland, and HoDand Tract to Serve Proposed 
Siphon and Pump Stations and Recreation Facilities. 
Implementation of Alternative 3 may require PG&E to 
provide electrical service to siphon stations, a pwnp 
station, and recreation facilities that would not easily be 
seiViced by existing lines. The following proposed pwnp 
station and siphon stations (as shown in Chapter 2, 
Figures 2-3, 2-10, and 2-11) would not be located 
adjacent to existing electrical line corridors: a siphon 
station in the northeastern comer of Webb Tract, a dis
charge pump station arid a siphon station on the eastern 
side of Bouldin Island, and a siphon station near the 
northernmost point of Holland Tract. Recreation facili
ties would also be located along the perimeter levees in 
areas not serviced by electrical lines. Because electrical 
service to those facilities would require an extension of 
existing service lines, this impact is considered signifi
cant. 

Implementing Mitigation Measure E-2 would reduce 
Impact E-16 to a less-than-significant level. 

Mitigation Measure E-l: Extend Electrical 
Transmission Unes to Serve New Siphon and Pump 
Stations and Recreation Facilities. This mitigation 
measure is described above under "Impacts and Mitiga
tion Measures of Alternative 1 ". 

Police and Fire Protection Services 

The effects on emergency services that would result 
from constructing and operating recreation facilities are 
described above under "Impacts and Mitigation Measures 
of Alternative 1". 
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Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact E-ll: Increase. in Demand for Police 
Senrices on the DW Project Islands. This impact is 
described above under Impact E-8 . This impact is con
sidered significant. 

Implementing Mitigation Measures E-3 and E-4 
would reduce Impact E-22 to a less-than-significant level. 

Mitigation Measure E-J: Provide Adequate 
lighting in and around BuUdings, Walkways, Park
ing Areas, and Boat Berths. This mitigation measure 
is described above under "Impacts and Mitigation Mea
sures of Alternative 1 ". 

Mitigation Measure E-4: Provide Private 
Security Services for Recreation Facilities and Boat 
Docks. This mitigation measure is described above 
under "Impacts and Mitigation Measures of Alterna
tive 1". 

Impact E-23: Increase in Demand for Fire 
Protection Services on the DW Project Islands. This 
impact is described above under Impact E-9. This 
impact is considered significant. 

Implementing Mitigation Measures E-5 and E-6 
would reduce Impact E-23 to a less-than-significant level. 

Mitigation Measure E-5: Incorporate Fire 
Protection Features into Recreation Facility Design. 
This mitigation measure is described above under 
"Impacts and Mitigation Measures of Alternative 1". 

Mitigation Measure E-6: Provide Fire 
Protection Services to Webb Tract and Bacon Island. 
This mitigation measure is described above under 
"Impacts and Mitigation Measures of Alternative I". 

Water Supply Facilities and 
Sewage Disposal Service 

The effects on water supply and sewage disposal 
services that would result from constructing and operat
ing recreation facilities are described above under 
"Impacts and Mitigation Measures of Alternative 1 ". 
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Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact E-24: Increase in Demand for Water 
Supply Services. This impact is described above Wlder 
Impact E-1 0. This impact is considered less than signifi
cant. 

Measures that would minimize the effects of this 
impact have been incorporated into the project descrip
tion. However, implementing Mitigation Measure E-7 
would monitor the effectiveness of those measures. 

Mitigation Measure E-7: Obtain Appro
priate Local and State Permits for Recreation Facil
ity Services and Utilities. This mitigation measure is 
described above under "Impacts and Mitigation Measures 
of Alternative I ". 

Impact E-25: Increase ~- Demand for Sewage 
Disposal Services. This impact is described above Wlder 
Impact E-11. This impact is considered less than signifi
cant. 

Measures that would minimize the effects of this 
impact have been incorporated into the project descrip
tion. However, implementing Mitigation Measure E-7 
would monitor the effectiveness of those measures. 

Mitigation Measure E-7: Obtain Appro
priate Local and State Permits for Recreation Facil
ity Services and Utilities. This mitigation measure is 
described above under "Impacts and Mitigation Measures 
of Alternative I ". 

Solid Waste 

The effects on solid waste disposal services that 
would result from constructing and operating recreation 
facilities are described above Wlder "Impacts and Mitiga
tion Measures of Alternative I ". 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact E-26: Increase in Demand for Solid 
Waste Removal. This impact is described above Wlder 
Impact E-12. This impact is considered less than signi
ficant. 

Measures that would minimize the effects of this 
impact have been incorporated into the project descrip-
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tion. However, implementing Mitigation Measure E-7 
would monitor the effectiveness of those measures. 

Mitigation Measure E-7: Obtain Appro
priate Local and State Permits for Recreation Facil
ity Services and Utilities. This mitigation measure is 
described above under "Impacts and Mitigation Measures 
of Alternative I ". 

Infrastructure Facilities on 
Adjacent blands 

Under Alternative 3, potential seepage from project 
islands would be similar to that described for Alterna
tive I. As part of Alternative 3, DW would install an 
interceptor well system in the exterior levees of the 
project islands to control seepage onto adjacent islands, 
as described in Appendix D2, "Levee Design and Main
tenance Measures". Design features and proposed seep
age control measures would keep potential adverse 
seepage problems at existing levels or better, and there 
would be no change in the risk to facilities on adjacent 
islands. Adjacent utilities would not be affected by 
implementation of Alternative 3. 

IMPACfS AND MITIGATION 
MEASURES OF THE 

NO-PROJECf ALTERNATIVE 

Implementation of the No-Project Alternative would 
cause an increase in the rate of subsidence on the island 
interiors due to continued tillage of areas now in pro
duction and increased tillage of areas now fallow. Sub
sidence gradually increases levee instability, seepage, and 
threats to utility and highway facilities on the project 
islands and the risk of a cumulative levee failure on adja
cent islands. By increasing the rate of subsidence, imple
mentation of the No-Project Alternative would speed the 
rate at which these effects begin to occur on the DW 
project islands. 

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 project alternatives, 
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including implementation of recommended mitigation 
measures, with the No-Project Alternative. 

Highways, County Roads, 
and Ferry Service 

Bacon Island 

Subsidence on Bacon Island would increase the risk 
of structural failure ofthe levees. Because Bacon Island 
Road traverses an existing levee, subsidence would result 
in increased risk of road failure and higher maintenance 
and repair needs over time. The levees would eventually 
have to be rehabilitated as a result oflevee degradation. 

Webb Tract 

Feny traffic to Webb Tract fro~ .Jersey Island would 
continue to operate at or above existing levels as farming 
operations increased. Therefore, implementation of the 
No-Project Alternative would not affect ferry operations. 

Bouldin Island 

Because SR 12 is a raised roadway, subsidence 
resulting from continued agricultural production would 
increase the risk of structural failure and increase main
tenance needs for the highway. 

HoUand Tract 

Similar to effects on Bacon Island Road described 
above, subsidence under the No-Project Alternative 
would result in increased risk of levee and road failure 
and higher maintenance and repair needs on Holland 
Tract Road over time. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Increase in the Risk of Road Failure and Main
tenance and Repair Needs. Implementation of the No
Project Alternative would result in increased subsidence 
rates on DW project islands, which would increase the 
risk of structural failure of levees and associated road
ways on Bacon Island, Holland Tract, and Bouldin Island. 
More roadway maintenance and repair would·be required 
over time. The perimeter levees eventually would have 
to be rehabilitated. 
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Implementing the following measure described in 
Chaptec 3D, "Flood Control", would reduce this effect of 
the No-Project Alternative. 

Buttreas Perimeter Levees. The perimeter 
levees of the DW project islands could be substantially 
buttressed to increase levee stability under the No-Project 
Alternative. The need for improvements to these levees 
over time would be evaluated by the local reclamation 
districts. 

Gas Facilities and Transmission 
Pipelines 

Bacon Island 

Continued subsidence resulting from increased agri
cultural uses would bring gas transmission lines on 
Bacon Island increasingly closer to the ground surface, 
requiring frequent restoration of the lines to new depths. 
Therefore, the No-Project Alternative would increase 
current maintenance requirements for the gas lines. The 
change in utility maintenance over time would be 
substantial. 

Under the No-Project Alternative, Bacon Island 
levees eventually would have to be rehabilitated. As 
described for Alternative 1, levee buttressing could cause 
differential settlement where the gas lines penetrate the 
levee. It is reasonable to assume that a monitoring sys
tem and corrective measures would be implemented dur
ing levee rehabilitation under the No-Project Alternative, 
as described for Alternative 1. 

Webb Tract 

The capped gas well on Webb Tract would not be 
affected by increased agricultural production over time. 

Bouldin Island and Holland Tract 

As stated previously, no gas facilities or transmission 
pipelines exist on Bouldin Island or Holland Tract. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Increase in Maintenance Requirements for Gas 
Lines on Bacon Island. Implementation of the No
Project Alternative would result in subsidence from 
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increased agricultural uses that would bring gas transmis
sion lines on Bacon Island increasingly closer to the 
ground swface, requiring increased maintenance and 
restoration of the lines over time. 

Electrical Transmission and 
Distribution Lines 

Bacon bland, Webb Tract, Bouldin bland, and 
Holland Tract 

Continued subsidence from increased agricultural 
uses wxJer the No-Project Alternative would increase the 
risk of instability and failure of perimeter levees sur
rounding the DW project islands. Electrical transmission 
facilities located on perimeter levees would subsequently 
be subject to increased maintenance and risk of structural 
failure. Electrical facilities located on the interior of the 
DW project islands would also be disturbed by the effects 
of subsidence. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Increase in the Risk of Structural Failure and 
Increase in Maintenance Requirements for Existing 
Transmission Utilities. Implementation of the No
Project Alternative would result in an increased rate of 
subsidence, which would result in levee instability and 
increased maintenance and risk of structural failure of 
existing electrical utility lines on the. OW project islands. 

Implementing the following measure would reduce 
this effect of the No-Project Alternative. 

Buttress Perimeter Levees. This measure is 
described above. 

Other Public Services 

Implementation of the NO-Project Alternative would 
not increase demands on police, frre, water supply, 
sewage, or solid waste services on the DW project 
islands. No new recreation facilities would be con
structed, and increases in recreational use of the DW 
project islands would not result in a substantial demand 
for emergency services. Therefore, implementing the 
No-Project Alternative would not affect existing 
emergency or public services. 
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Infrastructure Facilities 
on Adjacent Islands 

Under the No-Project Alternative, seepage to adja
cent islands would be similar to existing seepage condi
tions because water would not be stored on the islands in 
amounts above those needed for intensified agricultural 
use. The No-Project Alternative would not affect facili
ties on adjacent islands. 

CUMULATIVE IMPACTS 

Cmnulative impacts are the result of the incremental 
impacts of the pt""q>Osed action when added to other past, 
present, and reasonably foreseeable future actions. The 
following discussion considers only those project effects 
that may contribute cumulatively to impacts on utilities 
and highways. 

Cumulative Impacts, Including 
Impacts of Alternative 1 

Chapter 3D, "Flood Control", discusses the issue of 
levee failure on the DW project islands leading cumu
latively to levee failures on other Delta islands. Risk of 
levee failure directly affects risk to roadway and utility 
stability, so cumulative levee failure would result in 
cumulative utility structural failure. As discussed in 
Chapter 3D, the reliability of the DW island levees under 
Alternative 1 would exceed current levee reliability. In 
addition, implementation of flood control programs such 
as DWR's Delta water management programs and levee 
maintenance programs would improve the regional flood 
control system and reduce flood-related risks to adjacent 
utilities and roads. Therefore, the cumulative risk of 
levee failure would be less than the current risk, and a 
beneficial effect on utility facilities is predicted. 

Impact E-27: Cumulative Decrease in the Risk 
of Structural Failure of Roadways and Utilities. 
Implementation of Alternative 1 would result in increased 
levee stability on the DW project islands, which would 
decrease the cumulative risk oflevee failure on adjacent 
islands. Furthermore, increased levee stability in the 
vicinity of the DW project islands would reduce the 
cumulative risk of structural failure of roadways and 
utilities in the area. This impact is considered beneficial. 

Mitigation. No mitigation is required. 
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Cumulative Impacts, Including 
Impact• of Alternative 2 

The cumulative impact of this alternative is the same 
as that described for Alternative 1. 

Cumulative Impacts, Including 
Impacts of Alternative 3 

The cumulative impact of this alternative is the same 
as that described for Alternative 1. 

Cumulative Impacts, Including Impacts 
of the No-Project Alternative 

,. 
Increased subsidence would increase the risk of 

levee failure on the OW project islands. Chapter 30, 
"Flood Control", discusses the issue oflevee failure on 
the OW project islands cwnulatively leading to levee 
failures on other Delta islands and the risk of structural 
failt.U"e of roads and utilities on adjacent islands. As sub
sidence on the OW project islands increases, the risk of 
levee failure and cwnulative risk of levee failure on 
adjacent islands increases. Roadways and utilities on the 
OW project islands and adjacent islands would be vulner
able to a slightly higher cwnulative risk of levee failure 
under the No-Project Alternative. 

Cumulative Increase in the Risk of Structural 
Failure of Roadway• and Utilities. Implementation of 
the No-Project Alternative would result in increased 
subsidence on the OW project islands, which would 
increase the risk of levee failure on the OW project 
islands and the cwnulative risk of levee failure on adja
cent islands. Roadways and utilities on the OW project 
islands and adjacent islands would be vulnerable to a 
higher cumulative risk of levee failure. However, imple
mentation of other flood control projects in the Delta and 
projects that would reduce subsidence on islands adjacent 
to OW project islands (i.e., Twitchell Island) (see Appen
dix 2, "Supplemental Descripbon of the Delta Wetlands 
Project Alternatives") would partially offset the cwnu
lative risks of flooding and risks to other Delta utilities 
and roads. 

Implementing the following measure would further 
reduce this effect of the No-Project Alternative. 
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Buttress Perimeter Levees. This measure is 
described above under "Impacts and Mitigation Measures 
of the No-Project Alternative". 
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Chapter 3F. Affected Environment and Environmental 
Consequences - Fishery Resources 

SUMMARY 

This chapter summarizes the life histories and habitat needs of chinook salmon, striped bass, American shad, delta 
smelt, Sacramento splittail, and long/in smelt and analyzes the potential for impacts of DW project operations on these 
species and their habitats. Effects on these species encompass the range of potential responses of Delta fish species to 
DW project operations. 

DW project operations and facilities under Alternative 1, 2, or 3 could cause or contribute to significant impacts on 
fzsh population abundance. T_IJese impacts would be avoided or reduced to less-than-significant levels, however, through 
implementation of appropriate management actions, monitoring of DW project operations, and operation of the DW 
project according to specified operations objectives. The following significant potential impacts were identified: 

• 

• 

• 

Construction of DW project facilities could degrade spawning and rearing habitat, which could reduce the 
localized reproductive success of delta smelt, Sacramento splittail, and other Delta species. 

Discharge of water from the DW reservoir islands to adjacent channels could increase channel water temper
ature, which could reduce juvenile chinook salmon survival. 

DW project operations could affoct flows during the peak out-migration period of Mokelumne and San Joaquin 
River chinook salmon, indirectly increasing chinook salmon mortality. 

• DW project operations could reduce transport flows and increase entrainment loss, which could reduce the 
survival of striped bass eggs and larvae; delta smelt larvae; and, possibly, long/in smelt larvae. 

• DW project diversions could indirectly increase entrainment losses during November-January, reducing survival 
ofjuvenile striped bass and delta smelt. 

Impact avoidance and mitigation measures were developed to protect individual species and, when possible, to imple
ment an ecosystem-based approach to sustain habitat conditions protective of multiple species and life stages throughout 
the Bay-Delta estuary. Implementing construction guidelines and replacing altered spawning and rearing habitat would 
compensate for potential fzsh habitat loss. &heduling DW project discharges so they will not result in adverse water tem
perature changes in the Delta channels would avoid significant adverse temperature impacts on chinook salmon and other 
species. Proposed integration of monitoring of fzsh populations and flow conditions with operations criteria for diversion 
and discharge would reduce DW project effects related to entrainment and transport to less-than-significant levels. Use 
of efficient fish screens, in combination with the proposed operations criteria, would reduce entrainment loss effects to 
less-than-significant levels. 

Implementation of Alternative 1, 2, or 3 would also result in the following less-than-significant impacts: a change 
in the area of optimal salinity habitat in the Delta, a potential increase in accidental spills of fuel and other materials at 
boat docks at the DW project islands, and an increase in entrainment loss of juvenile American shad and other species. 

Effects on fish species and their habitats under the No-Project Alternative would not differ measurably from effects 
of current agricultural operations on the DW project islands. 
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INTRODUCfiON 

This chapter assesses impacts ofDW project opera
tions and facilities oo fish species that reside in the Delta, 
Suisun Bay, and San Francisco Bay for at least part of 
their lives. The effects of DW project operations and 
facilities on habitat conditions common to multiple spe
cies and life stages are identified. Factors affecting the 
population abundance and distribution of individual 
species are evaluated in detail. Available information 
was used to identify relationships between species and 
their habitat. 

More than l 00 fish species are found in the Delta 
and Bay, and about 40 of these species are found in the 
Delta (fableFl-1 in Appendix Fl, "Supplemental Infor
mation on the Affected Environment for Fisheries"). The 
impact assessment is limited to species that support 
important sport and commercial fisheries; species that are 
unique to the Bay-Delta environment; species that may be 
in danger of extinction; and species that, when considered 
as a group, encompass the range of potential responses to 
the effects of Delta water project operations and facility 
construction. The species included in this impact assess
ment are chinook salmon (Oncorhynchus tshawytscha), 
striped bass (Morone saxatalis), American shad (Aiosa 
sapidissima), delta smelt (Hypomesus transpacificus), 
Sacramento splittail (Pogonichthys macrolepidotus ), and 
longfm smelt (Spirinchus thaleichthys). 

On-island fishery resources were not included in the 
fishery impact assessment. The existing on-island fishery 
TeSOlU'CeS are negligible relative to total fishery resources 
in the Delta. Existing fish populations on the DW project 
islands are limited to perennial ponds and drainage 
ditches. The ponds support introduced sunfish, catfish, 
and minnows primarily. No fish species that are federally 
listed as threatened or endangered or that are candidates 
for listing are known to exist on the project islands. 

The discussion of fisheries in this chapter includes 
some terms that may not be familiar to all readers. The 
following are defmitions of these terms as they are used 
in this EIRJEIS: 

• Entrapment zone. An area or zone of the Bay
Delta estuary where riverine current meets 
upstream-flowing estuarine currents and varia
tions in flow interact with particle settling to 
trap particles. The entrapment zone generally 
corresponds to a surface salinity range of 2-
10 mS/cm specific conductance) (Kimmerer 
1992). 
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• 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 (San Francisco Estuary Project 
1993). An isohaline is a line connecting all 
points of equal salinity. 

• Midwater trawl index. The annual index is 
the sum of the weighted catch of four monthly 
samples (September-December) from numer
ous 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 of the sampling record ( 1967-
1995). In the Bay-Delta estuary, the index has 
been developed for striped bass, American 
shad, delta smelt, Sacramento splittail, longfm 
smelt, and other species. 

• 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 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). 

• Salvage. Removal of fish from screens on 
diversion structures and the subsequent return 
of the fish to the water body. Fish eggs and 
larvae (e.g., delta smelt, striped bass, and long
fin smelt) are small and pass through the 
screens. They are not included in salvage num
bers. 

• Direct effects. Mortality of fish attributable to 
DW diversions, including entrainment in DW 
diversions and losses resulting from changes in 
habitat. 

• Indirect effects. Mortality offish attributable 
to other diversions that results from DW effects 
on Delta flow conditions. 

AFFECTED ENVIRONMENT 

This section provides an overview of the life histor
ies of selected Delta fish species and factors affecting 
their population abundance. More detailed information 
is provided in Appendix F 1 , "Supplemental Information 
on the Affected Environment for Fisheries". 

Ch 3F. Fishery Resources 

September 1995 



( 
\ 

Soun:es of Information 

The assessment of potential effects of DW project 
~tions on the habitat and populations of fish species 
in the Bay-Delta estuary is based on literature review, 
contacts with appropriate agency experts, analysis of the 
effects of simulated DW project operations on simulated 
Delta fish transport patterns, and analysis of other avail
able data. 

Ongoing studies and analyses of the Bay-Delta 
served as important SOW"CeS of information for this 
assessment. Recent studies and reports include the San 
Francisco Estuary Project (1993), Bay-Delta hearings 
and workshops sponsored by SWRCB, and evaluations 
of effects of SWP and CVP operations on two federally 
listed endangered species, winter-run chinook salmon 
(NMFS 1995) and delta smelt (USFWS 1995). 

This chapter is also based on information presented 
in the following chapters and appendices: 

• Chapter 3A, "Water Supply and Water Project 
Operations", describes Delta conditions related 
to water supply, provides an overview of histor
ical Delta water supply conditions, and dis
cusses possible impacts of the DW project on 
Delta and California water supply. 

• Appendix A3, "DeltaSOS simulations of the 
Delta Wetlands Project Alternatives", presents 
detailed results of DeltaSOS simulations of 
operations of the DW project alternatives and 
the No-Project Alternative and describes the 
use of DWRSIM simulation results as initial 
water budget terms for DeltaSOS modeling. 
The analysis of impacts on fishery resources 
described in this chapter is based on these 
DeltaSOS simulation results showing estimated 
changes in channel flows, outflow, and exports 
that would be associated with operations of 
each of the DW project alternatives and the No
Project Alternative under a range of hydrologic 
conditions. 

• Appendix A4, "Possible Effects of Daily Delta 
Conditions on Delta Wetlands Project Opera
tions and Impact Assessments", compares daily 
hydrologic conditions with monthly average 
conditions in the Delta and discusses potential 
differences between impact assessment based 
on monthly average hydrologic conditions and 
impact a.sse<m1ent based on actual daily hydrol
ogy. 
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• Chapter 3B, "Hydrodynamics", describes Delta 
hydrodynamic conditions, identifies Delta 
hydrodynamic variables that could be affected 
by operation of the DW project, and presents 
the results of simulations to determine DW 
project effects on those key variables. Effects 
of maximum DW diversions and discharges on 
local and net channel flows are analyzed. 

• Chapter 3C, "Water Quality", describes key 
water quality variables and objectives associ
ated with maintaining beneficial uses of Delta 
waters, existing Delta water quality conditions, 
and impacts of the DW project on water quality 
in Delta channels. 

• Appendix Fl, "Supplemental Information on 
the Affected Environment for Fisheries", pro
vides additional background information on fish 
species included in the impact assessment. 

• Appendix F2, "Biological Assessment: Impacts 
of the Delta Wetlands Project on Fish Species", 
provides background information and presents 
a detailed assessment of impacts of the DW 
project on fish species that are listed as endan
gered or threatened or that are candidates for 
future listing. Appendix F2 includes a detailed 
description of the models used to assess im
pacts. 

The reader is directed to these chapters and appendices 
for a more detailed explanation of analytical methods and 
assumptions integrated into the fishery impact assess
ment. 

Chinook Salmon 

The chinook salmon is an important fish species 
supporting valuable commercial and sport fisheries 
(Allen and Hassler 1986). The Sacramento-San Joaquin 
River system supports four runs of chinook salmon: fall, 
late fall, winter, and spring. Separation of the runs is 
defmed by the timing of upstream migration of adults. 

The population abundance of all four runs of chinook 
salmon has declined relative to historical levels (Ap
pendix F 1 , • Supplemental Information on the Affected 
Environment for Fisheries"). A detailed discussion of the 
winter-run chinook salmon, currently listed as endan
gered under the California and federal Endangered 
Species Acts, is provided in Appendix F2, "Biological 

Ch 3F. Fishery Resources 

September 1995 



Assessment: Impacts of the Delta Wetlands Project on 
Fish Species". 

UfeHi1tory 

Adult chinook salmon 2-7 years old migrate from the 
ocean to spawn in the upstream reaches of the major 
tributaries to the Sacramento and San Joaquin Rivers. 
Eggs are deposited in gravel nests and fry emerge after 
incubating for about 3 months. Juvenile salmon migrate 
from upstream spawning areas to downstream habitats 
and to the ocean. 

The Delta serves as an immigration path and holding 
area for adult chinook salmon returning to their natal 
rivers to spawn. Sacramento River chinook salmon 
migrate primarily up the mainstem Sacramento River, but 
some fish use the distributaries of the Mokelumne River 
and enter the Sacramento River· through Georgiana 
Slough or the DCC (Figure 1-2 in Chapter 1, "Intro
duction"). San Joaquin River chinook salmon migrate 
primarily up the mainstem San Joaquin River. 

Emigrating juvenile chinook salmon are found in the 
Delta and Bay throughout the year, but primarily from 
about October through June (Figure 3F-l). Migration 
along the fastest and most direct migration route generally 
results in the highest survival of chinook salmon mi
grating to the ocean through the Delta. 

Facton Affecting Abundance 

Factors associated with the historical decline of 
chinook salmon populations are deleterious water tem
peratures in spawning and rearing habitat and blockage 
of adult passage to suitable spawning and rearing areas. 
Other factors that may affect population abundance 
include diversion of juveniles off the primary migration 
path through the Delta, entrainment of juveniles in 
diversions, predation during juvenile migration, toxic 
discharge to the rivers, and ocean fishing. 

Temperature is a primazy factor influencing the 
swvival of chinook salmon in the Delta, especially during 
May and June (Kjelson et al. 1989a). Survival of juvenile 
fall-run chinook salmon during migration though the 
Delta appears to decline when water temperature exceeds 
60°F (Kjelson et al. 1989b, USFWS 1992). The rela
tionship between temperature and chinook salmon survi
val is discussed in detail in Appendix F2. 

The most direct routes upstream through the Delta 
during adult migration to spawning areas are the Sacra-
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mento River and San Joaquin River channels. When 
export rates exceed San Joaquin River inflow, water in 
the central and south Delta consists primarily of Sacra
mento River water moved across the Delta by the DCC 
and Geocgiana Slough or pulled by reverse flow through 
the lower San Joaquin River. Chinook salmon may be
come confused and their migration may be delayed, 
possibly resulting in reduced adult survival and fecundity. 

Although the most direct route through the Delta for 
juvenile Sacramento River chinook salmon is the Sacra
mento River channel, juveniles may be drawn along an 
alternate route through the DCC and Georgiana Slough 
(Figure 1-2 in Chapter 1 ), where migration is delayed and 
losses to diversions and predation may increase. The 
division of Sacramento River flow at the DCC and the 
number of out-migrant juveniles drawn into the DCC 
depend primarily on DCC gate position and Sacramento 
River flow volwne. USFWS and DFG (1987) found that 
when the proportion of Sacramento River flow drawn 
into the DCC and Georgiana Slough was high (greater 
than 60%) and the DCC gates were open, survival was 
about 500/o lower for juvenile fall-run chinook salmon 
released above the DCC than for juveniles released below 
Georgiana Slough. When the DCC gates were closed, 
only Georgiana Slough drew water out of the Sacramento 
River, and survival was similar for the two release 
locations. 

Similarly, mortality of juvenile chinook salmon 
diverted from the San Joaquin River into upper Old River 
may be greater than that of juveniles migrating down the 
mainstem San Joaquin River (USFWS 1993a). Entrain
ment in diversions (agricultural diversions and CVP and 
SWP exports) also increases juvenile mortality. Entrain
ment loss to all Delta diversions may exceed several 
hundred thousand juvenile chinook salmon, including 
substantial numbers lost to predation (DFG 1992a). 

Striped Bas• 

Striped bass are large predatory fish introduced to 
the Bay-Delta estuary in about 1880. Adult striped bass 
live in the ocean and Bay (most may remain in the Bay) 
and migrate upstream to the Delta and Sacramento River 
to spawn (DFG 1987a). Striped bass support a large 
sport fishery in the Delta and Bay. 

Life Hi1tory 

About 55% of the adult striped bass population 
spawn in the Sacramento River upstream of the Delta 
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during May and June, and about 45% spawn in the San 
Joaquin Rivez- between Antioch and Venice Island dwing 
April and May (DFG 1987a). Percentages vary from 
year to year. 

Semibuoyant eggs are broadcast-spawned by striped 
bass in open water and eggs hatch in about 2 days (DFG 
1987a). Eggs and newly hatched larvae drift with the 
current, and Sacramento River eggs or larvae generally 
reach the Delta within a few days. Newly hatched larvae 
are carried downstream to the upstream edge of the 
entrapment zone. 

Facton Affecting Abundance 

Year -class abundance of striped bass is assumed to 
depend on the environmental conditions experienced by 
the eggs and young fish. An important factor affecting 
striped bass abtmdance may be the location ofX2 (abun
dance is highest when outflow is sufficient to locate the 2-
ppt isohaline in Suisun Bay dwing April-July). Other 
primary factors influencing young striped bass abundance 
are entrainment of eggs, larvae, and juveniles in Delta 
diversions (DFG 1992a) and discharge of toxic materials 
into rivers tributary to the Delta and into the estuary. 
Additionally, declines in the availability of major prey 
organisms and competition with introduced exotic fish 
and invertebrate species may adversely affect striped bass 
abundance (DFG 1992b ). 

X2 is a fi.mction ofDelta outflow volume; as outflow 
increases, X2 is reduced (the 2-ppt isohaline moves 
downstream). Although dependent on the natural hydro!~ 
ogy of the Sacramento-San Joaquin River system, the 
timing and volume of Delta outflow have been sub
stantially modified by changes in system characteristics 
(i.e., channelization and flood control projects) and by 
operations of water project facilities (i.e., reservoirs and 
diversions) (Herbold et al. 1992). In general, water 
projects have increased summer and fall outflow and 
reduced winter and spring outflow (Herbold et al. 1992). 

When X2 is in Suisun Bay, the proportion of the 
juvenile striped bass population in the Delta is lower than 
when X2 is in the Delta {Figure 3F-2) (DFG 1992b). 
The highest swvival of young-of-year striped bass occurs 
during high-flow periods when most of the juvenile popu
lation is distributed downstream of the Delta. 

Young bass are more vulnerable to entrainment in 
diversions when they are located in the Delta. Significant 
egg, larval, and juvenile mortaliiy results annually from 
entrainment in SWP and CVP exports and other Delta 
diversions, exceeding millions of fish each year (DFG 
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1992a). The timing of striped bass entrainment in SWP 
and CVP exports is shown in Figure 3F-3. Net reverse 
flow in the lower San Joaquin River and in Old and 
Middle Rivers transports striped bass eggs and larvae 
toward the SWP and CVP export facilities and may 
increase entrainment loss. 

American Shad 

The American shad is the largest member of the 
herring family and may reach a weight of over 5 kg 
(Facey and Van Den Avyle 1986). American shad were 
introduced to the Bay-Delta estuary during the late 1800s 
and currently support a sport fishery. 

Life History 

Adult American shad immigrate to fresh water from 
the ocean and the Bay during March, April, and May. 
The primary spawning grounds are in the upper Sacra
mento River and its tributaries. The northern Delta and 
the northern portion of Old River have also supported 
shad spawning. (DFG 1987b.) During May-July, shad 
broadcast-spawn their eggs and sperm into the currents, 
where the semibuoyant eggs sink slowly and drift with the 
flow. 

Shad spawned in the Sacramento River system 
generally rear in the tributary rivers downstream of the 
spawning area. Shad spawned in the Delta appear to rear 
primarily in the Delta. Most juvenile American shad 
emigrate from their freshwater rearing areas and pass 
through the Delta to estuarine and marine habitats be
tween September and December (Stevens 1966). 

Facton Affecting Abundance 

American shad abtmdance may be affected by factors 
similar to those discussed for striped bass. The environ
mental conditions experienced by the eggs and young 
fish, especially river flows, are thought to be the most 
important conditions determining population abundance. 
Entrainment of young-of-year shad in water diversions 
from the Delta reduces juvenile survival. Ocean con
ditions also may be another important factor determining 
American shad abundance. 

Htmdreds of thousands of American shad larvae and 
juvenile fish are entrained each year at the SWP and CVP 
export facilities and in other Delta diversions (DFG 
1987b ). Shad spawned in the Delta are entrained as 
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lalvae and juveniles primarily d~g July-August (Figure 
3F-3). Shad spawned upstream of the Delta are entrained 
as juveniles primarily during November and December. 

Delta Smelt 

The delta smelt is a small (2- to 3-inch-long), trans
lucent, slender-bodied fish with a steely blue sheen. The 
delta smelt is found only in the Bay-Delta estuary (includ
ing the Delta, Suisun Bay, Suisun Marsh, and sometimes 
San Pablo Bay). Low abundance during 1983-1991 
resulted in the delta smelt being listed as a threatened 
species under the California and federal Endangered 
Species Acts (58 FR 12854). A detailed discussion of 
delta smelt is provided in Appendix F2, "Biological 
Assessment: Impacts of the Delta Wetlands Project on 
Fish Species". 

Life History 

Delta smelt are found where salinity is generally less 
than 2 ppt (56 FR 50075). Delta smelt adults disperse 
widely into fresher water in late fall and winter as the 
spawning period approaches, moving as far upstream as 
Mossdale on the San Joaquin River and the confluence 
with the American River on the Sacramento River. 
Spawning occurs in fresh water from February through 
June and may peak during late April and early May 
(Wang 1991, Sweetnam and Stevens 1991, Stevens et al. 
1990). Most adult (1-year-old) delta smelt die after 
spawning (56 FR 50075). 

After the eggs hatch (in about 12-14 days), delta 
smelt larvae float to the surface and are carried by the 
currents (Stevens et al. 1990). Under natural outflow 
conditions, the larvae are carried downstream to near the 
upstream edge of the entrapment zone (e.g., 2-ppt 
salinity), where they typically remain and grow to adult 
size. 

Factors Affeding AbundanC! 

Year -class abundance of delta smelt depends on the 
environmental conditions experienced by the eggs and 
yOWlg fish. Factors that may adversely affect abundance 
of delta smelt include a decline in the availability of major 
food organisms, low adult population levels resulting in 
low reproductive success, water diversions from the 
Delta, reduced Delta outflow, introduced exotic species 
of fish and invertebrates, toxic substances, and reduced 
habitat resulting from channelization in the Delta and 
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draining and filling of tidelands (Stevens et al. 1990, 
Moyle and Herbold 1989, Wang 1986). As with striped 
bass, an important determinant of smelt abundance may 
be the location of the population in the estuary, which 
determines the effect of other factors, such as entrainment 
in diversions. 

Delta outflow affects delta smelt abundance and 
distnbuticn High outflow may transport smelt larvae and 
early juveniles downstream of the Delta, provide 
improved habitat conditions in Suisun Bay, and cause 
salinity conditions preferred by larval and juvenile smelt 
to be located downstream of the Delta and away from the 
effects ofDelta diversions (USFWS 1994). In addition, 
high outflow dilutes toxic materials and increases turbi
dity that may reduce predation. 

Delta smelt distribution is a fimction of outflow 
(Figure 3F-2). Stevens et al. (1990) showed that over 
50% of the variation in the proportion of the smelt 
populatioo found in Suisun Bay is explained by variation 
in Delta outflow. Dwing high-flow years, the entrapment 
zone and the majority of delta smelt are located in Suisun 
Bay throughout summer and into fall (DFG 1992c). 
During low-flow years, the entrapment zone and the 
majority of delta smelt are located in the Delta. 

Variability in the annual abundance of delta smelt, 
which is indicated by the fall midwater trawl index (see 
Appendix F2), may be partially explained by the number 
of days that X2 is located in Suisun Bay (USFWS 1994 ). 
Delta smelt abundance is greatest when X2 is located in 
Suisun Bay during February-June. Abundance is lowest 
when X2 is upstream or downstream of Suisun Bay. 

Delta smelt are vulnerable to entrainment in diver
sions throughout their life cycle, particularly in dry years 
when they are concentrated in the Delta where most fr,esh 
water is diverted (DWR 1993b ). The number of juvenile 
smelt entrained at the SWP and CVP fish facilities and in 
other Delta diversions has exceeded I million during 
some years. Peak entrainment losses of juveniles occur 
during May, June, and July (Figure 3F-3). High entrain
ment oflarvae likely occurs during late March, April, and 
May. Entrainment may increase when net flows are 
reversed in the lower San Joaquin River and in Old and 
Middle Rivers. Net reverse flow increases transport of 
delta smelt larvae toward the SWP and CVP export 
facilities. 
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Sacramento SpUttall 

Sacramento splittail are large (more than 30 centi
meters [em] long) cyprinids (minnow family) endemic to 
the lakes and rivers of the Central Valley (Moyle et al. 
1989). Sacramento splittail abundance steadily declined 
after 1983 and the species has been proposed for listing 
as threatened under the federal Endangered Species Act 
(59 FR 862). DFG has designated Sacramento splittail 
a species of special concern. 

A detailed discussion of Sacramento splittail is 
provided in Appendix F2, "Biological Assessment: 
Impacts of the Delta Wetlands Project on Fish Species". 

Life History 

Sacramento splittail are freshwater fish capable of 
tolerating moderate levels of salinity (10-18 ppt) (59 FR 
862). Splittail are largely confined to the Delta, Suisun 
Bay, Suisun Marsh, and Napa Marsh and. outside of the 
spawning season, are rarely found more than 5-1 0 miles 
above the upstream boundaries of the Delta (Moyle et al. 
1989, Natural Heritage Institute 1992). Incidental 
catches of large splittail in fyke traps set by DFG in the 
lower Sacramento River during spring indicate that split
tail migrate from Suisun Bay, the Delta, and lower river 
reaches to upstream spawning habitats. 

Splittail spawn adhesive eggs over flooded stream
banks or aquatic vegetation when water temperatures are 
between 9"C and 20 C (Moyle 1976, Wang 1986). 
Spawning has been observed to occur as early as January 
and to continue through July (Wang 1986). Peak spawn
ing occurs during March through May. 

Larval splittail are commonly found in the shallow, 
weedy areas where spawning occurs. Larvae eventually 
move into deeper, open-water habitats as they grow and 
become juveniles (Wang 1986). 

Facton Affecting Abu!!dance 

Habitat modification is probably the major factor 
contributing to the decline of splittail (DFG 1992d). 
Dams, diversions, pollution, and agricultural develop
ment have eliminated or altered splittail habitat. Year
class survival is affected by Delta outflow, possibly 
because spawning success depends on spawning habitat 
availability (Moyle et al. 1989). The Storage of water in 
upstream reservoirs and diversions reduces the frequency 
and magnitude offloodflows, thereby affecting the avail-
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ability of flooded vegetation during the spawning season. 
Additionally, entrainment in diversions reduces survival 
of adult and juvenile fish. 

The fall midwater trawl index of splittail abundance 
is positively correlated with Delta outflow during March
May (Appendix F2), indicating that variability in abun
dance is at least partially explained by flow. Because 
spawning and early rearing of larval splittail are asso
ciated with shallow vegetated areas, inundation of ripar
ian and seasonally flooded habitats may be an important 
factor determining year-class success. River flow deter
mines the availability of shallow-water habitats with sub
merged vegetation dwing late winter and spring (Daniels 
and Moyle 1983). 

Upstream water storage facilities and water diver
sions have changed the seasonal magnitude and duration 
of flows to upstream habitats and to the Delta. Reduced 
duration of flooding may degrade conditions necessary for 
spawning and larval development Spawning habitat may 
be dewatered before larvae have moved to channels that 
provide permanent rearing conditions. 

Thousands of splittail juveniles and adults are en
trained in agricultural diversions and exports at the CVP 
and SWP pumping facilities. Juvenile splittail are sal
vaged at the state and federal fish protection facilities pri
marily during May-July (Figure 3F-3). Juveniles from 
the current year's spawn first appear in salvage during 
April. Substantial numbers of small juveniles (i.e., less 
than 30 millimeters [mm] long) and larvae may also be 
entrained (but not salvaged), but entrainment of larvae 
and early juveniles depends on the proximity of spawning 
habitat to a given diversion. 

Longfin Smelt 

Longtin smelt is a 3- to 6-inch-long silvery fish that 
is endemic to the Bay-Delta estuary and other estuaries · 
along the Pacific Coast north of San Francisco Bay. 
Longtin smelt were the most abundant smelt species in 
the estuary prior to 1984 and have been commercially 
harvested (Wang 1986). 

A detailed discussion of longfm smelt is provided in 
Appendix F2, "Biological Assessment: Impacts of the 
Delta Wetlands Project on Fish Species". 
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Life History 

Except when spawning, Iongtin smelt are most abwt
dant in Suisun and San Pablo Bays, where salinity gener
ally ranges between 2 ppt and 20 ppt (Natural Heritage 
Institute 1992). Longtin smelt migrate upstream to the 
Delta and spawn in fresh watet" primarily during February 
through April (Natural Heritage Institute 1992). The 
eggs are adhesive and are probably deposited on rocks or 
aquatic plants. 

Eggs hatch in 37-47 days at 4S"F. Larval abwtdance 
in the Bay-Delta estuary peaks during February-April. 
(DFG 1992e.) Shortly after hatching, a longfm smelt 
larva develops a gas bladder that allows it to remain near 
the water surface (Wang 1991 ). Larvae are swept down
stream into nursery areas in the western Delta and Suisun 
and San Pablo Bays (DFG 1987c, Baxter pers. cornrn.). 

,. 

Facton Affecting Abundance 

Year-class abwtdance of Iongtin smelt appears to 
depend on the environmental conditions experienced by 
the eggs and yowtg fish. An important factor affecting 
longfm smelt abwtdance is Delta outflow during their 
larval and early juvenile life stages. Outflow affects the 
downstream distribution of smelt and their vulnerability 
to entrainment in diversions. Population abwtdance is 
highest following high outflow during winter and early 
spring. 

The fall midwatet" trawl index of juvenile abwtdance 
is positively related to Delta outflow (Appendix F2). 
Regression analysis of the abwtdance index on outflow 
has indicated that 79"/o of the index variability is ex
plained by changes in January and February Delta out
flow. (Stevens and Miller 1983; DFG 1987 c, 1992e.) 

Entrainment of longfm smelt by Delta diversions 
affects spawning adults, larvae, and early juveniles. 
Older juveniles and prespawning adults generally inhabit 
areas downstream of the Delta. In normal and wetter 
years, Iongtin smelt larvae and yowtg juveniles are 
transported out of the Delta_quickly, except during 
periods of low Delta outflow, and therefore are unlikely 
to be entrained in diversions. During the l 987-1992 
drought, many juveniles remained in the Delta and were 
salvaged at the state and federal fish protection facilities 
during April-Jtme (Figure 3F-3). Given the high salvage 
rates of yowtg-of-year juveniles in some years, many 
longfin smelt larvae also are likely entrained, especially 
during February, March, and April. · 
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Other Fish Species 

Althoogh many other fish species reside in the Bay
Delta estuary, }X>tential effects ofDW project operations 
are not assessed for these species individually because 
their respmses to JX>tential changes in habitat conditions 
caused by DW project operations would be similar to 
those of one or more of the species life stages discussed 
above. Assessment ofDW project impacts on these other 
species is therefore encompassed by the discussion of 
}X>tential effects on the species listed above. Additional 
species include freshwater resident species (sunfish, cat
fish, and minnows), steelhead trout (Oncorhynchus my
kiss), green and white sturgeon (Acipenser medirostris 

· and A. sapidissima), and nwnerous Bay species. Because 
of the possibility that steelhead trout may be listed in the 
future wtder the federal Endangered Species Act, this 
species is discussed in Appendix F2, "Biological Assess
ment: Impacts of the Delta Wetlands Project on Fish 
Species". 

Significant numbers of resident fish are entrained by 
water diversions, but the actual entrainment impact on 
populations cannot be determined because information on 
population size, screening efficiency (except for a few 
species), and indirect entrainment losses is wtavailable. 
Based on movement patterns and habitat affmities, open
water pelagic fish (e.g., threadfm shad [Dorosoma 
petenense ]) are probably most susceptible to entrainment 
in diversions, followed by bottom-feeding catfish and 
minnows. Swtfish have the lowest susceptibility to 
entrairune:nt because of their relatively small horne ranges 
and associations with cover. 

Factors affecting abwtdance of steelhead trout are 
similar to those for chinook salmon. In the Sacramento
San Joaquin River system, most steelhead are fowtd in 
the Sacramento River and its tributaries and are subject 
to factors affecting Sacramento River chinook salmon. 

Yowtg sturgeon survival is probably affected by 
entrainment in diversions, toxics, and prey availability. 
Salvage at the SWP fish screens totals about 3,000 fish 
annually. Flows upstream of the Delta have more effect 
than Delta outflow on sturgeon spawning success. 

The number of Bay fish species greatly exceeds the 
number of species in the Delta. Biological responses of 
estuarine and marine species to Delta outflow conditions 
are highly variable (DFG 1992e, Herrgesell et al. 1983). 
Some populations remain stable regardless of outflow 
conditions, particularly species having wide salinity and 
temperature ranges and a broad range of food 
requirements (e.g., gobies). Some marine species 
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(e.g., anchovies [Engraulis monm]) may become locally 
more abundant if salinity increases in response to 
decreased Delta outflow. Higher Delta outflow may 
directly oc indirectly cause broader dispersal of estuarine 
species, decreasing intraspecific and interspecific 
competition (Stevens and Miller 1983). Higher outflow 
may increase recruittnent of marine species into the Bay, 
provide more habitat for estuarine species, and increase 
food availability. 

Invertebrate Species 

Responses of populations of aquatic invertebrate 
species to potential changes in habitat conditions 
resulting from OW project operations would be 
encompassed by the responses of one or more of the fish 
species life stages discussed in detail above. For 
example, the response of. Bay shrimp (Crangon 
franciscorum) to outflow is similar to the response 
shown by longfin smelt (i.e., abundance increases at 
higher outflow). 

The distribution and abundance of benthic inverte
brates (those living on or in the bottom substrates) re
spond to changes in habitat availability, largely deter
mined by the location of the salinity gradient, which is a 
function of Delta outflow. The more stable salinity re
gime of the interior Delta appears to provide favorable 
habitat for permanent persistence of a greater species 
diversity of benthic populations. Greater variability of 
benthic densities in the western Delta and Suisun Bay is 
caused by periodic large freshwater outflows and salinity 
changes. Under dry conditions (e.g., 1976 and 1977), 
numbers of Corophium (an amphipod) decreased in the 
western Delta, allowing temporary colonization by 
saltwater-adapted species (Markmann 1986). 

Effects of Delta outflow, Delta flow patterns, and 
diversions on planktonic invertebrates (invertebrates 
living suspended in the water column) are similar to the 
effects discussed above for planktonic life stages of 
striped bass, American shad, delta smelt, and longfm 
smelt. 

Neomysis, a mysid shrimp, is probably the single 
most important zooplankton species in the diet of Delta 
and Suisun Bay fish. Some of the annual fluctuations in 
abundance of this organism and shifts of population 
distribution between Suisun Bay and the Delta can be 
attributed to variations in Delta outflow. The highest 
Neomysis densities are observed betWeen salinity of 1.2 
ppt and 2.6 ppt (Knutson and Orsi 1983). Neomysis has 
been abundant in only two years since 1977, both charac-
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terized by high spring outflow that located the entrapment 
zooe downstream of the Delta (DFG 1987d). Location of 
the entrapment zme in the Delta reduces both the habitat 
area available to Neomysis and the density of Neomysis 
prey (i.e., phytoplankton and zooplankton) (Orsi and 
Knutson 1979, Arthur and Ball 1980). Location in the 
Delta also increases vulnerability to entrainment in Delta 
diversions. 

Pq>ulatioos of the copepod Eurytemora a !finis have 
recently declined, possibly reflecting changes in the Delta 
environment attributable to introduction of competitive 
and predatory species, reduced Delta outflow, and 
increased diversions. 

IMPACT ASSESSMENT 
METHODOLOGY 

The primary fishery-related effects of DW project 
facilities and operations would be changes in Delta 
flows. Water quality, local habitat conditions, and en
trainment of fish and invertebrates in diversions could 
also be affected by OW project operations and facilities. 

Simulations of DW Projec:t Operations 

Assessment of OW project effects on Delta fish 
species and their habitat involves predicting fish and 
habitat responses to changes in Delta conditions that 
could result from DW project operations. DW diver
sions, storage, and discharges and estimated changes in 
channel flows, outflow, and exports were simulated for 
DW project operations under a range of hydrologic con
ditions (see Chapter 3A, "Water Supply and Water Pro
ject Operations"). Changes in these factors were esti
mated by comparison of operations under each OW pro
ject alternative with operations under the No-Project 
Alternative. The results of these OW project simulations, 
in combination with information on fish behavior and 
habitat needs, provided the basis of the fishery impact 
analysis described in the following section, "Analytical 
Approach and Impact Mechanisms", which estimated 
potential effects of OW project operations on habitat 
conditions, fish transport, and fish entrainment in Delta 
facilities. 

Models Used and General Modeling Assumptions 

The simulatioos used to estimate OW project effects 
were pafonned with DeltaSOS, the monthly Delta oper-
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ations model developed by JSA to evaluate Delta flow 
effects of specified Delta water management operations, 
such as DWs proposed project, with the new Delta stan
dards. As described in Appendix A2, "DeltaSOS: Delta 
Standards and Operations Simulation Model", DeltaSOS 
simulates operations of a project (diversions, storage, and 
discharges) based oo the 70-year ( 1922-1991) hydrologic 
record according to a specified set of asswnptions regard
ing facilities, demand for exports, and Delta standards. 

The historical (1922-1991) record of Delta diver
sions, flows, and water quality provides basic data for 
evaluating effects of water project operations and facili
ties on hydrologic conditions. Although this hydrologic 
record serves as an estimate of likely future hydrologic 
conditions, it does not provide an accurate estimate of 
future Delta conditions. Historical data do not represent 
conditions that would occur with existing reservoirs and 
diversion facilities, under the current operations criteria, 
with applicable Bay-Delta standards,. and for the existing 
levels of demand (including municipal, agricultural, 
industrial, and fish and wildlife needs) for surface water 
from the Sacramento-San Joaquin River system. Appro
priate modeling of future Delta project operations must 
be based on current and anticipated regulatory standards, 
facilities, and demand for exports, rather than those con
ditions that existed during the years of the hydrologic 
record. 

These current conditions are rep1esented in the initial 
Delta water budget used for the DeltaSOS simulations, 
which consists of results of DWR's SWP operations 
planning model DWRSIM. DWR uses DWRSIM to 
simulate monthly water project operations (e.g., channel 
flows, exports, and outflow) that would occur under exist
ing conditions and standards, based on the range of 
hydrologic conditions represented by the hydrologic 
record for the Delta for 1922-1991. The results of 
DWRSIM 1995-C6B-SWRCB-409, performed in 
January 1995, were provided to SWRCB for use by JSA 
as the initial Delta water budget in these DeltaSOS simu
lations to evaluate proposed DW project impacts. These 
DWRSIM results were used by SWRCB to describe 
likely Delta conditions under the objectives of the 1995 
WQCP. DWR is continually refining its DWRSIM runs 
and used a slight modificationof this January run when 
finalizing the 1995 WQCP. The results of these two runs 
have no differences that affect the DW project simula
tions. (The initial water budget used in DeltaSOS model
ing is described in Appendix A I, "Delta Monthly Water 
Budgets for Operations Modeling of the Delta Wetlands 
Project".) 

In the DWRSIM simulation, Delta operations were 
controlled by criteria specified by SWRCB in the 1995 
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WQCP. CVP and SWP operations criteria included in 
the biological opinions for winter-run chinook salmon 
and delta smelt are encompassed by and consistent with 
the operations criteria in the 1995 WQCP (USFWS 
1995, Stern pers. comm.). 

In the DeltaSOS simulations of the DW project alter
natives, the CVP and SWP Delta pumping facilities were 
assumed to export all water that was available under 
existing operations criteria and existing facility capa
cities. That is, the DeltaSOS simulations were based on 
the assumptions that available water would be exported, 
irrespective of an actual export demand, and that south
of-Delta storage facilities (e.g., MWD's Domenigoni 
Reservoir) were available for any required storage of the 
exported water. This simulated level of export is likely 
representative of future conditions and the potential avail
ability of water to diversion, storage, and discharge for 
export by DW. The simulation does not encompass all 
permutations that may occur under real DW operations 
for any given year. The timing, frequency, and volumes 
of diversions to and discharges from the DW reservoir 
islands will be affected by factors that cannot be 
simulated (factors other than availability of water and 
pumping capacity, such as operational decisions at the 
discretion ofDW, DWR, Reclamation, or SWRCB or in 
response to Endangered Species Act considerations). 

Useofthe No-Projed Alternative as Baseline Refer
ence 

Simulated effects of DW project operations on the 
Delta cannot be directly compared with the historical 
record of Delta operations for purposes of impact assess
ment because historical Delta operations did not include 
current operating criteria; facilities; and conditions, such 
as demand for exports. To provide a point of reference 
for assessment of impacts associated with simulated 
operations of the DW project, it was also necessary to 
simulate a baseline condition consisting of existing Delta 
facilities and operating criteria but without operations of 
the DW project This point of reference is represented by 
the simulated No-Project Alternative. As described in 
Chapter 2, "Delta Wetlands Project Alternatives", the No
Project Alternative represents the intensified agricultural 
operations that would be implemented on the DW project 
islands if the DW project were not approved. Results of 
assessment of all potential impacts of the DW project 
represent changes that would result from DW project 
operations in relation to the No-Project Alternative. 
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Analytical Approach and 
Impact Mechanisms 

As described above, DeltaSOS simulations (based 
on DWRSIM simulations of Delta flows and diversions 
corresponding to the 1922-1991 hydrologic record, mod
ified by the 1995 WQCP objectives) provided the data 
for the evaluation of flow changes resulting from DW 
operations. Simulation results for total Delta diversions, 
DW project diversions, DW discharges for export, DCC 
and Georgiana Slough flows, lower San Joaquin River 
flow, and Delta outflow were used to determine the 
effects of DW project operations on fish habitat condi
tions and individual species entrainment or mortality. 
Information on the distribution and timing of fish life 
stages was incorporated into the evaluation of flow 
effects. Additionally, the impact assessment identified 
area and type of fish habitat that could be affected by 
construction activities, inclpding additional levee im
provements (i.e., riprapping) and construction of intake 
and discharge structures, fish screens, and boat docks. 

The following discussions describe the methods used 
to assess effects on fish transport and movement, habitat, 
and entrainment. These methods are explained in detail 
in Appendix A. "Detailed Methodology for Using Trans
port, Chinook Salmon Mortality, and Estuarine Habitat 
Models", of Appendix F2, "Biological Assessment: 
Impacts of the Delta Wetlands Project on Fish Species". 

Figure 3-1 in Chapter 3, "Overview of Impact 
Analysis Approach", provides an overview of the model
ing methods described below. · 

Methods for Assessing Effects on Chinook Salmon 

Mortality of juvenile chinook salmon could be 
affected by discontinuation of unscreened agricultural 
diversions onto the DW reservoir islands, addition of 
diversions to fill the reservoir islands (including the 
resulting reduction in outflow), export ofDW discharges 
(i.e., changes in central Delta flows), and changes in the 
magnitude and timing of diversions onto the habitat 
islands. -

Mortality indices for fall- and winter-run chinook 
salmon migrating through the Delta were calculated using 
a chinook salmon nxrtality model modified from a model 
developed by USFWS (Kjelson et al. 1989b). The mor
tality index should not be construed as the actual level of 
mortality that would occur because ·simulated monthly 
conditions cannot accurately characterize the complex 
conditions and variable time periods that affect survival 
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during migration through the Delta. The mortality index 
provides a basis for comparing the effects of alternative 
DW ~on chinook salmon that could result from 
changes in diversions and Delta flows. 

The USFWS mortality model was developed from 
studies of hatchery-reared juvenile fall-run chinook 
salmon released in the Delta during April-June. Use of 
the model to estimate winter-run mortality assumes appli
cability of the model to in-river juvenile migration during 
September-May. 

The USFWS mortality model has two major com
ponents: mortality attributable to temperature and mor
tality attributable to Delta exports. The USFWS model 
assumed that exports affect only salmon drawn off the 
Sacramento River and into the DCC and Georgiana r 

Slough and then into the Mokelumne River part of the 
Delta. Salmon continuing down the Sacramento River 
are assumed to be unaffected by exports. The effect of 
exports on salmon migrants from the Sacramento River 
is assumed to depend on the volume of Sacramento River 
water diverted. Exports composed primarily of San 
Joaquin River flow would have less effect on salmon 
migrants from the Sacramento River than would exports 
composed primarily of Sacramento River flow. 

In this impact assessment, a cross-Delta flow para
meter (CDFP) was substituted for export. CDFP is cal
culated with the DeltaMOVE fish transport model dis
cussed below under "Methods for Assessing Effects on 
Fish Transport" and in Appendix F2. The model simu
lates introduction of a concentration of particles into the 
Mokelumne River side of the Delta at the beginning of a 
month. Tbe Mokelumne River side of the Delta receives 
inflow from the DCC and Georgiana Slough, as well as 
inflow from the Mokelumne River. Inflow from the DCC 
and Georgiana Slough is usually orders of magnitude 
greater than Mokelumne River inflow. The proportion of 
the concentration entrained in exports and other Delta 
diversions at the end of the month is the monthly CDFP. 
Tbe CDFP, the salmon mortality model, and DeltaMOVE 
are described in detail in Appendix A of Appendix F2. 

Methods for Assessing Effects on Fish Transport 

The distribution of many fish species, including 
striped bass and delta and longfin smelt, is affected by 
changes in Delta flow patterns and diversions during the 
larval and early juvenile life stages. Many other factors 
affect the distribution of larvae and juveniles in the estu
ary, including the distribution and timing of spawning, 
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larval growth, and the response of fish to various environ
mental conditions (i.e., salinity, temperature, and prey 
distribution). 

The fish transport model DeltaMOVE was used to 
simulate an entrainment index for evaluating the effects 
of water project operations on fish distribution and 
entrainment loss in the Delta (Appendix F2). Although 
relationships between physical and biological factors 
controlling larval and early juvenile distribution are 
complex and difficult to ascertain, the fish transport 
model simulations are based on the assumption that 
movement of water is representative of the movement of 
young fish. The fish transport model uses net channel 
flows, tidal mixing flows, channel volume, and salinity to 
estimate effects of Delta inflows and water project oper
ations on distribution and entrainment loss of larval and 
early juvenile life stages. The effects of the DW project 
on the distribution and potential entrainment loss oflar
vae and early juvenile life stages ,were evaluated by 
comparing entrainment indices for the No-Project Alter
native conditions with entrainment indices for conditions 
under DW project operations. 

The entrainment index for Delta conditions with the 
DW project alternatives indicates the direction and mag
nitude of potential change in entrainment loss relative to 
conditions simulated for the No-Project Alternative. The 
entrainment index should not be construed as the actual 
level of entrainment that would occur. Simulated month
ly conditions, a fixed spawning distribution, and the 
assumed transport characteristics of a life stage cannot 
8CClD1ltely characterize the complex conditions and vari
able time periods that affect the entrainment process. 

Striped bass eggs and larvae and delta and longfm 
smelt larvae are assumed to ~ transported primarily by 
net channel flow and tidal mixing flows. Whether fish are 
lost as a result of Delta diversions depends on the volume 
of diversions, the volume of net flow moving fish toward 
the diversion points, and the length of time that larvae 
reside in the Delta channels. Increased rate of movement 
out of the Delta and toward Suisun Bay results in lower 
losses to Delta diversions. Delta residence time is deter
mined by the magnitude ofDelta outflow; higher outflows 
reduce the period of residence -in the Delta spawning 
areas and increase the proportion of the simulated popu
lation transported to Suisun Bay during a given period. 

Methods for Assessing Changes in Estuarine Habitat 
Area 

Salinity is an important habitat factor, and estuarine 
habitat often is defined in terms of a salinity range (Hieb 
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and Baxter 1993). All estuarine species are assumed to 
have optimal salinity ranges, and different life stages 
within a species often vary in their salinity preferences. 
Species year-class production may be determined partly 
by the amount of rearing habitat available within the 
optimal salinity range. 

Rearing habitat area, based on the estimated optimal 
salinity range, was calculated for striped bass and delta 
and Iongtin smelt. The optimal salinity range is 0.1-2.5 
ppt for striped bass, 0.3-1.8 ppt for delta smelt, and 1.1-
18.5 ppt for Iongtin smelt (Obrebski et al. 1992, Hieb 
and Baxter 1993). 

The Bay-Delta estuary has a complex shape, and the 
area of optimal salinity habitat varies greatly with its 
location. The geographical location of the upstream and 
downstream limits of the optimal salinity habitat are 
computed from monthly average Delta outflow and the 
optimal salinity range of the species {Appendix F2). The 
surface area at different locations was estimated from 
nautical charts. Total area of optimal salinity habitat was 
computed for each month through addition of all areas 
contained between the upstream and downstream limits 
of the optimal salinity range. 

The annual optimal salinity habitat area was the 
weighted average of all months. Details of these cal
culations of optimal salinity habitat are included in 
Appendix F2. 

Method• for Assessing Direct Entrainment Loss 

Direct entrainment loss is the total number of fish 
diverted onto the DW project islands. Also included in 
the direct entrainment loss estimate are fish impinged on 
DW project fish screens and eaten by predators exploit
ing habitats created by the intake facilities. 

The intakes on all DW island siphons would have 
fish screens. Fish screen operations and design are being 
developed in consultation with DFG and NMFS; DW will 
apply the best available technology at the time of con
struction to obtain the highest efficiency under variable 
Delta conditions. For juvenile and adult fish greater than 
20 mm in length, the fish screens are assumed to nearly 
eliminate direct entrainment losses. Losses of fish eggs 
and larvae and juvenile fish that cannot be effectively 
screened are discussed in greater detail under the 
respective species in the impact assessment. The screen 
structures would be in the water only during actual diver
sions (as assumed in the project description), and 
predator populations associated with the screens are not 
likely to increase during the 2- to 4-week diversion 
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period. However, the presence of boat docks, pilings, 
and other structures associated with the intakes could 
provide habitat for predatory fish that could increase 
entrainment losses. 

The historical ( 1979-1990) CVP and SWP salvage 
records (see Appendix F2) were used to estimate the 
timing and magnitude of wlnerability to entrainment for 
screenable-sized fish of all target species (Figure 3F-3). 
The information was used in conjunction with simulated 
estimates of the volwne and timing of diversions to 
detennine potential entrainment loss. 

Daily Operation• 

Monthly simulations of operations (using DWRSIM 
and Reclamation's planning model PROSIM) are cur
rently the best available tools for estimating Delta inflows 
and upstream operations. Monthly simulations provide 
general information on the monthly timing and volwne of 
DW project diversions and discharges. Simulations of 
daily operations would provide a more accurate repre
sentation ofDW project operations. Daily water project 
operation models, however, are not available to simulate 
Delta inflows and operation of upstream facilities. 

The daily and monthly average flows and operations 
for several months of an example water year, 1981, are 
compared in Appendix F2, "Biological Assessment: 
Impacts of the Delta Wetlands Project on Fish Species". 
Detailed daily DW operations are discussed in Appendix 
A4, "Possible Effects of Daily Delta Conditions on Delta 
Wetlands Project Operations and Impact Assessments". 

Use of simulated monthly average flows in the 
impact assessment provides a general indication of how 
the DW project would operate and how DW operations 
may affect Delta flows. DW operations under daily 
conditions could be less constrained or more constrained 
than DW operations under monthly average conditions. 
Effects on fisheries may be similarly under- or over
estimated. 

In general, the pattern of entrainment loss is similar 
for daily and average monthly hydrology (see Figure 5-2 
in Appendix F2). The magnitude of the entrainment index 
for daily flows, however, may be substantially greater or 
less than the entrainment index for monthly average 
flows. The difference between the daily and monthly 
average effects indicates the importance of considering 
flow conditions over time increments of less than a month 
in developing project operations criteria. The level of 
DW project effects during actual operation, and actions 
necessary to avoid substantial adverse effects on delta 
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smelt and other species, will depend on daily flow con
ditions in the Delta and on the real-time distribution of 
wlnerable fish life stages. Mitigation was developed to 
account for impacts of daily operations. 

Criteria for Determining 
Impact Signif~eance 

Populations of fish and other aquatic organisms may 
be reduced because of increased mortality and changes in 
habitat availability and suitability that affect species sur
vival, growth, migration, and reproduction. In general, 
impacts on fish populations are significant when project 
operations cause or contribute to substantial short- or 
long-term reductions in abundance and distribution. An 
effect is found to be significant, based on the State CEQA 
Guidelines, if it: 

• substantially reduces the abundance or the 
range of a rare or threatened species; 

• substantially threatens to eliminate an animal 
community; 

• substantially causes fish habitat to drop below 
self-sustaining levels; 

• substantially rt:duces fish habitat; or 

• has considerable cwnulative effects when 
viewed with past, current, and reasonably fore
seeable future projects. 

NEP A regulations state that the significance of an 
action is determined by the severity of the impact in the 
context of local, regional, national, and societal per
spectives. Consequently, significance cannot be rigidly 
defined because the significance of an impact will vary 
with the species, population dynamics, impact mechan
ism, and surrounding environment. 

In this impact assessment, impacts were considered 
significant if it was determined that conditions contri
buting to existing stress would be worsened by DW 
project operations and facilities, resulting in a substantial 
reduction in population abundance and distribution. The 
definition of a "substantial" reduction varies with each 
species, depending on the ability of the population to 
maintain or exceed current production levels through 
mechanisms that compensate for reduced abundance of 
earlier life stages. Many fish populations are resilient in 
the face of mortality caused by hwnan activities and can 
sustain high levels of exploitation. All available data, 
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including information on past responses of fish popu
lations to cbanges in envirorunental conditions and direct 
mortality, were evaluated to assist in determining popu
lation dynamics relative to impact mechanisms. 

Impacts were considered cumulatively significant if 
it was determined that project operations and facilities 
would contnbute to existing or future stress that causes or 
would cause a substantial reduction in population abun
dance and distribution. Current impacts and population 
trends and foreseeable future project impacts were con
sidered in the determination of cumulative impact signi
ficance. 

IMPACI'S AND MITIGATION 
MEASURES OF 

ALTERNATIVE 1 

Alternative 1 involves potential year-round diversion 
and storage of water on Bacon Island and Webb Tract 
(reservoir islands) and management of Bouldin Island and 
Holland Tract (habitat islands) primarily for wetlands and 
wildlife habitat. Existing agricultural diversions would 
cease; however, water would be diverted for wetland 
management. 

In DeltaSOS simulations of OW project operations 
under Alternative 1, it is assumed that diversions onto the 
reservoir islands could occur any time of the year when 
surplus flows are available (under the 1995 WQCP 
criteria). Water discharged from the reservoir islands is 
assumed to be treated as Delta inflow; export of OW 
discharge by the CVP and SWP Delta pumping facilities 
would comply with 1995 WQCP criteria for percentage 
of Delta inflow diverted (percent inflow) (see Chapter 
3A, "Water Supply and Water Project Operations"). 
Discharges of water from the OW project islands would 
be exported in any month when unused capacity within 
the permitted pumping rate exists at the SWP and CVP 
pumps and the 1995 WQCP percent inflow limits do not 
prevent use of that capacity. 

Water would be diverte4_ to the reservoir islands 
(238-T AF water storage capacity) at a maximum average 
monthly diversion rate of 4,000 cfs, which would fill the 
two resetVOir islands in one month. The maximum aver
age daily diversion rate would be 9,000 cfs during the 
first day of siphoning of water onto the reservoir islands 
(see Chapter 2, "Delta Wetlands Project Alernatives", for 
more information on diversion rates during reservoir 
filling). The maximum average daily di8charge rate 
would be 6,000 cfs, but the maximum monthly average 
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discharge rate is assumed to be 4,000 cfs, a rate that 
would empty the two reservoir islands in one month. 

Effects ofDW project operations under Alternative 1 
were determined through comparison of flow and habitat 
conditions for operations and facilities simulated by 
DeltaSOS with and without the OW project (i.e., under 
Alternative 1 and under the No-Project Alternative). The 
flow and salinity conditions simulated for the No-Project 
Alternative and Alternative 1 are presented in Chap
ters 3A, "Water Supply and Water Project Operations", 
and 3C, •water Quality". The DeltaSOS simulations of 
Delta inflows and water project operations provided the 
basis for most of the species-specific evaluations dis
cussed below under "Potential Species-Specific Effects". 

Table 3A-7 in Chapter 3A and Tables A3-7a and 
A3-7b in Appendix A3, "DeltaSOS Simulations of the 
Delta Wetlands Project Alternatives", show the results of 
DeltaSOS simulations of OW reservoir island diversions 
and discharges under Alternative 1, based on the hydro
logic record for 1922-1991. Habitat island diversions 
under Alternative 1 (Table 3A-2 in Chapter 3A and 
Table Al-8 in Appendix Al, "Delta Monthly Water 
Budgets for Operations Modeling of the Delta Wetlands 
Project") would vary little from year to year, although 
timing of diversions would be flexible and would depend 
on habitat island water management needs. 

Effects of Construction Activities 

Construction activities for Alternative 1 include 
construction of intake facilities, fish screens (for new and 
existing diversions), discharge facilities, and boat docks. 
Boat docks would be constructed in conjunction with · 
each of the discharge and diversion facilities. Addition
ally, boat docks associated with recreation facilities 
would be conslructed at other locations on the OW reser
voir and habitat islands. Piles would be driven to hold 
the floating docks in place. (See Appendix 2, "Supple
mental Description of the Delta Wetlands Project 
Alternatives", for details on boat docks and siphon and 
ptunp stations.) Dredging is not anticipated and exterior 
levee improvements will be minor. Ongoing mainte
nance programs for the exterior levees, however, would 
continue (see Chapter 30, "Flood Control"). 

The intake and discharge facilities and boat docks 
will be situated on relatively steep, riprapped levee 
slopes. Dredging oflevee slopes and channels is not pro
posed. The proposed location of the facilities is not in 
what is believed to be preferred spawning or rearing 
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habitat of delta smelt and Sacramento splittail (i.e., shal
low vegetated habitat). 

Pilings and boat docks constructed on existing rip
rap add structure and increase habitat diversity. Some 
species (e.g., some species ofswrlish) would benefit from 
increased habitat diversity. Predation on other species 
(e.g., delta smelt) may increase (see discussion under 
"Potential Species-Specific Effects"). 

If intake sites or boat docks were located in or near 
shallow vegetated habitat, however, spawning habitat for 
delta smelt, Sacramento splittail, and other Delta resident 
species may be lost or altered. The habitat area lost 
would be small relative to the total area of similar habitat 
in the Delta, and such loss would have minimal effects on 
fish populations. Loss of habitat could have a significant 
adverse effect on localized reproduction of delta smelt, 
Sacramento splittail, and resident species. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact F-1: Alteration of Habitat. Construction 
of intake facilities and fish screens, discharge facilities, 
and boat docks on the DW project islands could adverse
ly change spawning and rearing habitat used by Delta fish 
species, resulting in habitat loss. Specific spawning habi
tat parameters have not been defmed for delta smelt and 
Sacramento splittail. Shallow vegetated habitat is be
lieved to be important for the spawning success of split
tail and delta smelt (USFWS 1995). Shallow vegetated 
habitat is also important to the spawning and rearing 
success of other Delta species. Historical and ongoing 
activities (e.g., dredging, placement ofriprap, and levee 
construction) have destroyed substantial areas of shallow 
vegetated habitat in the Delta, and recent downward 
trends in the population abundance of delta smelt and 
Sacramento splittail may indicate the need to preserve the 
remaining habitat. Although the loss of habitat area to 
DW construction activities would be small relative to the 
total area of similar habitat in the Delta, the impact is 
considered significant. 

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

Della Wetlands Draft EIRIE/S 

87-1 J9CCICH3F 3F-15 

Mitigation Measure F-1: Implement Fish 
Habitat Management Actions. DW shall implement 
the following actions: 

• Six months before beginning construction, 
DW shall provide USFWS and DFG with 
detailed habitat maps of the intake, dis
charge, and boat dock sites. The maps should 
show the areas that may be directly affected by 
construction, and should also show adjacent 
habitat within 200 feet of the proposed facil
ities. A mapped area should include the area 
from the center line of the levee toward the 
center of the adjacent channel to a depth of -1 0 
feet mean sea level (msl). The maps should 
identify all physical and biological features, 
including substrate, depth (relative to msl), and 
vegetation. Habitats likely to be altered by con
struction of intake, discharge, and boat dock 
facilities should be clearly identified, and 
quality and quantity of each habitat type should 
be specified. Focus should be on habitats po
tentially used by Sacramento splittail, delta 
smelt, and other native species. 

• Prior to beginning construction, DW shall 
implement a fish habitat replacement plan. 
The plan should identify spawning and rearing 
habitats that should be created or restored to 
replace shallow vegetated habitat permanently 
destroyed by construction activities. Shallow 
vegetated habitat should be replaced at a ratio 
of3:1. 

The replacement ratio of 3: 1 is consistent with 
habitat restoration and replacement needs iden
tified by USFWS for other Delta projects (e.g., 
Fonnal Consultation on Effects of the Proposed 
Los Vaqueros. Reservoir Project on Delta 
Smelt, September 9, 1993 [USFWS 1993b]). 
The replacement ratio compensates for the 
uncertainty of the success of habitat restoration 
and creation, uncertainty of suitability of the 
restored habitat for the target species, and the 
potential time lag between habitat alteration and 
habitat replacement. 

Replacement could be accomplished through 
independent actions taken by OW, participation 
in the SB 34 Delta Levees Project Management 
Program (Littrell pers. comm.), or participation 
in Category III actions under the 1995 WQCP 
and similar habitat restoration activities. 
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• DW ahall perform eonatruction and main
tenance adivitiel that affect in-water habi
tat only during September-December, when 
feasible. Best management practices should be 
implemented to minimize sediment disturbance 
and to prevent toxic substances associated with 
construction equipment and materials from 
entering the Delta channels. 

Efl'edl on Water Quality 

This section addresses potential water quality effects 
of proposed discharges of stored water from the DW 
reservoir islands (Webb Tract and Bacon Island) and 
boat-related spills at docks on the DW islands. Effects of 
DW project operations on seawater intrusion (i.e., the 
location of X2) are discussed below under "Effects on 
Delta Outflow". 

DW Reservoir Island Dis&:harge 

Organic Materials and Tos.ics. Water discharged 
from the DW reservoir islands is not expected to contain 
materials toxic to aquatic organisms. Pesticides, cur
rently a component ofDelta agricultural discharge, would 
be applied at reduced levels on the DW reservoir islands. 
Soluble toxic materials are not known to be present in the 
soil or water on the DW reseJVoir islands. 

Although water discharged from the DW reservoir 
islands would not contain toxic materials, it may have 
elevated levels of DOC and particulate organic carbon 
(POC) (e.g., zooplankton and phytoplankton). Discharge 
of such additional material is expected to have minimal 
biological effects in the Delta and could increase avail
ability of food for Delta fishes. 

Chapter 3C, ."Water Quality", contains a detailed 
analysis of the potential effects of the DW project on 
Delta water quality. 

Dissolved Oxygen. When ,!illed, the DW reservoirs 
would be relatively shallow (i.e., generally less than 20 
feet deep) and water would be well mixed. It is assumed 
that DO levels in the DW reservoirs would be similar to 
those in the Delta channels. Algal blooms on the reser
voir islands, however, may cause periodic differences 
between DO levels on the DW reservoir islands and in 
the Delta channels. With implementation of recom
mended mitigation, DW discharge would not be allowed 
to reduce DO levels in the receiving channel by more 
than 1 mg/1 (see Chapter 3C, "Water Quality"). 
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Water Temperature. Factors controlling the effect 
of DW discharges on Delta channel water temperature 
include initial channel water temperature, temperature of 
the stored water on the DW reservoir islands at the time 
of discharge, volume of the discharge, volume of the 
receiving channel, flow and mixing in the receiving 
channel, and meteorological conditions. 

Delta channel water temperature depends primarily 
on meteorological conditions. During some months 
(September-October and March-June), water temperature 
may depend also on flow. Under high-flow conditions, 
river inflow may affect water temperature in the channels 
adjacent to the DW reservoir islands. 

lftheternperature on the DW project islands is sub
stantially greater than water temperature in the Delta 
channels, DW discharges could increase channel water 
temperature. Increased channel water temperature could 
affect survival, growth, and reproduction of aquatic 
organisms. 

If the altered channel water temperature exceeds 
600f (Kjelson et al. 1989b), chinook salmon survival 
could be significantly reduced. Temperatures greater 
than 60"may also adversely affect growth (Appendix F2). 
October and April-June are the months of juvenile 
chinook salmon migration when the temperature ofDW 
discharge is likely to exceed 60°F and may also exceed 
water temperature of the receiving channel. The propor
tion of the juvenile population migrating during October 
or April-June is variable but could exceed 50% of the 
annual production. The proportion of the juvenile chi
nook sahnon population exposed to DW discharge would 
likely be much less because most juvenile chinook sal
mon do not migrate along the Old and Middle River 
pathway (USFWS 1987). 

Boat Docks 

The introduction of DW project boat docks is 
expected to increase boat-related activities in the Delta. 
The boat docks would concentrate effects of minor fuel 
and lubricant spills from individual boat engines and 
other boat-related discharge at the dock locations. Fuel
ing stations are not proposed as part of the boat docks. 
The relatively strong tidal currents in the channels sur
rounding the DW habitat and reservoir islands would 
disperse spills quickly. Boat docks located adjacent to 
spawning and early rearing areas of Sacramento splittail, 
delta smelt, and resident species could have localized, 
less-than-signfiicant adverse impacts. 
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Summary of Project Impact~ and Reeommended 
Mitigation Measures 

Impact F-1: lnc:reue in Temperature-Related 
Mortality of Juvenile Chinook Salmon. Meteoro
logical cooditions may result in water temperatw"e on the 
OW reservoir islands being greater than water tempera
ture in the adjacent Delta channels. Discharge of stored 
OW water could increase channel water temperature. 
The water quality objective for the Delta states that "the 
natural receiving water temperature of intrastate waters 
shall not be altered unless it can be demonstrated to the 
satisfaction of the Regional Board that such alteration in 
temperature does not adversely affect beneficial uses" 
(SWRCB 1991 ). Water temperatures greater than 600f 
may adversely affect juvenile chinook salmon survival. 
If water temperature in the Delta channels exceeds 60°F, 
an increase in channel water temperature greater than 1 oF 
would have a significant adverse impact on juvenile 
chinook salmon survival. , . 

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

Mitigation Measure F-1: Monitor the 
Water Temperature of DW Discharges and Reduce 
DW Discharge• to Avoid Producing Any Increase in 
Channel Temperature Greater Than l°F. OW shall 
monitor water temperature at appropriate time intervals 
in OW discharge siphons and in the receiving channels. 
Monitoring would be required during October-June 
whenever OW project water is discharged. 

The volume and timing of discharge from the OW 
reservoir islands should be adjusted to avoid any calcu
lated increase in channel water temperature greater than 
1 °F. The need for monitoring and the methodology for 
calculation of channel water temperature changes attribu
table to OW project discharge will be determined through 
consultation with SWRCB and the Regional Water 
Quality Control Board. Details will be included in the 
terms and conditions developed by SWRCB for the OW 
project. 

To be consistent with the water quality objectives for 
the estuary and the s;cramento River at Freeport, the 
temperature of the discharged water may not be more 
than 50f warmer than the receiving water temperature 
(SWRCB 1991 ). When the receiving water temperature 
is greater than 66"F during October-June, the temperature 
of the discharged water must be less than or equal to the 
temperature of the receiving water. 

Impact F-3: Potential Increase in Accidental 
Spills of Fuel and Other Materials. Accidental spills 
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of fuel and other materials related to recreational boat use 
would be cmcentrated at OW boat dock locations. Such 
spills could ocx:ur adjacent to spawning and early rearing 
areas of Sacramento splittail, delta smelt, and other Delta 
species. Because spills would have localized effects, are 
random, and are not an occurrence of normal project 
operations, this impact is considered less than significant 
(also see Chapter 3C, "Water Quality"). 

Mitigation. No mitigation is required. 

Potential Flow and General 
Habitat Effects 

This section discusses potential general effects on 
fish habitat, transport, and entrainment that could result 
:from implementing Alternative 1. The discussion covers 
the following: 

• effects ofDW project diversions on outflow and 
salinity and, therefore, on habitat availability; 

• effects ofDW project diversions and discharges 
on Delta channel flow patterns, which affect 
fish transport to suitable habitat and to pumping 
facilities where they may be vulnerable to 
entrainment; and 

• effects ofDW project diversions and discharges 
on percentage ofDelta inflow diverted, which is 
associated with fish entrainment at the CVP and 
SWP export pumping facilities. 

Effects on Delta Outflow 

Delta outflow is a primary factor associated with 
Bay-Delta fish abundance, distribution, and habitat con
ditions. 1be effects of outflow on transport of fish larvae 
and juveniles are discussed below under "Potential 
Species-Specific Effects". Delta outflow also affects the 
concentration of toxic and organic materials downstream 
of the Delta (San Francisco Estuary Project 1993). 

OW project diversions would directly reduce Delta 
outflow (Table 3F-l). Although the maximum average 
monthly OW diversion rate is 4,000 cfs, the maximum 
average daily OW diversion rate could reach 9,000 cfs 
for the first day. OW diversions would not be allowed to 
cause the Delta outflow objectives of the 1995 WQCP to 
be violated. Under Alternative 1, OW diversions were 
simulated to reduce average monthly outflow by more 
than 25% during September-January in 18 years of the 
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70-year simulatioo.. For other months, no DW diversions 
were simulated, or simulated diversions coincided with 
high outflow volumes (i.e., reductions in outflow were 
relatively small). For simulated outflows under the No
Project Alternative and Alternative 1, see Chapter 3A, 
"Water Supply and Water Project Operations". 

Effedl on Salinity 

By reducing Delta outflow, DW diversions affect 
salinity distribution in the estuary. The effect of reduced 
outflow on salinity is represented by the change in X2 
(distance in kilometers of the 2-ppt isohaline from the 
Golden Gate Bridge). The simulations of DW project 
operations show that X2 would shift upstream when 
outflow is reduced by DW diversions. 

During February-June (the critical habitat months for 
many estuarine species [SWRCB 1995]}, DW project 
operations would cause upstream shifts in X2 of up to 1.4 
kilometers (Table 3F-2). During September, October, 
and November, the simulated upstream shift in X2 would 
approach or exceed 3.5 kilometers in some years. The 
magnitude of the shift in X2 is a function of both the 
change in Delta outflow (caused by DW diversion) and 
the volwne of outflow. Reductions in outflow caused by 
DW diversions have less effect on the location of X2 
when the outflow is greater. The greatest shift in X2 
occurs with diversions at low outflows, when X2 is 
located upstream near the confluence of the Sacramento 
and San Joaquin Rivers. 

Although the objectives of the 1995 WQCP would 
be met under DW project operations, the upstream shift 
in X2 attributable to DW diversions could reduce the 
area of optimal salinity habitat in Suisun Bay and the 
Delta. Change in area of optimal salinity habitat in the 
estuary is discussed in the sections on optimal salinity 
habitat for individual species under "Potential Species
Specific Effects" below. 

Effedl on Delta Flow Patterns 

Delta flow patterns potentially affect the movement 
of fish through the Delta, their arrival in downstream 
habitats, and their susceptibility to entrainment in diver
sions. Net flow in the Delta channels is affected by river 
inflows, channel geometry, location and volume ofDelta 
diversions, and closure or removal of channel barriers. 

Channel flows affecting the central Delta (i.e., the 
San Joaquin River from Stockton to Twitchell Island, 
including the most northerly parts of Old and Middle 
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Rivers) are discussed in this section. The central Delta is 
the "switchyard" of the Delta. Channel flows into and out 
of the central Delta could affect fish movement in the 
Sacramento, Mokelumne, and San Joaquin Rivers. The 
channel flows discussed in this section include major 
inflows to the central Delta from the Sacramento River 
(i.e., the DCC and Georgiana Slough) and the San 
Joaquin River (at Stockton), flow between the central 
Delta and the western Delta (QWEST), and flows in Old 
and Middle Rivers. 

DCC and Georgiana Slough. Diversion of Sacra
mento River flow through the DCC and Georgiana 
Slough could have detrimental effects on winter-run 
chinook salmon and could also affect distribution and 

. survival of other species. Flow through the DCC and 
Georgiana Slough is a fimction of Sacramento River flow . 
and operation of the DCC gates. DW project operations 
would not affect Sacramento River flow and DCC gate 
operation. The volume of the DCC and Georgiana 
Slough flow would be the same under Alternative 1 and 
the No-Project Alternative because exports and DW 
diversions would not change the DCC and Georgiana 
Slough flows (see Tables A3-5 and A3-8 in Appendix 
A3, "DeltaSOS Simulations of the Delta Wetlands 
Project Alternatives"). 

San Joaquin River at Stockton. With a barrier in 
Old River, nearly all San Joaquin River flow moves 
through the Delta past Stockton. The barrier was 
asswned to be in place during April-May and October for 
the 1922-1991 simulations. The barrier was assumed to 
be removed if San Joaquin River inflow exceeded 10,000 
cfs. 

When the Old River barrier is not in place, Old 
River flow is a function of San Joaquin River flow and, to 
a lesser extent, export at the SWP and CVP Delta pump
ing facilities. When the San Joaquin River flow at 
Vernalis exceeds 2,000 cfs, Old River flow is approxi
mately 6()0/o of the total San Joaquin River inflow and the 
flow division is unaffected by exports. For Vernalis flows 
less than 2,000 cfs, decreased Vernalis flow and in
creased exports reduce the proportion of flow toward 
Stockton. When total San Joaquin River inflow is about 
500 cfs, flow toward Stockton is negligible or may be 
slightly reversed because of exports. 

DW project operations under Alternative 1 would 
not affect total San Joaquin River inflow and Old River 
barrier placement. The volume of San Joaquin River 
flow past Stockton would be the same under Alterna
tive 1 and the No-Project Alternative (see Tables A3-5 
and A3-8 in Appendix A3). 
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QWEST Flow. Q\VEST is a calculated flow para
meter representing net flow between the central Delta and 
the western Delta. Although QWEST criteria are not in
cluded in the 1995 WQCP, QWEST criteria have pre
viously been considered for protection of central Delta 
fish (NMFS 1993). DW project diversions would di
rectly reduce QWEST. DW discharge for export would 
not affect QWEST. 

If QWEST under the No-Project Alternative is simu
lated to be positive (i.e., net flow is toward Suisun Bay), 
simulated DW diversions reduce the net flow volwne or 
reverse the direction of net flow. Simulated diversions 
resulted in 14 reversals of net positive flow direction, 
primarily during September-December in DeltaSOS 
modeling of Alternative 1 (Tables A3-5 and A3-8 in 
Appendix A3). IfQWEST under the No-Project Alter
native is simulated to be negative (i.e., net flow is toward 
the central Delta), simulated DW diversions would 
increase the net negative flow volwne by an amount equal 
to the DW diversion. 

The effects of change in QWEST on fish species 
depend on flow conditions throughout the Delta and on 
the distribution offish. Fish effects ofDW diversions for 
variable QWEST flow are evaluated under "Potential 
Species-Specific Effects" below. 

Old and Middle Riven. In all months of the 1922-
1991 simulation, net flow in Old and Middle Rivers 
toward the south (i.e., negative flow) averaged between 
6,000 cfs and 9,000 cfs (see Tables A3-5 and A3-8 in 
Appendix A3). DW project diversions would increase 
net southerly flow in Old and Middle Rivers between 
Bacon Island and Webb Tract (Table 3F-3). The in
crease would not exceed 4,500 cfs, the maximwn diver
sion capacity of Bacon Island. Flows to the south of 
Bacon Island would not be affected by DW diversions. 

DW discharge for export would also increase net 
southerly flow in Old and Middle Rivers (Table 3F-3). 
Net flow would change in Old and Middle Rivers be
tween Webb Tract and Bacon Island only when DW 
project water is discharged for export from Webb Tract. 
Discharge from Bacon Island would affect only flows 
south of Bacon Island.- Discharge for export could 
increase net southerly flow by a maximwn of 6,000 cfs 
between Bacon Island and the CVP and SWP Delta 
pumping facilities and a maximwn of 4,000 cfs between 
Webb Tract and Bacon Island. 

The effects of the change in net Old and Middle 
River flow on fish species depend on concurrent flow 
changes in the rest of the Delta and on the distribution of 
fish. More detailed analysis of effects ofDW diversions 
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and DW discharges for export are presented under 
"Potential Species-Specific Effects" below. 

Efl"ec:U on Percentage of Delta Inflow Diverted 

Pen:entage of Delta inflow diverted was introduced 
in the 1995 WQCP as an export limit to reduce entrain
ment of various species' life stages by the major export 
pwnps (CVP and SWP) in the south Delta. A major 
concern is the movement of fish toward the south Delta 
with water drawn from the Sacramento River. South 
Delta diversions (SWP, CVP, CCWD, and agricultural 
diversions) generally exceed the San Joaquin River 
inflow and draw Sacramento River water across the 
Delta. 

In simulations ofDW project operations, DW diver
sions were treated the same as CVP and SWP exports 
and were limited by the percent inflow criteria of the 
1995 WQCP (i.e., during any month, the swn of DW 
diversions and export as a percentage of Delta inflow 
would not exceed the maximwn allowed under the 1995 
WQCP). The criteria allow export (plus DW diversion) 
of35% or less of Delta inflow during February-June and 
65% dwing July-January; export (plus DW diverions) of 
between 35% and 45% is allowed under the criteria 
during February if January runoff is less than 1.5 MAF. 
The simulation showed that under the 1995 WQCP, 
percentage of inflow diverted was allowed to exceed 3 5% 
in Februaly in 40 of the 70 simulated years. For the No
Project Alternative and Alternative 1 , there were 15 years 
when percentage of inflow diverted exceeded 35% in 
February. In DeltaSOS modeling, DW discharge for 
export was included in the calculation of Delta inflow. 
Percent inflow is calculated by dividing CVP Tracy and 
SWP Banks export, including export ofDW discharge, 
by Delta inflow. 

DW diversions would increase the percent inflow 
diverted, but operations would comply with the criteria in . 
the 1995 WQCP. The increase in percent inflow diverted 
could increase entrainment of estuarine species by Delta 
diversions. A detailed discussion of entrainment effects 
of DW project operations is presented· below under 
"Potential Species-Specific Effects". 

Potential Species-Specifac Effects 

DW project effects on abundance of chinook salmon, 
striped bass, American shad, delta smelt, Sacramento 
splittail, and longfm smelt were determined using avail
able species-specific models that relate species effects to 
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habitat cooditioos. Species abundance indices and habi
tat conditions were compared for operations under the 
No-Project Alternative and under DW project operations. 
Results of the assessment of effects are described below 
for each of these species. 

Chinook Salmon 

Following are major concerns about DW project 
impacts on chinook salmon: 

• increased water temperature from DW dis
charge, 

• increased division of flow off the Sacramento 
River through the DCC and Georgiana Slough, 

• increased division of flow off the San Joaquin 
River through Old River ncar Mossdale, 

• reduced potential to escape the Delta because of 
reduced positive QWEST or increased negative 
QWEST, and 

• increased attraction to south Delta diversions 
(i.e., increased southerly flow in Old and 
Middle Rivers). 

DW effects on potential water temperature changes were 
·discussed previously (see "Water Temperature" under 
"DW Reservoir Island Discharge"). DW project opera
tions would not affect DCC and Georgiana Slough flows 
or Old River flow at Mossdale (see "DCC and Georgiana 
Slough" and "San Joaquin River at Stockton" in the 
previous section). DW operations would reduce the 
potential for juvenile chinook salmon to escape the Delta 
and would increase attraction to south Delta diversions. 

The mortality index for chinook salmon during 
migration through the Delta indicates the effect on migra
tion. The following discussions describe changes in the 
mortality index of juvenile chinook salmon that were esti
mated to result from simulated DW project operations 
under Alternative 1 relative to operations of the No-
Project Alternative. -

For the simulations of Alternative 1, it was assumed 
that the first available Delta water would be diverted onto 
the DW reservoir islands. If fish abundance is a function 
of flow (i.e., water availability), wlnerability to diversion 
effects under Alternative 1 may also be a function of flow. 
Migration timing of juvenile chinook salmon each year is 
assumed to be a function of flow and inherent run charac
teristics. In the simulation of mortality during migration, 
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the model varied migration timing each year according to 
occurrence of storm events. For example, seaward mi
gration of winter-run chinook salmon peaks during 
February and March; however, storm events (increased 
availability of water) can cause greater proportions of the 
winter-run chinook salmon population to migrate down
slream to rear in the Delta (see Appendix F2, "Biological 
Assessment: Impacts of the Delta Wetlands Project on 
Fish Species"). The simulated proportion migrating each 
month varied by more than 300/o from year to year (e.g., 
during February, migration percentage ranged from 13% 
to 53% for the 70-year simulation). 

Figure 3F-4 shows the total Delta migration mortal
ity for fall-run chinook salmon originating in the Sacra
mento River. The total Delta mortality index simulated 
for the 1922-1991 period ranges from about 14% to 75% 
of the annual production of fall-run juveniles entering the 
Delta (Table 3F-4). The change in the mortality index 
attributable to DW project operations simulated for Alter
native 1 cannot be discerned in Figure 3F-4. The change 
in fall-run mortality averages about 0.03% and ranges 
from -0.02% to 0.20% (Table 3F-4). Reduced mortality 
is the result of agricultural diversions being forgone 
during years when the reservoir islands would not fill or 
discharge. 

The relatively small effect of Alternative 1 opera
tions on juvenile fall-run chinook salmon originating in 
the Sacramento River is attributable to the timing offall
run migration relative to timing of DW project opera
tions. As discussed above under • Affected Environment", 
juvenile fall-run out-migrate primarily during April-June; 
under Alternative I, water would be diverted to storage 
primarily during October-February and would be dis
charged for export primarily during July and August. 

A mortality index was not developed specifically for 
chinook salmon originating in the Mokeluinne and San 
Joaquin Rivers. The effects ofDW operations on survi
val of Mokelumne and San Joaquin River juvenile mi
grants, however, is potentially several times greater than 
the effects on survival of juvenile chinook salmon in the 
Sacramento River. Approximately 20%-40% of Sacra
mento River juvenile migrants are exposed to central 
Delta conditions, whereas all Mokelumne and San 
Joaquin River migrants move through the central Delta 
and are exposed to the effects of exports and south Delta 
diversions. 

Although potentially greater than the effects ofDW 
operations on Sacramento River juvenile migrants, the 
effects of DW operations on juvenile fall-run chinook 
salmon originating in the Mokelumne and San Joaquin 
Rivers would generally be small. Most juvenile 
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out-migration occms during April and May, but water 
would be diverted to storage primarily during October
February and would be discharged for export primarily 
during July and August Diversions to fill the OW 
project islands that coincide with major periods of 
juvenile out-migration (e.g., in April and May) could 
have significant adverse effects. Discharge of DW 
project water to export dwing April and May would have 
adverse effects on chinook salmon, but the effects would 
be less than diversion effects because additional Sacra
mento River water would not be drawn across the Delta. 

Figure 3F-5 shows the winter-run migration mortal
ity index attributable to all Delta diversions for the 70-
year simulation. The total Delta mortality index simu
lated for the I922-I99I period ranges from 6% to I7% 
of the annual production of winter-run chinook salmon 
juveniles. The index is lower for winter run than for fall 
run because water temperature is lower during juvenile 
winter-run migration through lhe Delta. Simulated oper
ations under Alternative I changed mortality relative to 
mortality under the No-Project Alternative by -0.02% to 
0.43% (an average of0.08%) (Table 3F-4). 

DW project effects on late fall- and spring-run chi
nook salmon would be similar to effects described for 
Sacramento River fall run and winter run. Late fall-run 
juveniles and spring-run yearlings migrate through the 
Delta during fall. Peak spring-run juvenile migration 
precedes fall-run migration in the spring. DW diversions 
and discharges could occur during out-migration of the 
late fall and spring runs (Tables A3-7a and A3-7b in 
Appendix A3, "DeltaSOS Simulations of the Delta Wet
lands Project Alternatives). 

The increased mortality of juvenile chinook salmon 
includes direct DW project effects and indirect effects 
(i.e., mortality attributable to other Delta diversions that 
results from OW effects on Delta flow conditions). Mor
tality estimates, however, did not include the benefits of 
fish screens, and OW project operations with effective 
fish screens in place would have minimal direct adverse 
effects on juvenile chinook salmon mortality. DW project 
operations would have a small but significant indirect 
adverse impact on survival of chinook salmon juveniles 
migrating through the central Delta. 

Striped Bass 

DW project effects on striped bass were evaluated 
for transport of eggs, larvae, and early juveniles from 
April through June; habitat availability for larvae and 
early juveniles during April through July~ and entrain
ment oflarvae and juveniles throughout the year. 
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Tranaport. Operations under Alternative I could 
affect striped bass survival and abundance by affecting 
transport flows. The estimated percentage of the 
spawned population that is entrained provides an index of 
losses during transport to downstream optimal low
salinity habitat 

DW operations would have significant adverse 
effects on transport and entrainment of striped bass eggs 
and larvae. Figure 3F-6 shows the total annual entrain
ment loss of striped bass attributable to all Delta diver
sions for the 70-year simulation. Total Delta entrainment 
loss simulated for I922-I99I ranges from about I % to 
3 I% of the annual production of striped bass eggs and 
larvae. The simulations indicate that operations under 
Alternative I could change the annual entrainment loss 
relative to loss under the No-Project Alternative by 
-0.02% to 1.5% (Table 3F-5). Reduced entrainment is 
the result of agricultural diversions being forgone during 
years when the reservoir islands would not fill or dis
charge. The increased entrainment index includes direct 
entrainment that could result from DW operation effects 
on Delta flow conditions under Alternative I. 

The assumed spawning distribution can have a sub
stantial effect on the simulated entrainment index for total 
Delta diversions (see "Delta Smelt", below). The simula
tions for striped bass assumed that 55% of the population 
spawned upstream of the Delta in the Sacramento River 
and 45% spawned· in the San Joaquin River. Eggs 
spawned in the central Delta would be more affected by 
exports and diversions than eggs spawned in the Sacra
mento River or in the lower San Joaquin River. Entrain
ment losses attributable to OW project operations could 
be much larger or smaller than the analysis indicates, 
depending on the actual distribution of spawn and Delta 
flow conditions at the time of DW diversions and dis
charges. 

Optimal Salinity Habitat. Striped bass year-class 
survival may be related to optimal salinity habitat area. 
DW project diversions . would have minor effects on 
striped bass habitat area. Under the No-Project Alter
native and Alternative I, the annual weighted habitat area 
available for striped bass during the simulated 1922-
l 991 period ranges from about 51 km2 to 1 02 km 2 

(Figure 3F-7). Change between habitat area simulated 
for the same year for DW project operations and for the 
No-Project Alternative ranged from -1.82 km2 to 2.86 
km2 (average increase in area for the 70-year simulation 
of0.I8 km2

) (Table 3F-6). Increased area would result 
from DW agricultural diversions being forgone during 
May-July when the DW project does not divert. 
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Direct Entrainment. Potential entrainment of 
larvae is described above Wlder "Transport". Operations 
tmder Alternative 1 would likely cause minimal direct en
trainmalt of juvenile striped bass. Although the presence 
of juvenile striped bass (Figure 3F-3) may coincide with 
the timing of diversions (Table 3A-7 in Chapter 3A, 
"W ak:c Supply and Water Project Operations"), juvenile 
striped bass wOuld be screened from DW reservoir and 
habitat island divet"Sions. Unscreened agricultural diver
sions would be eliminated from the DW project islands 
and direct entrainment (and impingement) could be re
duced. However, indirect effects of diversions Wlder 
Alternative 1 (e.g., effects on predation and environ
mental cues that determine successful migration to the 
Bay) could increase juvenile losses, including losses to 
entrainment at the SWP and CVP Delta pumps. Sub
stantial salvage of juvenile striped bass has historically 
occurred at the SWP and CVP fish protection facilities 
during November-January (Figure 3F-3). The impact 
would be significant. , . 

American Shad 

DW project operations would likely have small 
effects on eggs and larvae of American shad. Most 
American shad spawn upstream of the Delta (see 
• Affected Environment") and larvae remain in the rivers 
to rear. Shad eggs and larvae spawned in the Delta could 
be affected by DW project operations; however, diver
sions are Wllikely to occur Wlder Alternative 1 during the 
May-July spawning period (Table 3A-7 in Chapter 3A). 
DW discharges for export may coincide with spawning 
and early rearing of American shad; however, DW 
discharge for export would primarily affect conditions in 
the central and south Delta. 

Entrainment of juvenile shad in Delta diversions 
peaks during November and December, coinciding with 
downstream migration through the Delta. Substantial 
DW diversions may occur during November and Decem
ber under Alternative 1 (Table 3A-7 in Chapter 3A). 
Juvenile shad would be screened from DW reservoir and 
habitat island diversions and project operations would 
likely cause minimal direct entrainment. As with striped 
bass, indirect effects of Alternative 1 operations (e.g., 
effects on predation and on environmental cues that deter
mine successful migration to the Bay) could increase 
juvenile entrainment at the SWP and CVP Delta pumps. 
The impact is less than significant because DW diver
sions primarily affect central Delta conditions. Most shad 
juveniles migrate down the Sacramento River and would 
not enter the central Delta. 
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Delta Smelt 

DW project effects on delta smelt were evaluated for 
transport of larvae and juveniles during February-June; 
habitat availability for larvae and early juveniles during 
February-August; and entrainment of larvae, juveniles, 
and adults throughout the year. 

Tran1port. DW project operations would have a 
significant adverse impact on delta smelt survival and 
abWldance by affecting transport flows. As described in 
the • Affected Environment" section, delta smelt spawn in 
freshwater channels in the Delta. After hatching, larvae 
may require net flow movement for transport to down
stream optimal low-salinity habitat. As for striped bass, 
DeltaMOVE was used to simulate transport of delta smelt 
to downstream habitat following hatching in the Delta 
and to calculate an index of entrainment losses during 
transport. 

Figure 3F-8 shows the total annual entrainment loss 
of delta smelt attributable to all Delta diversions for the 
70-year simulation. Total Delta entrainment loss simu
lated for 1922-1991 ranges from 1% to more than 36% 
of the annual production of delta smelt larvae. The 
simulations indicate that operations under Alternative 1 
could change the annual entrainment loss relative to loss 
under the No-Project Alternative by -0.02% to 3.2% (an 
average increase in the entrainment index of 0.62%) 
(Table 3F-5). The increased entrainment index includes 
direct entrainment in DW diversions (and export ofDW 
discharge) and indirect entrainment that could result from 
DW operation effects on Delta flow conditions. 

Little is currently known about factors influencing 
the annual variability in distribution and timing of delta 
smelt spawning. Hatching is assumed to take place 
during February-JWle. For the impact assessment, 50% 
of the total annual spawn was assumed to occur on the 
Sacramento River side of the Delta and 50% of the spawn 
was assumed to be distributed equally between the San 
Joaquin River, Mokelumne River, and central Delta areas 
(i.e., 16.66% in each area). The assumed spawning dis
tribution can have a substantial effect on the simulated 
entrainment index for total Delta diversions (see Appen
dix F2, "Biological Assessment: Impacts of the Delta 
Wetlands Project on Fish Species"). Larvae hatched on 
the Sacramento side of the Delta are less affected by 
export than larvae hatched in the central Delta. 

Optimal Salinity Habitat. Delta smelt year-class 
survival may be related to optimal salinity habitat area. 
DW project diversions would have minor effects on delta 
smelt habitat area. 
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Under operations of the No-Project Alternative and 
Alternative 1, the annual habitat area available for delta 
smelt during the simulated 1922-1991 period ranged 
from 41 km2 to 68 km2 (Table 3F-6). Change in habitat 
area under DW project operations relative to the area 
under the No-Project Alternative ranged from -0.91 km2 

to 1.05 km2 (average increase in area for the 70-year 
simulation of0.05 km2

) (Table 3F-6, Figure 3F-9). The 
relatively small increase in area occurs because of 
increased outflow attnbutable to forgone DW agricultural 
diversions relative to the No-Project Alternative condi
tions during the rearing period (February-August). 

Direct Entrainment. Potential entrainment of 
larvae is described above under "Delta Smelt Transport". 
Although the presence of adult and juvenile delta smelt 
near DW project diversions (Figure 3F-3) may coincide 
with the timing ofDW diversions (Table 3A-7 in Chapter 
3A), older juvenile and adult delta smelt would be 
screened from DW reservoit .and habitat island diver
sions. 

Operations under Alternative 1 would likely have 
minimal adverse effects on direct entrainment of adult 
and older juvenile delta smelt. Unscreened agricultural 
diversions would be eliminated from the DW project 
islands and direct entrainment (and impingement) could 
be reduced. However, as with striped bass, indirect 
effects ofDW project diversions could increase juvenile 
and adult delta smelt entrainment at the SWP and CVP 
Delta pumps and contribute to a significant adverse 
impact. 

Sacramento Splittail 

Construction of DW project facilities could affect 
localized Sacramento splittail habitat, and DW project 
diversions could increase splittail entrainment. Although 
DW project operations could have adverse effects on 
localized populations of splittail, the effect on overall 
population abundance would be minimal. 

Habitat. As discussed under '!Effects of Construc
tion Activities" above, splittail spawning and rearing 
habitat could be affected near proposed OW project 
intakes, discharge pumps, and boat docks. Sites for the 
facilities would be relatively steep, riprapped levee 
slopes. The facilities are unlikely to be located in pre
ferred spawning or rearing habitat of Sacramento splittail. 

Loss ofhabitat would have significant adverse effects 
on localized splittail reproduction. If intake siphons, 
discharge pumps, or boat docks were located in or near 
shallow vegetated habitat, splittail spawning and rearing 
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habitat could be lost or altered. The area of lost habitat 
would be small relative to the area of similar habitat 
available in the Delta, and such loss would have minimal 
effects on splittail populations. 

Splittail spawn over flooded vegetation. Most of the 
seasonally flooded spawning habitat, representing most 
of the available spawning habitat, is upstream of the 
Delta. Spawning area increases as high flows inundate 
seasonally available habitats. Splittail abundance, al
though correlated with Delta outflow, is likely not directly 
dependent on outflow but rather on flooding of habitats 
upstream of the Delta. DW project operations would not 
affect splittail spawning habitat upstream of the Delta. 

Direct Entrainment. Splittail larvae and early 
juveniles could be entrained in DW diversions if the DW 
intakes are located in areas that support spawning and 
rearing, but entrainment would affect only local popula
tions. The presence of adult and juvenile splittail near 
DW project diversions (Figure 3F-3) may coincide with 
the timing of diversions (Table 3A-7 in Chapter 3A). 
Adult and juvenile splittail would be efficiently screened 
from DW project diversions. Also, unscreened agri
cultural diversions would be eliminated from the DW 
project islands and direct entrainment (and impingement) 
could be reduced. Operations of Alternative 1 would 
have less-than-significant adverse entrainment effects on 
adult and older juvenile Sacramento splittail. 

Longtin Smelt 

DW project effects on longfm smelt were evaluated 
for transport oflarvae and juveniles during January-April; 
habitat availability for larvae and early juveniles during 
January-May; and entrainment of larvae, juveniles, and 
adults throughout the year. 

Transport. Operations under Alternative 1 would 
have adverse effects on longfin smelt transport and en
trainment loss. However, spawning location is outside 
the primary influence of central and south Delta diver
sions, and transport effects of total Delta diversions 
would be substantially less for longfm smelt than the 
effects described for delta smelt (Figure 3F -1 0). Longfm 
smelt spawn primarily in the Sacramento River; in the 
confluence area; and, when salinity conditions are ade
quate, in Suisun Bay. 

The entrainment indices for Iongfin smelt range from 
0.00/o to 21% (Figw-e 3F-10). The change in the entrain
ment indices for longfin smelt under operations of Alter
native I ranges from 00/o to 5.6% and the average index 
for the 70-year simulation is 0.8% (Table 3F-5). 
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Simulated diversions onto the DW project islands were 
greater for periods when longfm smelt would be present 
(Table 3A-7 in Chapter 3A) than when delta smelt are 
present; therefore, DW diversions are more likely to 
affect Iongtin smelt Peak occWTence of Iongtin smelt 
larvae is during February and March (see "Affected 
Environment"). Discharges for export, however, were 
simulated to occur after the abundance of Iongtin smelt in 
the Delta would have declined Therefore, DW discharge 
for expert would have minimal effects on the entrainment 
index for longfm smelt. 

As with delta smelt, the assumed spawning distri
bution can have a substantial effect on the simulated 
entrainment index for Delta diversions (Appendix F2). 
For the impact assessment, all longfm smelt were 
assumed to spawn on the Sacramento River side of the 
Delta. In wetter periods (i.e., when water is available for 
DW diversions), spawning may be distributed from Rio 
Vista downstream to Suisun Bay. DW diversion effects 
on transport conditions in the confluence and Suisun Bay 
would be less than the effects shown in Figure 3F -10. 

Optimal Salinity Habitat. Longfm smelt year
class survival may be related to optimal salinity habitat 
area. 

DW project diversions would have less-than-signi
ficant adverse effects on longfm smelt habitat area. 
Under simulated operations of the No-Project Alternative 
and Alternative 1 for 1922-1991, the annual weighted 
habitat area available for longfm smelt ranged from 122 
km2 to 248 km2 (Figure 3F -11 ). Change in habitat area 
under DW project operations relative to the No-Project 
Alternative conditions ranged from -7.29 km2 to 3.04 km2 

and averaged -0.87 km2 for the 70-year simulation (Table 
3F-6). The greater estimated percent change in habitat 
area for longfm smelt compared with that for delta smelt 
results from the coincidence of larvallongfm smelt pre
sence and simulated DW project diversions to fill the 
reservoir islands (Table 3A-7 in Chapter 3A). Reduc
tions in habitat area would be infrequent and substantial 
habitat area (i.e., greater than 122 km2) would remain 
(Figure 3F-ll). 

Direct Entrainment. Potential entrainment of 
larvae is described above under "Transport". Alterna
tive I would likely have minimal and less-than-significant 
adverse effects on direct entrainment of adult and older 
juvenile Iongtin smelt. Although the presence of adult 
and juvenile Iongtin smelt near DW project intake 
siphons (Figure 3F-3) may coincide with the timing of 
diversions (Table 3A-7 in Chapter 3A), older juvenile 
and adult Iongtin smelt would generally be found down
stream of the central Delta. Use of fish screens would 
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reduce adverse effects of diversions on adults and larger 
juveniles. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact F-4: Potential Increase in the Mortality 
of Chinook Salmon Resulting from the Indirect 
Eft'edl of DW Project Divenions and Discharges on 
Flows. Simulations ofDW project operations show that 
DW project diversions and discharges for export could 
increase the mortality of juvenile chinook salmon out
migrating through the Delta. Increased mortality would 
result primarily from indirect effects of the project on 
central Delta flow conditions; changes in flows may affect 
successful migration of chinook salmon to the Bay. 

Effects would be less than significant for out-migrant 
chinook salmon originating in the Sacramento River 
(including the fall, late fall, winter, and spring runs), but 
could be significant for juveniles originating in the 
Mokelumne and San Joaquin Rivers. IfDW diversions 
to fill the reservoir islands were made during major out
migration periods of Mokelumne and San Joaquin River 
chinook salmon, the impacts on the out-migrants would 
be significant. The impact is considered significant 
because nearly all the annual production of Mokelumne 
and San Joaquin River chinook salmon could be affected 
and DW diversions could substantially change cross
Delta flow. DW discharge to export would have a rela
tively small effect on cross-Delta flow and therefore 
would have less impacts on Mokelumne and San Joaquin 
River out-migrants. 

Daily DW project effects could be greater or less 
than the effects described for monthly conditions in this 
assessment. Implementing Mitigation Measure F-3 
would reduce Impact F-4 (daily and monthly) to a less
than-significant level. 

Mitigation Measure F-3: Operate the DW 
Project under Operations Objectives That Would 
Minimize Changes in Cross-Delta Flow Conditions 
during Peak Out-Migration of Mokelumne and San 
Joaquin River Chinook Salmon. DW shall implement 
fixed and adaptive management measures that would 
minimize indirect entrainment losses of juvenile chinook 
salmon originating in the Mokelumne and San Joaquin 
Rivers. 

• Fixed Measures. DW would not divert water 
to fill the reservoir islands during April-June. 
DW project discharge to export would not be 
allowed to increase daily cross-Delta flow 
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conditions (i.e., CDFP or other appropriate 
parameter) by more than 100/o during April, 
May, and J\Ule. Cross-Delta flow conditions 
would be calculated using the fish transport 
model DeltaMOVE or another suitable model 
of transport conditions. Fixed measures would 
be implemented Wltil the adaptive management 
plan is implemented and the effectiveness of 
adaptive measures has been demonstrated. 

• Adaptive Measures. DW, in cooperation with 
SWRCB and in consultation with USFWS, 
NMFS, and DFG, would develop an adaptive 
management plan that may include the follow
ing: 

Methods to estimate the anticipated 
eft'eets ofDW divenions on migration of 
juvenile chinook salmon originating in 
the Mokelumne and San Joaquin 
Riven. A methodology would be devel
oped that would provide estimates of actual 
or anticipated occurrence or movement of 
juvenile chinook salmon. The estimates 
may include real-time salvage of juvenile 
salmon at the CVP and SWP fish protec
tion facilities or simulation of transport 

{ conditions and subsequent movement of 
"- juvenile salmon. Transport conditions 

(e.g., CDFP) may be simulated with the 
fish transport model used in this assess
ment (DeltaMOVE) or another suitable 
model of transport conditions. Estimates 
of transport conditions with and without 
DW diversions would be based on antici
pated Delta diversion levels, inflows, 
channel flows, tidal flows, and facility 
operations; other chemical and physical 
conditions (e.g., temperature and salinity); 
and measured population distribution of 
juvenile chinook salmon. Existing or new 
sampling programs would be identified 
that provide information on the distribution 
of juvenile salmon out-migrants in the 
Delta dur!.ng April and May. 

Target migration criteria. Target migra
tion movement criteria may include Delta 
transport conditions or the proportion of 
the population entrained at the SWP and 
CVP fish protection facilities. The target 
values would be based on the distribution 
and ab\Uldance· of juvenile salmon origi
nating in the Mokelumne and San Joaquin 
Rivers. 
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DW operations objectives. Specific 
operations objectives for DW diversions 
would be developed based on the relation
ship between anticipated OW-affected and 
target migration criteria. 

Analysis of effectiveness. A methodology 
would be included that allows assessment 
of effectiveness of the real-time adaptive 
operations management plan. The method
ology may consist of analysis of available 
data and monitoring requirements for col
lection of information specific to DW 
project operations. 

Alternative actions. Actions to mitigate 
unavoidable DW project impacts would be 
identified and could include adjustments to 
future DW diversions and non-operations 
actions (e.g., habitat restoration). 

Impact F-5: Reduction in Downstream Trans
port and Increase in Entrainment Lou of Striped 
Bass Eggs and Larvae, Delta Smelt Larvae, and 
Longf'm Smelt Larvae. When the presence of 
planktonic fish eggs and larvae coincides with DW 
diversion and discharge to export, increased net flow to 
the central and south Delta could increase entrainment 
losses. Reduced net flow to the lower San Joaquin River 
and to SuiSWl Bay resulting from DW project diversions 
could, depending on distribution of fish eggs and larvae, 
increase vulnerability to transport toward the central and 
south Delta. Increased entrainment loss of eggs . and 
larvae would be small (i.e., generally less than 1%) 
relative to existing losses. The impact, however, is con
sidered significant because existing losses to other 
diversions potentially reduce population abWldance and 
contribute to recent downward trends in the population 
abtmdance of striped bass, delta smelt, and longfm smelt. 

Daily DW project effects could be greater or less 
than the effects described for monthly conditions in this 
assessment. Implementing Mitigation Measure F -4 
would reduce Impact F-5 to a less-than-significant leveL 

Mitigation Measure F-4: Operate the DW 
Project under Operations Objectives That Would 
Minimize Adverse Transport Effects on Striped Bass, 
Delta Smelt, and Longfin Smelt. DW shall implement 
fixed and adaptive management measures that would 
minimize entrainment loss and adverse effects on trans
port (toward Suis\Ul Bay) of planktonic eggs and larvae. 

• Fixed Measures. Fixed measures would be the 
same as described in Mitigation Measure F-3. 
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• Adaptive Measures. OW, in cooperation with 
SWRCB and the Caps and in consultation with 
USFWS and DFG, would develop an adaptive 
management plan that may include the follow
ing: 

Methods to estimate existing and DW
affected transport indices. The fish 
transport model used in this assessment 
(DeltaMOVE) or another suitable model of 
transport conditions would be used to 
estimate transport indices with and without 
OW operations based on anticipated Delta 
diversion levels, inflows, channel flows, 
tidal flows, and facility operations (e.g., 
DCC gates and Old River barrier); other 
chemical and physical conditions (e.g., 
temperatw"e and salinity); and measured 
distribution and abundance of striped bass 
eggs and laJVae, delta smelt laJVae, and 
Iongtin smelt laJVae. The daily estimation 
period for the indices will be appropriate 
to enable OW to change project operations 
to minimize impacts. 

Target transport and entrainment loss 
index values. Target transport and en
trainment loss index values would be 
identified and justified for striped bass, 
delta smelt, and longfm smelt. Target 
transport index values may be developed 
through the ongoing California and federal 
Endangered Species Act consultation with 
USFWS and DFG or through other appro
priate means. 

DW operations objectives. Specific 
operations objectives for OW diversions 
and discharges for export would be devel
oped based on the relationship between 
anticipated, OW -affected, and target trans
port and entrainment loss indices. The 
objectives would include flexibility to 
allow integration ofDW project operations 
into the Califorq!a Water Policy Council 
and Federal Ecosystem Directorate 
(CALFED) operations coordination group 
process. 

Analysis of effectiveness. A methodology 
would be included that allows assessment 
of the effectiveness ofthe real-time adap
tive operations management· plan. The 
methodology may consist of analysis of 
available data and monitoring requirements 
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for collection of information specific to 
OW project operations. 

Alternative action1. Actions to mitigate 
unavoidable OW project impacts would be 
identified and could include adjustments to 
future OW operations and non-operations 
actions (e.g., habitat restoration). 

Impact F-6: Change in Area of Optimal Salinity 
Habitat. OW project diversions could reduce Delta 
outflow by as much as 9,000 cfs during initial days of 
filling and could cause X2 to shift upstream. The up
stream shift in X2 could reduce the area of optimal 
salinity habitat available to striped bass, delta smelt, and 
longfm smelt. The effect on habitat area, however, 
depends on the duration of the upstream shift in X2 (i.e., 
diversion) and the coincidence of habitat needs with 
operations that may affect area. The analysis of habitat 
area showed that OW project operations could increase 
habitat area during some years and reduce habitat area 
dwing others. The impact is considered less than signi
ficant because: 

• the change in habitat area would be small 
relative to the total availability of habitat; 

• OW diversions would be infrequent during 
April through August when optimal salinity 
habitat needs are important for production of 
striped bass, delta smelt, and Iongtin smelt (San 
Francisco Estuary Project 1993); 

• the direct effects of OW diversion on optimal 
salinity habitat area would be of short duration 
(about one month) relative to the period of 
estuarine habitat needs; and 

• forgone OW agricultural diversions during 
April through August could slightly increase 
optimal salinity habitat area. 

Mitigation. No mitigation is required. 

Impact F-7: Increase in Entrainment Loss of 
Juvenile Striped Bass and Delta Smelt. When juvenile 
striped bass and delta smelt are distributed primarily in 
the Delta, export of the frrst uncontrolled flow to occur 
during a water year (i.e., uncontrolled flow during 
November-January) results in high entrainment at the 
SWP and CVP Delta export pumps. OW project diver
sions could alter Delta flow patterns; affect environmental 
cues that determine successful migration to the Bay; and, 
subsequently, increase entrainment losses of striped bass 
and delta smelt at the SWP and CVP Delta pumps. This 
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impact is considered significant because losses of juve
niles would potentially reduce population abundance and 
may contribute to recent downward trends in the popu
lation abundance of striped bass and delta smelt. 

Daily DW project effects could be greater or less 
than the effects described for monthly conditions in this 
assessment. Implementing Mitigation Measure F -5 
would reduce Impact F-7 to a less-than-significant level. 

Mitigation Meuure F-5: Operate the DW 
Project under Operation• Objectives That Would 
Minimi:re Entrainment of Juvenile Striped Ball and 
Delta Smelt. DW shall implement fixed and adaptive 
management measures that would minimize entrainment 
loss of juvenile striped bass and delta smelt during 
November-January diversions by DW. 

• 

• 

Fixed Measures. During November-January, 
DW would not divert to fill the reservoir islands 
until after X2 is at or downstream of Chipps 
Island for any 5 consecutive days. After the 
Chipps Island criterion is met, DW would 
divert to fill the reservoir islands only when X2 
is at or downstream of Collinsville. 

Adaptive Measures. DW, in cooperation with 
SWRCB and the Corps and in consultation with 
USFWS and DFG, would develop an adaptive 
management plan that may include the follow
ing: 

Methods to estimate the anticipated 
effects ofDW divenions on entrainment 
of juvenile striped bass and delta smelt. 
A methodology would be developed that 
would provide estimates of actual or 
anticipated entrainment of juvenile striped 
bass and delta smelt. The estimates may 
include real-time salvage of striped bass 
and delta smelt at the CVP and SWP fish 
protection facilities or simulation of trans
port conditions and subsequent entrain
ment of bass and smelt. Transport condi
tions (e.&_, CDFP) may be simulated with 
the fish transport model used in this assess
ment (DeltaMOVE) or another suitable 
model of transport conditions. Estimates 
of transport conditions with and without 
DW diversions would be based on antici
pated Delta diversion levels, inflows, chan
nel flows, tidal flows, and facility opera
tions; other chemical and physical condi
tions (e.g., temperature and salinity); and 
measured population distribution of juve-
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nile striped bass and delta smelt. Existing 
or new sampling programs would be iden
tified that provide information on the distri
bution in the Delta and Suisun Bay during 
November-January. 

Target entrainment values. DW intakes 
will include effective fish screens and DW 
diversions would not directly entrain juve
nile striped bass and delta smelt. Target 
entrainment values may be established for 
DW project operations based on entrain
ment at the SWP and CVP fish protection 
facilities. The target values would be 
based on the distribution and abundance of 
juvenile striped bass and delta smelt. 

DW operations objectives. Specific 
operations objectives for DW diversions 
would be developed based on the relation
ship between anticipated OW-affected and 
target entrainment criteria. 

Analysis of effectiveness. A methodology 
would be included that allows assessment 
of effectiveness of the real-time adaptive 
operations management plan. The method
ology may consist of analysis of available 
data and monitoring requirements for col
lection of information specific to DW 
project operations. 

Alternative actions. Actions to mitigate 
unavoidable DW project impacts would be 
identified and could include adjustments to 
future DW diversions and non-operations 
actions (e.g., habitat restoration). 

Impact F-8: Increase in Entrainment Loss of 
Juvenile American Shad and Other Species. DW 
diversions could increase entrainment loss of juvenile 
American shad and other species. The impact is con
sidered less than significant because DW reservoir island 
diversions would operate with effective fish screens that 
minimize direct entrainment loss. On the habitat islands, 
existing unscreened agricultural diversions would be 
screened. 

Mitigation. No mitigation is required. 
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IMPACI'S AND MmGATION 
MEASURES OF 

ALTERNATIVE 2 

Alternative 2 is similar to Alternative 1 and involves 
storageofwateroo.Bacon Island and Webb Tract (reser
voir islands) and management of Bouldin Island and 
Holland Tract as habitat islands. In DeltaSOS simu
lations of operations of Alternative 2, it is assumed that 
diversioos onto the reservoir islands could occur any time 
when surplus flows are available in the Delta (i.e., when 
1995 WQCP criteria are met). Water discharged from 
the reservoir islands is assumed to be Delta inflow. 
Export ofDW discharges under Alternative 2 by the CVP 
and SWP Delta pumping facilities is not subject to the 
1995 WQCP criteria for percentage of Delta inflow di
verted (see Chapter 3A, "Water Supply and Water 
Project Operations"). 

Effects of operations under Alternative 2 were deter
mined through comparison of flow and habitat conditions 
for operations and facilities simulated by DeltaSOS with 
and without the DW project (i.e., under Alternative 2 and 
under the No-Project Alternative). Table 3A-9 in Chap
ter 3A, "Water Supply and Water Project Operations", 
and Tables A3-10a and A3-10b in Appendix A3, 
"DeltaSOS Simulations of the Delta Wetlands Project 
Alternatives", show the results ofDeltaSOS simulations 
of reservoir island diversions and discharges under 
Alternative 2 based on hydrologic conditions for 1922-
1 991. Habitat island diversions under the DW project 
are the same as for Alternative 1 (Table 3A-2 in Chapter 
3A and Table Al-7 in Appendix Al, "Delta Monthly 
Water Budgets for Operations Modeling of the Delta 
Wetlands Project"). 

Effeds of Construction 
Activities 

Effects of construction activities under Alternative 2 
would be the same as described for Alternative 1. 

Effeds on Water Quality 

Under Alternative 2, effects of DW project oper
ations on water quality would be the same as described 
for Alternative 1. 
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Potential Flow and General 
Habitat Effects 

This section discusses potential general effects on 
fish habitat. transport, and entrainment that could result 
from implementing Alternative 2. 

Effects on Delta Outflow 

The maximum assumed DW diversion rate is the 
same for Alternatives 1 and 2, (maximum average 
monthly diversion rate of 4,000 cfs). DW project 
diversions under Alternative 2 would be similar to 

·diversions under Alternative 1. The effects on outflow 
also would be similar (Table 3F-l). 

Effects on Salinity 

Upstream shift in X2 could occur slightly more often 
under Alternative 2 (Table 3F-2). The impacts of up
stream shift in X2 on fish habitat conditions under 
Alternative 2 would be similar to the impacts described 
for Alternative 1. 

Effects on Delta Flow Patterns 

The effects ofDW operations under Alternative 2 on 
Delta flow patterns would be the same as those under 
Alternative 1. DCC and Georgiana Slough flows and San 
Joaquin River flows at Stockton would not be affected by 
DW operations (Appendix A3, Tables A3-5 and A3-l 0). 
The effects on QWEST volume would be similar to 
effects described for Alternative 1. Simulated DW opera
tions under Alternative 2 resulted in 14 reversals of 
positive QWEST for the 70-year monthly simulation, the 
same as under Alternative 1. 

DW diversion effects on Old and Middle River flow 
under Alternative 2 would be similar to those described 
for Alternative 1 (Table 3F-3). Simulated discharge for 
export, however, more frequently resulted in increased 
Old and Middle River flow to the south during February, 
March, May, and June. Compared with flow under 
Alternative 1, Old and Middle River flow under Alter
native 2 increased less frequently during April, July, 
August, and September (Appendix A3, Tables A3-7b 
andA3-10b). 

The less frequent increases in southerly flow simu
lated for Old and Middle Rivers during April, July, 
August, and September resulted from earlier discharge to 
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export (i.e., during February and March), which would be 
allowed when CVP and SWP export ofDW discharge is 
not subject to strict interpretation of the 1995 WQCP 
criteria for percentage of inflow diverted. 

Potential Speeiei-Speelf~e Effects 

Species abWldance indices and habitat conditions 
were compared for operations Wlder the No-Project 
Alternative and Alternative 2. Results of the assessment 
of effects are described below for each of the six target 
species of this assessment. 

Chinook Salmon 

The following discussions describe changes in the 
mortality index of juvenile c;hinook salmon that were 
estimated to result from simulated DW project operations 
Wlder Alternative 2 relative to operations of the No
Project Alternative. It is assumed that DW project 
operations would not affect upstream operations; there
fore, migration timing Wlder Alternative 2 is identical to 
migration timing Wlder Alternative I. 

Figure 3F-4 shows the Delta migration mortality for 
fall-run chinook salmon originating in the Sacramento 
River. The total Delta mortality index simulated for the 
1922-1991 period tmder Alternative 2 ranges from about 
14% to 75% of the annual production of fall-run juveniles 
entering the Delta (Table 3F-4). The change in the 
mortality index attributable to DW project operations 
simulated for Alternative 2 cannot be discerned in Figure 
3F-4. The increase averages about 0.04% and ranges 
:from -0.02% to 0.32%. Reduced mortality is the result of 
agricultural diversions being forgone during years when 
the reservoir islands would not fill or discharge. 

The relatively small effect of DW operations on 
juvenile fall-run chinook salmon originating in the 
Sacramento River is attributable to the timing of fall-run 
migration relative to timing of DW operations and is 
similar to effects described for Alternative I. 

Effects ofDW project operatioos Wlder Alternative 2 
on fall-run juveniles originating in the Mokelumne and 
San Joaquin Rivers would also be similar to effects 
described for Alternative I. 

Figure 3F-5 shows the winter-run chinook salmon 
migration mortality index attributable to all Delta diver
sions for the 70-year simulation. The total Delta mor
tality index simulated for the 1922-1991 period ranges 
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from 6% to 17% ofthe annual production ofwinter-run 
chinook salmon juveniles (Table 3F-4). Simulated DW 
project operations Wlder Alternative 2 changed mortality 
relative to mortality Wlder the No-Project Alternative by 
-0.02% to 0.46% (an average of0.12%). 

The increased mortality Wlder Alternative 2 would 
have a small, but significant, indirect adverse impact on 
juvenile chinook salmon, similar to the effect described 
for Alternative 1. 

Striped Bass 

Transport. DW operations Wlder Alternative 2 
could have significant adverse impacts on transport of 
striped bass eggs and larvae, but the effects would be 
slightly less than those described for Alternative I. 

Figure 3F-6 shows the total annual entrainment loss 
of striped bass attributable to all Delta diversions for the 
70-year simulation. Total Delta entrainment loss simu
lated for 1922-1991 ranges from about I% to 31% of the 
annual production of striped bass larvae (Table 3F-5). 
The simulations indicated that DW project operations 
tmder Alternative 2 could change the annual entrainment 
loss relative to loss Wlder the No-Project Alternative by 
-0.23% to 1.6%. Reduced entrainment is the result of 
agricultural diversions being forgone during years when 
the reservoir islands would not fill or discharge. 

Optimal Salinity Habitat. Change in habitat area 
tmder Alternative 2 relative to area Wlder the No-Project 
Alternative was the same as described for Alternative 1 
(Figure 3F-7 and Table 3F-6). 

Dired Entrainment. As Wtder Alternative I, DW 
project diversions Wtder Alternative 2 would result in a 
significant indirect entrainment impact on juvenile striped 
bass. Juvenile striped bass would be screened from DW 
reservoir and habitat island diversions Wlder Alterna
tive 2 and direct entrainment would be minimized. 

American Shad 

As Wlder Alternative I, DW project operations 
Wlder Alternative 2 would likely have less-than-signi
ficant impacts on survival of American shad. Juvenile 
shad would be scr~ed from DW reservoir and habitat 
island diversions and the project would likely cause 
minimal direct entrainment. As with striped bass, 
indirect effects ofDW project diversions could increase 
juvenile entrainment at the SWP and CVP Delta pumps. 
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Delta Smelt 

Transport. DW project operations under Alterna
tive 2 would have a significant adverse impact on delta 
smelt survival through effects on transport flow. 

Figure 3F-8 shows the total annual entrainment loss 
of delta smelt attributable to all Delta diversions for the 
70-year simulation. Total Delta entrainment loss simu
lated for 1922-1991 ranges from about 1% to 36% of the 
annual production of delta smelt larvae (Table 3F-5). 
The simulations indicated that DW project operations 
under Alternative 2 could change the annual entrainment 
loss relative to loss under the No-Project Alternative by 
0 to 3.4%. DW operations under Alternative 2 could 
have adverse effects on transp<xt of delta smelt larvae and 
the effects would be slightly greater than those described 
for Alternative 1. 

Optimal Salinity Habitat. DW diversions would 
have less-than-significant effects on delta smelt habitat 
area. Change between habitat area simulated for the 
same year for Alternative 2 and for the No-Project Alter
native ranged from -1.11 km2 to 1.05 km2 (average 
increase in area for the 70-year simulation of 0.05 km2

) 

(Figure 3F-9 and Table 3F-6). Increased area would 
result from DW agricultural diversions being forgone 
during May-July. 

Direct Entrainment. As described for Alterna
tive 1, juvenile and adult delta smelt would be screened 
from DW reservoir and habitat island diversions under 
Alternative 2. The DW project would likely cause mini
mal direct entrainment of juvenile and adult delta smelt. 
Indirect effects of DW project operations (i.e., effects on 
environmental cues that determine successful migration 
to the Bay), however, could increase juvenile entrainment 
at the SWP and CVP Delta pumps and contribute to a 
significant adverse impact. 

Sacramento Splittail 

The effects of DW operations and facilities under 
Alternative 2 on overall popula.Yon abundance would be 
the same as those desribed for Alternative 1. 

l..Dngf"m Smelt 

Transport. DW operations under Alternative 2 
would have less-than-significant adverse impacts on 
transport oflongfin smelt larvae, and the effeets would be 
slightly greater than those described for Alternative I. 
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Figure 3F -10 shows the total armual entrainment loss 
oflongfin smelt attributable to all Delta diversions for the 
70-year simulation. Total Delta entrainment loss simu
lated for 1922-1991 ranged from about 0 to 22% of the 
annual production oflongfm smelt larvae (Table 3F-5). 
The simulations indicated that DW project operations 
under Alternative 2 could change the annual entrainment 
loss relative to loss under the No-Project Alternative by 
Oto6.4%. 

Optimal Salinity Habitat. Similar to Alternative 1, 
DW divecsions under Alternative 2 would have less-than
significant adverse impacts on longfm smelt habitat area. 
Change in habitat area under Alternative 2 relative to 
area under the No-Project Alternative ranged from -7.29 
km2 to 1.99 km2 (average decrease in area for the 70-year 
simulationof-0.93 km2

) (Figure 3F-ll and Table 3F-6). 
The average reduction in habitat area under Alternative 2 
would be slightly larger than that described for Alter
native 1. 

Direct Entrainment. As described for Alterna
tive 1, juvenile and adult longfm smelt would be screened 
from DW reservoir and habitat island diversions under 
Alternative 2. The DW project would likely cause 
minimal and less-than-significant impacts on direct and 
indirect entrainment of juvenile and adult Iongtin smelt. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

The impacts of Alternative 2 are similar to the 
impacts described for Alternative 1. The same mitigation 
measures would apply to impacts of Alternative 2. 

IMPACI'S AND MITIGATION 
MEASURES OF 

ALTERNATIVE 3 

Alternative 3 involves 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 provide limited habitat. Existing agri
cultural diversions would cease under Alternative 3. 
Simulation ofDW project operations under Alternative 3 
is based on the assumption that diversions onto the reser
voir islands could occur any time of the year when sur
plus flows are available in the Delta (i.e., 1995 WQCP 
criteria are met). Water discharged from the reservoir 
islands is assumed to be Delta inflow; it is assumed that 
DW discharges exported by the CVP and SWP Delta 
pumping facilities would not be subject to the 1995 
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WQCP percent inflow criteria (See Chapter 3A, "Water 
Supply and Water Project Operations"). 

Effects ofDW project operatioos wtder Alternative 3 
were detennined though comparison of flow and habitat 
conditions for operations and facilities simulated by 
DeltaSOS with and without the DW project (i.e., wtder 
Alternative 3 and wtder the No-Project Alternative). 
Table 3A-ll in Chapter 3A, "Water Supply and Water 
Project Operations", and Tables A3-13a and A3-13b in 
Appendix A3, "DeltaSOS Simulations of the Delta Wet
lands Project Alternatives", show the results ofDeltaSOS 
simulations of DW reservoir island diversions and 
discharges based on hydrologic conditions for 1922-
1991. 

Effects of Construction Activities 

,. 

Effects of construction activities wtder Alternative 3 
would be similar to those described for Alternative 1. 
Additional intake facilities, fish screens, and discharge 
facilities would be constructed on Bouldin Island, 
Holland Tract, and Webb Tract wtder Alternative 3 com
pared with facilities and fish screens wtder Alternatives 1 
and2. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact F-9: Alteration of Habitat. Construction 
of intake facilities and fish screens, discharge facilities, 
and boat docks could have significant adverse impacts on 
spawning and rearing habitat used by Delta fish species. 
Additional intake structures, fish screens, and discharge 
structures would be constructed on Bouldin Island, 
Holland Tract, and Webb Tract relative to construction 
under Alternatives 1 and 2. The loss of habitat area, 
however, would still be small relative to the total area of 
similar habitat in the Delta, and such habitat loss would 
have minimal effects on fish populations. The impact, 
however, is coosidered significant because historical and 
ongoing activities (e.g., dredging, placement of riprap, 
and levee construction) hive destroyed substantial areas 
of spawning and rearing habitat in ihe Delta, and recent 
downward trends in the population abwtdance of delta 
smelt and Sacramento splittail may indicate the need to 
preserve the remaining habitat. 

Implementing Mitigation Measure F -1 would reduce 
Impact F-9 to a less-than-significant level. 
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Mitigation Meuure F-1: Implement Fish 
Habitat Management Actions. This mitigation mea
sure is described above wtder "Impacts and Mitigation 
Measures of Alternative 1 ". 

Effects on Water Quality 

Under Alternative 3, effects ofDW project opera
tioos on water quality would be similar to those described 
for Alternative 1. Additional discharge would occur from 
the two additional reservoir islands and Webb Tract. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact F-10: Increase in Temperature-Related 
Mortality of Juvenile Chinook Salmon. This impact 
is described above wtder Impact F-2. This impact is 
considered significant. Implementing Mitigation Mea
sure F-2 would reduce Impact F-10 to a less-than-signi
ficant level. 

Mitigation Measure F-2: Monitor the 
Water Temperature of DW Discharges and Reduce 
DW Discharges to Avoid Producing Any Increase in 
Channel Water Temperature Greater Than 1•F. 
This mitigation measure is described above wtder 
"Impacts and Mitigation Measures of Alternative 1". 

Impact F-11: Potential Increase in Accidental 
Spills of Fuel and Other Materials. This impact is 
described above wtder Impact F-3. The impact is 
considered less than significant. 

Mitigation. No mitigation is required. 

Potential Flow and General 
Habitat Effects 

This section discusses potential general effects on 
fish habitat, transport, and entrainment that could result 
from implementing Alternative 3. 

Effects on Delta Outflow 

The average monthly diversion rate wtder Alter
native 3 would be 6,000 cfs. The maximum average 
daily diversion rate would be 9,000 cfs, the same as 
under Alternatives 1 and 2. The seasonal timing ofDW 
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project diversions Wlder Alternative 3 would be similar 
to the seasonal timing of diversions Wlder Alternative 1 . 
(Tables 3A-7 and 3A-ll in Chapter 3A), although the 
magnitude of diversions would increase. The effects on 
outflow would also be similar to the those described for 
Alternative 1 (Table 3F-l), although outflow would be 
reduced more often and to a greater extent. 

Effedl on Salinity 

Effects on X2 would be greater than those described 
for Alternative 1 (Table 3F-2). X2 would shift upstream 
more often Wlder Alternative 3. The impacts of reduced 
outflow and upstream shift in X2 on fish habitat condi
tions under Alternative 3 would be similar to, but greater 
than, the impacts described for Alternative 1. 

Effects on Delta Flow Patterns 

The effects ofDW operations Wlder Alternative 3 on 
Delta flow patterns would be similar to effects described 
for Alternative 1. DCC and Georgiana Slough flows and 
San Joaquin River flows at Stockton would not be 
affected by DW operations (Appendix A3, Tables A3-5 
and A3-14). The effects on QWEST volume would be 
greater than effects described for Alternative 1. Simula
ted DW operations Wlder Alternative 3 resulted in 19 
reversals of positive QWEST for the 70-year monthly 
simulation, five more than Wlder Alternative 1. 

The increased magnitude and frequency of diversion 
Wlder Alternative 3 would increase the rate of Old and 
Middle River flows to the south (Table 3F-3). Compared 
with Alternative 1, discharge for export Wlder Alterna
tive 3 would result in more frequent increased Old and 
Middle River flow to the south during February, March, 
May, and JWle and less frequent increased flow to the 
south during April, July, August, and September (Appen
dix A3, Tables A3-7b and A3-13b ). 

The less frequent increases in southerly flow simula
ted for Old and Middle Rivers during April, July, August, 
and September resulted from earlier discharge to export 
(i.e., during February and March), which would be 
allowed when CVP and SWP export of discharge is not 
subject to strict interpretation of the 1995 WQCP criteria 
for percentage of inflow diverted. 

The simulated pattern of discharge for export for 
Alternative 3 is similar to the pattern simulated for Alter
native 2 (Appendix A3, Table A3-10b). 
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Potential Species-SpecifiC Effects 

Species abWldance indices and habitat conditions 
were compared for operations Wlder the No-Project 
Alternative and Alternative 3. Results of the assessment 
of effects are described below for each of the six target 
species of this assessment. 

Chinook Salmon 

The following discussions describe changes in the 
mortality index of juvenile chinook salmon that were 
estimated to result from simulated DW project operations 
Wlder Alternative 3 relative to operations of the No
Project Alternative. It is assumed that DW project opera
tions would not affect upstream operations; therefore, 
migration timing Wlder Alternative 3 would be identical 
to migration timing Wlder Alternative 1. 

The relatively small effect of DW operations on 
juvenile fall-run chinook salmon originating in the Sacra- · 
mento River is attributable to the timing of fall-run 
migration relative to timing of DW operations and is 
similar to the efifects described for Alternative 1. Figure 
3F-4 shows the Delta migration mortality for fall-TWl 
chinook sabnon originating in the Sacramento River. The 
total Delta mortality index simulated for the 1922-1991 
period Wlder Alternative 3 ranges from about 14% to 
75% of the annual production offall-TWljuveniles enter
ing the Delta (Table 3F-4). The change in the mortality 
index attributable to DW project operations simulated for 
Alternative 3 cannot be discerned in Figure 3F-4. The 
increase averages about 0.05% and ranges from -0.04% 
to 0.33%. Reduced mortality is the result of agricultural 
diversions being forgone during years when the reservoir 
islands would not fill or discharge. 

Effects ofDW project operations Wlder Alternative 3 
on fall-TWl juveniles originating in the Mokelumne and 
San Joaquin Rivers would be similar to, but greater than, 
effects described for Alternative 1. 

Figure 3F-S shows the winter-TWl migration mor
tality index attributable to all Delta diversions for the 70-
year simulation. The total Delta mortality index simu
lated for the 1922-1991 period ranges from 6% to 17% 
of the annual production of winter-TWl chinook salmon 
juveniles (Table 3F-4). Simulated DW project opera
tions Wlder Alternative 3 changed mortality relative to 
mortality Wlder the No-Project Alternative by -0.01% to 
0.74% (an average of0.18%). 
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The increased mortality under Alternative 3 would 
have a small but significant indirect adverse impact on 
juvenile chinook salmon greater than the effects de
scribed for Alternative 1. 

Striped Ban 

Transpor1. DW operations under Alternative 3 
would have significant adverse impacts on transport of 
striped bass eggs and lSIVae, and the effects would be 
slightly greater than those described for Alternative l. 

Figure 3F-6 shows the total annual entrainment loss 
of striped bass attributable to all Delta diversions for the 
70-year simulation. Total Delta entrainment loss simu
lated for 1922-1991 ranges from about 1% to 31% of the 
annual production of striped bass lSIVae (Table 3F-S). 
The simulations indicated that DW project operations 
under Alternative 3 could chiiJlge the annual entrainment 
loss relative to loss under the No-Project Alternative by 
-0.02% to 1.7%. Reduced entrainment is the result of 
agricultural diversions being forgone during years when 
the reservoir islands would not fill or discharge. 

Optimal Salinity Habitat. Change in habitat area 
under Alternative 3 relative to area under the No-Project 
Alternative ranged from -1.82 km2 to 2.86 km2 (average 
increase in area for the 70-year simulation of0.23 km2

) 

(Figure 3F-7 and Table 3F-6). Increased area would 
result from DW agricultural diversions being forgone 
during May-July (the average increase in habitat area 
estimated for Alternative 3 is slightly greater than that 
estimated for Alternatives 1 and 2 because habitat island 
diversions are absent under Alternative 3). 

Direct Entrainment. As described for Alterna
tive 1, DW project diversions under Alternative 3 would 
cause a significant indirect entrainment impact on 
juvenile striped bass. Juvenile striped bass would be 
screened from DW reservoir and habitat island diversions 
under Alternative 3 and direct entrainment would be 
minimized. 

American Shad 

As under Alternative 1, DW project operations 
under Alternative 3 would likely have less-than-signi
ficant impacts on survival of American shad. Juvenile 
shad would be screened from DW reservoir island 
diversions and the project would likely cause minimal 
direct entrainment. As with striped bass, indirect effects 
ofDW project diversions could increase juvenile entrain
ment at the SWP and CVP Delta pumps. 
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Delta Smelt 

Transpor1. DW operations under Alternative 3 
would have significant adverse impacts on transport of 
delta smelt lSIVae. The effects would be slightly greater 
than those described for Alternative 1. 

Figure 3F-8 shows the total annual entrainment loss 
of delta smelt attributable to all Delta diversions for the 
70-year simulation. Total Delta entrainment loss simu
lated for 1922-1991 ranges from about 1% to 36% of the 
annual production of delta smelt lSIVae (Table 3F-S). 
The simulations indicated that DW project operations 
under Alternative 3 could change the annual entrainment 
loss relative to loss under the No-Project Alternative by 
Oto4.1%. 

Optimal Salinity Habitat. DW diversions would 
have less-than-significant effects on habitat area for delta 
smelt Change in habitat area under Alternative 3 relative 
to area under the No-Project Alternative ranged from 
-1.61 km2 to 2.36 km2 (average increase in area for the 
70-year simulation of0.04 km2

) (Figure 3F-9 and Table 
3F-6). Increased area would result from DW agricultural 
diversions being forgone during May-July. 

Direct Entrainment. As described for Alterna
tive 1 , juvenile and adult delta smelt would be screened 
from DW reservoir island diversions under Alternative 3. 
The DW project would likely cause minimal direct 
entrainment of juvenile and adult delta smelt. Indirect 
effects ofDW project operations (i.e., effects on preda
tion and on enviromnental cues that determine successful 
migration to the Bay), however, could increase juvenile 
entrainment at the SWP and CVP Delta pumps and 
contribute to a significant adverse impact. 

Sacramento SpUttail 

The effects of DW operations and facilities under 
Alternative 3 on overall population abundance would be 
similar to or slightly greater than the effects described for 
Alternative 1. 

IAngfin Smelt 

Transpor1. DW operations under Alternative 3 
would have less-than-significant adverse effects on trans
port ofloogfin smelt larvae. The effects would be greater 
than those described for Alternative 1 (Table 3F-S). 

Figure 3F -10 shows the total annual entrainment loss 
oflongfin smelt attributable to all Delta diversions for the 
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70-year simulation. Total Delta entrainment loss simu
lated for 1922-1991 ranged frOm about 0 to 22% of the 
annual production oflongfin smelt larvae (Table 3F-5). 
The simulations indicated that DW project operations 
under Alternative 3 could change the annual entrainment 
loss relative to loss Wider the No-Project Alternative by 
Oto9.3%. 

Optimal Salinity Habitat. Similar to Alternative 1, 
DW diversions under Alternative 3 would have less-than
significant adverse impacts on habitat area for Iongtin 
smelt Change in habitat area Wlder Alternative 3 relative 
to area Wider the No-Project Alternative ranged from 
-12.55 km2 to 2.54 km2 (average decrease in area for the 
70-year simulatioo of0.90 km2

) (Figure 3F-ll and Table 
3F -6). The average reductioo in habitat area Wider Alter
native 3 would be slightly larger than that described for 
Alternative 1. 

Direct Entrainment. As described for Alterna
tive 1, juvenile and adult longfm smelt would be screened 
from DW reservoir diversions Wider Alternative 3. The 
DW project would likely cause less-than-significant 
impacts oo direct and indirect entrainment of juvenile and 
adult longfm smelt. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact F-12: Potential Increase in the Mortality 
of Chinook Salmon Resulting from the Indirect 
Effects of DW Project Divenions and Discharges on 
Flows. This impact is described above Wider Impact F -4. 
The impact is considered significant. Implementing 
Mitigation Measure F-3 would reduce this impact to a 
less-than-significant level. 

Mitigation Measure F-3: Operate the DW 
Project under Operations Objectives That Would 
Minimize Changes in Cross-Delta Flow Condition• 
during Peak Out-Migration of Mokelumne and San 
Joaquin River Chinook Salmon. This mitigation 
measure is described above Wider "Impacts and Mitiga
tion Measures of Alternative 1 ". 

Impact F-13: Reduction in Downstream Trans
port and Increase in Entrainment Loss of Striped 
Bass Eggs and Larvae, Delta Smelt Larvae, and 
Longfm Smelt Larvae. The impact is described above 
under Impact F -5. This impact is considered significant. 
Implementing Mitigation Measure F -4 would reduce 
Impact F -13 to a less-than-significant level: 
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Mitigation Measure F-4: Operate the DW 
Project under Operations Objectives That Would 
Minimize Adverse Transport Effects on Striped Bass, 
Delta Smelt, and Longfin Smelt. This mitigation 
measure is described above Wider "Impacts and Miti
gation Measures of Alternative 1 ". 

Impact F-14: Change In Area of Optimal 
Salinity Habitat. This impact is described above Wider 
Impact F-6. The impact is considered less than signi
ficant. 

Mitigation. No mitigation is required. 

Impact F-15: Increase in Entrainment Loss of 
Juvenile Striped Bas• and Delta Smelt. The impact is 
described above Wider Impact F -7. This impact is 
considered significant. Implementing Mitigation Mea
sure F-5 would reduce Impact F-15 to a less-than
significant level. 

Mitigation Measure F-5: Operate the DW 
Project under Operations Objectives That Would 
Minimize Entrainment of Juvenile Striped Bass and 
Delta Smelt. This mitigation measure is described above 
Wider "Impacts and Mitigation Measures of Alterna
tive 1". 

Impact F-16: Increase in Entrainment Lou of 
Juvenile American Shad and Other Species. The 
impact is described above Wider Impact F-8. The impact 
is considered less than significant. 

Mitigation. No mitigation is required. 

IMPACTS AND MmGATION 
MEASURES OF THE 

NO-PROJECT ALTERNATIVE 

The No-Project Alternative (intensified agricultural 
use of the four DW project islands) represents Delta 
water supply conditions Wider implementation of the 
1995 WQCP. Consumptive use would not measurably 
increase above existing conditions (see Chapter 3A, 
"Water Supply and Water Project Operations"). Simu
lated DW operations, Delta channel flows, exjx>rts, and 
Delta outflow are shown for the No-Project Alternative 
in Tables 3A-4 and 3A-5 in Chapter 3A and Tables A3-5 
and A3-6 in Appendix A3, "DeltaSOS Simulations of the 
Delta Wetlands Project Alternatives". 

The "Affected Environment" section above and 
Appendix Fl, "Supplemental Information on the Affected 
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EnvilOinuent for Fisheries", discuss historical conditions 
and the existing condition prior to implementation of the 
1995 WQCP. The analysis of implementation of the 
1995 WQCP and comparison with conditions prior to 
implementation of the 1995 WQCP is presented in 
Appendix 1, "Enviromnental Report", of the 1995 WQCP 
(SWRCB 1995). 

Under the~~ Alternative, the adverse effects 
oflevee maintenance, discharge of agricultural drainage 
water, and unscreened agricultural diversions on the four 
DW project islands would continue, as would ongoing 
adverse effects of water project operations and facilities. 
Under the No-Project Alternative, simulated mortality 
indices for juvenile chinook salmon ranged from about 
14% to 75% for fall run and from about 6% to 17% for 
winternm (Table 3F-4, Figures 3F-4 and 3F-5). Entrain
ment indices for the 70-year simulation averaged 26% for 
striped bass, 27% for delta smelt, and 8% for longfm 
smelt (Table 3F-5, Figures 3F;6, 3F-8, and 3F-10). The 
simulated available optimal salinity habitat area averaged 
76 km2 for striped bass, 51 km2 for delta smelt, and 17 4 
km2 for longfin smelt (Table 3F-6, Figures 3F-7, 3F-9, 
and 3F-11). 

Ongoing actions under the California and federal 
Endangered Species Acts (for winter-run chinook 
salmon, delta smelt, and possibly other species) may 
address adverse effects under the No-Project Alternative. 
Implementation of fish protection recommendations by 
the CALFED operations coordination group may also 
avoid or minimize adverse effects of water project oper
ations that may occur under the No-Project Alternative. 

CUMULATIVE IMPACTS 

Cumulative impacts are the result of the incremental 
impacts of the proposed action when added to other past, 
present, and reasonably foreseeable future actions. DW 
project effects on fishery resources are inextricably tied 
to past and present envirorunental conditions. The cumu
lative impacts of the DW project alternatives therefore 
were evaluated in conjunction with past and present 
actions in the previous sections. The focus of this section 
is on evaluation of the impacts of the DW project alter
natives added to impacts of other future projects. 

The following discussion considers only those pro
ject effects that may contribute cumulatively to impacts 
on fishery resources in the Sacramento-San Joaquin Delta 
estuary and in streams and rivers tributary to the Delta. 
This cumulative impact evaluation is based on the follow
ing scenario: increased upstream demands; increased 
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demands south and west of the Delta; an increased per
mitted pumping rate at the Banks Pumping Plant (see 
Chapter 3A, "Water Supply and Water Project Opera
tions"); implementation of the DWR South and North 
Delta Projects; and additional storage south of the Delta 
in the Kern Water Bank, Los Banos Grandes Reservoir, 
Metropolitan W atcr District's Domenigoni Reservoir and 
Arvin-Edison projects, and the CCWD Los Vaqueros 
Reservoir. 

Cumulative Impacts, Including 
Impacts of Alternative 1 

Effects of Construction Activities 

Future construction activities in the Delta will in
clude continued maintenance of existing channels (dredg
ing) and levees (placement of riprap and other levee 
reinforcement measures). New facilities (e.g., marinas, 
channel baniers) may be constructed as well, and existing 
channels may be modified to allow passage of boats or for 
conveyance of flow (e.g., the DWR North and South 
Delta Projects). Spawning and rearing habitat of delta 
smelt, Sacramento splittail, and other Delta species 
would be lost or altered. Existing programs and regu
lations (Corps and DFG regulations) would minimize or 
mitigate impacts. Additionally, habitat availability may 
be increased with implementation of existing programs 
(e.g., actions implemented as part of Category III mea
sures in the Principles of Agreement on Bay-Delta Stand
ards, Anadromous Fish Restoration Program under the· 
CVPIA, and the SB34 Program, Delta Levees Project 
Management). 

Impact F-17: Alteration of Habitat under 
Cumulative Conditions. Under future conditions, DW 
and others (e.g., DWR and reclamation districts) would 
maintain levees, boat docks, and intake and discharge 
facilities. Maintenance activities would include dredging 
and replacement of riprap. Alteration of spawning and , 
rearing habitat under future conditions would adversely 
affect localized reproduction of delta smelt, Sacramento 
splittail, and resident species. The amount of habitat 
affected by construction and maintenance activities under 
cumulative conditions would be small relative to the total 
amount of similar habitat in the Delta, and the effects 
would generally be temporary. Additionally, total Delta 
habitat would likely increase under existing and future 
Delta programs (e.g., actions implemented as part of 
Category III measures in the Principles of Agreement on 
Bay-Delta Standards, Anadromous Fish Restoration Pro
gram under the CVPIA, and the SB34 Program, Delta 
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Levees Project Management). Therefore, this impact 
would be less than significant. 

Mitigation. No mitigation is required. 

Efl"edl on Water Quality 

Future water quality conditions (i.e., water tempera
ture and concentrations of organic materials, taxies, and 
DO) in the Delta would be similar to conditions de
scribed for DW project operations in the discussions 
above. The effects of minoc fuel and lubricant spills from 
individual boat engines and other boat-related discharge 
could be concentrated at Delta boat dock locations and 
could affect local populations of fish. These effects 
would increase under future conditions (see Chapter 3J, 
"Recreation and Visual Resources") because of increased 
boat-related activities. 

Impact F-18: Potential Increase in Accidental 
Spills of Fuel and Other Materials under Cumulative 
Conditions. This impact is described above under 
Impact F-3. This impact is considered less than signifi
cant. 

Mitigation. No mitigation is required. 

Potential Flow and General Habitat Effects 

Increased demands for water could increase fluctu
ation in Shasta Reservoir storage, which would adversely 
affect riverine conditions. Upstream-conditions for fish 
(e.g., water temperature) may continue to deteriorate. 
Compliance with measures included in the CVP-OCAP · 
winter-run biological opinion (NMFS 1993, 1995) would 
limit adverse effects on winter-run chinook salmon. 

lfDW project water is purchased by the CVP and 
the SWP and the DW project is integrated into CVP and 
SWP operations, upstream conditions could be affected. 
Water discharged from the DW reservoir islands to 
supplement Delta outflow or for CVP and SWP export 
may modifY upstream releases from Shasta, Oroville, and 
Folsom Dams. In general, reservoir water could be 
stored for longer periods rather than being released to 
meet Delta flow needs. 

Without specific criteria to reduce Delta habitat 
degradation (including entrainment losses), ongoing 
factors and future projects could reduce the survival and 
abundance of all the species included in this 'assessment. 
Ongoing and future actions intended to improve fishery 
conditions, however, have the potential to reduce Delta 
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and upstream habitat degradation and, consequently, 
reverse the downward trend in abundance that has char
acterized the change in many fish populations for at least 
the last 20-30 years (Appendix Fl, "Supplemental Infor
mation on the Affected Environment for Fisheries", and 
Appendix F2, "Biological Assessment: Impacts of the 
Delta Wetlands Project on Fish Species"). Ongoing and 
future actions may include: 

• potential implementation of fish protection 
recommendations by the CALFED operations 
coordination group to avoid adverse effects of 
water project operations (includes integration 
with the existing biological opinions for winter
run chinook salmon and delta smelt [NMFS 
1995, USFWS 1995]), 

• implementation of Category III, "Non-Flow 
Factors", as specified in the Principles for 
Agreement on Bay-Delta Standards Between 
the State of California and the Federal Govern
ment (SWRCB 1995), 

• reinitiation of consultation under the federal 
Endangered Species Act to address exceedance 
of incidental take, impacts on winter-run 
chinook salmon or delta smelt not previously 
considered, listing of new species or desig
nation of critical habitat that may be affected by 
water project operations, and 

• implementation of actions included in the Ana
dromous Fish Restoration Program under the 
CVPIA. 

DW project operations depend on the availability of 
surplus flows. Under future conditions, surplus flows are 
likely to be less available than under existing conditions. 
Reduced availability of surplus flow could result from 
operations that reduce the frequency of spill from up
stream reservoirs, reduction of Delta surplus flows 
because of buildout by senior water right holders, and 
changes in the criteria that define surplus flows relative 
to beneficial uses of water in the Delta (e.g., the ongoing 
SWRCB actions relative to the 1995 WQCP). 

Cumulative Delta flow conditions and exports for the 
No-Project Alternative and Alternative 1 are presented 
in Tables 3A-12 through 3A-15 in Chapter 3A. DW 
project diversion patterns for Alternative 1 simulated for 
1995 WQCP conditions (Table 3A-7 in Chapter 3A) 
were similar to the diversion patterns for cumulative 
conditions (Table 3A-15 in Chapter 3A). The major 
difference is that under cumulative conditions, less water 
would be available for DW to divert. 
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Patterns of DW discharge for export under Alter
native 1 simulated for 1995 WQCP conditions (Table 
3A-7 in Chapter 3A) were similar to the patterns of 
discharge for export for cumulative conditions (Table 
3A-15 in Chapter 3A). For Alternative 1, discharge for 
export under cumulative conditions shifted to July and 
away from August and September. This occurred 
because of the asswned increased pumping rate of the 
SWP pumps and because the percent inflow standard is 
rarely limiting during July. The magnitude of discharge 
for export simulated during the other months, however, 
was similar because of the reduction in stored water 
available for discharge. 

The effect of the DW project operations under 
cumulative future conditions would be similar to or less 
than the effects described previously in this assessment 
because less water would be available for DW to divert. 

,. 

Potential Species-Specifac: Effects 

Significant species-specific impacts and mitigation 
measures would be similar to those described under 
"Impacts and Mitigation Measures of Alternative 1" 
because flow and habitat effects of DW project opera
tions would be similar. 

Impact F-19: Potential Increase in the Mortality 
of Chinook Salmon Resulting from the Indirect 
Effects ofDivenions and Discharges on Flows under 
Cumulative Conditions. This impact is described 
above under Impact F-4. This impact is considered 
significant Implementing Mitigation Measure F-3 would 
reduce Impact F -1 9 to a less-than-significant level. 

Mitigation Measure F-3: Operate the DW 
Project under Operations Objectives That Would 
Minimize Changes in Cross-Delta Flow Conditions 
during Peak Out-Migration of Mokelumne and San 
Joaquin River Chinook Salmon. This mitigation mea
sure is described above under "Impacts and Mitigation 
Measures of Alternative 1". 

Impact F-20: Reduction in Downstream Trans
port and Increase in Entrainment Loss of Striped 
Bass Eggs and Larvae, Delta Smelt Larvae, and 
I...ongfin Smelt Larvae under Cumulative Conditions. 
This impact is described above under Impact F-5. This 
impact is considered significant. Implementing Mitiga
tion Measure F-4 would reduce Impact F-20 to a less-. 
than-significant level. 
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Mitigation Measure F-4: Operate the DW 
Project under Operations Objectives That Would 
Minimtu Advene Transport Effects on Striped Bass, 
Delta Smelt, and Longfm Smelt. This mitigation mea
sure is described above under "Impacts and Mitigation 
Measures of Alternative 1". 

Impact F-21: Change in Area of Optimal 
Salinity Habitat under Cumulative Conditions. The 
impact is described above under Impact F -6. This impact 
is considered less than significant. 

Mitigation. No mitigation is required. 

Impact F-22: Increase in Entrainment Loss of 
Juvenile Striped Bus and Delta Smelt under 
Cumulative Conditions. This impact is described 
above tmder Impact F -7. This impact is considered signi
ficant. Implementing Mitigation Measure F-5 would 
reduce Impact F-22 to a less-than-significant level. 

Mitigation Measure F-5: Operate the DW 
Project under Operations Objectives That Would 
Minimize Entrainment of Juvenile Striped Bus and 
Delta Smelt. This mitigation measure is described above 
under "Impacts and Mitigation Measures of Alterna
tive 1". 

Impact F-23: Increase in Entrainment Loss of 
Juvenile American Shad and Other Species under 
Cumulative Conditions. The impact is described above 
under Impact F-8. This impact is considered less than 
significant. 

Mitigation. No mitigation is required. 

Cumulative Impacts, Including 
Impacts of Alternative 2 

Effects of Construction Activities 

The cumulative effects of construction activities 
under Alternative 2 would be the same as the cumulative 
effects described for Alternative 1. 

Effects on Water Quality 

Under Alternative 2, cumulative effects of DW 
project operations on water quality would be the same as 
described for Alternative 1. 
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Potential Flow and General Habitat Effects 

Pott:ntial flow and habitat effects under Alternative 2 
are similar to effects described under Alternative 1. 
Cumulative Delta flow conditions and exports for the No
Project Alternative and Alternative 2 are presented in 
Tables3A-12, 3A-13, 3A-16, and 3A-17 in Chapter 3A 
DW project diversim patterns for Alternative 2 simulated 
for 1995 WQCP conditions (Table 3A-9 in Chapter 3A) 
were similar to the divtnion patterns for cumulative con
ditions (Table 3A-17 in Chapter 3A). The major differ
ence is that under cumulative conditions, less water 
would be available for DW to divert. 

Patterns of DW discharge for export under Alter
native 2 simulated for 1995 WQCP conditions (Table 
3A-9 in Chapter 3A) were similar to the patterns of 
discharge for export for cumulative conditions (Table 
3A-17 in Chapter 3A). For Alternative 2, simulated 
discharges for export for August and September were 
absent or reduced under cumulative conditions. DW 
stored water would be discharged and exported earlier 
because of the increased SWP pumping rate. The mag
nitude of discharge for export simulated during the other 
months, however, was similar because of the reduction in 
stored water available for discharge. 

The effect of the DW project operations under cumu
lative future conditions would be similar to or less than 
the effects described previously in this assessment. 

Potential Species-Specific Effects 

Significant species-specific impacts and mitigation 
measures under Alternative 2 would be the same as 
described for Alternative 1. 

Cumulative Impacts, Including 
Impacts of Alternative 3 

Effects of Construction Activities 

Effects of construction actiVities under Alternative 3 
would be the same as described for Alternative 1. 

Effects on Water Quality 

Under Alternative 3, effects ofDW project opera
tioos on water quality would be the same as described for 
Alternative I. 
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Potential Flow and General Habitat Effects 

Potential flow and habitat effects under Alternative 3 
are similar to effects described under Alternative 1. 
Cumulative Delta flow conditioos and exports for the No
Project Alternative and Alternative 3 are presented in 
Tables 3A-12, 3A-13, 3A-18, and 3A-19 in Chapter 3A. 
DW project diversion patterns for Alternative 3 simulated 
for 1995 WQCP oonditioos (Table 3A-11 in Chapter 3A) 
were similar to the diversion patterns for cumulative 
conditions (Table 3A-19 in Chapter 3A). The major 
difference is that under cumulative conditions, less water 
would be available for DW to divert. For Alternative 3, 
some diversion would shift to December and January 
when storm events are generally larger and water is 
available to meet both the increased diversions of the 
SWP and the CVP and diversions onto the DW reservoir 
islands. 

Patterns of DW discharge for export under Alter
native 3 simulated for 1995 WQCP conditions (Table 
3A-11 in Chapter 3A) were similar to the patterns of 
discharge for export for cumulative conditions (Table 
3A-19 in Chapter 3A). For Alternative 3, simulated 
discharges for export for August and September were 
absent or reduced under cumulative conditions. DW 
stored water would be discharged and exported earlier 
because of the increased SWP pumping rate. The mag
nitude of discharge for export simulated during the other 
months, however, was similar because of the reduction in 
stored water available for discharge. 

The effect of the DW project operations under cumu
lative future conditions would be similar to or less than 
the effects described previously in this assessment. 

Potential Species-Specific Effects 

Significant species-specific impacts and mitigation 
measures under Alternative 3 would be the same as de
scribed for Alternative I. 

Cumulative Impacts, Including Impacts 
of the No-Project Alternative 

Under the No-Project Alternative, consumptive use 
on the DW islands would not measurably increase above 
existing conditions (see Chapter 3A, "Water Supply and 
Water Project Operations"). DW operations under the 
No-Project Alternative would contribute minimally to 
cumulative impacts on fish species or habitat in the Delta. 

Ch JF. Fishery Resources 

September 1995 



( 

CITATIONS 

References to the Federal Register {FR) are not 
included in this list. FR citations in text refer to volume 
and page number (e.g., 58 FR 12854 refers to Volume 
58 of the FR. page 12854). 

Printed References 

Allen, M A., and T. J. Hassler. 1986. Species profiles: 
life histories and environmental requirements of 
coastal fishes and invertebrates (Pacific Southwest) 
-chinook salmon. (Biological Report 82 [11.49].) 
U.S. Fish and Wildlife Service. Washington, DC. 

Arthur, J. F., and M D. Ball. 1980. The significance of 
the entrapment zone location to the phytoplankton 
standing crop in the San Francisco Bay-Delta 
estuary. U.S. Department of the Interior, Water and 
Power Resources Service. Sacramento, CA. 

California. Department of Fish and Game. 1987 a. 
Factors affecting striped bass abundance in the 
Sacramento-San Joaquin River system. (DFG 
Exhibit 25, Bay-Delta Hearing.) Sacramento, CA. 

____ . Department of Fish and Game. 1987b. 
Requirements of American shad (Aiosa sapidissima) 
in the Sacramento-San Joaquin River system. (DFG 
Exhibit 23, Bay-Delta Hearing.) Sacramento, CA. 
Prepared for California State Water Resources 
Control Board, Bay/Delta Hearing Process Phase I, 
Sacramento, CA. · 

____ . Department ofFish and Game. 1987c. 
Delta outflow effects on the abundance and distri
bution of San Francisco Bay fish and invertebrates, 
1980-1985. (DFG Exhibit No. 60, State Water 
Resources Control Board 1987 water quality/water 
rights proceeding for the San Francisco Bay/Sacra
mento-San Joaquin Delta, Sacramento, CA.) Sacra
mento, CA. 

----· Department ofFish and Game. 1987d. 
Long-term trends in zooplankton distribution and 
abundance in the Sacramento-San Joaquin estuary. 
(DFG Exhibit 28, Bay-Delta Hearing.) Sacramento, 
CA. 

----·· Department of Fish imd Game. 1992a. 
Revised and updated estimates of fish entrainment 
losses associated with the State Water Project and 

Delta Wetlands Draft EIRIEIS 

87-1 J9CCICH3F 3F-39 

Federal Central Valley Project facilities in the South 
Delta. Sacramento, CA. 

----· Department ofFish and Game. 1992b. A 
re-examination of factors affecting striped bass 
abundance in the Sacramento-San Joaquin estuary. 
Sacramento, CA. Prepared for California State 
Water Resources Control Board, 1992 Bay-Delta 
Proceedings. Sacramento, CA. 

----· Department of Fish and Game. 1992c. 
Written testimony: Delta smelt. (WRINT -DFG 
Exhibit 9.) Stockton, CA. Prepared for the Cali
fornia State Water Resources Control Board Bay
Delta Proceedings, Sacramento, CA. 

----· Department of Fish and Game. 1992d. 
Impact of water management on splittail in the 
Sacramento-San Joaquin estuary. (WRINT DFG-5, 
State Water Resources Control Board 1992 Bay
Delta proceedings, Sacramento, CA.) Sacramento, 
CA. 

-~--· Department of Fish and Game. 1992e. 
Estuary dependent species. (Exhibit 6.) Entered by 
the California Department ofFish and Game for the 
State Water Resources Control Board 1992 water 
quality/water rights proceedings on the San Fran
cisco Bay/Sacramento-San Joaquin Delta. Sacra
mento, CA. 

----· Department of Water Resources. 1993. 
Biological assessment: effects of the Central Valley 
Project and State Water Project on delta smelt. 
Sacramento, CA. Prepared for U.S. Fish and Wild
life Service, Sacramento, CA. 

----·· State Water Resources Control Board. 
1991. Water quality control plan for salinity, San 
Francisco Bay/Sacramento-San Joaquin Delta estu
ary. (91-15WR.) May. Sacramento, CA. 

----· State Water Resources Control Board. 
1995. Water quality control plan for the San Fran
cisco Bay/Sacramento-San Joaquin Delta estuary. 
May. Sacramento, CA. 

Daniels, R. A., and P. B. Moyle. 1983. Life history of 
splittail (Cyprinidae: Pogonichthys macrolepido
tus) in the Sacramento-San Joaquin Estuary. Fishery 
Bulletin 81(3):647-653. 

Facey, D. E., and M J. Van Den Avyle. 1986. Species 
profiles: life histories and environmental require
ments of coastal fishes and invertebrates (South 

Ch 3F. Fishery Resources 

September 1995 



Atlantic) -- American shad. (Biological Report 82 
[11.45] TR EL-82-4.) U.S. Fish and Wildlife 
Service. Washington, DC. 

Herbold, B., A. D. Jassby, and P. B. Moyle. 1992. 
Status and trends report on aquatic resources in the 
San Francisco estuary. San Francisco Estuary Pro
ject., U.S. Environmental Protection Agency. 
Oakland, CA. 

Herrgesell, P. L., R G. Scbaftter, and C. J. Larsen. 1983. 
Effects of freshwater outflow on San Francisco Bay 
biological resoun:es. (f echnica1 Report 7, DO/SFB/ 
BI0-4ATR/83-7.) California Department ofFish 
and Game, Bay-Delta Fishery Project. Stockton, 
CA. Prepared for Interagency Ecological Study 
Program for the Sacramento-San Joaquin Estuary, 
Sacramento, CA. 

Hieb, K., and R. Baxter. 1993. ·Delta outflow/San 
Francisco Bay. Pages 1 0 1-116 in P. L. Herrgesell, 
1991 Annual Report: Interagency Ecological Studies 
Program for the Sacramento-San Joaquin Estuary. 
California Department offish and Game. Stockton, 
CA. 

Kimmerer, W. 1992. An evaluation of existing data in 
the entrapment zone of the San Francisco Bay 
estuary. (Technical Report 33, FS/BIO-IATR/92-
33.) Interagency Ecological Studies Program for the 
Sacramento-San Joaquin Estuary, California Depart
ment of Water Resources, Sacramento, CA. 

Kjelson, M. A., D. Hood, and P. L. Brandes. 1989a. 
Survival of chinook salmon smolts in the Sacra
mento River Delta during 1989. (1989 Annual 
Progress Report, FY89 Work Guidance.) U.S. Fish 
and Wildlife Service, Fisheries Assistance Office. 
Stockton, CA. 

Kjelson, M. A., S. Greene, and P. Brandes. 1989b. A 
model for estimating mortality and survival of fall
nm chinook salmon smolts in the Sacramento River 
Delta between Sacramento and Chipps Island. U.S. 
Fish and Wildlife Service, Stockton, CA. 

Knutson, A. C., Jr., and J. J. Orsi. 1983. Factors regu
lating abundance and distribution of the shrimps 
Neomysis mercedis in the Sacramento-San Joaquin 
estuary. Transactions of the American Fisheries 
Society 112(4):476-485. 

Markmann, C. 1986. Benthic monitoring in the Sacra
mento-San Joaquin Delta, results from 197 5 through 
1981. (fechnical Report 12, WQ/BI0-4 ATR/87-

Delta Wetlands Draft EIR!EIS 

87-1 19CCICH3F 3F-40 

12.) Interagency Ecological Study Program for the 
Sacramento-San Joaquin estuary, California Depart
ment of Water Resources. Sacramento, CA. 

Moyle, P. B. 1976. Inland fishes of California. Uni
versity of California Press. Berkeley, CA. 

Moyle, P. B., and B. Herbold. 1989. Status of the Delta 
smelt., Hypomensus transpaci.ficus. Sacramento, 
CA. Prepared for U.S. Fish and Wildlife Service, 
Office of Endangered Species, Sacramento, CA. 

Moyle, P. B., J. E. Williams, and E. D. Wikramanayoke. 
1989. Fish species of special concern of California. 
California Department ofFish and Game. Rancho 
Cordova, CA. 

National Marine Fisheries Service. 1993. Biological 
opinion for the operation of the federal Central 
Valley Project and the California State Water 
Project. Long Beach, CA. 

----· 1995. Additional amendments to the 
CVP-OCAP opinion and incidental take statement. 
May 17, 1995. Silver Spring, MD. 

Natural Heritage Institute. 1992. Petition for listing 
under the Endangered Species Act. Longfm smelt 
and Sacramento splittail. San Francisco, CA. 

Obrebski, S., J. J. Orsi, and W. J. Kimmerer. 1992. 
Long-term trends in zooplankton distribution and 
abtmdance in the Sacramento-San Joaquin estuary in 
California. (FSJBIO-IATR/92-32, Technical Report 
32.) California Department of Water Resources. 
Sacramento, CA. Prepared for Interagency Ecolo
gical Studies Program for the Sacramento-San 
Joaquin Estuary, Stockton, CA. 

Orsi, J. J., and A. C. Knutson. 1979. The role ofmysid 
shrimp in the Sacramento-San Joaquin estuary and 
factors affecting their abundance and distribution. 
Pages 401-408 in T. J. Conomos (ed.), San Fran
cisco Bay: the Urbanized Estuary. Pacific Division 
of the American Association for the Advancement of 
Science. San Francisco, CA. 

San Francisco Estuary Project. 1993. Managing fresh
water discharge to the San Francisco Bay/Sacra
mento-San Joaquin Delta estuary: the scientific 
basis for an estuarine standard. Oakland, CA. 

Stevens, D. E. 1966. Distribution and food habits of the 
American shad, Alosa sapidissima, in the 
Sacramento-San Joaquin Delta. Pages 97-105 in 

Ch 3F. Fishery Resources 

September 1995 



J. L. Turner and D. W. Kelley (eds.), Ecological 
Studies of the Sacramento-San Joaquin Delta. Part 
ll. Fishes of the Delta. (Fish Bulletin 136.) 
California Department of Fish and Game. Sacra
mento, CA. 

Stevens, D. E., and L. W. Miller. 1983. Effects of river 
flow on abtmdance of yotmg chinook salmon, 
American shad, loogfin smelt, and Delta smelt in the 
Sacramento-San Joaquin River system. North 
American Journal of Fisheries Management 3:425-
437. 

Stevens, D. E., L. W. Miller, and B. C. Bolster. 1990. 
Report to the Fish and Game Commission: a status 
review of the Delta smelt (Hypomesus transpaci
ficus) in California. (Candidate Species Status 
Report 90-2.) California Department of Fish and 
Game. Stockton, CA. 

Sweetnam, D., and D. E. Stevens. 1991. Delta smelt 
study plan. California Department of Fish and 
Game. Stockton, CA. 

U.S. Fish and Wildlife Service. 1987. The needs of 
chinook salmon, Oncorhynchus tshawytscha, in the 
Sacramento-San Joaquin estuary. (USFWS Exhibit 
31, Bay-Delta Hearing.) Sacramento, CA. Prepared 
for California State Water Resources Control Board 
1987 Water Quality/Water Rights Proceeding on the 
San Francisco Bay/Sacramento-San Joaquin Delta, 
Sacramento, CA. 

____ . 1992. Measures to improve the protection 
of chinook salmon in the Sacramento/San Joaquin 
River Delta. (WRINT -USFWS-7.) Stockton, CA. 
Prepared for California State Water Resources 
Control Board, Bay/Delta Estuary Proceedings, 
Sacramento, CA. 

1993a. Abundance and survival of 
juvenile chinook salmon in the Sacramento-San 
Joaquin estuary. (1992 Annual Progress Report; 
FY92 Work Guidance.) Fishery Resource Office. 
Stockton, CA. 

____ . 1993b. Formal consultation on effects of 
the proposed Los Vaqueros Reservoir Project on 
delta smelt, Contra Costa Cotmty, California. (1-1-
93-F-35.) September 9, 1993. Sacramento, CA. 

____ .. 1994. Biological opinion: formal con
sultation on the 1994 operation of the Central Valley 
Project and State Water Project: effects on Delta 
smelt. Sacramento, CA. 

Delta Wetlands Draft EIRIEIS 

87-JJ9CCICH3F 

::._·· - ·---------

3F-41 

------· 1995. Formal consultation and conference 
on effects of long-term operation of the Central 
Valley Project and State Water Project on the 
threatened delta smelt, delta smelt critical habitat, 
and proposed threatened Sacramento splittail. 
March 6, 1995. ( 1-l-94-F -70.) Sacramento, CA. 

U.S. Fish and Wildlife Service and California 
Department ofFish and Game. 1987. Water quality 
and water quantity needs for chinook salmon pro
duction in the upper Sacramento River. (USFWS 
Exhibit No. 29, Bay-Delta Hearing.) U.S. Fish and 
Wildlife Service. Sacramento, CA. Prepared for 
California State Water Resources Control Board, 
Sacramento, CA. 

Wang, J. C. S. 1986. Fishes of the Sacramento-San 
Joaquin estuary and adjacent waters, California: a 
guide to the early life histories. (FS/1 0-4A TR86-9.) 
California Department of Water Resources. Sacra
mento, CA. Prepared for Interagency Ecological 
Study Program for the Sacramento-San Joaquin 
estuary, Sacramento, CA. 

----· 1991. Early life stages and early life 
history of the Delta smelt, Hypomeaus transpaci
ficus, in the Sacramento-San Joaquin Estuary, with 
comparison of early life stages of the Iongtin smelt, 
Spirinchus thaleichthys. (FS/BIO-IATR/91-28. 
Technical Report 28.) California Department of 
Water Resources. Sacramento, CA. Prepared for 
Interagency Ecological Studies Program for the 
Sacramento-San Joaquin Estuary, Stockton, CA. 

Penonal Communications 

Baxter, Randy. Fisheries biologist. California Depart
ment ofFish and Game, Stockton, CA. February 19, 
1992 -Interagency Ecological Study Program meet
ing; January 20, 1994 - facsimile regarding splittail 
indices; January 18, 1994 - telephone conversation 
with Phil Unger of JSA regarding longfm and Delta 
smelt indices. 

Littrell, Ed. Delta levees project manager. California 
Department of Fish and Game, Rancho Cordova, 
CA. February 14, 1994 - telephone conversation 
aboutSB 34. 

Stern, Gary. Fisheries biologist. National Marine Fish
eries Service, Santa Rosa, CA. March 29, 1995 -
telephone conversation. 

Ch 3F. Fishery Resources 

September 1995 



Delta Wetlands Draft EIR!EIS 

87-JJ9CCICH3F 3F-42 
Ch 3F. Fishery Resources 

September 1995 



~' ... . 

Table 3F -1. Average Change in Delta Outflow under OW Project Operations Relative to No- Project Conditions, 1922-1991 Simulation 

ocr NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

Change in Flow (cfs} 

Alternative 1 
Mean (650) (710) (524) (676) (414) (142) 30 31 57 35 50 (353) 
Standard Deviation 1,261 1,396 1,141 1.286 1,095 745 56 63 35 45 26 1,102 
Minimum (3,880) (4,011) (3,892) (3,856) (3,977) (3,797) (141) (236) (49) (52) (55) (3,974) 
Median (10)1 (12) (34) 0 (7) 25 51 60 69 78 60 25 
Maximum (10) (12) (21) 15 47 73 330 60 69 78 60 25 

Alternative 2 
Mean (650) (710) (524) (644) (414) (163) (38) 29 57 35 50 (353) 
Standard Deviation 1,261 1,396 1,141 1,275 1,095 714 430 68 35 45 26 1,102 
Minimum (3,880) (4,011) (3,892) (3,856) (3,977) (3,797) (3,074) (252) (49) (52) (55) (3,974) 
Median (10) (12) (34) 0 (7) 25 51 60 69 78 60 25 
Maximum (10) (12) (21) 15 47 73 330 60 69 78 60 25 

Alternative 3 
Mean (955) (1,122) (949) (958) (719) (266) (32) 46 107 70 97 (376) 
Standard Deviation 1,771 2,063 1,832 1,785 1,683 927 419 112 71 84 48 1,337 
Minimum (5,959) (5,970) (5,985) (5,982) (5,959) (5,945) (2,926) (383) (104) (110) (115) (5,931) 
Median 41 30 (11) (11) (19) (42) 74 101 131 150 116 69 
Maximum 41 30 15 18 83 55 354 101 131 150 116 69 

Change in Flow {%} 

Alternative 1 
Mean (5.85) (4.34) (2.88) (4.03) (1.18) (0.20) 0.33 0.47 0.79 0.56 1.02 (2.96) 
Standard Deviation 11.13 8.71 6.02 7.72 3.48 2.09 0.32 0.45 0.41 0.70 0.55 10.38 
Minimum (34.36) (34.07) (27.82) (27.32) (16.65) (11.76) (0.32) (0.94) (0.19) (0.56) (0.64) (39.06) 
Median (0.24) (0.25) (0.38) 0.00 (0.01) 0.10 0.35 0.54 0.91 0.87 1.05 0.66 
Maximum (0.16) (0.05) (0.02) 0.33 0.41 1.06 1.80 1.34 1.73 1.95 1.76 0.84 

Alternative 2 
Mean (5.85) (4.34) (2.88) (3.89) (1.18) (0.28) 0.16 0.47 0.79 0.56 1.02 (2.96) 
Standard Deviation 11.13 8.71 6.02 7.72 3.48 2.08 1.12 0.46 0.41 0.70 0.55 10.38 
Minimum (34.36) (34.07) (27.82) (27.32) (16.65) (11.76) (7.00) (0.94) (0.19) (0.56) (0.64) (39.06) 
Median (0.24) (0.25) (0.38) 0.00 (0.01) 0.10 0.35 0.54 0.91 0.87 1.05 0.66 
Maximum (0.16) (0.05) (0.02) 0.33 0.41 1.06 1.80 1.34 1.73 1.95 1.76 0.84 

Alternative 3 
Mean (7.28) (6.25) (4.56) (5.16) (1.81) (0.58) 0.29 0.78 1.51 1.12 1.98 (2.37) 
Standard Deviation 14.06 11.65 9.22 9.63 4.70 2.50 1.15 0.76 0.79 1.32 1.03 11.94 
Minimum (42.19) (39.07) (39.35) (33.31) (19.87) (13.89) (6.66) (1.05) (0.41) (1.19) (1.34) (44.36) 
Median 0.81 0.47 (0.02) (0.04) (0.01) (0.03) 0.51 0.90 1.73 1.68 2.01 1.81 
Maximum 1.36 0.86 0.32 0.40 0.73 0.80 1.93 2.24 3.28 3.75 3.39 2.29 

Note: Negative values showniii_Qarentheses. 



Table 3F-2. Average Change in X2 (Kilometers) under DW Project Operations Relative to No-Project Conditions, 1922-1991 Simulation 

ocr NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

Alternative 1 
Mean 0.62 0.57 0.42 0.48 0.26 0.11 O.Q3 0.00 (0.04) (0.01) (0.00) 0.33 
Standard Deviation 1.05 0.82 0.56 0.66 0.33 0.19 0.06 0.03 0.04 0.01 0.01 0.96 
Minimum (0.00) (0.00) (0.00) (0.02) (0.03) (0.09) (0.05) (0.07) (0.13) (0.04) (0.01) (0.00) 
Median 0.00 0.01 0.22 0.17 0.09 0.03 0.01 0.00 (0.04) (0.01) (0.00) (0.00) 
Maximum 3.23 3.19 2.50 2.45 1.39 0.95 0.,29 0.12 0.03 0.05 0.05 3.80 

Alternative 2 
Mean 0.62 0.57 0.42 0.47 0.25 0.11 0.04 0.01 (0.04) (0.01) (0.00) 0.33 
Standard Deviation 1.05 0.82 0.56 0.66 0.33 0.18 0.10 0.04 0.04 0.01 0.01 0.96 
Minimum (0.00) (0.00) (0.00) (0.02) (0.03) (0.09) (0.05) (0.07) (0.13) (0.04) (0.01) (0.00) 
Median 0.00 0.01 0.22 0.15 0.09 0.03 0.01 0.00 (0.03) (0.01) (0.00) (0.00) 
Maximum 3.23 3.19 2.50 2.45 1.39 0.95 0.56 0.18 0.06 0.05 0.05 3.80 

Alternative 3 
Mean 0.86 0.87 0.69 0.68 0.38 0.17 0.06 O.ot (0.07) (0.02) (0.00) 0.38 
Standard Deviation 1.41 1.16 0.93 0.86 0.46 0.24 0.11 0.05 0.07 0.03 0.02 1.10 
Minimum (0.07) (0.02) (0.01) (0.02) (0.05) (0.08). (0.05) (0.11) (0.25) (0.08) (0.03) (0.01) 
Median (0.00) 0.00 0.37 0.26 0.17 0.07 0.03 0.01 (0.07) (0.02) (0.00) (0.00) 
Maximum 4.27 3.80 3.83 3.13 1.98 1.13 0.54 0.18 0.06 0.10 0.11 4.50 

Note: Negative vai1Jes s@wn ill_ parentheses. 
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Table 3F -3. Average Change in Net Flow (cfs) in Old and Middle Rivers near the Northern Confluence with the San Joaquin River 
under DW Project Operations Relative to No- Project Conditions, 1922-1991 Simulation 

ocr NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

Alternative 1 
Mean (q) (12) (215) (39) (181) (78) (200) (259) (130) (910) (796) (304) 
Standard Deviation 0 67 692 321 776 422 374 431 383 1~162 1,096 715 
Minimum (0) (515) (3~135) (2,708) (4,000) (2.691) (1,332) (1.843) (2,822) (3,741) (3,755) (3,379) 
Median 0 0 0 0 0 0 0 0 0 0 0 0 
Maximum 0 0 0 0 0 0 280 0 0 0 0 0 

Alternative 2 
Mean (0) (12) (176) (54) (674) (437) (71) (283) (783) (497) (293) (79) 
Standard Deviation 0 67 644 335 1,312 1,006 204 613 1~106 1,100 185 424 
Minimum (0) (515) (3~135) (2,721) (4.486) (3.822) (1,053) (3,771) (3,780) (3,741) (3,155) (2,861) 
Median 0 0 0 0 0 0 0 0 0 0 0 0 
Maximum 0 0 0 0 0 0 280 0 0 0 0 0 

;.:· Alternative 3 
Mean (6) (10) (179) (58) (792) (678) (87) (270) (1,187) (777) (777) (191) 
Standard Deviation 50 60 669 336 1,581 1.277 225 546 1,844 1,587 1,415 . 644 
Minimum (425) (473) (3.740) (2.717) (6,000) (4,975) (1,030) (3,000) (4,899) (6,000) (5,237) (3,917) 
Median 0 0 0 0 0 0 0 0 0 0 0 0 
Maximum 0 0 0 0 0 0 280 0 0 0 0 0 

Note: Negative values shown in parentheses. 
DW discharges and diversions are added to the Old and Middle River flow regardless of actual DW discharge and diversion locations. 



Table 3F -4. Total Annual Mortality Index for Sacramento River Chinook Salmon, 70-Year Simulation Summary 

Mortality Index(%) Change from No-Project Mortality Index(%) 

No-Project Alternative 1 Alternative 2 Alternative 3 Alternative 1 Alternative 2 Alternative 3 

Fall-Run Chinook Salmon 
Mean 47.65 47.68 47.69 47.70 0.03 0.04 0.05 
Standard Deviatiqn 15.94 15.95 15.93 15.92 0.04 0.06 0.07 
Minimum 13.91 13.91 13.91 13.91 -0.02 -0.02 -0.04 
Median 50.41 50.42 50.48 50.51 0.02 0.02 0.04 
Maximum 74.87 74.85 74.85 74.84 0.20 0.32 0.33 

Winter-Run Chinook Salmon 
Mean 11.71 11.80 11.83 11.90 0.08 0.12 0.18 
Standard Deviation 2.80 2.80 2.83 2.84 0.10 0.12 0.17 
Minimum 6.21 6.25 6.25 6.32 -0.02 -0.02 -0,01 
Median 12.44 12.58 12.76 12.79 0.05 0.06 0.12 
Maximum 16.52 16.57 16.58 16.72 0.43 0.46 0.74 

Note: The values do not account for any incremental benefits of DW fish screens. 

The maximum and minimum changes are the largest and smallest differences between the values simulated for the same year for the 
No-Project Alternative and the specified DW project alternative. They cannot be calculated from the maximum and minimum index values. 
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Table 3F-5. Total Annual Entrainment Index for Striped Bass, Delta Smelt, and Longfin Smelt; 70- Year Simulation Summary 

Entrainment Index(%) Change from No- Project Entrainment Index{%) 

No-Project Alternative 1 Alternative 2 Alternative 3 Alternative 1 Alternative 2 Alternative 3 

Striped Bass 
Mean 25.95 26.38 26.32 26.43 0.43 0.38 0.48 
Standard Deviation 5.36 5.47 5.45 5.43 0.45 0.39 0.45 
Minimum 1.24 1.28 1.28 1.32 -0.02 -0.23 -o.oz 
Median 27.80 28.01 28.08 28.24 0.24 0.26 0.43 
Maximum 30.52 30.54 30.87 30.86 1.52 1.59 1.75 

Delta Smelt 
Mean 26.79 27.41 27.58 27.89 0.62 0.80 1.10 
Standard Deviation 6.03 6.29 6.37 6.41 0.75 0.84 1.05 
Minimum 0.74 0.78 0.78 0.81 -0.02 -0.00 -0.00 

Median 28.47 28.80 28.86 29.43 0.25 0.48 0.65 
Maximum 34.46 36.29 36.16 36.15 3.22 3.44 4.15 

Longtin Smelt 
Mean 8.26 9.10 9.33 9.73 0.84 1.07 1.47 
Standard Deviation 4.40 4.95 5.15 5.38 1.24 1.40 1.84 
Minimum 0.01 O.ol 0.01 O.ol -0.00 -0.00 -0.00 
Median 8.26 9.24 9.24 9.62 0.18 0.64 0.98 
Maximum 18.65 20.95 21.71 21.70 5.66 6.42 9.31 

Note: The maximum and minimum changes are the largest and smallest differences between the values simulated for the same year for the 
No- Project Alternative and the specified DW project alternative. They cannot be calculated from the maximum and minimum index values. 



Table 3F -6. Total Habitat Area for Striped Bass, Delta Smelt, and Longfin Smelt; 70-Year Simulation Summary 

Habitat Area (km2
) Change from No-Project Habitat Area {km 2

) 

No-Project Alternative 1 Alternative 2 Alternative 3 Alternative 1 Alternative 2 Alternative 3 

Striped Bass 
Mean 76.53 76.71 76.70 76.76 0.18 0.16 0.23 
Standard Deviation I 14.93 14.94 14.92 14.91 0.60 0.61 0.72 
Minimum 51.47 51.47 51.47 51.50 -1.82 -1.82 -1.82 
Median 76.84 76.84 76.84 76.84 0.00 0.00 0.00 
Maximum 101.82 101.82 101.82 101.82 2.86 2.86 2.86 

Delta Smelt 
Mean 50.70 50.75 50.75 50.74 0.05 0.05 0.04 
Standard Deviation 4.67 4.60 4.60 4.58 0.37 0.40 0.59 
Minimum 41.48 41.48 41.48 41.48 -0.91 -1.11 -1.61 
Median 49.26 49.70 49.65 49.70 0.00 0.00 0.00 
Maximum 67.55 67.49 67.49 67.49 1.05 1.05 2.36 

Longfm Smelt 
Mean 173.58 172.71 172.66 172.69 -0.87 -0.93 -0.90 
Standard Deviation 34.70 34.82 34.81 34.75 2.34 2.35 2.67 
Minimum 122.21 122.03 122.03 122.03 -7.29 -7.29 -12.55 
Median 173.70 172.37 172.37 173.63 0.00 0.00 0.00 
Maximum 248.22 248.22 248.22 248.22 3.04 1.99 2.54 

Note: The maximum and minimum changes are the largest and smallest differences between the values simulated for the same year for the 
No- Project Alternative and the specified DW project alternative. They cannot be calculated from the maximum and minimum index values. 
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Chapter 3G. Affected Environment and Environmental 
Consequences - Vegetation and Wetlands 

SUMMARY 

This chapter describes vegetation and wetland resources on the DW project islands and the impacts of the DW project 
alternatives on those resources. Impacts of the DW project include conversion of existing vegetation conditions (primarily 
agricultural) on the reservoir islands to open-water, mudflat, herbaceous, and shallow-water wetland habitats and 
conversion of existing vegetation conditions (primarily agricultural) on the habitat islands to crops and upland, wetland, 
woodland, and scrub habitats. 

The impact analysis for tl]e reservoir islands provides a description of vegetation and wetland values that would be 
associated with the various flood conditions on the reservoir islands; because future vegetation conditions are 
unpredictable, however, it is assumed that the reservoir islands would provide no wetland values that would compensate 
for project impacts. 

Under Alternative 1, 2, or 3, construction of project facilities (e.g., siphon and pump stations or recreation facilities) 
and levee improvements on sites occupied by special-status plants could result in the loss of special-status plants; this 
would be considered a significant impact. Avoidance measures are recommended to reduce this impact to a less-than
significant/eve/. 

Implementing Alternative 1 or 2 would result in losses of riparian and permanent pond habitats and of upland and 
agricultural habitats. Losses in acreages of these jurisdictional wetland habitat types on the reservoir islands would be 
offset by creation of similar vegetation types on the habitat islands as described in the HMP; therefore, these losses are 
considered less than significant. Implementing the HMP under Alt11rnative 1 or 2 would also result in a beneficial 
increase in freshwater marsh and exotic marsh habitats and the beneficial cumulative impact of an increase in wetland 
and riparian habitats in the Delta. 

Under Alternative 3, the loss of jurisdictional wetlands on reservoir islands, including riparian, marsh, and pond 
habitats, would be considered a significant impact. Although a limited amount of habitat would be created in the NBHA 
to partially offset this impact, DW would need to develop and implement an offsite mitigation plan to reduce this impact 
to a less-than-significant/eve/. 

Under the No-Project Alternative, impacts would result primarily from conversion of fallow, herbaceous upland, 
riparian, and wetland habitats to agricultural use. In contrast to implementing any of the DW project alternatives, 
implementing the No-Project Alternative would decrease the diversity of vegetation types on the fou!" DW islands. 
Implementing the No-Project Alternative would not result in direct disturbance of special-status plants from co,.nstruction 
of facilities as described for the DW project alternatives. However, as increasing land subsidence rates and flood risks 
become critical to levee stability over time, improvements to perimeter levees under the No-Project Alternative could 
adversely affect known populations of plants. 

INTRODUCfiON 

This chapter discusses impacts of the DW project on 
vegetation and wetlands, most of which would result from 
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water storage operations on the reservoir islands and 
from management of the habitat islands to provide project 
compensation. The HMP incorporated into the project 
description for Alternatives 1 and 2 provides for com
pensation habitat to be established on the habitat islands 
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to offset the effects of reservoir island operations on 
vegetation and wetlands. The impact assessment for 
Alternatives I and 2 is therefore based on the assumption 
that project implementation would include the establish
ment of compensation habitat acreages as specified in the 
HMP. Under Alternative 3, all four DW project islands 
would be used as reservoirs, and the NBHA on Bouldin 
Island would be used to provide limited compensation 
habitat. 

The following appendices provide more detailed 
information on vegetation and wetlands under existing 
conditions and predicted future conditions with project 
implementation on DW project islands: 

• Appendix G 1, "Plant Species Nomenclature"; 

• 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 
Wetlands Project Alternatives"; and 

• Appendix G5, "Sununary of Jurisdictional 
Wetland Impacts and Mitigation". 

AFFECTED ENVIRONMENT 

This section describes vegetation and wetland con
ditions on the DW project islands. Information on vege
tation and wetlands is based in part on information col
lected for the 1990 draft EIRIEIS and has been updated 
to current conditions where these changes would affect 
the impact analysis. 

As a result ofland management decisions made since 
1988, some changes in agricultural land use and vegeta
tion conditions on the islands have occurred. Some of 
these changes were made in re~nse to annual fluctua
tions in agricultural market conditions; others were made 
in anticipation ofDW project implementation. Because 
some of these changes have resulted from project-related 
actions and influences, information from the 1990 draft 
EIRIEIS (based on 1988 conditions) provides the most 
reliable description of typical preproject vegetation and 
wetland conditions on the DW project islands for asses
sing the impacts of the DW project alternatives. 
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Sources of Information 

Aerial photographs of the project area, taken in 
1987, were used to identify and delineate vegetation types 
present on the DW project islands. Mappings of vege
tation types were verified during surveys conducted in 
1988. Classification schemes for habitat types were 
developed in consultation with DFG and USFWS. 

Delineation of jurisdictional wetlands under Section 
404 of the Clean Water Act was jointly conducted for the 
DW project islands by the Natural Resources Conser
vation Service (NRCS) (formerly the U.S. Soil Conser
vation Service), the Corps, EPA, and USFWS in October 
1994. Results of the delineation were used to identify the 
extent and types of jurisdictional wetlands on the DW 
project islands. 

Special-status plant species that potentially could be 
found in the project area were identified in consultation 
with DFG and USFWS (see Appendix H5, "Agency 
Correspondence regarding the Federal and California 
Endangered Species Acts") and using California Native 
Plant Society (CNPS) lists (CNPS 1994), DFG's Natural 
Diversity Data Base (NDDB) (NDDB 1993), Smith and 
Berg (1988), and Madrone Associates (1980). Field 
surveys to locate special-status plant populations were 
conducted in spring and summer 1988. A portion of 
Webb Tract that could not be surveyed in 1988 was 
surveyed in August 1994. 

Special-Status Plant Species 

Definition of Special-Status Species 

Special-status plant species are defmed to include: 

• species listed by the state of California as rare, 
threatened, or endangered; 

• species that are federally listed, proposed for 
listing, or candidates for listing as threatened or 
endangered (55 FR 6184, February 21, 1990, 
and 50 CFR 17.12 [listed plants] and various 
notices in the Federal Register [proposed 
species]); and 

• species listed by CNPS as rare and endangered 
(Smith and Berg 1988). 

Special-status plant species potentially occurring in 
the project area were defmed as those special-status 

Ch 3G. Vegetation and Wetlands 

September 1995 



species with known populations in or near the project 
area, and those known from habitats either identical to or 
similar to those found in the project area. The sources 
listed above under •Sources of Information" were used to 
develop a list of potentially occurring special-status plant 
species: DFG's NDDB (1993), Messersmith (pers. 
comm.) (included in Appendix HS, "Agency Corres
pondence regarding the Federal and California Endan
gered Species Acts"), Smith and Berg (1988), CNPS 
(1994), and Madrone Associates (1980). Based on this 
investigation, I4 special-status plants were identified as 
having the potential to occur in the project area (Table 
3G-l), although none of these species were reported 
previously from the project area (NDDB 1987). 

Consultatioos with DFG (Messersmith pers. comm.) 
identified seven other species not included in Table 3G-I 
(Crampton's tuctoria, Bolander water hemlock, Contra 
Costa goldfields, Delta coyote thistle, caper-fruited tropi
docarpum, Colusa grass, and. palmate-bracted bird's 
beak). Potential habitat for these species does not exist 
in the project area. 

Field Surveys 

Field surveys for special-status plant species were 
conducted during April and August-September 1988. All 
potential habitat in the project area, including the water 
and land sides of exterior levees, was surveyed for the 
presence of special-status plants. The property on the 
eastern end of Webb Tract was not surveyed in I988 
because access was not available at the time of field 
surveys. This portion of Webb Tract, however, was 
swveyed in August 1994. Floristic field survey methods 
were employed as specified by DFG (1984). 

Results of Surveys 

Populations of the Suisun Marsh aster, Mason's 
lilaeopsis, rose-mallow, and Delta tule pea were detected 
during the field surveys; all were located on the water 
side of island levees (Dains I988). These observations 
are summarized in Table 30-2, and the locations of the 
populations of these speCies on the four DW project 
islands are shown in Figures 3G-l, 3G-2, 3G-3, and 
3G-4. Population sizes at each location are described in 
Dains (I988). Populations of the Delta mudwort were 
detected along the exterior slopes of island levees. 
Population sizes and locations were not recorded during 
field surveys, however, because the Delta mudwort was 
not designated as a special-status speCies at the time 
surveys were conducted. No unexpected special-status 
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. species were observed during the floristic surveys (Dains 
I988). 

No populations of the other species listed in Table 
3G-I were located. Although suitable habitat (i.e., sandy 
hummocks) fer the Antioch Dunes evening primrose and 
Cootra Costa wallflower appeared to exist in the project 
area, field surveys indicated that the sites were not 
suitable because they had previously been tilled 

Habitat Types 

Classifkation Scheme and Mapping Methods 

Nineteen habitat types in seven major habitat groups 
were designated in a classification scheme designed 
specifically for the DW project islands (Table 3G-3). 
The habitat-type classification scheme was developed in 
consultation with DFG and USFWS. The major habitat 
groups are riparian, marsh, woody non-native, herba
ceous upland, agriculture, open water, and developed 
land. The five agricultural habitat types (grain and seed 
crops, perennial crops, livestock pasture, waterfowl food 
crops, and fallow fields) were subdivided by crop type 
where possible. Abandoned agricultural fields and other 
weedy sites are included in the marsh or herbaceous 
upland groups, depending on species composition and 
field moisture conditions. 

Vegetation was mapped on the DW project islands 
using the habitat classification scheme shown in Table 
3G-3 to describe the conditions on the islands as of 
December 1987. Habitat-type mapping was based on 
color aerial photographs of all four islands taken on 
October 5, I987, at a scale of I:24,000. Preliminary 
determinations of habitat types and boundaries were 
traced onto mylar overlays, based on inspection of the 
color prints that had been enlarged to a scale of I : 12,000 
from the original negatives. Habitat types were mapped 
to a minimum polygon size of approximately I acre. 

Habitat types were observed directly from low
altitude aircraft and during vehicle and foot surveys of all 
four islands during January-June 1988. The initial 
habitat-type delineations were corrected and refmed 
through these observations. 

Descriptions of Habitat Types 

The portions of the four DW project islands included 
in Alternatives 1 and 2 encompass 20,I28 acres (about 
31 square miles) (Figures 3G-5 through 3G-8). This 
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section describes habitat conditions and acreages that 
would be affected Wlder implementation of Alternative 1 
or 2. Alternative 3 and the No-Project Alternative would 
include use of the southwest quarter of Holland Tract, 
which is excluded lUlder Alternatives 1 and 2 (Figure 
3G-9). 

Acreages of each of the seven habitat types and their 
subgroups for each alternative are shown in Table 3G-4. 
The acreage figures were produced by planimeter mea
surement of areas on the habitat-type maps of the four 
DW project islands completed in JlUle 1988. 

Agriculture. Approximately 63% of the DW pro
ject island acreage is in active agricultural use (types AI 
and A2 in Table 3G-4). Much of the remaining agri
cultural land was in a temporary fallow condition (i.e., 
fallow for less than 2 years) (type A5) in December I987 
because of soil or pest management problems, agricul
tural "set-aside" programs, land ownership transfers, or 
farm bankruptcy. All developed land (types Dl and D2) 
is directly associated with agricultural operations, with 
the exception of two small commercial marinas on 
Holland Tract. 

Much of the agricultural land remained disked or 
flooded during the onsite field mapping in spring 1988. 
A determination of crop types on these fields was made 
with maps and tables showing crop allocations acquired 
from farming companies. Farmers and landowners were 
also contacted to determine which crops were typically 
grown in each major field and why some fields remained 
fallow or were abandoned. 

The predominant field crops in type A 1 are corn, 
wheat, milo, Slmflower, and potato. About 8.8% of the 
agricultural land is in perennial crops (type A2), such as 
asparagus (1 ,492 acres) or vineyards (278 acres). Only 
445 acres are permanently managed as pasture and are 
grazed, primarily by beef cattle (type A3). A much larger 
area of field crops (type AI), probably several thousand 
acres, is grazed seasonally by sheep for weed control and 
stubble reduction. 

On Holland Tract, DWs d~onstration wetland for 
testing of watergrass seed production was mapped separ
ately as type A4. During 1988 and I989, water levels 
were managed in this wetland to simulate the hydrologic 
regime of the DW project as proposed at that time. 

Management of agricultural lands on the DW project 
islands must address problems endemic to Delta lands, 
including poor irrigation drainage,· disease outbreaks, 
declining soil productivity, and weed infestation. The 
primary method of watering crops on the four islands is 
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to apply water through siphon pipes from sloughs or 
channels to a network of canals and ditches on each 
island Higher elevation fields that are better drained are 
irrigated with traditional surface irrigation techniques. 

The shallow water table, in combination with the 
organic peat soil, creates a soil condition favorable to the 
outbreak of plant pathogens and destructive nematodes. 
Therefore, crop options are limited to shallow-rooted 
species and varieties that are resistant to diseases, 
including most grain crops in the grass family. Orchards 
and most vegetable crops are conspicuously absent. 
Long-term productivity also is declining as a result of the 
oxidation of peat soils exposed during cultivation. 

Another chronic management problem on Delta 
islands is field infestation by weeds, especially Johnson 
grass, canarygrass, smartweed, land kelp, peppergrass, 
cocklebur, and other moisture-dependent exotic weeds. 
Drainage and irrigation ditches must also be cleared 
annually of woody invaders, primarily exotic Himalaya 
berry, willow, and cottonwood. The extensive network of 
ditches in the fields is an ever-present transport system 
for waterborne weed seed (both woody and herbaceous). 

Riparian Habitat. Riparian habitat is associated 
with areas at the margins of perennial and intermittent 
streams, rivers, and other water bodies that have ablm
dant soil moisture. Two woody riparian habitat types are 
folUld on the DW project islands: cottonwood-willow 
woodland (type RI) and willow scrub (type R2). Type 
R2 is generally less than 5 years old and consists of four 
species of willows mixed with cottonwood seedlings. 
Type Rl is generally older than 5 years and contains 
cottonwood saplings and trees taller than the willow 
shrub lUlderstory. 

Because weeds become established readily on Delta 
islands, farm management emphasizes "clean farming" 
practices that include annual disking of fallow fields and 
periodic clearing of riparian trees and shrubs from the 
interior ditch systems. Only about 1% of the DW project 
islands is occupied by woody riparian habitat (types RI 
and R2) (Table 3G-4). Most of this habitat type is folmd 
on Webb and Holland Tracts, where agricultural manage
ment is less intensive and has not kept pace with natural 
colonization by water-dependent weeds and woody ripar
ian plants. 

Most riparian vegetation on the DW project islands 
is in an early stage of development. Small linear stands 
of willow and cottonwood are often folmd in or along 
ditches or at the toes of perimeter levees that have not 
been regularly maintained. Maintenance policies of the 
local reclamation districts do not allow mature woody 
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vegetation on the upper interior levee slopes or on 
exterior levee faces because of the need to inspect the 
levees for seepage and structural defects. 

The exceptions to the above pattern are the some
what older and more diverse stands of riparian and marsh 
vegetation surrounding the blowout ponds on Webb and 
Holland Tracts. These small lakes (type 02) were 
scoured into the island bottoms by suddenly inrushing 
flood waters from exterior channels, typically 15-20 feet 
higher than the interior island elevations, following levee 
failures in 1950 on Webb Tract and in 1980 on both 
islands. The blowout ponds are generally not econo
mically feasible to reclaim as agricultural land. Saturated 
soils on the pond perimeters prevent mechanical clearing 
of vegetation. 

Riparian vegetation began to become established 
around the Holland Tract blowout pond in summer 1980 
after floodwaters had been pwnped from the island. 
Floodwaters were not pumped from Webb Tract until 
February 1981 (Kjeldsen pers. comm.). Thus, most 
riparian vegetation is 15 years old on Holland Tract and 
14 years old on Webb Tract. 

Manb. Marsh habitat is dominated by herbaceous 
plant species growing in soil inundated by water for long 
periods, if not indefinitely. Tidal marsh (type M2) exists 
only along the outside margins of the D W project islands. 
Nontidal freshwater marsh (type Ml) occupies 224 acres 
on the four islands, 77% of which was found on Webb 
Tract primarily around the two blowout ponds (Table 
JG-4). This habitat type is typically associated with 
riparian and open-water habitats in relatively undisturbed 
locations. Dominant plants include cattail, tule, bulrush, 
other emergent wetland species, and button bush. 

Exotic marsh vegetation (type M3) occupies 5.6% 
(1,124 acres) of the DW project islands, primarily on 
Webb and Holland Tracts (Table JG-4). In December 
1987, this type consisted of former agricultural fields, 
which, for various reasons, were abandoned or left fallow 
for more than 2 years and subsequently had been invaded 
by dense stands of exotic herbaceous weeds. - Typical 
weedy species include nettle, annual smartweeds, pepper
grass, field mustard, wild radish, dallisgrass, curly dock, 
amaranth, and watergrass. The depth to the water table 
determines whether these abandoned fields are invaded 
by exotic marsh weeds or herbaceous upland weeds. 
This type sometimes occupies small untilled sites in 
actively farmed fields. 

Herbaceous Upland. Annual graS8land (type HI), 
found primarily on the broad, gentle interior slopes of the 
perimeter levees, occupies 7.5% of the project islands 
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(about 1,514 acres). Typical annual grassland species 
include canarygrass, ripgut brome, mustard, and bur
clover. Levees may be grazed but are not cultivated. A 
patioo of this type is upland habitat on remnant knolls or 
sand hills on Webb and Holland Tracts. If the sand hills 
were actively cultivated for dry-farmed grain in Decem
ber 1987, they are included in agricultural type A I. 

Exotic pen:mllal grassland (type H2) is a habitat type 
with moisture cooditions ranging between those of annual 
grassland (type HI) and exotic marsh (type M3). Soil 
moisture is adequate year round to support lush growths 
of perennial grasses (e.g., Bermuda grass, perennial 
zyegrass, saltgrass, and Johnson grass) and annuals but is 
not wet enough in the dry season to support typical wet
land species (e.g., cattails, rushes, dock, tules, and bul
rushes). More mesic (moderately moist) portions of the 
interior levee slopes may include this habitat type. 

Both exotic marsh (type M3) and exotic perennial 
grassland (type H2) tend to be ruderal plant communities 
that colonize previously disturbed sites, such as aban
doned fields, mowed levees, or flooded comers of active 
~ lands. If not disturbed for several years, they tend to 
be replaced by native woody riparian or freshwater marsh 
species. The abandoned agricultural fields near the blow
out ponds on Holland and Webb Tracts demonstrate this 
natural gradient of vegetation development. 

Open Water. Open water covers 2.2% (433 acres) 
of the land surface on the four DW project islands. 
Three-fourths of this area consist of canals and major 
drainage ditches (type 01) with permanent water in the 
island interiors. These ditches are typically lined with 
narrow bands of exotic marsh vegetation or Himalaya 
berry. Plants adapted to drier soil conditions, such as 
yellow star-thistle, are found along upper ditch slopes and 
on ditch spoils piles. Overhanging riparian vegetation is 
rare along the ditches or canals. The· 124 acres of per
manently ponded water (type 02), consisting primarily of 
the three blowout ponds on Holland and Webb Tracts, 
are lined with dense riparian or emergent wetland vege
tation. Tidal mudflats (type 03) exist only on the outside 
margins of Bacon and Bouldin Islands along tidal 
channels. 

Developed Land and Woody Non-Native Vege
tation. Approximately 1% ofthe land area ofthe DW 
project islands is occupied by structures, paved roads, or 
scarilled and compacted soil (types Dl and 02). This 
land type includes all of the levee crown roads and agri
cultural staging areas. The largest portion of type 02 is 
a site for processing and storing a pulp by-product used 
as a soil amendment on Holland Tract. Woody, non
native vegetation consists of ornamental trees (type WI) 
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and shrubs and lawns (type W2) generally associated 
with structures (type D1). 

Habitat Types on the DW 
Project bland• 

Bacon bland 

Bacon Island was occupied by five major landowners 
and farming operations in December 1987. All tillable 
land on Bacon Island in December 1987 was in produc
tion, the island infrastructure was in good repair, and 
stands of native vegetation were virtually absent (Figure 
30-5). Agricultural crops were diverse and included 
com, milo, potato, sunflower, asparagus, grape, kiwi, and 
potato seed. The dominant annual crops were potato 
(1 ,883 acres) and com (776 acres). No significant bodies 
of open water were present, except for the major north
south drainage slough. 

Webb Tract 

Majoc )Xlrtions of Webb Tract were wtder intensive 
agricultural management, primarily for com (2,223 acres) 
and wheat (445 acres), in December 1987. Like Holland 
Tract, Webb Tract has a mosaic of sand hills and upland 
habitat in the western half. Elevation varies by 20 feet or 
less between hilltops and fields. 

Two blowout ponds on Webb Tract make up 85% 
(106 acres) of the perennial ponded water on all four DW 
projeet islands (Figure 30-6). The northernmost lake 
formed during a levee breach in 1950 and the eastern 
lake formed following a levee breach in February 1980. 
Both levee failures resulted in prolonged deep flooding of 
the island~ the 1980 flooding lasted from January 1980 
until February 1981. The lakes are surrowtded by richly 
diverse riparian vegetation and have no public access. 
Fallow fields and extensive stands of riparian vegetation 
are common on Webb Tract, particularly on the northern 
and southwestern portions of the island. 

Bouldin Island 

Bouldin Island Farming Company manages this 
entire island intensively as an integrated agricultural 
operation, with com production representing more than 
half of the cultivated acreage (Figure 30-7). Bouldin 
Island is a good example of clean farming practice~ the 
levees and roads are well maintained, as are the agri
cultural fields and ditches. Natural or native vegetation 
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is virtually absent, and most of the tillable land is in 
crops~ 712 acres are tmder the Agricultural Stabilization 
and Conservation Service set-aside program. Three 
crops, can, sunflower, and wheat, accounted for all agri
cultw-al production in December 1987. 

Holland Tract 

-Agricultural management on Holland Tract was less 
intensive than on Bacon and Bouldin Islands in Decem
ber 1987 and represented only about one-third of all land 
cover (Figure 30-8). Holland Tract has natural sand hills 
and a blowout pond in the northern tip ( 17 acres) formed 
during a levee breach in 1980. 

Several land use types are Wlique to Holland Tract 
among the four DW project islands. Two commercial 
marinas occupy the southside levee. A hwtting club 
leases a large portion of the southwestern comer. A 
large, year-rowtd livestock grazing operation with irri
gated pasture was located in the southwestern comer of 
Holland Tract in December 1987. Because of farm bank
ruptcy and land ownership changes, much of the agricul
tural land in the southeastern comer of Holland Tract had 
not been actively managed for several years. 

Under Alternative 3 and the No-Project Alternative, 
approximately 1,113 acres in the southwest quarter and 
southeast perimeter of the island would be included in the 
project (Table 30-4, Figure 30-9). · 

Section 404 Jurisdictional 
Wetlands 

Approximately 763 acres of riparian woodland, 
riparian scrub, freshwater marsh, exotic marsh, canal and 
ditch, permanent pond, herbaceous upland, and seed and 
grain crq> habitats were delineated by NRCS, the Corps, 
EPA, and USFWS as jurisdictional wetlands under 
Section 404 of the Clean Water Act. A detailed descrip
tion of the results of the jurisdictional wetland delineation 
is presented in Appendix 05, "Summary of Jurisdictional 
Wetland Impacts and Mitigation". 

Regional Values and Distribution 
of Habitat Typea 

Madrone Associates (1980) described riparian 
woodland as the most valuable wildlife habitat in the 
Delta, providing essential habitat for 34 species of birds 
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and ooe mmmnal. Over 100 wildlife species were found 
to use this habitat type regularly. Riparian woodlands 
provide wildlife values that can extend roughly 0.25 mile 
into adjacent habitat, such as agricultural fields or sea
sonal wetlands. Freshwater perennial marshes were 
ranked as the second most valuable wildlife habitat in the 
Delta by Madrone Associates (1980), supporting 57 
different wildlife species. 

Madrone Associates (1980) mapped habitat types 
found on nearly 600,000 acres on Delta islands, such as 
the four DW project islands; these were distributed as 
follows: 

Area Percentage 
Habitat Twe (acres) of Total 

Perennial emergent wetland 
(freshwater and brackish) 10,243 2 

.. 
Riparian woodland and scrub 7,099 

Freshwater lakes, ponds, and 
interior sloughs 6,913 

Upland 44,446 7 

Agriculture 531.156 ~ 

Total 599,857 100 

This distribution demonstrates the regional scarcity of 
riparian woodland and perennial freshwater marsh habi
tats in the Delta region relative to agricultural lands. 

IMPACI' ASSESSMENT 
MEmO DO LOGY 

Analytical Approach and 
Impact Mechanisms 

Impacts on vegetation <.!1 the DW project islands were 
evaluated through comparison of predictions of future 
habitat types and acreages under the DW project alter
natives with existing vegetation conditions. Changes in 
vegetation types would result from the construction of 
facilities, upgrading of levees, inundation of reservoir 
islands during water storage and seasonal wetland 
periods, and implementation of the HMP (see Appen
dix G3, "Habitat Management Plan for the Delta Wet
lands Habitat Islands"). 
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Ahernatives 1, 2, and 3 

A detailed description of the approach used to analyze 
future vegetation conditions on reservoir islands is pre
sented in Appendix G2, "Prediction of Vegetation on the 
Delta Wetlands Reservoir Islands". 

Assessment of future vegetation conditions on reser
voir islands is difficult because periods of inundation and 

· drawdown are not predictable between years and the 
annual hydrologic pattern of the project does not naturally 
occur in the Delta region. Prediction of future vegetation 
conditions is based on end-of-month water storage 
amounts predicted by the DeltaSOS simulations. These 
simulations estimated amounts of water that would be 
available to the project under each of the DW project 
alternatives in years with hydrologic conditions repli
cating those of the 70-year 1922-1991 Delta hydrologic 
record (Appendix G4, "Simulated End-of-Month Water 
Storage on Reservoir Islands for the Delta Wetlands 
Project Alternatives"). The availability of future water 
for storage, however, may not follow historical availa
bility. Prediction of future conditions on any island is 
further complicated because DW may also fill reservoir 
islands in a sequence that changes each year to maximize 
the potential for creating wetland habitats. DW may also 
use reservoir islands to bank or store water being trans
ferred through the Delta by other entities. For this 
analysis, it was assumed that reservoir islands would fill 
concurrently as water becomes available for storage. 
Under this operating scenario, vegetation would be inun
dated simultaneously on both reservoir islands under . 
Alternative 1 or 2 or on all four islands under Alterna
tive 3. This concurrent filling would have more adverse 
effects on terrestrial vegetation than sequential filling 
would have. 

Because future habitat conditions are unpredictable 
and cannot be quantified, reservoir islands were assumed 
in this impact assessment to provide no vegetation or 
wetland values that would offset project impacts. There
fore, operation of the reservoir islands to support habitat 
conditions is not required to offset or compensate for 
impacts of the project on vegetation or wetland values. 

Analysis of future vegetation conditions on the habitat 
islands under Alternatives 1 and 2 is based on habitat 
types and acreages described in the HMP (see Appendix 
G3, "Habitat Management Plan for the Delta Wetlands 
Habitat Islands"). 

The Corps has not determined whether wetlands 
created by operation of reservoir islands or established on 
habitat islands (except those dedicated as mitigation for 
jurisdictional wetlands) would be jurisdictional or 
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nonjurisdictional tmder Section 404 of the Clean Water 
Act However, the Corps will make this determination in 
consultatioo with DW before the project is implemented. 

No-Project Alternative 

Estimates of island conditions tmder the No-Project 
Alternative are based on a feasibility study prepared for 
DW by the McCarty Company, Diversified Agricultural 
Services (McCarty pers. comm.). The general recom
mendation for all islands is to increase cultivated acreage 
and crop diversification, with a greater emphasis on 
perennial crops such as asparagus and vineyards. 

Criteria for Determining 
Impact Significance 

SWRCB and the Corps detennined that for this analy
sis, an alternative would be considered to have a signi
ficant impact on vegetation if it would reduce jurisdic
tional wetland acreage or habitat value over the life of the 
project or reduce the size or extent of special-status plant 
populations. 

Beneficial impacts would be increases in the quality 
or extent of riparian or wetland habitats. 

IMPACTS AND MmGATION 
MEASURES OF 

ALTERNATIVE I 

Vegetation Conditions 

Bacon Island and Webb Tract 

Island lnterion. Five types of habitat conditions are 
predicted to occur on the reservoir islands tmder the DW 
project alternatives: full storage, partial storage, shallow 
storage, nonstorage, and shallow-water wetlands (see 
Appendix G2, "Prediction of Vegetation on the Delta 
Wetlands Reservoir Islands"). The definitions of these 
habitat conditions are applicable only to the analysis of 
project impacts on vegetation resources and wildlife. 

For this analysis, it was assumed that during periods 
when water was available for storage, water would be 
simultaneously diverted onto Bacon Island and Webb 
Tract as a "worst-case" operating scenario. This opera
ting scenario would have the greatest impact on vegeta-
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tion and wetlands. However, DW may sequentially fill 
the reservoir islands. If reservoir islands were sequen
tially filled. impacts would be lessened. 

The frequency of full-, partial-, and shallow-storage 
periods would increase and the frequency of nonstorage 
and shallow-water wetland periods would decrease, how
ever, if the DW resetVoir islands were used for storage of 
water for transfer or for water banking (see Chapter 2, 
~Delta Wetlands Project Alternatives"). Although the 
fu:queocy and magnitude of such activities is tmcertain at 
this time and these activities would require separate 
authorization, implementation of the HMP would fully 
compensate for any vegetation impacts associated with 
operation of the DW project for water transfer or bank
ing. Impacts on other resources may require analysis in 
a future CEQAINEPA process. 

Tables G2-l and G2-2 in Appendix G2 present the 
moothly frequency with which each of the five conditions 
described below would be expected to occur on the 
reservoir islands. 

Full-Storage. Under full-storage conditions, all 
portions of the reservoir islands except riprapped levee 
sl~ would be completely intmdated. Conditions on is
lands during full-storage periods would include exposed 
riprapped levee slopes at elevations higher than the reser
voir surfaces and reservoir water depths in excess of 25 
feet over the lowest island bottom areas. Little or no 
aquatic vegetation would be expected to grow in the 
reservoirs because of constant water circulation and 
changing pool elevations associated with diversions and 
releases. Algae may become established on riprap along 
reservoir edges and in reservoirs during the warm season. 

Partial Storage. Partial-storage conditions 
would provide shallow to deep water storage pools, 
exposed island bottoms, and riprapped levee slopes 
above the storage elevation. Reservoir island habitat 
conditions will vary more tmder partial-storage condi
tions that tmder other storage conditions because, during 
partial-storage periods, a greater range of areas of 
exposed island bottoms, reservoir sizes, and water depths 
can occur. Partial-storage reservoir conditions would 
range from saturated soils adjacent to reservoir shorelines 
to reservoir water depths of over l 0 feet. Algae would be 
expected to become established tmder partial-storage 
conditions, as described for full storage. Under partial
storage conditions, exposed island bottoms would be 
largely tmvegetated following drawdown from full stor
age. Vegetation conditions on exposed island bottoms 
would be expected to be similar to those described below 
for shallow-water wetland periods if partial storage 
occurs during the growing season. 
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Shallow Storage. Shallow storage occurs when 
stored water volwnes are equal to water volmnes used to 
create shallow-water wetlands. Vegetation conditions 
under shallow-water storage would be similar to those 
described for partial storage except that the areas of 
exposed island bottoms would be greater. Shallow stor
age that occurs following periods of nonstorage during 
the growing season would create vegetation conditions 
similar to those that would be created during shallow
water wetland periods (described below). 

Nonstorage. Nonstorage conditions would occur 
during periods when no water is stored and water is not 
used to create shallow-water wetlands. The reservoir 
islands would consist of bare ground with little or no 
vegetation growth during nonstorage periods that follow 
full-storage periods from November through March. 
During periods of nonstorage from April through Octo
ber, plants would be expected to germinate within the 
first 30 days ofnonstorage, although bare ground would 
be the predominant condition. Vegetation would grow 
rapidly following germination. Vegetation types and 
density would be similar to those described for shallow
water wetlands. 

Shallow-Water Wetlands. Shallow-water wet
land conditions could exist 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 DW's discretion. For this analysis, 
however, it was asswned that DW would create shallow
water wetlands in every year in which no water has been 
stored for 60 or more consecutive days during the 
growing season (May through October). 

Shallow-water wetlands would be managed until the 
first period of water storage (including storage of water 
diverted for transfer or banking) or through April if no 
storage occurs. Wetlands would be flooded between 
September and November (flooding dates would vary 
with vegetation maturity) to create shallow-water wet
lands. DW will construct an inner-levee system on reser
voir islands that would restrict flooding to create shallow
water wetlands on at le~t 65% of each reservoir island, 
500/o of which would maintain mean water depths of 1 
foot and allow water to circulate through wetlands. 

Grasses, forbs, and emergents are expected to be the 
dominant plant species of the shallow-water wetlands. 
The rate at which herbaceous vegetation would become 
reestablished on the reservoir islands following complete 
or partial drawdowns of stored water during the growing 
season is unknown. The vegetation would be sparse 
because seed sources for future plant crops are exl'ected 
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to be depleted during stocage periods as a result of dimin
ished seed viability with extended periods of inundation, 
export of seeds .from islands during releases, and reduced 
seed crops produced on the islands. 

At DWs discretion, reservoir islands may be seeded 
with watergrass, smartweed, and other important water
fowl forage plant species. If seeded, wetlands and ex
posed areas would have much denser vegetation than 
without seeding, and the availability of forage for water
fowl and other wildlife would be increased. 

Levee Slopes and Roads. Recently maintained 
exterior riprapped slope banks generally would remain 
unvegetated. Vegetation on undisturbed riprapped slopes 
would be sparse and would include annual and perennial 
herbaceous species, along with woody species, such as 
sandbar willow and button bush. 

DW may reinforce reservoir island levees using one 
of two methods (see Chapter 3D, "Flood Control"). De
pending on the method used, between 133 aces and 380 
acres of levee area would be riprapped and total levee 
slopes would occupy between 380 acres and 446 acres. 
Little or no vegetation would be expected to become 
established along riprapped porions of inner levee slopes 
that would be inundated during storage periods. The 
upper 4 feet of the inner levee would never be inundated; 
therefore, vegetation similar to that described for the 
exterior levee slopes may eventually become established. 
Vegetation similar to that described for shallow-water 
wetlands would be expected to become established on 
unriprapped levee slopes during nonstorage periods. 
Levee vegetation would be disturbed periodically in 
future years as a result of levee maintenance activities. 

Generally, the 16-foot-wide levee roads would not 
support vegetation, except for Bermuda grass, sueda, 
star-thistle, and peppergrass growing in the center line. 
Little vegetation would survive the periodic disturbance 
and grading for road maintenance and levee crown repair. 

Long-Term Soil Productivity. Environmental 
factors affecting soil conditions would be different under 
operation of Alternative I from factors under the present 
agricultural management regime. Differences include 
periods of deep water storage, the possible yearly accu
mulation of fme silt during the storage period, and the 
annual accumulation of vegetation biomass in the absence 
of agricultural harvest. In general, implementing the 
project could slow the rate of land subsidence and reduce 
the loss of soil productivity caused by oxidation and wind 
erosion on Delta islands (see Appendix G2, "Prediction 
of Vegetation on the Delta Wetlands Reservoir Islands"). 
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Bouldin Island and HoUand Tract 

Habitat islands would be managed primarily to offset 
impacts on wetland and riparian habitats and wildlife on 
reservoir islands and habitat islands tmder Alternative 1. 
Table 3G-S summarizes the habitat types and acreages to 
be created on the habitat islands. A detailed description 
ofhabitat types and management prescriptions for habitat 
island habitats is presented in Appendix G3, "Habitat 
Management Plan for the Delta . Wetlands Habitat 
Islands". 

Changes in Vegetation Types 

Baron Island and Webb Tract 

Under Alternative 1, agriculture would be discon
tinued on the reservoir islands and riparian and herba
ceous upland habitats would be substantially reduced on 
the reservoir islands as a result of deep flooding during 
full-storage periods. Some riparian plant seedlings and 
herbaceous upland species would become established 
dtuing nonstorage periods and would persist in areas not 
flooded to provide shallow-water wetlands tmtil the next 
water storage event. 

Marsh vegetation would be lost as a result of deep
water intmdation. Marsh vegetation, such as tules and 
cattails, however, would be expected to become estab
lished during some years of extended nonstorage in 
shallow-water wetlands and areas that maintain saturated 
soils during extended nonstorage periods. 

Bouldin Island and Holland Tract 

Table 3G-6 smnmarizes changes in habitat types that 
would occur on the habitat islands tmder Alternative 1 
with implementation of the HMP. Agricultural acreage 
would be reduced and crops would be limited to com, 
wheat, and other small grains. 

1be acreage of freshwater em~gent marsh and ripar
ian woodland and scrub habitats would be substantially 
increased (Table 3G-6). Exotic marsh habitat affected by 
the project would be replaced with seasonal managed 
wetland, mixed agriculture/seasonal wetland, and sea
sonal pond habitats. These out-of-kind habitats will pro
vide substantially higher wildlife values than do the 
affected exotic marsh habitats (Chapter 3H, "Wildlife"). 
Two large permanent lakes designed to provide ftmctions 
and values similar to those of the two blowout ponds on 
Webb Tract would be established on Bouldin Island. The 
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acreage of herbaceous upland would be slightly reduced 
under Alternative 1. 

The quality of wildlife habitat tmder Alternative 1 
would be substantially higher than that of comparable 
habitat types under existing conditions because habitats 
would be managed specifically to provide maximum 
benefits for wildlife (see Chapter 3H. "Wildlife", and 
Appendix G3, "Habitat Management Plan for the Delta 
Wetlands Habitat Islands"). 

Section 404 Jurisdictional Wetlands 

Approximately 567 acres of jurisdictional wetlands 
would be lost under Alternative 1, primarily on the reser
voir islands (Appendix GS, "Summary of Jurisdictional 
Wetland Impacts and Mitigation"). Direct impacts on 
jurisdictional wetlands would result from dredge and fill 
activities associated with placement of pumps and 
siphons, refurbishment of levees, and grading activity for 
construction of wildlife habitats on the habitat islands. 
Indirect impacts on jurisdictional wetlands associated 
with dredge and fill activities would result from water 
storage on the reservoir islands. 

To offset impacts on jurisdictional wetlands, miti
gation wetlands would be constructed on the habitat 
islands at replacement acreage ratios established by the 
HMP team (Appendix G3, "Habitat Management Plan for 
the Delta Wetlands Habitat Islands", and Appendix GS, 
"Summary of Jurisdictional Wetland Impacts and Miti
gation"). Approximately 711 acres of riparian, marsh, 
and seasonal wetland habitats are required to be estab
lished on the habitat islands to offset impacts. Under 
Alternative 1, approximately 3,900 more acres of emer
gent marsh and seasonal wetland habitats would be 
established than are required to mitigate losses of juris
dictional freshwater exotic marsh habitats. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact G-1: Increase in Freshwater Manh and 
Exotic Manh Habitats. Implementing Alternative 1 
would result in the loss of approximately 27 acres of 
freshwater marsh and 14 7 acres of exotic marsh that have 
been delineated as jurisdictional wetlands. The HMP 
team, in consultation with the Corps, established a miti
gation requirement of replacing the acreage of these 
affected habitats at a ratio of2: 1 (Table GS-7 in Appen
dix GS). Implementing the HMP on the habitat islands 
would replace affected freshwater marsh with 
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approximately 3 50 acres of tule-dominated emergent 
marsh (a replacement ratio of 13:1) and would replace 
affected exotic marsh with 3,761 acres of out-of-kind 
seasonal managed wetland and mixed agricul
ture/seasonal wetland (a replacement ratio of 26:1), 
which will provide higher wildlife values than existing 
exotic marsh habitat (see Appendices G3 and GS). 
Therefore, this impact is considered beneficial. 

Mitigation. No mitigation is required. 

Impact G-2: Lo11 of Riparian and Permanent 
Pond Habitatl. Approximately 48 acres of cottonwood
willow woodland (i.e., riparian woodland), 61 acres of 
willow scrub (i.e., riparian scrub), and 98 acres of per
manent pond habitat would be lost with implementation 
of Alternative 1. The HMP team, in consultation with the 
Corps, established mitigation objectives of replacing the 
affected acreage of riparian woodland at a ratio of 3: 1, 
riparian scrub at a ratio of 2: 1 ,-and permanent ponds at a 
ratio of 1:1. These mitigation objectives will be met or 
exceeded with the establishment of approximately 143 
acres of riparian woodland, 122 acres of riparian scrub, 
and Ill acres of permanent lake habitats on the habitat 
islands (see Appendices G3 and GS). Therefore, this 
impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact G-3: Loss of Upland and Agricultural 
Habitats. Approximately 188 acres of jurisdictional 
wetlands that supported canal and ditch, grain and seed 
crop, annual grassland, exotic perennial grassland, and 
unvegetated disturbed habitats would be affected by 
project implementation. DW will manage 7,335 acres _of 
similar habitats on the habitat islands; these managed 
habitats will provide greater wildlife values than are asso
ciated with affected habitats (see Appendices G3 and 
GS). Mitigation habitats to be constructed on the habitat 
islands include com/wheat fields, seasonal managed wet
lands, mixed agriculture/seasonal wetlands, small grain 
fields, herbaceous uplands, and canals and ditches neces
sary to manage these habitats. Therefore, this impact is 
considered less than significant. 

Mitigation. No mitigation is required. 

Indirect Offsite Effects on 
Vegetation Attributable to 
Changes in Delta Outflow 

Concern exists that increased diversions of water 
from the Delta may reduce Delta outflow, thereby causing 
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changes in salinity levels in tidal and brackish habitats 
around Suisun Bay and in Suisun Marsh. Chapter 3B, 
"Hydrodynamics", and Chapter 3C, "Water Quality", 
describe changes in outflow and salinity, respectively, 
predicted to result from project operations. As presented 
in those cllapters, changes in outflow or salinity that may 
occur dw"ing diversion or discharge periods would be 
small. The predicted small changes in outflow and 
salinity are not expected to cause adverse effects on off-

- site wetland vegetation. 

3G-11 

Speciai-Statua Plant Speciel 

No populations of special-status plant species were 
found in the interior portions of the DW project islands. 
Because conditions that favor special-status plant species 
have not developed on· the DW project islands since 
surveys were conducted, it is unlikely that populations of 
special-status plants have become established on the 
islands. Therefore, changes of habitat on the islands 
caused by water storage would not have an impact on 
populations of special-status plants. 

Bacon Island and Webb Tract 

Two populations of rose-mallow exist at or near the 
proposed locations of recreation facilities, and three 
populations of Mason's lilaeopsis are near proposed 
locations of recreation facilities on Bacon Island. Two 
populations of Suisun Marsh aster and one population of 
Mason's lilaeopsis are located within 100-200 feet of 
proposed recreation facilities on Webb Tract. 

Bouldin Island and HoUand Tract 

One population of rose-mallow exists near the pro
posed location of a recreation facility on Bouldin Island. 
Two populations of the Suisun Marsh aster are located 
near proposed recreation facilities, and another Suisun 
Marsh aster population is located within 100-200 feet of 
a proposed pump station. 

One population each of Suisun Marsh aster, Delta tule 
pea, and Mason's lilaeopsis is located near proposed 
recreation facilities on Holland Tract. 
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Summary of Projed lmpadl and Recommended 
Mitigation Measures 

Impact G-4: Lou of'Spec:iai-Statu1 Plantl. There 
are five special-status plant species on the DW project 
islands that are federally listed as category 2 species, 
state-listed as rare, or listed as locally or regionally 
tmeomm011 by CNPS. Implementing Alternative 1 could 
cause the loss of special-status plants resulting from 
siting of a pmnp station, siphon station, recreation facil
ity, or other DW project facility on a site occupied by a 
special-status plant population. Therefore, this impact is 
considered significant 

Implementing Mitigation Measw-es 0-1, 0-2, and 
0-3 would reduce Impact 0-4 to a less-than-significant 
level. 

Mitigation Measure G-1: Site Projed Faclli
tiel to Avoid Special-Status Plant Populations. DW 
shall conduct special-status plant surveys before con
struction of project facilities and shall site facilities to 
avoid special-status plant populations. 

Mitigation Measure G-2: Proted Special
Statui Plant Population• from Construction and 
Recreational Activities. To mitigate potential indirect 
impacts of construction, DW shall use several measures 
to protect special-status plants that are within 200 feet of 
project facility sites. First, the boundaries of each popu
lation shall be determined and marked with surveyor's 
flagging. Second, special-status plants within 100 feet of 
project facility sites shall be protected by temporary 
barricades erected 50 feet from the edge of the population 
nearest to the facility site. Plants 100-200 feet from the 
construction sites shall be identified with brightly colored 
flagging on vegetation and/or surveyor's stakes that are 
plainly visible to construction personnel approaching the 
area occupied by the plants .. Flagging shall not be ob
scured by vegetation. Construction crews and DW 
maintenance personnel must be informed of the presence 
of the plants, the function of the barricades and flagging, 
and the strict avoidance requirements. 

Areas that support special:.status plant populations 
shall not be open to recreation. If special-status plant 
populations are inadvertently affected by construction or 
recreational uses, DW shall contact DFO and negotiate 
appropriate mitigation to offset impacts. 

Mitigation Measure G-3: Develop and Imple
menta Speciai-Statu1 Plant Species Mitigation Plan. 
DW, in consultation with SWRCB, DFO, and USFWS, 
shall develop and implement a plan for mitigating 
tmavoidable impacts on special-status plant populations. 
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No diversion shall be permitted until California Endan
gered Species Act consultations have been completed, a 
no-jeopardy opinion has been issued by DFO, and a 
mitigation plan and mitigation implementation schedule 
have been approved by SWRCB's Chiefofthe Division 
of Water Rights. 

IMPACI'S AND MmGATION 
MEASURES OF 

ALTERNATIVE2 

Impacts and mitigation measures of Alternative 2 are 
the same as those of Alternative 1. 

IMPACfS AND MmGATION 
MEASURES OF 

ALTERNATWE 3 

Alternative 3 involves storage of water on Bacon 
Island, Webb Tract, Bouldin Island south ofSR 12, and 
Holland Tract, with secondary uses for wildlife habitat 
and recreation. Reservoir islands would be managed 
during fall, winter, and spring nonstorage periods as 
seasonal wetlands. The portion of Bouldin Island north 
of SR 12 would be managed as a wildlife habitat area 
(NBHA). 

Vegetation Conditions 

Bacon Island, Webb Tract, Bouldin Island South of 
SR 12, and Holland Tract 

Vegetation conditions on the reservoir islands under 
Alternative 3 would be similar to conditions under Alter
native 1 on Bacon Island and Webb Tract for each of the 
storage condition classes (see Appendix 02, "Prediction 
of Vegetation on the Delta Wetlands Reservoir Islands"). 

North Bouldin Habitat Area 

The portion of Bouldin Island north of SR 12 would 
be managed as the NBHA under Alternative 3. Appro
ximately 50 acres of perennial ponds, 330 acres of sea
sonal managed wetlands, 170 acres of corn, 200 acres of 
riparian woodland, and 125 acres ofherbaceous uplands 
would be established and managed for wildlife in the 
NBHA (see Appendix 02). 
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Habitat conditions for the NBHA are the same as 
those described for Bouldin Island and Holland Tract 
Wlder Alternative 1. Detailed descriptions of how these 
habitats would be managed are presented in Appendix 
G3, "Habitat Management Plan for the Delta Wetlands 
Habitat Islands". 

Changes in Vegetation Types 

Bacon bland, Webb Tract, Bouldin Island South of 
SR 12, and Holland Tract 

Changes in vegetation types on the reservoir islands 
under Alternative 3 would be the same as those described 
for the reservoir islands under Alternative 1 , except that 
an additional 1,113 acres of riparian, exotic marsh, 
herbaceous upland, agricultural, open water, and devel
oped habitats in the southwestern quarter of Holland 
Tract would also be lost as a result of water storage 
(Table 3G-4). 

North Bouldin Habitat Area 

Agriculture would be substantially reduced in the 
NBHA tmder Alternative 3. Agricultural habitats would 
be converted to perennial pond, seasonal managed wet
land, riparian woodland, and herbaceous upland habitats. 

Section 404 Jurisdictional Wetlands 

Under Alternative 3,jurisdictional wetlands would be 
lost as a result of placement of water operation facilities 
(e.g., pumps and siphons), land grading and levee 
improvements, and water storage operations on the reser
voir islands. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact G-5: Loss of Jurisdictional Wetlands on 
Reservoir Islands. Implementing Alternative 3 would 
result in the loss from the reservoir islands of the fol
lowing wetlands subject to Section 404 jurisdiction: 
approximately 203 acres of riparian woodland and 
riparian scrub, 56 acres of freshwater marsh, 14 7 acres of 
exotic marsh, 111 acres of perennial ponds, and 188 
acres of upland and agricultural habitats. These losses 
would partially be offset with development of Sec
tion 404 wetland habitats on the NBHA. Substantial 
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losses of jurisdictional wetland acreage, however, would 
still occur because of inundation of the reservoir islands 
(Table 3G-4). l'belefore, this impact is considered signi
ficant. 

Implementing Mitigation Measure G-4 would reduce 
Impact G-5 to a less-than-significant level. 

Mitigation Measure G-4: Develop and Imple
ment an Oft'site Mitigation Plan. DW, in consultation 
with SWRCB, the Corps, DFG, and USFWS, shall 
implement an offsite mitigation plan for mitigating im
pacts on Section 404 jurisdictional wetlands that would 
result from implementation of Alternative 3. Once DW 
has identified offsite mitigation areas, an HMP team, 
composedofrepresentatives approved by SWRCB, shall 
be established to develop the offsite mitigation plan. No 
diversions would be allowed until a feasible compen
sation plan that guarantees compensation acreage has 
been developed by DW and approved by the Corps and 
SWRCB. 

Indirect Ofl'site Effects on Vegetation 
Attributable to Changes 

in Delta Outflow 

As described above for Alternative 1, changes in 
outflow or salinity that may occur during diversion or 
discharge periods would be small (see Chapter 3B, 
"Hydrodynamics", and Chapter 3C, "Water Quality"). 
These changes are not expected to cause adverse effects 
on offsite wetland vegetation. 

Special-Status Species 

The impact and mitigation measures of Alternative 3 
related to special-status plants are the same as those 
described for Alternative 1. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact G-6: Loss of Special-Status Plants. This 
impact on the DW project islands is described above 
tmder Impact G-4. This impact is considered significant. 

Implementing Mitigation Measures G-1, G-2, and 
G-3 (described above under "Impacts and Mitigation 
Measures of Alternative 1 ") would reduce Impact G-6 to 
a less-than-significant level. 
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Mitigation Measure G-1: Site Project FacUi
tiel to A void Special-Statu• Plant Populations 

Mitigation Meuure G-2: Protect Special
Status Plant Populations from Construction and 
Recreational Activitie• 

Mitigation Meuure G-3: Develop and Imple
ment a Special-Statu• Plant Species Mitigation Plan 

IMPACI'S AND MmGATION 
MEASURES OF TilE 

NO-PROJECI' ALTERNATIVE 

The project applicant would not be required to imple
ment mitigation measw-es if the No-Project Alternative 
were selected by the lead agencies. However, mitigation 
measures are presented for impacts of the No-Project 
Alternative to provide information to the reviewing agen
cies regarding the measw-es 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 alternatives, 
including implementation of recommended mitigation 
measw-es, with the No-Project Alternative. 

Vegetation Conditions 

hnplementation of the No-Project Alternative would 
involve intensive agricultural use of the DW project 
islands and would substantially change habitats on the 
DW project islands compared with habitats under exist
ing conditions. In general, the impacts would result 
primarily from conversion of fallow, herbaceous upland, 
riparian, and wetland habitats to agricultural use (see 
Appendix G2, "Predictions of Vegetation on the Delta 
Wetlands Reservoir Islands"). 

Changes in Vegetation Types 

hnplementation of the No-Project Alternative would 
result in conversion of large acreages of com and wheat 
crops to potatoes, onions, asparagus, and vineyards on 
Bacon and Bouldin Islands. Substantial acreages of 
fallow, exotic marsh (i.e., agricultural weeds growing in 
saturated soils), and pasture habitat on Holland and Webb 
Tracts would be converted to com and wheat. Efficiency 
ofharvest for com and other seed crops would increase; 
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thus, amounts of waste com per acre left on Holland and 
Webb Tracts would be expected to decline to the levels 
measured on Bouldin Island (1 05 pounds per acre). 

Under the No-Project Alternative, agricultural land 
use on the DW project islands would increase an esti
mated 200/o (by about 3,000 acres) at the expense of other 
existing land uses and vegetation types (see Appen
dix G2). Riparian woodland and riparian scrub would 
decrease by 500/o, and freshwater marsh would decrease 
by more than 800/o. 

The changes in agricultural cropping patterns and 
habitat-type acreages described for this alternative were 
implemented to a large extent by DW between December 
1987 and October 1990. 

Section 404 Jurisdictional Wetlands 

Under Section 404(f)(l) of the Clean Water Act, 
normal farming activities, such as plowing, seeding, · 
cultivating, and maintaining drainage ditches, are exempt 
frcm Section 404 permit requirements as long as surface 
materials are not redistributed by blading or grading to 
fill a Section 404 jurisdictional wetland area. The No
Project Alternative is thus limited to those farming activi
ties to increase cropping intensity that could be imple
mented without a Section 404 permit. Therefore, imple
menting the No-Project Alternative would not affect 
jurisdictional wetlands. 

Special-Status Specie• 

Increasing agricultural production under the No
Project Alternative would not result in direct impacts on 
special-status plants. However, over the long term, 
increased rates of subsidence on the DW project islands 
frcm extensive soil oxidation would require levees to be 
maintained and built to greater heights. (See Chapter 30, 
"Flood Control", for more detail on island subsidence.) 
More intensive levee maintenance by reclamation dis
tricts and farmers could conceivably eliminate special
status plants. 

Summary of Project Impact• and Recommended 
Mitigation Meuures 

Los• of Special-Status Plants. Implementing the 
No-Project Alternative could result in the loss of special
status plants through perimeter levee maintenance 
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acbvtttes. Implementing the following measure would 
reduce this effect of the No-Project Alternative. 

Protect Special-Statu• Plant Population• from 
Levee Maintenance Activitiel. DW should conduct 
special-status plant surveys before initiating levee main
tenance activities to locate special-status plant popula
tions. Where feasible, construction should be sited to 
avoid special-status plant populations. If special-status 
plant populations cannot be avoided, they should be 
protected from potential indirect impacts of construction 
as described for Mitigation Measure G-2 above. 

. Develop and Implement a Special-Status Plant 
Species Mitigation Plan. DW should develop and 
implement a mitigation plan that would mitigate Wiavoid
able impacts on special-status plant populations. This 
measure is described above as Mitigation Measure G-3. 

.. 
CUMULATIVE IMPACTS 

This section briefly analyzes cumulative impacts for 
major vegetation and wetland issues. The analysis 
identifies other projects or activities in the Delta region 
and surroWiding areas that may affect habitats that may 
also be affected by the DW project. These projects are 
summarized in Appendix 2, "Supplemental Description 
of the Delta Wetlands Project Alternatives". Beneficial 
and negative cumulative effects are identified, and the 
overall effect ofDW project impacts on regional habitats 
is described. 

Cumulative Impacts, Including 
Impacts of Alternative 1 

Changes in Reservoir Island Storage Conditions 

DWR recently installed four additional pumping Wlits 
at SWP's Banks Pumping Plant near Clifton Court 
Forebay, increasing total SWP pumping capacity from 
6,400 cfs to 10,300 cfs._ If SWP export pumping is 
increased to full capacity in future years, the frequency 
with which each storage class would occur on the DW 
project islands would change. Tables 3G-5 and 3G-6 
present the storage class frequencies for the reservoir 
islands Wider this cumulative scenario for Alternative 1 
based on the 70-year hydrologic record for the Delta. In 
most months the frequency with which full-, partial-, and 
shallow-storage conditions would OCCUr would be re
duced and the occurrence of nonstorage conditions and 
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the opportunity to create shallow-water wetland condi
tions would be increased. 

Wetland Habitatl and Special-Statu• Plantl 

Related past, present, and foreseeable futUre projects 
may contribute cumulatively to the vegetation impacts 
identified in this chapter by causing loss or damage to 
riparian and wetland vegetation types and to special
status plant species. Related past activities in the Delta 
that have caused cumulative losses of these vegetation 
resources include levee construction and repair, channel 
dredging, channel bank riprapping, island drainage, 
island reclamation for agriculture, and infrastructure con
struction on the islands (e.g., roads, pump stations, 
drainage ditches, and equipment buildings). 

The cumulative historical loss of riparian woodland, 
riparian scrub, and freshwater and brackish marsh habitat 
types in the Delta since initial reclamation began is 
presumably equivalent to the 530,000 acres now in agri
culture (Madrone Associates 1980). This cumulative 
historical loss amoWits to more than 9()0/o of the original 
extent of these habitats in the Delta. 

·under state and federal policies regarding wetlands 
and special-status plant protection, any further losses of 
vegetation resources potentially caused by these projects 
will be avoided or fully compensated for. If such avoid
ance and mitigation occur, no further cumulative losses of 
these vegetation resources will take place. 

1be following foreseeable future projects that would 
compensate for wetland impacts in the Delta have the 
potential to increase riparian and wetland habitats along 
Delta channels, on Delta levees, and on Delta islands: 

• Interim South Delta Program (DWR and Recla
mation 1990), 

• Interim North Delta Program, 

• Sherman Island Wildlife Management Plan 
(DWR 1990a), 

• Twitchell Island Wildlife Management Plan, and 

• levee rehabilitation Wider the Delta Flood Pro
tection Act (DWR 1990b). 

Impact G-7: Increase in Wetland and Riparian 
Habitatl in the Delta. Implementation of Alternative 1 
in conjWiction with implementation of other Delta 
projects (see above) would result in an increase in the 

' _:y. 

Ch 3G. Vegetation and Wetlands 

September 1995 



acreage of pennanent and seasonal wetlands and riparian 
habitat in the Delta. In addition to the DW project, other 
planned Delta projects would either protect existing 
wetland and riparian habitats or create new habitats as 
mitigation to offset wetland and riparian habitat losses 
associated with past or future projects. Therefore, this 
impact is considered beneficial. 

Mitigation. No mitigation is required. 

Cumulative Impacts, Including 
Impacts of Alternative 2 

The cumulative impact of Alternative 2 would be the 
same as that described for Alternative 1. 

Cumulative Impacts, Including Impacts 
of Alternative 3 

Other projects and activities in the Delta and sur
rounding regions that, in combination with Alternative 3, 
may result in cumulative impacts on vegetation are the 
same as described above for cumulative impacts with 
Alternative 1. 

Section 404 Jurisdictional Emergent Wetland and 
Riparian Habitats 

Water management and flood control projects could 
reduce the amounts of emergent wetland and riparian 
habitats in the Delta region. Alternative 3 would con
tribute to this impact by reducing emergent wetland and 
riparian habitats by approximately 72 acres on the DW 
project islands, but implementation of recommended 
offsite mitigation could fully compensate for this loss. 
Cumulative emergent wetland and riparian habitat losses 
would be offset by habitat restoration and subsidence 
control projects proposed in the Delta. 

Impact G-8: Cumulativ~ Loss of Section 404 
Jurisdictional Emergent Wetland and Riparian 
Habitats. Implementation of water management and 
flood control projects (including implementation of Alter
native 3) could reduce the amount of emergent wetland 
and riparian habitats in the Delta region. However, this 
loss would be offset by implementation of habitat restor
ation, subsidence control, and habitat compensation pro
posed as part of those projects or as a separate project. 
Therefore, this impact is considered less than significant. 
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Mitigation. No mitigation is required. 

Cumulative Impacts, Including Impacts 
of the No-Project Alternative 

Implementing the No-Project Alternative would not 
contribute to cumulative effects on vegetation resources 
in the Delta. 

CITATIONS 

References to the Code of Federal Regulations 
(CFR) and the Federal Register (FR) are not included in 
this list. CFR citations in text refer to title and section 
(50 CFR 17.12 refers to Title 50 of the CFR, Section 
17.12). FR citations in text refer to volume and page 
numbers (55 FR 6184 refers to Volume 55 of the FR. 
page 6184). 
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Table 3G-l. Special-Status Plants Potentially Occurring on the DW Project Islands 

Scientific and Common Names 

Aster /entus" 
Suisun Marsh aster 
(Asteraceae ·sunflower family) 

Cirsium crassicaule 
Slough thistle 
(Asteraceae ·sunflower family) 

Erysimum capitatum var. angustatum 
Contra Costa wallflower 
(Brassicaceae -mustard fanlily) 

Eryngium racemosum 
Delta button-celery 
(Apiaceae- carrot family) 

Hibiscus lasiocarpus• 
Rose-mallow 
(Malvaceae ·mallow family) 

Lathyrusjepsonii ssp.Jepsonii" 
Delta tule pea 
(Fabaceae ·pea family) 

Lathyms palusws 
Marsh pea 
(Fabaceae ·pea family) 

Lilaeopsis masonii" 
Mason's lilaeopsis 
(Apiaceae ·carrot family) 

Lmwsella subulata• 
Delta mudwort 
(Scrophulariaceae • figwort family) 

Oenothera deltoides var. howe/Iii 
Antioch Dunes evening primrose 
(Onagraceae ·primrose family) 

Potamogeton zosteriformis 
Eel-grass pondweed 
(Potamogetonaceae • pondweed family) 

Psilocarphus brevlssin.ms var. globiferus 
Tall woolly marbles 
(Asteraceae ·sunflower family) 

Sagillaria sanfordii 
Sanford's sagittaria 
(Aiismataceae- arrowhead family) 

Scutellaria laterifo/ia 
Mad-dog skullcap 
(Lamiaceae ·mint family) 

Status' 

Federai/State/CNPS 

C2/-/IB 

C21-I!B 

E/EIIB 

C21EIIB 

C21-12 

C21-IJB 

-1-13 

C21R/IB 

-1-12 

EIEIIB 

-1-12 

-1-I!B• 

C21--I!B 

-1-12 

Distribution 

San Francisco, San Pablo. and Suisun Bays 
and the Delta in Contra Costa and Solano 
Counties, and San Joaquin Valley 

Delta and San Joaquin Valley to Kern 
County 

Known only from the Antioch Dunes in the 
City of Antioch 

San Joaquin Valley and Delta from Merced 
County to San Joaquin County 

Central Valley from Butte to San Joaquin 
Counties and adjacent Delta environs 

Delta and Central Valley from Butte to 
Tulare Counties 

Scant within widespread range throughout 
lowland and montane California 

Suisun Bay and Delta within areas 
influenced by tidal fluctuations 

San Joaquin-Sacramento Delta 

Known from the Delta at Antioch Dunes in 
the City of Antioch and Bra1man Island 

Contra Costa County and various other 
northern California counties to Oregon and 
Washington 

In San Francisco Bay and the Sacramento
San Joaquin Delta 

Widespread but infrequent in the Central 
Valley and Coast Ranges 

San Joaquin and lnyo Counties. New 
Mexico, and Oregon 

Habitat 

Brackish, salt, and freshwater marshes at or 
above the zone oftidal fluctuation 

Shallow water or saturated soils in various 
wetland plant communities along sloughs, 
canals, and rivers; often in disturbed areas 

Interior dunes with sparse herb and shrub 
cover 

Vernal pools and other seasonal wetlands on 
floodplains 

Riparian habitats with freshwater marsh 
vegetation in areas with slow water 
velocities, such as canals, sloughs, ponds, 
and oxbow lakes 

River and canal banks in brackish and 
freshwater marshes and riparian woodlands, 
at o.r above the zone of tidal influence 

Freshwater marsh 

Clay-peat deposits and rotting wood located 
in marsh vegetation along edges of 
waterways within the tidal zone 

Edges of riverbanks and slough banks in 
marsh vegetation rooted within zone of tidal 
fluctuation 

Interior dunes with sparse herb and shrub 
cover 

Open water of ditches. canals, and ponds 

Vemal pools and other seasonal wetlands 

Sloughs and sluggish streams with silty or 
muddy substrate, associated with emergent 
marsh vegetation 

Meadows and freshwater marsh 



Table 3G-l. Continued 

Note: - = not applicable. 

' Federal- U.S. Fish and Wildlife Service (50 FR 39526-39584, September 27, 1985): 

E listed as endangered under the federal Endangered Species Act. 

C2 Category 2 candidate species under- review for federal listing for which the USFWS presently has some information indicating that listing is possibly appropriate, 
but for which further biological research is needed to determine threats. This category is administered by the amount of information available and not necessarily 
the status of the species. 

State- California Department ofFish and Game (1988): 

E listed as endangered under the state Endangered Species Act. 

R listed as rare under the state Endangered Species Act. 

CNPS- California Native Plant Society (Smith and Berg 1988): 

I 8 rare and endangered. 

2 List 2 species: rare, threatened, or endangered in California but more conuuon elsewhere. 
•' 

3 List 3 species: plants about which more information is needed to determine their status. 

• Observed on the DW project islands. 
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Species 

Suisun Marsh aster 

Mason's lilaeopsis 

Rose-mallow 

Delta tule pea 

Table 3G-2. Populations of Special-Status Plant Species 
Observed on the DW Project Islands 

Bacon Webb Holland 
Island Tract Tract 

6 3 19 

18 3 0 

10 1 1 

0 1 0 

Bouldin 
Island 

8 

5 

1 

1 

Note: All plants listed were observed on the exterior levee slopes along Delta channels. 

Source: Dains 1988. 
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Table 3G-3. Habitat-Type Classification for the DW Project Islands 

Habitat Group Code Description Comments Dominant or Typical Plant Species 

Riparian Rl Cottonwood-willow Cottonwood and willow trees Fremont cottonwood, red willow, yellow willow 
woodland 

R2 Great Valley willow Willow shrubs and trees Red willow, yellow willow, sandbar willow, 
scrub Goodding's willow 

Marsh Ml Freshwater marsh Inside islands Cattail, bulrush, yellow nutsedge, pondweed, 

I buttonbush 
M2 Tidal marsh Outside main islands Common tule, common reed, Olney's bulrush, 

: California bulrush, common rush 
M3 Exotic marsh" Dense upland and wetland weeds Annual smartweed, peppergrass, amaranth, wild 

(sometimes dry in summer) radish, nettles, cocklebur, watergrass 

Woody, non-native WI Mature trees Shade trees and windbreaks Eucalyptus, pine, elm 
W2 Mixed ornamental Shrubs and lawn Turf grasses, miscellaneous ornamental shrubs 

Herbaceous upland HI Annual grassland True uplands and sand hills Wild oats, barley, rip-gut brome, Italian rye-grass 
H2 Exotic perennial grassland" Mixed weeds in fields and on Bermuda grass, perennial ryegrass, Johnson grass 

levee slopes 

Agriculture AI Grain and seed crops Com, wheat, sunflowers, potatoes 
A2 Perennial crops Asparagus, vineyards 
A3 Pasture Permanently grazed Tall fescue, orchard grass, canary grass, ryegrass, 

legumes 
A4 Waterfowl food crops Managed wetlands Smartweed, watergrass, bulrush 
AS Fallow Short-term fallow fields Yellow star-thistle, Russian thistle, houseweed, 

lamb's quarter, telegraph weed 

Open water 01 Canals and ditches Permanent water Dallis grass, knot grass, Himalaya berry, 
smartweed 

02 Permanent ponds Still water Water hyacinth, water primrose, azolla 
03 Mudflats Tidal, open bare mud None 

Developed Dl Structures Buildings and marinas 
D2 Paving and exposed Roads, landfills, and unvegetated Largely unvegetated 

::; earth exposed areas 

• Exotic habitats are dominated by weedy plant species that are not native to the Delta. 

Source: JSA 1988. 
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Table 30-4. Acreages of Habitat Types on the OW Project l•lanck under the OW Project Alternatives and the No-Project Alternative 

Bacon Island, Webb Trod, and Bouldin Island (All Alternatives) HollandTnct All Islands 

Alternative 3 and the Alternative 3 and the 
Bacon bland WebbTnct Bouldin Island Altemativea I and~ No-Project Altemolive Altemativea I and 2 No-Project Altemative 

---
Pacertage Percenlage Pacertage Percentage Percenlage Pen:ent.age Pen:ent.age 

Name Code' Aaa orTo~~~l Aaa orTo~~~l Acres orTo~~~l Aaa orTo~~~l Aaa orTo~~~l Aaa ofTollll Aaa orTo~~~l 

Riparian Rl 0.0 0.00 47.7 0.87 6.9 0.11 80.3 2.56 91.6 2.16 134.9 0.67 146.2 0.69 
R2 3.4 0.06 58.0 1.06 9.9 0.16 24.8 0.79 30.5 0.72 96.1 0.48 101.8 0.41 

Manh Ml 2.7 0.05 172.0 3.14 21.1 0.35 27.8 0.19 27.8 0.65 223.5 1.11 223.5 1.05 
MJ 30.4 0.55 783.3 14.32 114.7 1.92 195.5 6.23 259.7 6.11 1,123.9 5.58 1,188.1 5.60 

Woody, non-native WI 0.0 0.00 0.0 0.00 2.8 0.05 4.4 0.14 4.4 0.10 7.2 0.04 7.2 0.03 
W2 0.0 0.00 0.0 0.00 2.2 0.04 0.0 0.00 0.0 0.00 2.2 0.01 2.2 0.01 

Habaceous upland HI 260.8 4.71 534.6 9.77 349.1 HJ 369.0 11.77 396.3 7.07 1,513.5 7.52 1,540.8 7.25 
H2 267.6 4.83 304.2 5.56 0.0 0.0 263.8 8.41 263.8 6.21 835.6 4.15 135.6 3.93 

AsJiculture AI (<Om) 775.8 14.00 2,222.9 40.64 2,459.2 41.09 131.8 4.20 238.2 5.61 5,519.7 27.77 5,696.1 26.82 
AI (wheat) 0.0 0.00 445.0 8.14 1,182.8 19.76 482.5 15.39 179.5 20.70 2,110.3 10.41 2,570.7 12.10 
AI (milo) 83.6 1.51 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 13.6 0.42 13.6 0.39 
AI (polllto) 1,882.6 33.99 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 1,882.6 9.35 1,182.6 1.86 
AI (sunflower) 190.7 3.44 0.0 0.00 888.3 14.84 0.0 0.00 0.0 0.00 1,079.0 5.36 1,079.0 5.01 
Al(uni<Jto1m) 158.8 2.87 26.8 0.49 0.0 0.00 0.0 0.00 0.0 0.00 115.6 0.92 185.6 0.87 

Alsubtollll 3,091.5 55.11 2,694.7 49.27 4,530.3 75.69 614.3 19.59 1,117.7 26.31 10,930.1 54.30 11,497.6 54.13 

A2 (uparap) 1,069.1 19.30 0.0 0.00 0.0 0.00. 423.0 13.49 423.0 9.96 1,492.1 7.41 1,492.1 7.02 
A2 (vineyard) 278.4 5.03 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 278.4 1.31 271.4 1.31 

A2subtollll 1,347.5 24.33 0 0 0 0 423.0 13.49 423.0 9.96 1,770.5 8.10 1,770.5 1.34 

A3 0.0 0.00 61.0 1.12 34.2 0.57 349.8 11.16 570.7 13.43 445.0 2.21 665.9 3.13 
A5 (fallow) 355.3 6.41 637.9 11.66 711.6 11.19 619.1 21.98 784.7 18.47 2,394.0 11.19 2,419.6 11.72 

Open water 01 91.8 1.66 49.7 0.91 118.1 1.97 39.4 1.26 45.0 1.06 299.0 1.49 304.6 1.43 
02 1.5 0.03 105.7 1.93 0.0 0.00 16.6 0.53 23.1 0.54 123.1 0.62 130.3 0.61 
OJ 1.2 0.02 0.0 0.0 9.3 0.16 0.0 0.00 0.0 0.00 10.5 0.05 10.5 0.05 

Developed Dl 12.6 0.23 1.5 0.03 4.2 0.07 9.0 0.29 12.4 0.29 27.3 0.14 30.7 0.14 
02 73.1 1.32 18.7 0.34 70.6 1.18 28.4 "0.91 134.2 5.42 190.1 0.95 296.6 1.40 

Tollll 5,539.4 100.00 5,469.0 100.00 5,985.0 100.00 3,135.2 100.00 4,248.3 100.00 20,128.6 100.00 21,241.7 100.00 

Note: Minor disaepancies in tolllls are the result or 1011nding. 

' See Tahle 30-J for code definitions. 



Table 30-5. Acreages of Habitats to Be Developed on the Habitat Islands 

Bouldin Island 

Habitat Type 

Com/wheat 

Small grains 

Mixed -agriculture/seasonal wetland 

Seasonal managed wetland 

Seasonal pond 

Pasture/hay 

Emergent marsh" 

Riparian" 

Lake" 

Herbaceous upland" 

Developed 

Canal" 

Borrow pond 

Total 

Total 
Acres 

1,629 

I06 

l,OI4 

1,723 

66 

132 

208 

I70 

Ill 

479 

177 

70 

89 

5,974 

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

"Includes existing acres of habitat unaffected by the OW project. 

Percentage 
of Total 
Acres 

27 

2 

I7 

29 

I 

2 

3 

3 

2 

8 

3 

1 

_I 

IOO 

Total 
Acres 

955 

I 52 

63I 

393 

68 

72 

I94 

2I7 

33 

253 

58 

10 

_Q 

3,036 

Holland Tract 

Percentage 
ofTotal 
Acres 

3I 

5 

2I 

I3 

2 

2 

6 

7 

I 

8 

2 

0 

_Q 

IOO 

Habitat Islands Combined 

Total 
Acres 

2,584 

258 

I,645 

2,II6 

I34 

204 

402 

387 

I44 

732 

235 

80 

89 

9,010 

Percentage 
of Total 
Acres 

29 

3 

I8 

23 

2 

4 

4 

2 

8 

3 

_I 

IOO 
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' See Impacts G-1, G-2, and G-3; Chapter 3H, "Wildlife"; and Appendix 03, "Habitat Management Plan for the Delta Wetlands Habitat Islands", for a desaiption ofhow compensation for project impacts on wildlife usociated 
with these habitats would be achieved (regarding habitat quality versus quantity). 

• These habitats would exist on reservoir islands during some operating yean;; however, because the areal extent of these habitat types and the frequency with which they would appear is unpredictable, no habitat acreage is credited. 





0 

Figure 3G-1. 

Litde 
Mandeville 

Tract 

-( 

' Scale 6000 

Feet 

Bacon 
Island 

RM 

Sant.IFeCut 

Woodward Island 

Source: Dains 1988. 

Special-Status Plant Populations on Bacon Island 

Mildred 
Island 

(flooded) 

Cut 

Lower Jones 
Tract 

Upper Jones 
Tract 

LEGEND 
RM Rose-mallow 
SMA Suisun Marsh aster 
ML Mason's lilaeopsis 

DELTA WETLANDS 
PROJECT EIR/EIS 
Prepared by: Jones & Stokes Associates 



Bradford 
Island 

Figure 3G-2. 

0 

Twitchell 
Island 

! 
I 

Scale 

F88t 
6000 

Webb 
Tract 

ML 

(State Recreation 
Aru) 

Source: Dains 1988. 

Special-Status Plant Populations on Webb Tract 

AM 
DTP 
SMA 
ML 

LEGEND 
Rose-mallow 
Delta tule pea 

Mandeville 
Island 

Suisun Marsh aster 
Mason's lilaeopsis 

DELTA WETLANDS 
P R 0 J E C T E I R/E IS 
Prepared by: Jones & Stokes Associates 



,. 

..r~ 

~ 

' Webb \ 

..... 
~ 
E. 
:s 

Tract 

0 

Figure 3G-3. 

! 
I 

St:ale 6000 

Feet 

Staten Island 

Bouldin 
Island 

RM 

AM 

Venice 
Island 

LEGEND 
Rose-mallow 

SMA Suisun Marsh aster 

Source: Dains 1988. 

Special-Status Plant Populations on Bouldin Island 
DELTA WETLANDS 
P R 0 J E C T E I R/E IS 
Prepared by: Jones & Stokes Associates 



0 

Hotchkiss 
Tract 

! 
I 

Scale 

Feet 

Figure 3G-4. 

Bethel 
Island 

6000 

Holland 
Tract 

Source: Dains 1988. 

Special-Status Plant Populations on Holland Tract 

SMA 

SMA 

RM 
DTP 
SMA 
ML 

Quimby 
Island 

LEGEND 

Bacon 

Island 

Rose-mallow 
Delta tule pea 
Suisun Marsh aster 
Mason's lilaeopsis 

DELTA WETLANDS 
P R 0 J E C T E I R/E I S 
Prepared by: Jones & Stokes Associates 



! 
I 

0 Scale 

Feet 

Utde 
Mandeville 

Tract 

6000 

Note: Habitat types are based on habitat mapping conducted by 
Jones & Stokes Associates in December 1987. 

Figure 3G-5. 
Existing Bacon Island Habitat Types 

Santa Fe Cut 

Woodward Island 

t;-.;;.),J -EZ?Zl 

Mildred 
Island 

(flooded) 

Lower Jones 
Tract 

Upper Jones 
Tract 

LEGEND 
Agricultural crops 
Pasture and grassland 
Fallow cropland 
Riparian habitat and marsh land 
Water in ponds and ditches 
Developed land 

DELTA WETLANDS 
P R 0 J E C T E I R/E I S 
Prepared by: Jones & Stokes Associates 



Island 

0 

Twitchell 
Island 

! 
I 

Scale 

Feet 
6000 

Note: Habitat types are based on habitat mapping conducted by 
Jones & Stokes Associates in December 1987. 

Figure 3G-6. 
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Figure 3G-7. 
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Chapter 3H. Affected Environment and Environmental 
Consequences -Wildlife 

SUMMARY 

This chapter describes wildlife habitats and wildlife use on the DW project islands and the impacts of the DW project 
alternatives on wildlife. The impact analysis for the reservoir islands provides a description of wildlife values that would 
be associated with the various flood conditions on the reservoir islands; however, because future habitat conditions are 
unpredictable, no wildlife values that would compensate for project impacts are assumed to be provided on the reservoir 
islands. Impacts of the DW project on wildlife are associated with the conversion of existing habitats (primarily 
agricultural) to reservoir uses on the reservoir islands or to habitat types managed specifically to provide high wildlife 
habitat values on the habitaf.islands. 

Under Alternatives 1 and 2, the habitat islands (Bouldin Island and Holland Tract) would be managed primarily to 
offset wildlife impacts resulting from operation of the reservoir islands. Implementation of the HMP developed for the. 
habitat islands would result in creation of seasonal managed wetlands, emergent marshes, seasonal ponds, lakes, 
herbaceous uplands, riparian woodland and scrub habitats, pastures, and com and wheat fields that would be managed 
specifically to provide high wildlife habitat values. In addition to offsetting project impacts on wildlife, implementation 
of the HMP is expected to benefit many special-status and other wildlife species that currently are not found or are found 
only irregularly on the DW project islands. 

Implementation of Alternative 1 or 2 would result in changes to wildlife habitats on the DW project islands and 
therefore changes in the use of those islands by wildlife species. In general, flooding the reservoir islands would result 
in a loss of habitat and implementing the HMP would result in a gain in habitat. 

Implementing Alternative 1 or 2 could result in increased incidence of waterfowl disease, which is considered a 
significant impact on wildlife. Implementing a program for monitoring waterfowl disease in cooperation with DFG would 
reduce this impact to a less-than-significant level. Significant temporary impacts on state-listed species could occur 
during construction on the reservoir islands but would be reduced through development and implementation of a 
mitigation and monitoring plan to avoid these impacts. Use of the Bouldin Island airstrip on hunt days during the 
wateifow/ season under Alternative 1 or 2 could result in disturbance to greater sandhill cranes and wintering waterfowl. 
This impact would be reduced to a less-than-significant level through implementation of a monitoring program to assess 
the effects of hunt-day flights on use of Bouldin Island by these species and implementation of actions to reduce any effects 
identified through monitoring. 

Implementation of Alternative 1 or 2 would also result in less-than-significant losses of upland habitats, foraging 
habitats for wintering ~aterfow/, upland game species habitats, foraging habitat for Aleutian Canada goose, and 
wintering habitat for tricolored blackbird, and less-than-significant cumulative losses of riparian and herbaceous 
habitats. Other less-than-significant impacts would be the potential for disruption of wateifowl use and of greater 
sandhill crane use of the habitat islands as a result of increased hunting, increases in waterfowl harvest mortality, 
potential changes in local and regional waterfowl use patterns, and potential effects on wildlife and wildlife habitats 
resulting from Delta outflow changes. Implementing the HMP would result in beneficial increases in wetland habitats 
for nongame water and wading birds, waterfowl breeding habitats, foraging and roosting habitat for greater sandhill 
crane ,foraging and nesting habitat fqr Swainson 's hawk, nesting habitat for northern harrier and tricolored blackbird, 
and suitable habitats for special-status wildlife species, as well as contribute to cumulative increases in wintering 
waterfowl habitat in the Delta region. 
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Alternative 3 does not include implementing the HMP, so impacts of reservoir island operations under this alternative 
on some wildlife habitats would not be offiet by created habitats and are considered significant. Significant impacts 
would be losses of upland habitats.foraging habitats for wintering waterfowl, habitats for upland game species, foraging 
habitats for greater sandhill crane and Swainson's hawk, and nesting habitat for northern harrier. To offiet these 
impacts, an offiite wildlife habitat mitigation plan is recommended for Alternative 3. Implementation of Alternative 3 
would result in the following less-than-significant impacts, as under Alternative 1 or 2: losses of foraging habitat for 
Aleutian Canada goose and nesting habitat for tricolored blackbird, potential for disruption of waterfowl use as a result 
of increased hunting, increases in waterfowl harvest mortality, potential changes in local and regional waterfowl use 
patterns, and potential effects on wildlife and wildlife habitats resulting from Delta outjlow changes. Alternative 3 would 
also contribute to less-than-significant cumulative losses of foraging habitat for wintering waterfowl, herbaceous habitat, 
and wetland and riparian habitats in the Delta. Implementation of Alternative 3 would result in a beneficial increase in 
suitable waterfowl breeding habitat. 

Implementation of the No-Project Alternative would change wildlife habitat on the DW project islands by converting 
fallow, herbaceous upland, riparian, and wetland habitats to crops. The effects of the No-Project Alternative would be 
losses of riparian and wetland habitats, northern harrier nesting habitat, and potential Swains on 's hawk foraging habitat. 
These effects could be reduced through development and implementation of an offsite mitigation plan, but such mitigation 
would not be required 

INTRODUCI10N 

This chapter discusses impacts of the DW project on 
wildlife, most of which would result from habitat changes 
and changes in hunter use on the DW project islands. 
The HMP incorporated into the project description for 
Alternatives 1 and 2 provides for compensation habitat to 
be established on the habitat islands to offset the effects 
of reservoir island operations on wildlife species. The 
impact assessment for Alternatives 1 and 2 is therefore 
based on the assumption that project implementation 
would include the establishment of compensation habitat 
acreages as specified in the HMP. Under Alternative 3, 
all four DW project islands would be used as reservoirs, 
and the NBHA on Bouldin Island would be used to pro
vide limited compensation habitat. 

The following appendices provide more detailed 
information on wildlife species, their habitat needs, and 
the legal status of wildlife species that may be found on 
the DW project islands: 

• Appendix H1, "Wildlife Species Nomencla
ture"; 

• Appendix H2, "Wildlife Inventory Methods and 
Results"; 

• Appendix H3, "Federal Endangered Species 
Act Biological Assessment: Impacts of the 
Delta Wetlands Project on Wildlife Species"; 

• Appendix H4, "California Endangered Species 
Act Biological Assessment: Impacts of the 
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Delta Wetlands Project on Swainson's Hawk 
and Greater Sandhill Crane"; and 

• Appendix HS, "Agency Correspondence re
garding the Federal and California Endangered 
Species Acts". 

For background information on existing and anti
cipated wildlife habitat conditions on the DW project 
islands, the reader is also referred to the following: 

• Chapter 3G, "Vegetation and Wetlands"; 

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

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

AFFECTED ENVIRONMENT 

This section describes wildlife habitat conditions on 
the DW project islands. Wildlife habitat information is 
based in part on information collected for the 1990 draft 
EIRIEIS and has been updated to current conditions 
where these changes would affect the impact analysis. 

As a result ofland management decisions made since 
1988, some changes in agricultural land use and wildlife 
habitat conditions on the islands have occurred. Some of 
these changes were made in response to annual fluctua
tions in agricultural market conditions. Because some of 
these changes have resulted from project-related actions 
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and influences, informa~on from the 1990 draft EIRIEIS 
(based on 1988 conditions) provides the most reliable 
description of typical preproject wildlife habitat condi
tions on the DW project islands for assessing the impacts 
of the DW project alternatives. 

A detailed description of methods used to identify 
baseline conditions and results of wildlife and wildlife 
habitat investigations are presented in Appendix H2, 
"Wildlife Inventory Methods and Results", and Chapter 
3G, "Vegetation and Wetlands". Habitat-type acreages 
are described in this chapter for the portion of Holland 
Tract included in Alternatives I and 2. Acreages of 
habitat types on Holland Tract that would be affected 
with implementation of Alternative 3 and the No-Project 
Alternative are described in Chapter 3G. 

Sources of Information 

Information on existing wildlife species occurrence 
and waste grain availability was collected during surveys 
of the DW project islands conducted in 1988 (see Appen
dix H2). Distribution and acreages of wildlife habitats 
were determined from 1987 aerial photographs of the 
DW project islands (see Chapter 3G). 

Information on wildlife ecology, populations, distri
bution in the Delta, and use of Delta habitats was ob
tained from DFG survey data files, technical reports, 
scientific literature, and contacts with DFG and USFWS 
biologists, wildlife researchers, farmers, and other indivi
duals knowledgeable of the Delta environment. 

General Wildlife Species 

General wildlife species include piscivorous (i.e., 
fish-eating) birds, wading birds, shorebirds, gulls and 
terns, swallows, blackbirds and starlings, bird species 
typically associated with riparian woodland and scrub 
(riparian birds), and bird species typically aSsociated with 
grassland and agricultur~J habitats. 

Ground surveys to determine the occurrence and 
relative abundance of general wildlife species on DW 
project islands were conducted during February-May 
1988. 
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Bacon Island 

Bacon Island is the most intensively farmed of the 
four DW project islands. Most of the island is farmed for 
potatoes and asparagus. The island supports a moderate 
diversity and density of wildlife species compared with 
the other project islands. 

Low- to moderate-sized populations of most general 
wildlife species are found on Bacon Island. The number 
of gulls observed during ground surveys was higher than 
on the other project islands; gulls congregated in areas 
flooded for weed control in winter and spring. 

Modernte numbers of raptors, shorebirds (primarily 
sandpipers), and wading birds were observed during 
ground surveys. No great egrets, snowy egrets, or great 
blue herons nest on Bacon Island, and no potential nest
ing habitat exists. Few piscivorous birds or birds asso
ciated with riparian habitats, open water, or grasslands 
were observed on the island. 

Webb Tract 

Webb Tract is less intensively farmed than Bacon 
Island and Bouldin Island but supports more agriculture 
than Holland Tract. Nearly half the island is farmed for 
com and wheat. Approximately 105 acres of open water 
habitat exists at two blowout ponds located in the north
east quarter of the island. Most of the 106 acres of ripar
ian woodland and scrub and 172 acres of freshwater 
marsh on Webb Tract surround these ponds. 

The number of wading birds observed on Webb 
Tract during ground surveys was large relative to the 
numbers observed on the other project islands. The 
average number of herons and egrets recorded per survey 
station on Webb Tract was more than twice the number 
recorded on Bacon Island and four times the number 
recorded on Bouldin Island and Holland Tract. Most 
wading birds are found in the weedy marshland area on 
the north side of the island. No wading bird nesting 
c~lonies were found during aerial, ground, and boat 
swveys of all potential nesting habitats crinducted during 
the nesting season. 

More raptors were seen on Webb Tract than on the 
other islands; however, the number on Webb Tract was 
only slightly higher than the number on Holland Tract. 
The most common raptor species are black-shouldered 
kite, red-tailed hawk, and American kestrel. 

Moderate numbers of birds were observed in ripar
ian and wetland habitats on Webb Tract, but the numbers 
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recorded during systematic surveys were undoubtedly 
low because access was not granted by landowners to a 
blowout pond that provides high-quality wetland, ripar
ian woodland, and open-water habitats on the eastern 
portion of the island. Small numbers of other species 
were observed during surveys, including piscivorous 
birds, shorebirds, gulls and terns, and blackbirds. 

Bouldin Island 

Wildlife habitats on Bouldin Island are dominated by 
agricultural lands that support com, wheat, and sun
flower. Smaller amounts of other habitats exist, including 
fallow agricultural land and herbaceous upland. 

Low to moderate numbers of most bird species were 
obseJVed on Bouldin Island during field surveys. A large 
number of gulls was obseJVed; no terns were seen, and no 
breeding habitat for gulls was found on the island. Large 
numbers of grassland and agricultural birds, primarily 
blackbirds and American crows, were observed. 

A moderate number of wintering raptors was ob
served on Bouldiil Island. The number of raptors de
creased in spring; the only non-special-status raptor 
species observed during May was red-tailed hawk, but 
the species did not nest on the island. A moderate num
ber of swallows, primarily cliff swallows, were observed 
using Bouldin Island. 

Small numbers of wading birds, shorebirds, and 
riparian and marsh birds were observed. No herons or 
egrets nested on the island. Killdeer were the only shore
birds observed. The most common birds observed in 
riparian habitats were white-crowned sparrow, house 
finch, song sparrow, American robin, and black phoebe. 

Holland Tract 

Holland Tract is the least intensively farmed of the 
four DW project islands. Agriculture accounts for appro
ximately 31% (974 acres) of the island acreage. Holland 
Tract supports about 225 acre~ of herbaceous wetland, 
most of which is dominated by weedy species that invade 
fallow agricultural areas. In total, the island supports 
more woody riparian vegetation (lOS acres) than any of 
the other three project islands, most of which is asso
ciated with a blowout pond located at the northeast end of 
the island. In 1987, DW constructed a shallow 63-acre 
demonstration wetland pond to evaluate vegetation estab
lishment and growth under proposed operating conditions 
that would have been present under the original DW pro-
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po~ project (see Appendix G2, "Vegetation Inventory 
Methods and Results"). 

High numbers of shorebirds, raptors, riparian and 
marsh birds, and blackbirds and starlings were observed 
on Holland Tract relative to the other project islands. 
The most conunon raptors included black-shouldered kite 
and red-tailed hawk. Raptors were most common in 
winter and declined to small numbers in April and May. 
A red-tailed hawk nest was found, and kites were sus
pected to have nested on the island. 

Shorebirds use the Holland Tract demonstration 
wetland, including an average of 60 sandpipers and 14 
dowitchers obseJVed per survey; no nesting by shorebirds 

· was obseJVed. The most common riparian birds included 
house fmch, American robin, song sparrow, and white- · 
crowned sparrow. Large numbers of yellow-headed 
blackbirds and red-winged blackbirds were observed 
during winter, blackbird numbers declined during spring, 
but red-winged blackbirds remained and nested in weedy 
and marsh areas. 

Moderate numbers of gulls, grassland birds, and 
swallows were obseJVed on Holland Tract during winter. 
Wading birds were less abundant on Holland Tract than 
on the other project islands. 

Delta Region, Suisun Marsh, and San Francisco Bay 

The island area of the Delta consists of approxi
mately 600,000 acres on 60 islands. At least 230 species 
of birds and 43 species of mammals are found in the 
Delta (DFG 1987 a). The area provides habitat of impor
tance to shorebirds in particular. Thousands of shore
birds use fields flooded for weed control in late summer 
and fall and fields that flood shallowly from seepage and 
rainfall in winter. 

General wildlife species reported from the Delta are 
similar to those described for the DW project islands. 
Wildlife species and populations on different islands vary 
primarily according to the amounts and types of crops 
grown and amounts of natural habitats remaining. 
Rollins (1977) rated the values of several Delta habitats 
along the proposed route of the Peripheral Canal from 
most to least valuable. These habitats were riparian 
woodland, marsh, permanent pasture, cornfields, and 
asparagus fields. 

Suisun Marsh lies between San Francisco Bay and 
the Delta. The area provides approximately 57,300 acres 
of wetland and adjacent upland habitat and 27,000 acres 
of bays and waterways for use by waterfowl and other 
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species (USFWS 1978). Suiswt Marsh also supports a 
variety of general wildlife species characteristic of salt
water and freshwater marsh and herbaceous upland areas. 

San F~sco Bay includes 53 square miles oftidal 
marsh, 15 square miles of diked marsh, and 55 acres of 
diked ponds (JSA et al. 1979). San Francisco Bay habi
tats support approximately 200 species of birds and 40 
species of mammals (DFG 1987b ). Important groups 
include waterfowl and special-status wildlife species. 
The bay supports hundreds of thousands of shorebirds 
during the migratory and winter seasons (Y ee et al. 
1988), and many nongame birds and mammals use the 
various marsh habitats. 

Waterfowl 

I..Dng-Tenn Trends in Waterfowl Abundance in the 
Delta 

The size of waterfowl populations wintering in the 
Delta fluctuates between years because of changes in 
weather, habitat conditions, and flyway populations. 
Despite annual fluctuation, large populations of water
fowl had used the Delta area in most years until the 
1980s. Wintering waterfowl populations in the Delta 
have declined by approximately 83% since the 1970s 
(Figure 3H-l ). The decline is most pronounced for 
ducks, but substantial declines are also evident for swans 
and geese. 

Population declines in the Delta during the 1980s 
and early 1990s reflect the larger waterfowl population 
decline that has occurred in the Central Valley and 
Pacific Flyway. The decline is attributable to a variety of 
factors, the most important of which is probably the 
prolonged drought in northern breeding areas that resul
ted in unfavorable land use changes (i.e., intensified 
farming of former wetland areas and adjacent nesting 
habitats). Loss of winter habitat is also considered an 
important factor that has contributed to the population 
reduction and may prevent future recovery of populations. 
(Implementation Board of the Central Valley Habitat 
Joint Venture 1990.) Duck and goose populations have 
begun to recover in recent years. ·The wet years of 1993 
through 1995 in northern breeding areas provided favor
able breeding conditions that resulted in substantially 
higher production of ducks and geese. Wintering popula
tions of ducks and geese in the Delta and Central Valley, 
however, are still substantially lower than the average 
wintering populations for the previous 40 years 
(Yparraguirre pers. comm.). 
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Analysis of past population trends is relevant to the 
D W project because the populations recorded in 1987-
1988 were approximately 80% less than those that likely 
existed in the 1970s. The net result is that numbers 
reported for individual DW project islands in the follow
ing sections are below the numbers that occurred histori
cally and that would likely occw- if populations recover to 
meet management goals. Nonetheless, the survey results 
provide a valuable indication of the relative abundance of 
waterfowl on different islands and indicate habitats used 
by species. 

Bacon bland 

The estimated total of waterfowl use-days is moder
ate for Bacon Island Tundra swans were observed using 
Bacon Island more than any other island except Webb 
Tract during the SlD'Vey period, with an average observed 
population of about 300 birds. Nearly 90% ofthe swans 
were in cornfields flooded for weed control; flooded 
cornfields made up less than one-third of the island's area. 

Geese have a moderate number of use-days on 
Bacon Island. White-fronted geese arrive in substantial 
numbers in mid-December to late December and use 
flooded and unflooded agricultural fields. Snow goose 
populations vary widely. All snow geese observed on 
Bacon Island used unflooded, tmdisked agricultural fields. 
No Canada geese were observed on Bacon Island. 

Few ducks have been observed on Bacon Island. 
Flocks of pintails were seen twice in flooded potato 
fields, and mallards were seen in flooded fields and 
ditches. Only 10 mallards were seen during May surveys, 
indicating that few birds breed on the island. 

Waste Grain Availability. A moderate amount of 
waste corn is available to waterfowl on Bacon Island (see 
Appendix H2, "Wildlife Inventory Methods and 
Results"). Approximately 82,000 pounds of corn are 
estimated to be available immediately after harvest, but 
postharvest disking for planting to winter wheat on 
approximately half the corn acreage reduces availability 
to approximately 67,500 pounds. 

Fields of market potatoes on Bacon Island are not 
flooded; they are kept in a satw-ated soil condition for 
several weeks following harvesting to encow-age rotting 
(Shimasaki pers. comm.). Therefore, these fields provide 
little food for waterfowl. Seed potatoes are harvested 
later and cannot be rotted because of cold temperatures; 
these areas probably provide valuable forage for water
fowl. 
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Hunting Harvest. No waterfowl or upland game 
are harvested on Bacon Island. 

Webb Tract 

Webb Tract supports high numbers of waterfowl 
use-days. Total waterfowl use observed on Webb Tract 
is 10 times higher than on any of the other islands. Of the 
four project islands, Webb Tract has the largest com 
acreage and supported the largest number of swans 
during the midwinter survey period. Swans on Webb 
Tract use unflooded cornfields and flooded fields. 

Webb Tract had the largest number of geese ob
served during aerial surveys of the four project islands. 
Three-fourths of the white-fronted geese observed were 
resting on the eastern blowout pond; the remaining birds 
were seen in undisked cornfields. The snow goose popu
lation averaged 4, 700 during December through March, 
with a peak of 10,000 birds in mid-January. Snow geese 
were usually seen resting on the eastern blowout pond but 
were also observed in undisked and flooded cornfields. 
Several groups of Canada geese were seen; the largest 
group consisted of approximately 650 birds in an un
disked cornfield. The survey data indicate that the east
ern blowout pond on Webb Tract is an important resting 
area for geese in the Delta. 

The number of ducks observed on Webb Tract was 
also high but varied substantially over the survey period. 
Both mallards and pintails were seen regularly. The 
largest population, consisting of 20,000 ducks (both pin
tails and mallards), was found resting on the eastern 
blowout pond in mid-December. Nearly all ducks on 
Webb Tract observed during winter were found resting 
on the eastern blowout pond. 

Twenty-seven mallards seen during each of the two 
May surveys were assumed to be breeding birds; their 
presence indicates the existence of a moderate-sized 
breeding population (perhaps 20-50 pairs). Ten mallards 
(some of which may have been young-of-year) were 
observed on the eastern blowout pond during a survey 
conducted in June. 

Waste Grain Availability. Webb Tract produces 
approximately 567,000 pounds of waste com available 
for waterfowl and other wildlife, representing more than 
half the waste com provided on the DW project islands 
(see Appendix H2, "Wildlife Inventory Methods and 
Results"). Wheat also provides seed following harvest in 
summer and green forage for geese and other wintering 
birds during late fall and winter. 
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Hunting Harvest. Harvest rates of ducks and geese 
are highest on Webb Tract among the four project 
islands. The harvest represents a small proportion of the 
total numbers of birds that use the island. 

Bouldin Island 

Estimated waterfowl use-days are moderate on 
Bouldin Island. Swan use on Bouldin Island is moderate 
compared with swan use of other islands; most swans 
were seen during the surveys in flooded grainfields, with 
fewer numbers in undisked grainfields. 

The number of geese using Bouldin Island is low to 
moderate, and daily populations vary substantially over 
winter. A moderate number of white-fronted geese were 
seen during aerial surveys; the highest count was 1,100 
birds in early January. Most white-fronted geese were 
observed in flooded, disked grainfields and undisked 
grain stubble. 

The few snow geese observed on Bouldin Island 
used disked cornfields. Canada geese were seen in small 
numbers in disked and undisked fields, and several flocks 
were seen in grazed fallow fields during ground surveys. 
Canada geese may have been slightly undercounted 
during aerial surveys because they were not easily dis
tinguishable among larger groups of white-fronted and 
snow geese. 

Fowl cholera records show variability in the use of 
Bouldin Island by geese. In 1986, DFG personnel collec
ted 2,000 dead white-fronted and snow geese, which 
represented only a portion of the birds using the island at 
that time (DFG file information). 

Overall duck use observed at Bouldin Island is low. 
The number of ducks observed during surveys declined 
substantially in early January. Pintails are the most 
abundant species using the island. During surveys, mal
lards were observed in ditches and flooded fields. Only 
four mallards were seen in May, indicating a very small 
breeding population. 

Waste Grain Avallability. Approximately 214,000 
pounds of waste com are produced and available for 
waterfowl use on Bouldin Island (see Appendix H2, 
"Wildlife Inventory Methods and Results"). Appro
ximately 1 ,200 acres of wheat, another important source 
. of waste grain for waterfowl, are also grown on the 
island. Average com availability shortly after harvest is 
87 pounds per acre. Field measurements on the island 
yield an average of 1 06 pounds per acre of grain left in 
the half of the cornfields that are not disked after harvest 
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and 68 pounds per acre in remaining areas disked prior 
to the planting of winter wheat (JSA 1989). 

Wheat is another important crop on Bouldin Island. 
Approximately half the com acreage is replanted in wheat 
following harvest in the fall. Waterfowl, especially 
Canada and white-fronted geese, graze extensively on 
green wheat foliage during winter and early spring (Fred
rickson et al. 1988, Miller pers. comm.). 

Hunting Harvest. Small numbers of ducks and 
geese are harvested annually by hunters on Bouldin 
Island Harvested birds represent only a small proportion 
of the total number of birds that use the island. 

Holland Tract 

The estimated total of waterfowl use-days on Hol
land Tract is low. Few tundra swans were observed at 
Holland Tract during the surveys. Nearly all birds were 
detected in flooded fields. 

Few geese were obseiVed using Holland Tract. Few 
or no white-fronted geese were seen during November to 
March, but numbers increased during April. Snow geese 
were not recorded on Holland Tract during aerial surveys, 
but 2,000 birds were seen feeding in an unharvested 
cornfield near the blowout pond during a ground survey 
in early February. Several small flocks of Canada geese 
were seen during December and January; however, nearly 
all Canada geese recorded during Holland Tract surveys 
were flying and may not have landed on the island. 

Holland Tract supports moderate numbers of ducks. 
Most ducks were found during surveys in the Holland 
Tract demonstration wetland and the blowout pond, and 
the rest were observed in flooded fields. Species seen at 
the demonstration wetland included American widgeon, 
mallard, northern pintail, cinnamon teal, ruddy duck, and 
northern shoveller (JSA 1990). 

Waste Grain AvaUability. Holland Tract produces 
approximately 67,000 pounds of waste com for water
fowl. Wheat is the major crop and provides seed during 
spring and late summer for resident species and green 
forage· for wintering species, especially geese. Com 
harvesting is considered nonintensive, and the availability 
of waste com for use by wildlife is estimated to be similar 
to availability on Webb Tract (see Appendix H2, "Wild
life Inventory Methods and Results"). 

Hunting Harvest. Few dueks, geese, and pheasants 
are harvested annually by hunters on Holland Tract. The 
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estimated harvest represents only a small proportion of 
the total numbers that use the island. 

Delta Region, Suisun Manh, and San Francisco Bay 

The Delta supports nearly 1 0% of the waterfowl that 
winter in the Pacific Flyway. The Delta provides impor
tant waterfowl habitat on flooded and unflooded agricul
tural lands, natural wetlands, and sloughs. Approxi
mately 12,000 acres of agricultural lands are flooded by 
duck clubs in the Delta (USFWS 1978). Nearly 7 5% of 
all tundra swans and more than one-third of all white
fronted geese in the Central Valley winter in the Delta 
(DFG 1987 a). The Delta also supports large populations 
of snow geese, pintails, and mallards (Gilmer et al. 1982, 
DFG 1987a). 

Suisun Marsh supports more than 57,000 acres of 
managed wetland and upland. Substantial numbers of 
waterfowl use Suisun Marsh. The highest use occurs 
during early fall before the onset of rains, when the avail
ability of shallow-water habitats attract waterfowl. 
Waterfowl populations at Suisun Marsh decline later in 
winter when additional flooded habitat is available. 
Suisun Marsh supported approximately 2% of the water
fowl population observed during the midwinter surveys 
in J?ecember 1973-1976. (USFWS 1978.) 

San Francisco Bay provides important habitats for 
wintering waterfowl (DFG l987b ). The saltwater por
tions of the bay support a large proportion of the diving 
ducks wintering in California. Freshwater and brackish 
areas in the eastern portion of the bay provide important 
habitats for dabbling ducks and geese. 

Upland Game 

Upland game species include ring-necked pheasant, 
mourning dove, California quail, and desert cottontail. 

Bacon Island 

Low numbers of ring-necked pheasant, California 
quail, and mourning dove were observed on Bacon 
Island. The island is farmed intensively and cover is 
scarce; the number of pheasants observed on Bacon 
Island was lower than on the other DW project islands. 
No upland game species are harvested on Bacon Island. 
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Webb Tract 

Webb Tract SUIVeys recorded the highest nwnber of 
mourning doves among the four islands, a moderate 
nwnber of pheasants, and no quail. The high nwnber of 
doves reflects the abWldance of woodland perching sites 
and availability of grain in wheat fields. Among the four 
project islands, the harvest of pheasants is highest on 
Webb Tract. 

Bouldin Island 

Bouldin Island supports moderate nwnbers of ring
necked pheasants and mourning doves; no quail were 
seen on the island during surveys. Pheasant nwnbers are 
limited by the lack of cover on most parts of the island. 
Small nwnbers of pheasants are harvested annually by 
hWlters on Bouldin Island. 

Holland Tract 

Pheasants and quail are more abundant on Holland 
Tract than on the other three OW project islands. The 
higher populations reflect the greater amounts of cover 
provided for pheasants by fallow areas and for quail by 
riparian shrubs and trees. Mourning dove populations 
are also high, presumably because of the abWldance of 
perching sites in trees. Few pheasants, doves, and quail 
are harvested annually by hunters on Holland Tract. 

Special-Status Species 

Special-status species include species that are state 
or federally listed as threatened or endangered, Category 
I or 2 candidates for federal listing, DFG species of 
special concern, and species fully protected Wlder the 
California Fish and Game Code. Fourteen special-status 
species occur or potentially occur on the OW project 
islands. Additional information regarding the status of 
the giant garter snake, bald eagle, Aleutian Canada goose, 
peregrine falcon, Swainson's h~wk, and greater sandhill 
crane on the OW islands is presented in Appendix H3, 
"Federal Endangered Species Act Biological Assessment: 
Impacts of the Delta Wetlands Project on Wildlife 
Species", and Appendix H4, "California Endangered 
Species Act Biological Assessment: Impacts of the Delta 
Wetlands Project on Swainson's Hawk and Greater 
Sandhill Crane". Table H2-2 in Appendix H2, "Wildlife 
Inventory Methods and Results", describes.the special
status species that occur or have the potential to occur on 
the OW project islands. 
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Bacon bland 

Northern harrier and burrowing owl were the only 
special-status species observed on Bacon Island during 
the surveys. Potential habitat for I 0 other special-status 
species, including Swainson's hawk and tricolored black
bird, exists. Greater sandhill cranes have not traditionally 
used Bacon Island, and none were observed during 
SUIVeys. DFG, however, reports a recent isolated obser
vation of a greater sandhill crane on Bacon Island 
(Wernette pers. comm.). 

A small nwnber of northern harriers was observed 
on Bacon Island. Harriers are not known to nest on 
Bacon Island because nearly all the island is cultivated 
and suitable nesting sites are limited. One burrowing owl 
was observed during surveys. Burrowing owls are not 
known to nest on Bacon Island because intensive agricul
ture and levee maintenance activities have minimized the 
availability of suitable burrows and the presence of 
groWld squirrels that construct burrows. 

Bacon Island provides low- to moderate-quality 
foraging habitat for Swainson's hawks. The nearest 
known Swainson's hawk nest site is located immediately 
to the east on Mildred Island, and seven pairs nest within 
10 miles of the island. Although no Swainson's hawks 
were observed during surveys, Swainson's hawks nest 
within foraging distance and could use the island. 

Webb Tract 

Northern harrier was the only confirmed special
status species observed on Webb Tract. Webb Tract also 
supports potential habitat for 12 additional special-status 
species, including Swainson's hawk, peregrine falcon, 
and tricolored blackbird. 

One sandhill crane (subspecies not identified) was 
observed during an aerial survey of Webb Tract. Al
though Webb Tract is not considered an important great
er sandhill crane area by Pogson and Lindstedt ( 1988), it 
supports suitable foraging habitat, including grainfields, 
fallow fields, pastures, exotic marshes, and herbaceous 
uplands. DFG has recently designated Webb Tract as a 
greater sandhill crane wintering area based on additional 
sightings. 

Webb Tract provides low- to moderate-quality 
Swainson's hawk foraging habitat. The nearest known 
nest site is located within 4 miles, and seven pairs nest 
within I 0 miles of the island. Thus, several pairs could 
forage on Webb Tract. Webb Tract supports a high 
nwnberofharriers in winter, with an average of 14 birds 
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seen per survey in February. Haniers could nest in 
densely vegetated wetlands or fallow fields on the island. 

Bouldin Island 

Greater sandhill crane, Swainson's hawk, and north
em hanier were the only special-status species observed 
on Bouldin Island during surveys. Since surveys were 
conducted, other special-status species have been ob
served by JSA biologists; these species include peregrine 
falcon, Cooper's hawk, ferruginous hawk, and short-eared 
owl. Bouldin Island also supports potential habitat for 
five additional special-status species, including tricolored 
blackbird and Aleutian Canada goose. 

Sandhill cranes were regularly observed during 
October-February, but numbers subsequently declined 
rapidly and none were seen after early March. All the 
cranes seen during one Octo~~ visit were lesser sandhill 
cranes, but 95% of the birds identified to subspecies in 
February-March were greater sandhill cranes. Based on 
additional observations, DFG has designated Bouldin 
Island as a greater sandhill crane wintering area. 

Swainson's hawks have been observed foraging on 
Bouldin Island during the breeding season and winter. 
One was observed flying over the island during surveys 
conducted in May 1988. Pasture, fallow fields, and agri
cultural fields provide suitable foraging habitat; vegeta
tion in some fallow areas, however, may be too tall and 
dense to be used for foraging by Swainson's hawks. The 
nearest known Swainson's hawk nest site is approxi
mately 3 mil~ north of Bouldin Island, and I 0 pairs nest 
within I 0 miles of the island. Thus, several pairs could 
forage on Bouldin Island. 

Bouldin Island supports moderate numbers of har
riers during winter and early spring; no birds were seen 
in May during surveys. Harriers are not known to nest on 
Bouldin Island. 

Holland Tract 

Special-status species observed on Holland Tract 
during the surveys were Swainson's hawk and northern 
harrier. Although western pond turtles were not observed 
during surveys, they are known to have been present on 
Holland Tract; however, the status of pond turtle popu
lations on Holland Tract is unkn0\\11. Potential habitat 
for 12 additional special-status species, including valley 
elderbeny longhorn beetle (VELB), tricolored blackbird, 
and short-eared owl, also exist on Holland Tract. 
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One adult Swainson's hawk was observed during 
surveys ofHolland Tract. Suitable nesting habitat on the 
island exists in trees over 25 years old, but no nests were 
fowtd Fallow areas, pasture, grassland, and agricultural 
fields are suitable for foraging use by Swainson's hawks. 
The nearest known nest site is approximately 3 miles east 
of the island. Seven pairs nest within 10 miles of the 
islancL although only two pairs have been located nesting 
within 9 miles. Thus, although several pairs nest within 
foraging distance of Holland Tract, it is probably less 
likely to be used than the other DW project islands. 

No greater sandhill cranes were observed on Hol
land Tract during surveys; however, DFG has recently 
reported an isolated observation of a greater sandhill 
crane on the island. Holland Tract provides suitable. 
crane foraging habitat; however, because it is located 
approximately 7 miles from the nearest important win
tering area, the island is not expected to support regular 
use by greater sandhill cranes, 

Holland Tract supported at least four northern 
harriers throughout the survey period. 

Delta Region, Suisun Marsh, and San Francisco Bay 

The Delta is known to support seven bird, one 
reptile, and three insect species state-listed or federally 
listed as threatened or endangered and four bird, two 
mammal, one reptile, and two insect species identified as 
federal candidates for listing (see Appendix H5, "Agency 
Correspondence regarding the Federal and California 
Endangered Species Acts"). The Delta area is used only 
irregularly by small numbers of peregrine falcons and 
bald eagles. The Delta supports a small number of 
n~ting Swainson's hawk pairs; densities are substantially 
greater on higher elevation lands north and east of the 
Delta (Estep pers. cormn.). Cettain localized areas of the 
Delta serve as important wintering habitat for the greater 
sandhill crane (Pogson and Lindstedt 1988) and Aleutian 
Canada goose (Nelson et al. 1984). 

SuiSWl Marsh and San Francisco Bay provide habitat 
for six bird species and one mammal listed as threatened 
or endangered by DFG or USFWS. The salt marsh har
vest mouse; California clapper rail; and, to a lesser 
extent, the California black rail are found primarily in salt 
marsh habitats. The salt marsh common yellowthroat and 
Suisun song sparrow subspecies pref~"f tall emergent 
vegetation that grows in more brackish conditions. 
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IMPACI' ASS~SSMENT 
METIIODOLOGY 

Analytical Approach and 
Impact Mechanisms 

Impacts on wildlife were evaluated through com
parison of wildlife values associated with habitat con
ditions predicted under the DW project alternatives with 
existing habitat conditions. Existing wildlife habitats 
would change as a result of construction of facilities, up
grading of levees, inundation of reservoir islands during 
water storage and shallow-water management periods, 
and implementation of the HMP (see Appendix G3, 
"Habitat Management Plan for the Delta Wetlands 
Habitat Islands"). Potential impacts of the project's 
habitat modifications include changes in populations of 
general wildlife species, waterfowl,. upland game, and 
special-status species. 

Alternatives 1, 2, and 3 

The analysis of impacts ofthe DW project alterna
tives on the reservoir islands was based on the amounts 
of Delta water that would be available for storage; the 
estimated amounts are based on the 70-year hydrologic 
record for the Delta (see Chapter 3A, "Water Supply and 
Water Project Operations", and Chapter 3B, "Hydro
dynamics"). There is potential for some level of contin- · 
uing subsidence on the DW project islands even with the 
cessation of farming activities. 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. Re
duced rates of subsidence and increased water storage 
capacity on the reservoir islands would not be expected 
to substantially increase or decrease wildlife habitat 
effects analyzed in this chapter. 

A detailed description of the approach used to 
analyze future habitat conditions on the DW reservoir 
islands is presented in Appendix G2, "Prediction of 
Vegetation on the Delta Wetlands Reservoir Islands". 
Although reservoir islands will support wildlife habitat, 
the actual duration and frequency of habitat conditions 
that would occur on reservoir islands is unpredictable. 
The general wildlife habitat values that would be asso
ciated with each reservoir island operating condition are 
described below. Because future habitat conditions are 
unpredictable and cannot be quantified, reserVoir islands 
were assumed in this impact assessment to provide no 
wildlife values that would offset project impacts. There-
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fore, for the impact analysis, operation of the reservoir 
islands was not used to offset or compensate for impacts 
of the project on wildlife values. 

Analysis of future vegetation conditions on habitat 
islands under Alternatives 1 and 2 is based on habitat 
types and acreages described in the HMP (see Appendix 
G3, "Habitat Management Plan for the Delta Wetlands 
Habitat Islands"). 

No-Project Alternative 

Island habitat conditions predicted under ·the No
Project Alternative are based on a feasibility study 
prepared for DW by The McCarty Company, Diversified 
Agricultural Services (McCarty pers. comm.). The 
report, in general, recommends greater crop diversifi
cation, with a greater emphasis on perennial crops, for all 
four DW project islands. 

HEP Analysis 

This section describes the habitat evaluation pro
cedures (HEP) methodology used to identifY preproject 
and project habitat conditions on the DW islands under 
the 1990 and 1992 versions of the DW project. The HEP 
analysis was performed by a team consisting of repre
sentatives of SWRCB, USFWS, DFG, and JSA. HEP 
methodology was not used to evaluate the current DW 
project; however, the HMP team consulted the HEP 
results for the earlier versions of the project and con
ducted an informal, modified HEP evaluation of the 
current project to assist in identifYing habitat types, 
acreages, and management required on the DW habitat 
islands to offset project impacts on waterfowl. 

HEP Methodology. The HEP methodology is a 
systematic procedure for assessing the impacts of a 
project on a set of species (evaluation species) selected to 
represent wildlife communities that would be affected by 
the project. The procedure compares the quality and 
acreages of habitats under preproject and project con
ditions to determine changes in total habitat value for the 
evaluation species. 

Ten HEP evaluation species were selected to repre
sent the variety of game and nongame species that could 
be affected positively or negatively by habitat changes 
that could occur under various project alternatives. 
Species evaluated in the HEP analysis, the wildlife 
groups (i.e., guilds) they represent, and the general 
habitats they use are listed in Table 3H-l. 
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Per-acre quality of habitats for each species under 
preproject and project conditions was determined using 
habitat suitability index (HSI) models developed for each 
species. The HSI models consisted of: 

• variables important in determining habitat 
quality for the species at the project site (e.g., 
vegetation height, water depth), 

• habitat suitability ratings for different conditions 
of each variable (variable values) for the 
species on a scale from 0.0 to 1.0, and 

• equations used to combine individual variable 
suitability ratings to create the HSI value or the 
overall rating of habitat quality for the species. 

Habitat quality was assessed for each of nine 4- to 6-
week-long annual periods. The periods were identified 
to allow tracking of habitat values resulting from sub
stantial changes in habitat conditions that occur at differ
ent times of the year and to evaluate habitat quality for 
each species during its expected period of occupancy at 
the islands. 

Habitat suitability ratings were calculated for each 
habitat type and subtype present on the islands under pre
project and postproject conditions. The models were 
calibrated through comparison ofHSI values for existing 
and potential habitats (including potential mitigation 
areas) and adjusted by modification of HSI values for 
individual variables or modification of the HSI equation. 
HSI values described the per-acre value of each habitat 
type. Habitat unit (HU) values (HSI values multiplied by 
acres) were calculated for each evaluation species to 
describe the overall habitat value of each habitat type to 
the species during each of the annual analysis periods. 
HU values for each habitat type were then added to 
describe the total· value provided in each of the nine 
annual analysis periods for each species. 

Related Documents. Details concerning selection 
of evaluation species, development of species models, 
procedw-es used to conduct HEP analyses, and results of 
the HEP analysis for the earJ!er version of the D W project 
were presented in the original draft EIRIEIS for the DW 
project and in the following documents: 

• draft HEP report for the DW project (JSA 
1991), 

• appendices to the draft HEP report for the DW 
project (JSA 1991 ), and 
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• draft HEP report for the revised DW project 
(JSA 1993a). 

HMP Development 

HMP Objectives. SWRCB staff redesignated the 
HEP team as the HMP team in November 1993 and 
instructed the team to develop an HMP for Bouldin Island 
and Holland Tract that would compensate for project 
impacts. 

The HMP team's primary objective was to design the 
habitat islands to: 

• compensate for the loss of foraging habitat on 
the reservoir islands for Swainson's hawk and 
greater sandhill crane, which are protected 
under California Endangered Species Act (see 
Appendix H4, "California Endangered Species 
Act Biological Assessment:. Impacts of the 
Delta Wetlands Project on Swainson's Hawk 
and Greater Sandhill Crane"); 

• compensate for foraging habitat for wintering 
waterfowl; and 

• mitigate project impacts on jurisdictional waters 
of the United States, pursuant to Section 404 of 
the Clean Water Act and Section 10 of the 
Rivers and Harbors Act of 1899. 

The HMP team's secondary planning objectives included 
creating habitats for upland wildlife species; enhancing 
habitat for waterfowl breeding, greater sandhill crane 
roosting, and Swainson's hawk nesting; and providing 
habitat for other special-status species. Results of the 
1990 HEP analysis ofpreproject conditions were used by 
the HMP team as a guide to ensure that the HMP team's 
habitat designs and habitat management guidelines for the 
habitat islands would compensate for project impacts on 
wintering waterfowl habitat. 

UseofHEP Results. The HMP team assumed that 
compensation could be achieved for project impacts on 
wintering waterfowl if white-fronted goose habitat values 
present under preproject conditions during December 
(the period of greatest impact) were replaced on the 
habitat islands. The HEP analysis indicated that between 
3,380 and 4,411 HUs for white-fronted goose would need 
to be replaced on the habitat islands to compensate for 
project impacts. (Reservoir islands would also provide 
limited wintering waterfowl foraging habitat; because 
future habitat conditions on the reservoir islands are 
unpredictable, however, the HMP team assumed that the 
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reservoir islands would provide no wildlife values that 
would offset project impacts.) 

The HMP team established HSI values for each of 
the proposed compensation habitats for December. The 
team designed the HMP for the habitat islands based on 
these values, as well as other factors to incorporate best 
management practices for overall wildlife habitat bene
fits. Following each of several design iterations, a modi
fied HEP analysis was conducted to determine whether 
compensation was achieved in the overall HMP for the 
habitat islands. The team's fmal design provides 4,611 
HUs for white-fronted goose during the December analy
sis period and exceeds the compensation requirement 
objective for waterfowl. The HMP also meets the other 
two compensation objectives described above for species 
protected under the California Endangered Species Act 
and for jurisdictional wetlands. The plan also represents 
consensus between SWRCB and DFG regarding 
adequate mitigation for impacts of resetvoir island water 
storage operations. 

Criteria for Determining 
Impact Significance 

SWRCB and the Corps determined that for this 
analysis an alternative would be considered to have a 
significant adverse impact on wildlife if it would: 

• substantially decrease the acreage of herba
ceous upland habitats in the De_lta region, 

• decrease the acreage of wetland and riparian 
habitats on the DW project islands, 

• decrease forage quality or quantity availabl" to 
wintering waterfowl on the DW project islands, 

• substantially disrupt wildlife use patterns in the 
Delta, . 

· • increase the potential for outbreaks ofwildlife 
diseases, or 

• result in permanent loss of occupied special
status species habitat or direct mortality of 
special-status species. 

An alternative would be considered to have a bene
ficial impact if it would result in a substantial increase in 
the quantity or quality of herbaceous upland, wetland, 

IMPACfS AND MITIGATION 
MEASURES OF 

ALTERNATIVE 1 

Changes in Wildlife Habitat 
Conditions and Use 

Bacon bland and Webb Tract 

Habitat Condition Classes. Five types of habitat 
conditions are predicted to occur on reservoir islands 
WJder the proposed project: full storage, partial storage, 
shallow storage, nonstorage, and shallow-water wetlands 
(see Appendix G2, "Prediction of Vegetation on the Delta 
Wetlands Reservoir Islands"). The defmitions of these 
habitat conditions are applicable only to the analysis of 
project impacts on wildlife and vegetation resources. For 
this analysis, it was assumed that during periods when 
water was available for storage, water would be simul
taneously diverted onto Bacon Island and Webb Tract as 
a "worst-case" operating scenario. This operating scen
ario would have the greatest impact on wildlife habitat. 
DW may, however, sequentially fill reservoir islands. If 
reservoir islands were sequentially filled, wildlife impacts 
would be lessened. 

The frequency of full-, partial-, and shallow-water
storage periods would increase and the frequency of 
nonstorage and shallow-water wetland periods would 
decrease, however, ifDW reservoir islands were used for 
storage of water for transfer or for water banking (see 
Chapter 2, "Delta Wetlands Project Alternatives"). 
Although the frequency and magnitude of such activities 
is WlCertain at this time and these activities would require 
separate authorization, implementation of the HMP 
would fully compensate for wildlife impacts associated 
with the operation of the DW project for water transfer or 
banking. 

Tables 3H-2 and 3H-3 present the monthly fre
quency with which each of the five conditions would be 
expected to occur on the reservoir islands. 

Following are descriptions of the five habitat con
ditions on the reservoir islands: 

• Full-storage conditions would completely inun
date all portions of reservoir islands except 
riprapped levee slopes. 

riparian woodland and scrub, wintering waterfowl, or • Partial-storage conditions would provide shal
low to deep water storage pools and exposed special-status species habitat. 
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island bottoms and riprapped levee slopes 
above the storage elevation. 

• Shallow-storage conditions would provide shal
low-water habitats similar to shallow-water 
wetland habitats (see below) except that water
fowl forage availability would be lower. 

• Nonstorage conditions would occur during 
periods when no water is stored and water is not 
used to create 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 DW's discretion. 
For this analysis, however, it was assumed that 
DW would create shallow-water wetlands in 
every year in which no water has been stored 
for 60 or more consecutive days during the 
growing season (May through October). 

Because water may be stored during any period of 
the year, populations ofless mobile wildlife species, such 
as some small mammals and reptiles, would be greatly 
reduced or possibly extirpated from reservoir islands 
tmder the DW project alternatives. Consequently, reser
voir islands are preswned to provide low-quality foraging 
habitat for raptors that prey primarily on small mammals. 

Full-Storage Conditions. Reservoir islands 
under full-storage conditions would provide foraging 
habitat for piscivorous birds, such as pelicans, cormor
ants, and grebes. The reservoirs would provide low
quality swan, goose, and duck foraging habitat for all 
species except diving ducks. The reservoir water surface, 
however, would provide suitable dabbling duck resting 
habitat Little or no habitat would be available for use by 
terrestrial wildlife species. 

Full-storage periods that follow shallow-water wet
land periods on reservoir islands would provide diving 
duck foraging habitat Div!!tg ducks would feed on abun
dant submerged vegetation at the seasonal pool edges and 
other areas 3-8 feet deep and on invertebrates that would 
be attracted by the presence of vegetation. This con
clusion is suggested by waterfowl survey data from the 
demonstration wetland on Holland Tract, which con
tained several hundred diving ducks, including canvas
backs, ruddy ducks, and lesser scaup, following flooding 
to a 4-foot depth in January-March 1989 (see Appendix 
H2, "Wildlife Inventory Methods and Results"). The 
creation of deep-water habitat favorable to diving ducks 
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would provide conditions similar to the habitat that 
historically supported large diving duck populations in 
the Delta. Few diving ducks are expected to nest on 
reservoir islands. 

Partial-Storage Conditions. The greatest 
range of habitat conditions would exist during partial
storage periods because water depths of the reservoirs 
under partial-storage conditions may range from a few 
inches to over 1 0 feet and portions of island bottoms 
would be exposed. Portions of reservoirs over 3 feet 
deep would provide wildlife habitat conditions similar to 
those described for full storage and shallower areas 
would provide values similar to, but of poorer quality 
than, those of shallow-water wetlands (described below). 

The rate at which watergrass, smartweed, and other 
important waterfowl food plants would become reestab
lished on reservoir islands following complete or partial 
drawdowns of stored water during the growing season is 
unknown. Reduction in vegetation density would be 
expected on the reservoir islands during nonstorage and 
partial-storage periods as a result of gradual loss of seeds 
and other plant prop a gules caused by deterioration asso
ciated with inundation, export from the islands during 
water releases, and periodic disruption of seed production 
with storage events during the growing season. At DW's 
discretion, however, reservoir islands may periodically be 
seeded with watergrass and other waterfowl food plants 
during spring and summer nonstorage periods to enhance 
the value of shallow-water wetlands. Partial-storage peri
ods that follow shallow-water wetland periods in which 
wetlands were seeded, therefore, would be expected to be 
more productive than in years when reservoir islands are 
not seeded. 

Portions of reservoirs less than 3 feet deep would be 
suitable for use by foraging swans, geese, and dabbling 
ducks. The quantity of waterfowl forage that would be 
available, however, is unpredictable. During partial
storage periods, areas that are exposed following draw
down of water from November through April would re
main largely unvegetated. 

Satmated and tmvegetated portions of exposed reser
voir island bottoms would provide suitable foraging habi
tat for migrant and wintering shorebirds. Herbaceous 
habitat that may develop above storage pool elevations 
would be invaded by wildlife species present in the adja
cent levee habitats. Populations of species such as voles, 
gophers, pheasants, grassland songbirds, and raptors 
would make increased use of the uninundated areas. 
Populations in these areas, however, would remain below 
the available carrying capacity because source popu
lations would be low. 
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Reservoir islands under partial-storage conditions 
would provide more shallow-water habitats during the 
nesting seasons for shorebirds and ducks. Because of its 
irregular availability, this newly available habitat would 
be discovered and colonized only by small numbers of 
breeding water birds. 

Mudflats and shallow-water areas created during 
reservoir drawdown periods would be expected to pro
vide foraging areas for red-winged blackbirds and 
Brewer's blackbirds, and possibly for tricolored black
birds. 

Shallow-Storage Conditions. Shallow-storage 
conditions would occur when water volumes equal to or 
less than those used to create shallow-water wetlands are 
stored on the reservoir islands. Habitat conditions would 
be similar to those described for shallow-water wetlands 
(see below) except that water would not be managed in 
cells (i.e., no dikes would be maintain-ed) and the availa
bility of wildlife forage would be lower during storage 
periods that were not preceded by 60 days of nonstorage. 

Nonstorage Conditions. During nonstorage 
periods that occur after the growing season and follow 
full-storage and partial-storage events, exposed reservoir 
island bottoms would remain largely unvegetated. Ex
posed areas with saturated soils would provide suitable 
habitat for migrant and wintering shorebirds and black
birds. 

During nonstorage periods in the growing season, 
herbaceous habitats that would become established on 
reservoir islands would provide wildlife values similar to 
those described for partial-storage conditions. 

Permanent open-water habitat would be created in 
reservoir island borrow areas and in the drainage circu
lation network with implementation of the DW project as 
a result of seepage. Water depths would range from 2 
feet to 4 feet but these areas would probably not be able 
to support emergent vegetation because of previous stor
age events on the reservoir islands. Wildlife values asso
ciated with borrow areas and the drainage network would 
be similar to those described f<lr partial storage. These 
open-water areas would also provide brood habitat for 
ducks and other water bird species; however, the habitat 
would be of low quality because it would lack emergent 
vegetation. 

Shallow-Water Wetland Conditions. Appro
ximately 3,700 acres on Bacon Island and 3,850 acres on 
Webb Tract may be managed as shallow-water wetlands 
during years when 60 or more consecutive days of non
storage conditions have occurred during the growing sea-
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son immediately before any date between September 15 
and November 30. This analysis assumes that DW would 
use its existing riparian water rights, which are available 
after September 15, to create shallow-water wetlands 
(see Appendix G2, "Prediction of Vegetation on the Delta 
Wetlands Reservoir Islands"). Approximately 60 days of 
non.storage during the growing season would be required 
for watergrass and other waterfowl food plants to develop 
seed. 

DW would construct an inner levee system on the 
reservoir islands to create wetland cells through which 
water would be circulated to maintain water quality, 
which will reduce the likelihood of botulism outbreaks 
and allow reservoir islands to be rapidly drained to 
eliminate wetland habitat in the event of an outbreak of 
botulism, avian cholera, or other water bird disease. The 
inner levee system and associated water control structures 
will be designed and managed to ensure that at least 65% 
of the reservoir island acreage would be flooded to create 
shallow-water wetlands. At least 50% of the flooded area 
would be maintained at an average water depth of 12 
inches. In years during which no storage occurs, reser
voir islands would be managed as wetlands through 
winter and would be drawn down by May. In suitable 
years in which DW does not create shallow-water wet
lands, reservoir island conditions would be as described 
for nonstorage conditions. Under shallow-water wetland 
conditions, wildlife values associated with open-water 
habitats in borrow areas and the drainage circulation net
work would be as described for nonstorage conditions. 

Shallow-water wetlands could be created and 
managed on the reservoir islands to specifically provide 
waterfowl foraging habitat At DW's discretion, shallow
water wetlands would be seeded with waterfowl forage 
plants. Seeded wetlands would be dominated by water
grass, smartweed, and other wetland waterfowl food 
plants following seeding of these plants by DW. If reser
voir islands are not seeded, herbaceous vegetation would 
be relatively sparse compared with the vegetation that 
would be established in dense stands in wetlands follow
ing seeding of the islan~. Consequently, wildlife values 
provided by wetlands would be expected to be sub
stantially lower than in years when wetlands are seeded. 
Dominant plant species in years wetlands were not 
seeded would be species with seeds that are imported 
onto the islands in diverted water or species with seeds 
that are windborne onto the islands. The numbers of 
swans, geese, and dabbling ducks that would forage in 
shallow-water wetlands and the period forage would be 
available would be substantially greater in years when 
wetlands are seeded than in years when plants become 
reestablished naturally. 
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In years during which no storage occurs, areas of 
herbaceous vegetation not flooded to create shallow
water wetlands would provide nesting habitat for water
fowl; ground-nesting raptors, such as northern harriers 
and short-eared owls; ring-necked pheasants; and other 
upland nesting species. 

Shallow-water wetlands would provide foraging 
habitat for wading birds. Herons and egrets would be 
attracted to feed on larger invertebrates associated with 
shallow-flooded wetlands. Gulls and terns would also 
use wetlands to forage on invertebrates. Some shorebird 
foraging habitat would be provided in shallow-flooded 
areas (less than 6 inches deep) that were unvegetated or 
sparsely vegetated Blackbirds would use shallow marsh 
areas and herbaceous upland areas for feeding. Swallow 
nesting sites (e.g., buildings, cement wall overhangs) on 
reservoir islands are limited. Nesting sites would in
crease with the construction of pump and siphon stations 
and recreation facilities, so breeding swallow populations 
are expected to increase. Migratory swallow populations 
that use the reservoir islands would be expected to in
crease in response to increases in flying insects hatched 
from shallow water bodies and dense vegetation. 

Use by General Wildlife Species. Habitat condi
tions and populations of wildlife species on the reservoir 
islands under Alternative 1 would differ substantially 
from those currently present. Use by species groups 
would depend on season and habitat conditions (i.e., full 
storage, partial storage, shallow storage, nonstorage, and 
shallow-water wetland). 

Pisdvorous Birds. Overall use of the reservoir 
islands by piscivorous birds (e.g., grebes, cormorants, 
and pelicans) would increase substantially from the 
existing low use level. These species would feed in the 
borrow areas during shallow-storage, nonstorage, and 
shallow-water wetland periods and in the reservoirs 
during full-storage and partial-storage periods. Little or 
no nesting of most of these species would occur on the 
reservoir islands. 

During periods in which the reservoirs are being 
drawn down, white pelicans and double-crested cor
morants would be expected to forage on concentrations 
of mosquitofish and bullfrog larvae; similar foraging 
behavior was observed at Dead Horse Island during 
drawdown of wetlands in July 1988 (JSA 1990). 

Wading Birds. Numbers of wading birds 
would be expected to increase during certain periods. 
Herons and egrets would be attracted to feed on larger 
invertebrates in shallow-flooded areas during periods 
when the reservoir islands are managed as shallow-water 
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wetlands. Although waterfowl hunting would discourage 
use somewhat, wading birds would become accustomed 
to hunting activity and would continue to use the area, 
especially on nonhunt days. During partial-storage 
periods, suitable habitat would be limited to reservoir 
margins. Use during the full- and partial-storage periods 
on the reservoir islands would be substantially lower than 
under existing conditions. 

During nonstorage periods, wading bird use would 
decrease as the amount of shallow water declined. 
Nonetheless, substantial numbers of wading birds would 
forage along the margins of the borrow ponds and interior 
ditches, where resident fish populations would be con
centrated. During this period, the margins of borrow 
ponds and ditches on the reservoir islands under Alter
native 1 would provide a substantially greater amouilt of 
habitat than the margins of ditches and sloughs that cur
rently exist on the islands (see Chapter 3G, "Vegetation 
and Wetlands"). 

Operations of Alternative 1 would reduce use of the 
reservoir islands by wading birds below preproject 
conditions during full-storage and deep-water, partial
storage periods and would be expected to increase use 
levels during nonstorage, shallow-water wetland, and 
shallow-storage periods. 

Rapton. Raptor use of the reservoir islands 
would decrease because of habitat changes caused by 
water storage operations. Most raptors are found on the 
islands in winter, when they forage for rodents and large 
insects in fallow grassland and agricultural habitats. 
Winter flooding of the islands would force most wintering 
raptors to move elsewhere. Although most migratory 
raptors are adapted to moving in winter to locate ade
quate prey populations, it is uncertain whether displace
ment during winter would increase raptor mortality 
(Newton 1979). 

Raptors would be expected to use untlooded areas on 
the reservoir islands to a limited extent during some 
partial-storage, shallow-storage, nonstorage, and shallow
water wetland periods. Rodent populations would be 
minimal because they would be largely eliminated during 
full-storage periods. 

Shorebirds. Small numbers of shorebirds 
would use shallowly flooded areas on reservoir islands 
during spring and fall migration and in winter. Shallowly 
flooded areas (less than 6 inches deep) with little vege
tation cover that may be present under some partial
storage, shallow-storage, nonstorage, and shallow-water 
wetland periods would be used by shorebirds. No 
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shorebird habitat would exist on the reservoir islands 
during full-storage periods. 

During and following drawdown of stored water, 
exposure of mudflats could attract thousands of migrant 
shorebirds; similar wetland drawdown areas on the 180-
acre Dead Horse Island were used by hundreds of 
dowitchers and other shorebirds that fed on worms and 
other invertebrates in 1988 (JSA 1990). Shorebird 
habitat areas would decline over time as vegetation 
became reestablished on island bottoms. 

Gulls and Terns. During partial-storage, shal
low-storage, and shallow-water wetland periods, gull 
feeding use of the reservoir islands would probably de
cline somewhat because of the loss of agricultural waste 
grain, but this loss would be partially offset by the 
increased availability of invertebrates in shallowly flood
ed areas. Gulls currently use agricultural lands for resting 
and would probably use seasonal pool bottoms similarly. 
Under full-storage conditions, food availability would 
decline for gulls; resting use would probably continue on 
the reservoir islands on calm days or in areas protected 
from wind. 

Owing discharge periods, gulls would fmd abundant 
invertebrate food in the drawdown areas and populations 
would be expected to increase. After drawdown is 
completed, overall use would be expected to be higher. 

Terns were not recorded on Bacon Island but their 
numbers there could increase substantially. Caspian terns 
could breed on islands exposed during partial-storage or 
drawdown periods; island survey results indicated that 
they were attracted in spring to the demonstration wetland 
on Holland Tract (see Chapter 3G, "Vegetation and 
Wetlands" for a description of the demonstration wet
lands). However, in some years, nests would be de
stroyed as a result of subsequent diversions of water onto 
the reservoir islands during the breeding season. 

Blackbirds and Starlings. During periods in 
which reservoir islands are managed as shallow-water 
wetlands and possibly during some shallow-storage 
periods, blackbird numbers could increase if agricultural 
foods were replaced by more abundant foods in shallow 
marsh areas. Red-winged, Brewer's, and possibly tri
colored blackbirds would use shallow marsh and upland 
areas for feeding. Little blackbird habitat would be 
available during full-storage periods. Many blackbirds 
would be attracted to mudflats and shallow-water areas 
during drawdowns and during nonstorage periods in the 
growing season, when insect populations would be sub
stantial. 
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Populations of the introduced European starling, a 
species that is more closely associated with agricultural 
lands than blackbirds, are expected to decline because of 
the loss of agricultural foods. The starling decline would 
be beneficial to native wildlife because it would reduce 
competition with native cavity-nesting birds (Remsen 
1978, Weitzel 1988). 

Riparian and Manh Birds. Existing riparian 
woodland and scrub and freshwater marsh habitat on 
reservoir islands would be eliminated by project con
struction and inundation under project operations. Ripar
ian shrubs and trees would not be expected to colonize 
interior levee slopes because interior levee slopes will be 
riprapped. 

Grassland and Agricultural Birds. All 
species in the grassland and agricultural bird group are 
regionally common. Few bird species currently breed in 
grassland and agricultural habitats on the reservoir 
islands. In addition to western meadowlarks, blackbirds, 
starlings, pheasants, and waterfowl, several species that 
use grassland and agricultural lands during migration and 
in winter, including homed lark, American crow, yellow
billed magpie, and water pipit, would use these lands less 
because of habitat loss resulting from operation of the 
reservoir islands for water storage. 

During some shallow-storage periods and when 
reservoir islands are managed as shallow-water wet
lands, use by migratory species would be expected to 
increase in years when wetland plants are abundant; 
savannah sparrows, for example, were abundant in 
watergrass and smartweed stands during surveys of the 
Holland Tract demonstration wetland. 

Use byWaterl'owl Habitat conditions under Alter
native 1 would substantially alter waterfowl populations 
and seasonal use patterns on reservoir islands. Water
fowl habitat impacts would result from replacement of 
existing crops and fallow areas by shallow to deeply 
flooded habitats and shallow-water wetlands. Habitat 
impacts are described generally in Chapter 3G, "Vege
tation and Wetlands". 

Approximately 7,530 acres of waterfowl foraging 
habitat would be created during some shallow-storage 
periods and periods in which reservoir islands are 
managed as shallow-water wetlands (JSA 1993a). 
Waterfowl forage values provided by shallow-water wet
lands would diminish substantially following 1 or more 
years of project operation as a result of seed losses caused 
by seed deterioration during inundation, seed export from 
islands during releases, and inundation during the grow
ing season. IfDW chooses to periodically seed reservoir 
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islands with watergrass, smartweed, and other important 
waterfowl food plants during nonstorage periods, overall 
habitat quality of shallow-water wetlands would be 
moderate to high for different waterfowl species. 

Habitat quality on reservoir islands would decrease 
substantially for all waterfowl species, except diving 
ducks, during water storage periods. 

Swans. Swans would use the reservoir islands 
during shallow-water wetland management and some 
shallow-storage periods to feed on seeds and tubers from 
marsh plants, although overall foraging habitat value 
would be less than that ofharvested grain fields. Hunting 
would disturb birds to some extent, but ifDW chooses to 
limit the number of hunting days per week, it would 
ensure that swans would regularly return to feed in shal
low marshland areas. Feeding habitat conditions for 
swans on the island would decline substantially during 
storage periods. · · 

Geese. White-fronted geese are expected to use 
the reservoir islands dming some shallow-storage periods 
and when the islands are managed as shallow-water wet
lands, although use there would be lower than in har
vested grain fields. Snow geese, in contrast, are more 
dependent on waste grain (Bellrose 1976) and are expec
ted to make less use of the shallow marsh areas available 
during shallow-water wetland periods. Canada geese 
would also not be expected to make extensive use of 
shallow-water wetlands on the reservoir islands. 

Deep flooding during full- and some partial-storage 
periods would greatly reduce use of the reservoir islands 
for feeding by geese. The reservoir shorelines under 
partial-storage conditions would provide a small amount 
of foraging habitat during this period. 

Dabbling Ducks. During some shallow-stor
age and shallow-water wetland management periods, 
dabbling duck use of the reservoir islands would increase. 
The extent of use would depend on the availability of 
forage. The presence of shallow-water habitat for dabb
ling ducks in early fall would provide benefits to duck 
populations because such qabitats are often limited in the 
Central Valley at this time, particularly in dry years (JSA 
1993b). 

Certain dabbling ducks, including mallards, cin
namon teal, and lesser numbers of gadwalls, would nest 
in vegetation adjacent to flooded areas during partial
storage, shallow-storage, and shallow-water wetland 
periods. However, in some years, nests would be de
stroyed as a result of subsequent diversions of water onto 
reservoir islands during the nesting season. 
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Hunting would affect dabbling duck use and distri
bution oo the rescvoir islands during the hunting season. 
If DW chooses to limit the number of days reservoir 
islands are hunted per week, however, substantial water
fowl use would be maintained on the islands. 

Shallow-water habitat at the edges of the reservoirs 
during partial-storage periods would support moderate 
numbers of dabbling ducks, as suggested by waterfowl 
use observed at the Holland Tract demonstration wetland. 

During full-storage periods, dabbling duck foraging 
habitat quality would be substantially reduced; however, 
dabbling ducks would make extensive use of the reservoir 
water surfaces for resting. On windy days, such use 
would be restricted to the windward sides of the islands, 
which would be protected by levees. 

Diving Ducks. Diving ducks currently make 
little use of the reservoir islands because little suitable 
habitat exists. Diving species, including scaup, ring
necked duck, ruddy duck, redhead, and canvasback, 
would be expected to use permanently inundated borrow 
areas during shallow-storage, nonstorage, and shallow
wetland periods and would use the intermediate-depth 
portionsofthe reservoirs during full- and partial-storage 
periods. 

Coots. Coot populations would be expected to 
increase substantially on the reservoir islands during 
shallow-water wetland, shallow-storage, and partial
storage periods. Large numbers of coots would be attrac
ted to shallowly flooded areas. An average of 200 birds 
per day were seen during surveys of the Holland Tract 
demonstration wetland following deep flooding (see 
Appendix H2, "Wildlife Inventory Methods and Re
sults"). Coots would also be expected to graze exten
sively on newly sprouted plants adjacent to reservoir 
shorelines during the growing season. 

Use by Upland Game. The breeding population of 
ring-necked pheasants on the reservoir islands would 
decline substantially as a result of periodic inundation of 
the reservoir islands. At DW's discretion, the reservoir 
islands may be seeded with watergrass and other water
fowl food plants during nonstorage periods that occur in 
the growing season. Watergrass seed is an important 
pheasant food in California (Mallette n.d.); thus, phea
sants from surrounding islands may be attracted to feed 
on watergrass seed during nonstorage and shallow-water 
wetland periods. The availability of pheasant forage 
would be expected to be substantially less if islands are 
not seeded (see Appendix G2, "Prediction of Vegetation 
on the Delta Wetlands Reservoir Islands"). The area 
would be especially attractive to pheasants during fall, 
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when crop harvest would reduce cover on nearby islands. 
The nwnber of pheasants attracted to the islands in fall 
would be lower than the nwnber in the current popu
lation. 

Quail populations on the reservoir islands would 
decline, and the species may become extirpated from the 
reservoir islands. Mourning dove populations would be 
expected to increase during nonstorage and seasonal 
wetland periods during years in which abundant weed 
seeds were available. 

Use by Special-Status Species 

Valley Elderberry Longhorn Beetle. VELB 
was not found to occur on the reservoir islands; therefore, 
no impact on this .species would occur under any of the 
operational conditions (see Appendix H3, "Federal 
Endangered Species Act Biological Assessment: Impacts 
of the Delta Wetlands Project on WnWife Species"). 

Giant Garter Snake. Habitat on the reservoir 
islands is considered marginal for the giant garter snake, 
and no snakes were observed during ground surveys. 
Implementation of Alternative 1 would result in creation 
of variable habitat conditions for the giant garter snake 
(see Appendix H3). Shallow flooding during partial
storage, shallow-storage, and shallow-water wetland 
periods would provide low-quality habitat, but very little 
suitable habitat would be available following deep flood
ing during some partial- and full-storage periods. The 
borrow area network could provide suitable habitat 
during nonstorage, shallow-storage, and shallow-water 
wetland periods. 

Aleutian Canada Goose. Aleutian Canada 
geese are transitory and are found only in small nwnbers 
in the Delta. The last reported observation of Aleutian 
Canada geese using DW project islands is from 1983, 
when a small flock was observed on Bouldin Island 
(Appendix H3). The overall availability of foraging 
habitat would decline with the loss of com and other 
crops ofhigh forage value with implementation of Alter
native 1. During shallow-water wetland periods, reser
voir islands would provide moderate-quality foraging 
habitat; however, little suitable foraging habitat would be 
available during storage and nonstorage periods. 

Bald Eagle. Bald eagles do not occur regularly 
in the Delta and none were observed on DW project 
islands during surveys. The reservoir islands currently 
support low-quality bald eagle foraging habitat. During 
shallow-water wetland periods, reservoir islands would 
provide moderate foraging habitat when ducks (especially 
birds injured by hunters) would be common and resident 
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fish would be concentrated in borrow ponds and shallow 
areas. During storage periods, reservoir islands would 
provide low-quality foraging habitat along reservoir 
shorelines, where diving ducks and resting coots would 
typically congregate (Appendix H3). 

Northern Harrier. No suitable nesting habitat 
for northern harriers currently exists on Bacon Island. 
Webb Tract currently supports approximately 1,100 
acres of moderate-quality nesting habitat and harriers 
may breed on the island. Moderate-quality habitat con
sisting of untilled cropland currently exists for winter 
foraging. Bacon Island and Webb Tract had less than 2% 
of the Delta-wide total of untilled agricultural land in 
December 1987. During nonstorage, shallow-storage 
and shallow-water wetland periods, Alternative 1 opera
tions would create suitable foraging habitat, but potential 
prey populations for harriers would be low because of 
previous water storage events. Harriers are wide ranging 
and, during storage periods, would move to other areas to 
forage. 

Swainson's Hawk. Swainson's hawks are not 
known to nest on the reservoir islands. Agricultural, 
fallow, and herbaceous upland habitats present on the 
islands provide low- to moderate-quality foraging habitat 
(Appendix H4, "California Endangered Species Act 
Biological Assessment: Impacts of the Delta Wetlands 
Project on Swainson's Hawk and Greater Sandhill 
Crane"). Under implementation of Alternative 1, inun
dated portions of reservoir islands during full-storage, 
partial-storage, and shallow-water wetland conditions 
would be unsuitable as Swainson's hawk foraging habitat. 
Under all project conditions, unflooded areas would pro
vide low-quality foraging habitat as a result of rodent 
populations would be substantially reduced because of 
inundation. 

Peregrine Falcon. Peregrine falcons do not 
occur regularly in the Delta and none were observed on 
the DW project islands during surveys. The reservoir 
islands currently support low- to moderate-quality forag
ing habitat for peregrine falcons during winter (Appendix 
H3, "Federal Endangered Species Act Biological Assess
ment: Impacts of the Delta Wetlands Project on Wildlife 
Species"). During shallow-water wetland and some 
partial-storage periods, reservoir islands would attract 
ducks, shorebirds, and blackbirds, all of which would be 
potential prey for peregrine falcons. Deep flooding 
would attract diving ducks and thus provide low- to 
moderate-quality foraging habitat. 

California Black Rail. No suitable black rail 
habitat cwrently exists on the reservoir islands, and none 
would be created Potentially occupied habitat, however, 
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exists on small islands supporting marsh vegetation loca
ted in Delta channels adjacent to the reservoir islands. 
Black rails that may nest on these islands, therefore, could 
potentially be affected by construction activities (e.g., 
levee refurbishment and siphon construction) on the 
water side of reservoir islands. However, no impacts on 
this species would occur on the reservoir island interiors 
Wlder any of the operational conditions. 

Greater Sandhill Crane. Greater sandhill 
cranes do not currently make regular use of Bacon Island 
or Webb Tract However, existing com and wheat fields 
provide suitable foraging habitat for this species (Appen
dix H4, "California Endangered Species Act Biological 
Assessment: Impacts of the Delta Wetlands Project on 
Swainson's Hawk and Greater Sandhill Crane"). Shallow 
flooding associated with wetland and some partial-stor
age periods would provide suitable foraging and resting 
areas on the reservoir islands. The reservoir islands 
would be WlSUitable for greater sandhill cranes during 
full-storage periods. 

Burrowing Owl. Reservoir islands currently 
support marginal foraging and breeding burrowing owl 
habitat Implementation of Alternative 1 would result in 
the creation oflow-quality or Wlsuitable habitat for bur
rowing owls on the reservoir islands year ro\Uld on the 
island bottoms. 

Tricolored Blackbird. The reservoir islands 
currently provide suitable foraging habitat and low
quality breeding habitat for tricolored blackbirds. Im
plementation of Alternative 1 would provide low-quality 
tricolored blackbird habitat during shallow-water wetland 
and shallow-storage periods and some and partial-storage 
periods. Reservoir islands would be Wlsuitable for tri
colored blackbirds during full-storage periods. 

Bouldin Island and Holland Tract 

HMP Implementation. Habitat islands would be 
managed primarily to offset impacts on wildlife asso
ciated with operation of the reservoir islands Wlder Alter
native 1. Implementatiqp of the HMP and mitigation 
measures would fully offset impacts on wildlife asso
ciated with operation of the reservoir islands and would 
also provide benefits to wildlife that are not required to 
compensate for project impacts, including development 
of waterfowl nesting habitat and greater sandhill crane 
roosting habitat. As previously stated, operation of the 
reservoir islands for habitat values is not required to 
compensate for project impacts. 
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The primaiy goals of the HMP are to describe habi
tat island habitats and management requirements neces
sary to offset impacts of reservoir island operations on 
state-listed threatened species (i.e., impacts on Swain
son's hawk and greater sandhill crane foraging habitat), 
wintering waterfowl foraging habitat, and jurisdictional 
wetlands pursuant to Section 404 of the Clean Water Act. 
Major elements of the HMP include: 

• creation of approximately 9,000 acres of agri
culttn"al and nonagricultural habitats for species 
that would be affected by the project, 

• creation of Section 404 jurisdictional riparian 
woodland and scrub and wetland habitats, 

• implementation of special habitat management 
practices that would increase wildlife habitat 
values beyond those typically associated with 
created habitats (e.g., specified flooding sche
dules for seasonal wetlands), 

• regulation of hWlting and other recreational 
activities to reduce the effects of human distur
bance of wildlife, 

• establishment of a closed hWlting zone on 
Bouldin Island to provide greater sandhill crane 
foraging areas free from hWlter disturbance, 

• establishment of two additional closed hWlting 
zones (one on each island) to provide waterfowl 
foraging and resting areas free from hWlter 
disturbance, and 

• establishment of a habitat island management 
. oversight conunittee empowered to consult with 
DW and DFG to review monitoring data and 
develop recommendations for changes in habi
tat island management in future years as long as 
the primary goals of the HMP are not com
promised. 

Table 3H-4 summarizes the habitat-type acreages 
that would be created on the habitat islands Wlder Alter
native 1. Fields of com rotated with wheat, mixed agri
culture/seasonal wetlands, seasonal managed wetlands, 
and pasture/hay fields would be managed during fall and 
winter specifically to provide high-quality swan, goose, 
and duck foraging habitat. Seasonal ponds, some sea
sonal managed wetland, and small grain fields would be 
managed specifically to provide high-quality duck nesting 
and brood habitat. 

Ch 3H. Wildlife 

September 1995 



Agricultural lands, seasonal wetland habitats, and 
herbaceous uplands would be managed during spring, 
summer, and fall to provide suitable Swainson's hawk 
habitat. 

Habitats managed specifically to provide winter 
waterfowl foraging habitat and herbaceous uplands would 
also provide high-quality greater sandhill crane foraging 
habitat during winter. A portion of seasonal managed 
wetlands and cornfields on Bouldin Island would be 
managed specifically to provide crane roosting habitat 
and high-quality foraging habitat, respectively. 

Riparian woodland and scrub habitats established to 
offset impacts on jmisdictional wetlands under Section 
404 of the Clean Water Act (see Chapter 30, "Vegetation 
and Wetlands") would provide habitat for a wide diversity 
of wildlife associated with riparian vegetation, including 
cavity-nesting species. 

•' 

To offset the impact ofhunting disturbance on forag
ing waterfowl and greater sandhill cranes, three closed 
hunting zones, totaling approximately 2,000 acres, would 
be established on the habitat islands. 

Airstrip and Aircraft Restrictions. The Bouldin 
Island airstrip is located in the easternmost closed hunting 
zone on the island. Restrictions have been placed on use 
of the airstrip and aircraft on the habitat islands from Sep
tember 1 through March 31 to reduce disturbance from 
airstrip and aircraft operationS on waterfowl and greater 
sandhill cranes using closed hunting zones and other 
portions of the island. (Airstrip and aircraft use restric
tions are detailed in Appendix 03, "Habitat Management 
Plan for the Delta Wetlands Habitat Islands".) Restric
tions include limiting use of the airstrip and island over
flights for farming and habitat management operations 
during the waterfowl hunting season to nonhunt days to 
prevent disturbance in closed hunting zones during 
periods of hunter disturbance. 

Use of the airstrip and aircraft overflights of the 
islands for recreational and other uses is also restricted 
from September 1 through March 31. Restrictions 
include limiting use of the airstrip to 1 00 landings and 
takeoffs dwing the waterfowl season. Use of the airstrip 
for landings and takeoffs of fixed-winged aircraft, how
ever, is permitted during hunt days. Consequently, water
fowl, greater sandhill cranes, and other wildlife using 
Bouldin Island on hunt days could be periodically dis
turbed by aircraft during periods of hunter disturbance. 

Use by General Wildlife Species. Habitat availa
bility and quality would be increased for most wildlife 
species groups on the habitat islands with implementation 
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of Alternative l. Table 3H-S describes habitat island 
habitats that would be used by the major wildlife species 
groups on the islands. Details of general wildlife habitat 
management objectives, habitat descriptions, and habitat 
management prescriptions for habitat islands are pre
sented in Appendix 03, "Habitat Management Plan for 
the Delta Wetlands Habitat Islands". 

The acreages of riparian woodland and scrub, emer
gent marsh, and seasonal managed wetland habitats 
would increase substantially with project implementation. 
Creation of additional acreage of riparian and wetland 
habitats would primarily benefit piscivorous birds, wad
ing birds, shorebirds, gulls and terns, and riparian and 
marsh birds. 

Acreages ofhabitats used by upland and agricultural 
species would decrease with proposed project imple
mentation. Implementation of management prescriptions 
for these habitats, however, would increase habitat 
quality above that associated with existing conditions. 

Use by Waterfowl. A total of 8,220 acres of suit
able agricultural, wetland, and upland waterfowl habitats 
will be created on the habitat islands (see Appendix 03, 
"Habitat Management Plan for the Delta Wetlands 
Habitat Islands", and Table 3H-4). Fields of com rotated 
with wheat, mixed agriculture/seasonal wetland, seasonal 
managed wetland, and pasture/hay habitats will be man
aged specifically to provide high-quality waterfowl 
foraging habitat. Permanent lakes will provide large 
bodies of open water for use by waterfowl for resting. 

Mixed agriculture/seasonal wetland, seasonal man
aged wetland, seasonal pond, emergent wetland, perma
nent lake, and herbaceous upland habitats will provide 
suitable nesting habitat for mallards, cinnamon teal, and 
other dabbling ducks. Seasonal pond habitats would be 
managed specifically to provide high-quality duck brood 
water. To encourage Canada goose and wood duck nest
ing, approximately 800 nesting platforms and boxes will 
also be constructed. 

Levels of waterfowl hunting permitted on the habitat 
islands will be moderate relative to hunting levels on 
private duck clubs and state and federal waterfowl 
refuges (see Chapter 3J, "Recreation and Visual Re
sources"). To ensure wintering waterfowl use during the 
hunting season, three closed hunting zones have been 
established (two on Bouldin Island and one on Holland 
Tract). Approximately 22% of habitat island waterfowl 
habitats, including both permanent lakes on Bouldin 
Island, are within the closed hunting zones. Typically, 
between 15% and SO% of state and federal waterfowl 
refuges in the Central Valley are designated as closed 
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hunting zones. To reduce human disturbances to water
fowl using closed hunting zones, only spaced-blind hunt
ing, which restricts hunter movement, would be allowed 
in nearly all areas adjacent to closed hunting zones; free
roam hunting would be allowed on a small area adjacent 
to the northeast comer of the Holland Tract closed zone. 

Use by Upland Game. Approximately 7,926 acres 
of com, wheat, small grain, mixed agriculture/seasonal 
wetland, seasonal managed wetland, pasture/hay, riparian 
woodland and scrub, and herbaceous upland habitats on 
the habitat islands will provide foraging and nesting 
habitat and escape cover for ring-necked pheasants, 
mourning doves, and quail (fable 3H-4). During fall and 
winter, up to 3,688 acres of com, wheat, mixed agricul
ture/ seasonal wetland, seasonal managed wetland, and 
pasture/hay habitats would be unsuitable upland game 
habitat as a result of shallow flooding to attract water
fowl. 

Use by Special-Status Species 

Swainson's Hawk. A total of7,539 acres of 
suitable spring, summer, and fall foraging habitat for 
Swainson's hawks of poor, fair, and good quality will be 
developed on the habitat islands (see Appendix G3, 
"Habitat Management Plan for the Delta Wetlands 
Habitat Islands"). Suitable Swainson's hawk foraging 
habitat will include cornfields, wheat fields, and small 
grain fields, mixed agriculture/ seasonal wetlands, sea
sonal managed wetlands, pasture/hay fields, and herba
ceous uplands. Portions of nonagricultural habitats 
would also be mowed to enhance foraging habitat quality. 

Approximately 390 acres of existing and created 
riparian woodland and scrub habitats would provide 
suitable Swainson's hawk nesting habitat (see Appendix 
GS, "Summary of Jurisdictional Wetland Impacts and 
Mitigation"). 

Greater Sandhill Crane. A total of 7,673 
acres of suitable winter foraging habitat for greater sand
hill crane of poor, fair, and good quality would be devel
oped on the habitat islands. Suitable habitat would 
include com, wheat, and ~all grain fields; mixed agri
culture/seasonal wetlands; seasonal managed wetlands; 
seasonal ponds; pasture/hay fields; and herbaceous up
lands (see Appendix GS). 

Three closed hunting zones, totaling 2,008 acres, to 
be established on the habitat islands (two on Bouldin 
Island and one on Holland Tract), would provide greater 
sandhill crane foraging areas free from h\mter disturbance 
during hunt days. A portion of seasonal managed wet
lands in one Bouldin Island closed hunting zone would be 
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managed specifically to provide crane roosting habitat. 
A portion of cornfields near wetlands managed as roosts 
would be harvested in a manner that would provide 
optimum crane foraging habitat (see Appendix G3 for a 
description of the purposes for closed hunting zones on 
the habitat islands). 

Other Special-Status Species. Twenty-two 
other special-status species occur or could occur on the 
habitat islands under Alternative 1. Table 3H-6 summar
izes habitat island habitats that could be used by these 
species with implementation of the DW project HMP. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Table 3H-7 sunnnarizes changes in habitat types and 
acreages from existing conditions to conditions that 
would occur under Alternative 1. 

Impact H-1: Loss of Upland Habitats. Loss of 
herbaceous upland, exotic marsh, and agricultural 
habitats on the reservoir islands would reduce the acreage 
ofhabitat for western meadowlarks, white-crowned spar
rows, and other regionally abundant song birds. Existing 
upland and agricultural habitats that also provide low to 
moderate forage value for several breeding and wintering 
raptor species would also be reduced. As part of the 
proposed project, implementation of the HMP detailed in 
Appendix G3, "Habitat Management Plan for the Delta 
Wetlands Habitat Islands", would offset impacts of reser
voir island water storage operations under Alternative 1 
by creating fewer, but higher quality, upland habitats. 
Therefore, this impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact H-2: Increase in Suitable Wetland 
Habitats for Nongame Water and Wading Birds. 
Approximately 3, 7 50 acres of additional wetland habitat 
would be created under Alternative 1 with implementa
tion of the HMP. Seasonal wetlands, emergent marshes, 
and lakes that would be created on the habitat islands 
would provide foraging or nesting habitat, or both, for 
resident and migrant grebes, shorebirds, egrets, herons, 
gulls, terns, and other wetland-associated birds in the 
Delta region. During water storage periods, the reservoir 
islands would also provide foraging and resting habitat 
for grebes, gulls, terns, cormorants, and other water birds. 
Although not required to offset impacts, management of 
the reservoir islands for shallow-water wetlands would 
provide habitat values for shorebirds, wading birds, and 
water birds similar to, but of lower quality than, those 
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described for the habitat islands. This impact is con
sidered beneficial. 

Mitigation. No mitigation is required. 

Impact H-3: Loss of Foraging Habitats for 
Wintering Waterfowl Wintering waterfowl are depen
dent on agricultural crops, primarily com and wheat, for 
forage in the Delta. Water storage operations on the 
reservoir islands would decrease the amotmt of agricul
tw"al crops on the reservoir islands. However, implemen
tation of Alternative 1 would include intensive manage
ment of com, wheat, mixed agriculture/seasonal wetland, 
seasonal managed wetland, and pasture/hay habitats on 
habitat islands specifically to provide high-quality water
fowl forage values. Small grain fields, seasonal ponds, 
permanent lakes, emergent marshes, and herbaceous 
uplands would also provide foraging areas for wintering 
waterfowl on the habitat islands. .. 

Wetland waterfowl foraging habitat would also be 
created on the reservoir islands during years and seasons 
in which islands could be managed as shallow-water 
wetlands. How frequently and for how long islands could 
be managed as shallow-water wetlands, however, cannot 
be predicted. The quality of foraging habitat on the 
reservoir islands would also vary among years when 
shallow-water wetlands could be created, depending on 
the types and density of vegetation that becomes reestab
lished on the reservoir islands following water storage 
periods. 

Results of the modified HEP analysis performed by 
the HMP team indicate that implementation of the HMP 
under Alternative 1 would offset impacts of project oper
ations on low- to moderate-quality wintering waterfowl 
foraging habitats through creation of high-quality forag
ing habitats on the habitat islands. Therefore, this impact 
is considered less than significant. 

Mitigation. No mitigation is required. 

Impact H-4: Increase in Suitable Breeding 
Habitats for Waterfowl. Few dabbling ducks and no 
geese currently successfully nest on the DW project 
islands. The primary factors limiting duck production are 
the availability of nesting habitat and availability of 
suitable brood water for ducklings. Implementation of 
the HMP under Alternative 1 would include estab
lishment of duck nesting habitats, creation of waterfowl 
brood ponds, and construction of wood duck nest boxes 
and goose nesting platforms on the habitat islands. 
Therefore, this impact is considered beneficial. 
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Mitigation. No mitigation is required. 

ImpactH-5: Loss ofHabitats for Upland Game 
Species. Implementation of Alternative 1 would, as a 
result of habitat loss associated with operation of the 
reservoir islands, cause a substantial decline of popula
tions of ring-necked pheasant, the most common upland 
game species. Implementation of the HMP would pro
vide higher quality habitats on the habitat islands than 
under existing conditions. Portions of these habitats 
would be unavailable to pheasants during fall and winter 
flood periods; however, habitat suitability would be 
improved during the breeding season, when agricultural 
lands typically provide unsuitable habitat. Few pheasant 
bunters CUITently hunt on the DW project islands and the 
hunting program under the HMP is expected to focus on 
waterfowl hunting and to have less emphasis on hunting 
for upland game species, including pheasant. (See Chap
ter 3J, "Recreation and Visual Resources", for more 
details on hunting.) 

Other upland game species (mourning dove, Cali
fornia quail, and desert cottontail) are currently present in 
low numbers and primarily occupy island levees. Upland 
game birds would use the reservoir islands during non
storage, shallow-storage, and shallow-water wetland 
periods. Desert cottontail may become extirpated from 
Bacon Island (cottontails are not found on Webb Tract 
[Swanson pers. comm.]) because maximum storage 
events would completely inundate island interiors, except 
for riprapped portions of upper levee slopes. Mourning 
dove and California quail would benefit from the estab
lishment of 154 additional acres of riparian woodland and 
scrub habitats on the habitat islands. Therefore, this 
impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact H-6: Increase in Suitable Foraging 
Habitat for Greater Sandhill Crane. Greater sandhill 
cranes forage in corn and grain fields, wetlands, pastures, 
and herbaceous uplands. Implementation of the HMP 
under Alternative 1 would include replacing the acreage 
lost as a result of water storage operations of the reservoir 
islands and creating approximately 645 more acres of 
greater sandhill crane foraging habitat than required by 
DFG and the HMP team to compensate for habitat losses 
(see Appendix H4, "California Endangered Species Act 
Biological Assessment: Impacts of the Delta Wetlands 
Project on Swainson's Hawk and Greater Sandhill 
Crane"). Therefore, this impact is considered beneficial. 

Mitigation. No mitigation is required. 
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Impact H-7: Increase in Suitable R001ting 
Habitat for Greater Sandhill Crane. Greater sandhill 
cranes currently do not roost on the DW project islands. 
Suitable roosting sites are a key habitat requirement for 
wintering greater sandhill cranes, and such sites are 
limited in the Delta (see Appendix H4). Implementation 
of the HMP under Alternative 1 would include creation 
of wetlands managed specifically to provide roosting 
habitat for greater sandhill cranes. The value of crane 
foraging habitats that would be created on the habitat 
islands would also be enhanced with development of 
roosting habitat because cranes typically forage near 
roosts. Therefore, this impact is considered beneficial. 

Mitigation. No mitigation is required. 

Impact H-8: Increue in Suitable Foraging 
Habitat for Swainson's Hawk Implementation of 
Alternative 1 would result in the loss of 10,048 acres of 
suitable foraging habitat for .Swainson's hawk. DFG 
guidelines (DFG 1993) were used to determine compen
sation habitat acreage that would be required to offset 
project impacts on Swainson's hawk foraging habitat (see 
AppendixH4). Implementation of the HMP under Alter
native 1 would result in replacement of the acreage lost 
from water storage operations of the reservoir islands and 
creation of approximately 831 more acres of Swainson's 
hawk foraging habitat than are required by DFG to com
pensate for habitat losses. Therefore, this impact is con
sidered beneficial. 

Mitigation. No mitigation is required. 

Impact H-9: Increase in Suitable Nesting 
Habitat for Swainson's Hawk. Implementation of the 
HMP under Alternative I would result in the establish
ment of approximately 154 additional acres of riparian 
woodland and scrub habitats. Mature cottonwood and 
willow trees would provide suitable Swainson's hawk 
nest sites. Therefore, this impact is considered beneficial. 

Mitigation. No mitigation is required. 

Impact H-10: Loss of Foraging Habitat for 
Aleutian Canada Goose. Aleutian Canada geese could 
occur irregularly on all four DW project islands because 
agricultural and herbaceous habitats are suitable, but the 
species has been observed only on Bouldin Island and 
generally uses traditional areas elsewhere in the Delta. 
Therefore, loss of suitable habitat caused by water 
storage on reservoir islands would not adversely affect 
the species. Implementation of the HMP under Alter
native 1 would offset any possible loss of Aleutian 
Canada goose habitat on the reservoir islands through 
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creation of suitable habitat on the habitat islands. There
fore, this impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact H-11: Increase in Suitable Nesting 
Habitat for Northern Harrier. Harriers were observed 
during the breeding season on Webb and Holland Tracts 
and may have nested on those islands. Breeding habitat 
in the past consisted of approximately 2,400 acres of 
fallow areas that had not been reclaimed for agriculture 
following past levee breaks on Webb and Holland Tracts. 
Although much of this habitat may have been eliminated 
on the two islands by renewed agricultural cultivation, it 
is assumed for this analysis that implementation of Alter
native I would eliminate these 2,400 acres of habitat. 

Implementation of the HMP under Alternative 
would include establishment of 3,588 acres of seasonal 
managed wetlands, seasonal ponds, pasture/ hay fields, 
emergent marshes, and herbaceous uplands that would be 
suitable nesting habitat for northern harrier (Table 3H-4 ). 
Establishment of these b · · · ·' would replace the acreage 
lost as a result of water _,.vrage operations on the reser
voir islands and provide I, 188 more acres of suitable 
nesting habitat for this species than under existing con
ditions. Therefore, this impact is considered beneficial. 

Mitigation. No mitigation is required. 

Impact H-12: Loss of Wintering Habitat for 
Tricolored Blackbird. Tricolored blackbirds typically 
forage in marshes and agricultural wetlands and could 
occur on all four islands during winter, although none 
were observed during fields surveys. Wintering habitat 
is abundant in the Delta and Central Valley and is not 
considered limiting to the species (Beedy pers. comm.). 
Nonetheless, creation and management of mixed agricul
ture/seasonal wetland, seasonal managed wetland, sea
sonal pond, pasture/hay, emergent marsh, and permanent 
lake habitats on the habitat islands with implementation 
of the HMP under Alternative I would ensure that any 
possible impacts on wintering tricolored blackbirds 
would be offset Therefore, this impact is considered less 
than significant. 

Mitigation. No mitigation is required. 

Impact H-13: Increase in Suitable Nesting 
Habitat for Tricolored Blackbird. None of the four 
DW project islands supports nesting colonies of tri
colored blackbirds. Also, none of the islands is close 
enough to suitable or historically used nesting areas to be 
used for foraging during the nesting season. Most 
tricolored blackbird colonies are established in tule- and 
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cattail-dominated freshwater marshes (Beedy et al. 1991 ). 
Implementation of the HMP would include creation of 
approximately 17 5 more acres of emergent freshwater 
marsh than currently exist on project islands that would 
be suitable tricolored blackbird nesting habitat. There
fore, this impact is considered beneficial. 

Mitigation. No mitigation is required. 

Impact H-14: Increase in Suitable Habitats for 
Special-Status WUdUfe Species. Project impacts were 
not assessed for most special-status species that could 
occur on the DW project islands (Table 3H-6) because 
these species currently are not known to be present or are 
found only irregularly on the islands. Creation and man
agement of agricultural, upland, wetland, and riparian 
habitats for wildlife with implementation of the HMP and 
operation of the reservoir islands under Alternative 1 , 
however, would increase the quantity and quality of 
suitable habitat for 19 special-status 'species. (Project 
impacts on the Aleutian Canada goose, northern harrier, 
and tricolored blackbird, which are also listed in 
Table 3H-6, are described above.) Therefore, this impact 
is considered beneficial. 

Mitigation. No mitigation is required. 

Impact H-15: Temporary Construction Impacts 
on State-Usted Species. Construction activities asso
ciated with refurbishing and enlarging levees, installing 
project infrastructure, and grading to establish habitat 
island habitats could result in temporary impacts on state
listed species. Construction activities could affect nesting 
Swainson's hawks through disturbance or loss of oc
cupied nest trees, disturb roosting greater sandhill cranes, 
or disturb California black rails nesting in Delta channels 
adjacent to OW project islands. 

Implementation of the construction implementation 
plan identified in the HMP would offset temporary con
struction impacts on habitat islands. Temporary con
struction impacts on state-listed species, however, could 
occur during construction on the reservoir islands. 
Therefore, this impact is considered significant. 

Implementing Mitigation Measw-e H-1 would reduce 
impact H-15 to a less-than-significant level. 

Mitigation Measure H-1: Develop and 
Implement a Construction Mitigation Plan for the 
Reservoir Islands. DW shall develop a construction 
mitigation plan for the reservoir islands following devel
opment of detailed project construction schedUles, speci
fications, and plan drawings for construction of project 
infrastructure, pumps and siphons, enlarged levees, and 
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recreation and other facilities. The plan will be submitted 
to SWRCB and DFG for approval. Disagreements 
between OW and DFG during the plan approval process 
may be submitted to the SWRCB Chief of the Division of 
Water Rights for resolution. 

The construction mitigation and monitoring plan will 
identifY methods to avoid impacts on nesting Swainson's 
hawks, roosting greater sandhill cranes, and nesting 
California black rails. These methods shall include con
ducting preconstruction surveys to locate nesting and 
roosting sites of these species and may include measures 
such as avoiding construction during sensitive use 
periods. 

Elements of the plan will identify: 

• preconstruction survey protocols to locate 
Swainson's hawk nest sites and greater sandhill 
crane roosts on reservoir islands and nesting 
California black rails on the water side of 
perimeter levees; 

• measures that would be instituted to avoid 
affecting state-listed wildlife species, including 
restriction of construction activities to areas at 
least 200 yards from nesting California black 
rails; 

• construction monitoring methods and schedule 
to be implemented to ensure compliance with 
the construction mitigation plan; and 

• potential remedial measures to compensate for 
impacts incurred during construction that are 
not identified in the HMP. 

Following construction, OW shall submit a report 
describing success of construction impact avoidance 
measures to the SWRCB Chief of the Division of Water 
Rights and DFG. 

Impact H-16: Disturbance to Greater Sandhill 
Cranes and Wintering Waterfowl from Aircraft 
Operations. The Bouldin Island airstrip may be used to 
ferry hunters to the island or for other recreational uses. 
Up to I 00 takeoffs and landings of fixed-wing aircraft 
related to such uses are permitted on hunt and nonhunt 
days dwing watelfowl hunting season. Use of the airstrip 
on hunt days would be allowed only between 12:00 p.m. 
and 2:00p.m. The airstrip is located in the east Bouldin 
Island closed hunting zone. Closed hunting zones were 
established on the habitat islands to provide resting and 
foraging areas for greater sandhill cranes and wintering 
watelfowl that would be free from hunter disturbance on 
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days when other portions of the habitat islands are 
hunted. Use of the airstrip on hunt days therefore could 
result in additional disturbance of these species on hunt 
days and could reduce habitat values provided by the 
closed hunting zone. Therefore, this impact is considered 
significant. 

bnplementing Mitigation Measure H-2 would reduce 
Impact H-16 to a less-than-significant level. 

Mitigation Measure H-2: Monitor Effects of 
Aircraft Flights on Greater Sandhill Cranes and 
Wintering Waterfowl and Implement Actions to 
Reduce Aircraft Disturbances ofWUdHfe. DW shall 
develop a monitoring program in consultation with DFG 
and the HMAC and implement the program to determine 
whether airstrip use on hunt days has a deleterious effect 
on greater sandhill cranes or waterfowl. The plan shall 
be submitted to SWRCB's Chief of the Division of Water 
Rights within one year of issuance of project operation 
permits. 

The following will be the major elements of the 
monitoring plan: 

• criteria for evaluating monitoring data that 
would be used to determine whether use of the 
airstrip on hunt days is having a significant 
impact on greater sandhill cranes and water
fowl, 

• criteria for determining appropriate mitigation 
requirements for offsetting significant impacts 
based on the level of impact airstrip use has on 
these species, 

• a detailed description of monitoring protocols, 
and 

• a monitoring schedule that estimates when data 
would be sufficient to determine whether air
strip use on hunt days has significant impacts on 
greater sandhill cranes or waterfowl. 

If, based on monitoring results, airstrip use on hunt 
days is found to have a significant impact on greater 
sandhill cranes or waterfowl, DFG, in consultation with 
the HMAC, may recommend to SWRCB's Chief of the 
Division of Water Rights that airstrip use be modified to 
ensure that the goals for establishment of the closed hunt
ing zone are met. Depending on the level of impact, 
recommendations could include closing hunting on 
Bouldin Island during the landing and takeoff period, 
restricting the number of flights permitted per day, chang
ing the landing and takeoff period to reduce impacts, or 
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closing the use of the airstrip on hunt days. Conversely, 
if monitoring indicates that there is no significant impact 
on greater sandhill cranes or wintering waterfowl, DFG, 
in consultation with the HMAC, could recommend that 
the proposed initial aircraft use restrictions remain in 
place or be reduced. 

Impact H-17: Potential for Increased Incidence 
of Waterfowl Dileuel. Diseases kill substantial num
bers of waterfowl in the Central Valley every year (Tiche 
1988). Habitat management changes under Alternative I 
could increase the incidence of disease if habitat condi
tions are created that favor disease organisms or con
centrate birds so that diseases were more easily trans
mitted. Two important diseases that affect waterfowl in 
the Delta are botulism and avian cholera. Expected 
habitat conditions and bird use on the DW islands with 
implementation of Alternative 1 were analyzed to assess 
the potential for increases in waterfowl mortality resulting 
from disease in the Delta. 

Botulism develops in waters subject to anaerobic 
conditions, generally when rotting vegetation depletes 
oxygen from water. 1bese conditions occur most often in 
warm, shallow waters and especially in areas with 
alkaline soils. In general, waterfowl mortality resulting 
from botulism is minimal in the Delta (Fredrickson et al. 
1988). However, the proposed deep flooding of abun
dant wetland vegetation on the reservoir islands raises 
concerns regarding botulism potential. 

Botulism is not likely to become a problem on the 
reservoir islands for several reasons. During November
May water storage periods, temperatures are low enough 
for the water to remain highly oxygenated and vegetation 
decomposition to occur slowly. June and July are windy 
months in the Delta and they are the warmest months 
during water storage periods. Winds would aerate the 
water, thereby reducing the likelihood that the anaerobic 
conditions necessary for botulism to develop would occur 
during this period (Miller pers. comm.). During periods 
when reservoir islands are managed as shallow-water 
wetlands, DW would circulate water through wetlands, 
reducing the likelihood that anaerobic conditions would 
develop, and would have the capability to drain wetlands 
rapidly in case an outbreak of botulism were to occur. 

Peat soils exposed during water storage drawdown 
periods on the reservoir islands would quickly dry out 
and absorb oxygen; this absorption would prevent crea
tion of anaerobic conditions during periods when water 
is diverted onto the islands. During wetland management 
periods on both the reservoir and habitat islands, circu
lation of water through wetland cells would oxygenate the 
water and reduce the potential for development of 
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botulism (Fredrickson et al. 1988). The incidence of 
botulism would be expected to be minimal under 
anticipated project conditions. 

A vi an cholera is a contagious disease that kills 
substantial numbers of waterfowl in the Delta annually 
(Tiche 1988, Gifford pers. comm.). Cholera is more 
likely to spread when birds concentrate in high numbers 
and densities in shallow-water areas. Thus, actions that 
change waterfowl distribution and density patterns may 
affect the incidence of cholera. 

Waterfowl on the reservoir islands would be distri
buted dwing shallow-water wetland periods over a large 
acreage of shallowly flooded area. Hunting during these 
periods would periodically disturb birds and prevent 
them from congregating in large numbers. Waterfowl 
would not make intensive, concentrated use of the deep
water habitats dwing water storage periods; moderate use 
by the canvasback and other diving ducks would be 
expected. 

Cholera could become a problem in permanent lakes 
on Bouldin Island with implementation of the HMP. The 
risk would be no greater, however, than that currently 
existing at blowout ponds on Webb and Holland Tracts 
or in shallow pools in agricultural lands created by the 
accumulation of rainwater or seepage. 

Cholera could also become a problem in cornfields 
and wheat fields, mixed agriculture/seasonal wetlands, 
and seasonal managed wetlands on the habitat islands 
because large numbers of birds would be attracted to the 
abwtdant and concentrated foods. Hunting would disturb 
waterfowl species in hunting zones during October
January and prevent them from concentrating in large 
numbers on days when hunting is permitted. Large 
numbers of waterfowl, however, would be expected to 
concentrate in closed hunting zones. 

Waterfowl habitat conditions created on the habitat 
islands and, dwing some periods, on the reservoir islands 
Wlder Alternative 1 would concentrate waterfowl in num
bers that could be large enough to increase the incidence 
of avian cholera. Therefore, this impact is considered 
significant. 

hnplementing Mitigation Measure H-3 would reduce 
Impact H-17 to a less-than-significant level. 

Mitigation Measure H-3: Monitor Water
fowl Populations for Incidence of Disease and Imple
ment Actions to Reduce Waterfowl Mortality. DW 
shall retain a qualified biologist to monitor waterfowl use 
areas on the DW project islands to locate incidences of 
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waterfowl disease mortalities. DW, in cooperation with 
DFG and USFWS, shall develop management strategies 
to be employed in the event of disease outbreaks. On 
identification of a disease outbreak, DW shall notify DFG 
and, in cooperation with DFG biologists, implement man
agement strategies to reduce waterfowl mortality. Man
agement actions may include removing carcasses from 
the DW islands, hazing waterfowl from the islands, or 
draining waterfowl habitats. 

Management strategies will include descriptions of: 

• methods used to monitor waterfowl to ·detect 
disease outbreaks, 

• protocols for determining when and what types 
of management actions to reduce the incidence 
of disease would be implemented, 

• methods for collecting carcasses and removing 
them from affected areas, 

• potential locations and methods for disposal of 
collected carcasses, and 

• methods to haze waterfowl from reservoir 
islands. 

Impact H-18: Potential Disruption of Waterfowl 
Use as a Result of Increased Hunting. Most species of 
waterfowl quickly learn to identitY and avoid hunted areas 
(Bellrose 1976, Sacramento Valley Waterfowl Habitat 
Management Committee n.d.). Hunting disturbance can 
reduce waterfowl use of foraging areas to levels below 
the areas' potential as determined by foraging habitat 
quality. During their searches for feeding and resting 
areas, waterfowl also quickly recognize and use areas that 
are not being hunted and will use hunting areas that are 
"rested" regularly from shooting activity. Existing levels 
of waterfowl hunting are low on the DW project islands 
and do not substantially affect use of the islands by 
waterfowl. 

No waterfowl hunting restrictions are propased by 
DW or are required to offset project impacts on the 
reservoir islands. DW, however, may limit hunting on 
the reservoir islands to Wednesdays, Saturdays, and 
Sundays during the hunting season to preserve hunting 
quality and reduce bird disturbance. On shooting days, 
birds would disperse to unhunted portions of the islands 
or other protected areas. Many birds would likely 
congregate in closed hunting zones on the habitat islands, 
Franks Tract, or other unhunted areas elsewhere in the 
Delta. lfDW allows bunting only on specified days, the 
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hunting schedule would permit waterfowl to return to 
feed on the project islands on nonshooting days. 

OW's proposed hunting program for the habitat 
islands is described in the HMP (see Appendix G3, 
"Habitat Management Plan for the Delta Wetlands 
Habitat Islands"). The hunting program would reduce 
hunter disturbance to levels that would not substantially 
disturb waterfowl; elements include allowing hunting 
only 3 days each week (DW would also select 2 addi
tional hunting days during waterfowl season), estab
lishing over 2,000 acres of closed hunting zones to 
provide undisturbed waterfowl use areas, restricting the 
numbers of hunters permitted on islands, and permitting 
only spaced-blind hunting adjacent to closed hunting 
zones to reduce disturbance to birds in closed zones. 
Potential impacts of the hunting program under Alterna
tive 1 were incorporated into the modified HEP analysis 
conducted for HMP development. The analysis indicated 
that implementation of the HMP· and the hunting program 
would ensure that waterfowl would use the habitat islands 
at levels that would offset impacts of Alternative 1 on 
wintering waterfowl. Therefore, this impact is considered 
less than significant. 

Mitigation. No mitigation is required. 

Impact H-19: Potential Disruption of Greater 
Sandhill Crane Use of the Habitat Islands as a Result 
of Increased Hunting. Greater sandhill cranes react to 
hunting disturbance in much the same way as described 
for waterfowl under Impact H-18 (Schlorff pers. comm. ). 
Little or no suitable foraging habitat for greater sandhill 
cranes would exist on the reservoir islands and, therefore, 
hwtting on these islands would not affect greater sandhill 
crane foraging activities. Waterfowl and upland game 
hunting would occur on the habitat islands under Alter
native I. Implementation of the HMP, however, would 
restrict the number of hunting days per week and the 
number of hunters. One 81 0-acre closed hunting zone 
would be established on Bouldin Island that would offset 
the impact of hunting on crane use of foraging habitat. 
Two other closed hunting zones, totaling 1,198 acres, 
would be established to enhance waterfowl use of the 
habitat islands and would I!Jso provide large, undisturbed 
areas of crane foraging and loafmg habitat. This impact 
is therefore considered less than significant. 

Mitigation. No mitigation is required. 

Impact H-20: Increase in Waterfowl Harvest 
Mortality. Existing levels of hunting on the DW project 
islands and numbers of waterfowl harvested in the Delta 
are low. Because of this low harvest rate, the Delta pro
vides an unofficial sanctuary area, which has been sug-
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gested to be important to maintaining populations of 
waterfowl, especially the white-fronted goose (Fleskes 
pers. comm.). The population of white-fronted goose 
declined in the 1970s but has recovered in recent years 
(Deuel pers. comm.). A substantial proportion of the 
entire population winters in the Delta region. 

Existing harvest rates on the DW project islands, as 
derived from known hunting use, are low (Table 3H-8). 
Implementation of Alternative 1 would result in a sub
stantial increase in waterfowl harvest over existing condi
tioos on the four DW project islands (Table 3H-8). The 
harvest would increase because more hunters would be 
present and larger waterfowl populations would be 
attracted to the islands. Projected harvest levels on the 
DW project islands would represent 1.2% (approximately 
1,612 birds) of the average statewide goose harvest 
(138,500 birds) and 1.6% (approximately 24,195 birds) 
ofthe average statewide duck harvest (1,493,500 birds) 
during 1984-1987 (Deuel pers. comm. ). This estimated 
harvest level also reflects addition of hunters who would 
be attracted to the DW project islands but currently hunt 
other areas. Harvest increases projected under Alterna
tive 1, however, are expected to be partially offset by 
increased duck production that would occur on the habitat 
islands with implementation of the HMP. Therefore, this 
impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact H-21: Potential Changes in Local and 
Regional Waterfowl Use Patterns. Under Alterna
tive 1, the quality offoraging habitat for swans and white
fronted geese on the habitat islands would be similar to or 
greater than habitat quality provided on all four of the 
DW project islands under existing conditions. Duck use 
of all the DW project islands, however, is expected to be 
substantially greater under Alternative 1. This level of 
increase is not likely to cause a noticeable change in 
waterfowl populations and harvest in other parts of the 
Delta, in the Central Valley, or at Suisun Marsh because 
the DW project islands would be hunted and agricultural 
and seasonal wetland habitats would be flooded on 
staggered schedules through winter, thereby reducing 
habitat availability in some periods. Therefore, this 
impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact H-22: Potential Effects on Wildlife and 
Wildlife Habitats Resulting from Delta Outflow 
Changes. Compliance with existing water quality objec
tives and other requirements would ensure that changes 
in Delta outflow do not cause salinity changes that would 
be detrimental to the management of wetlands for wildlife 
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(Wernette pers. comrn) (see Chapters 3A, "Water Supply 
and Water Project Operations"; 3B, "Hydrodynamics"; 
and 3C, "Water Quality"). No substantial impacts on 
wildlife habitats or populations are expected to occur. 
Therefore, this impact is considered less than significant. 

Mitigation. No mitigation is required. 

IMPACI'S AND MmGATION 
MEASURES OF 

ALTERNATIVE 2 

The impacts and mitigation measures of this alter
native are the same as those of Alternative 1. 

IMPACI'S AND MITIGATION . 
MEASURES OF' 

ALTERNATIVE 3 

Alternative 3 involves storage of water on Bacon 
Island, Webb Tract, Bouldin Island south ofSR 12, and 
Holland Tract, with secondary uses for wildlife habitat 
and recreation. Reservoir islands would be managed in 
fall, winter, and spring as shallow-water wetlands during 
some nonstorage periods. The portion of Bouldin Island 
north of SR 12 would be managed as the NBHA. How
ever, in contrast to their use under Alternatives 1 and 2, 
Bouldin Island and Holland Tract would not be devoted 
entirely to providing wildlife habitat under Alternative 3. 

Changes in Wildlife Habitat 
Conditions and Use 

Bacon Island, Webb Tract, Bouldin Island South of 
SR 12, and Holland Tract 

All wildlife habitat conditions on the reservoir 
islands under Altet"native 3 would be similar to conditions 
described above under "Impacts and Mitigation Measures 
of Alternative 1 ", except that the frequency of these con
ditions would differ (see Appendix G4, "Prediction of 
Vegetation on the Delta Wetlands Reservoir Islands"). 

Impacts on wildlife under Alternative 3 on the reser
voir islands would be the same as those described above 
for reservoir islands under "Impacts and Mitigation Mea
sures of Altet"native 1 ". The magnitudes of beneficial and 
adverse impacts, however, would be greater because the 
land area affected by water storage would be increased by 
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approximately 9,327 acres. Table 3H-9 summarizes the 
acreages of existing foraging habitats for Swainson's 
hawk, greater sandhill crane, and wintering waterfowl 
and riparian woodland and scrub habitats that would be 
affected by implementation of Alternative 3. 

North Bouldin Habitat Area 

The portion of Bouldin Island north of SR 12 would 
be managed as the NBHA. Approximately 50 acres of 
perennial ponds, 330 acres of seasonal managed wet
lands, 170 acres of com, 200 acres of riparian woodland, 
and 125 acres of herbaceous uplands would be estab
lished and managed for wildlife in the NBHA (see 
Appendix G2, "Prediction of Vegetation on the Delta 
Wetlands Reservoir Islands"). 

Wildlife habitat conditions associated with each of 
the NBHA habitats are the same as those described above 
for habitat island habitats under "Impacts and Mitigation 
Measi.u'es of Alternative 1 ". Detailed descriptions of how 
these habitats would be managed and the wildlife values 
they provide are presented in Appendix G3, "Habitat 
Management Plan for the Delta Wetlands Habitat 
Islands". 

Impacts on wildlife resulting from development of 
the NBHA would be similar to those described above for 
the habitat islands under "Impacts and Mitigation Mea
sures of Alternative 1" for each of the habitat types that 
would be established (see Appendix G3). 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Table 3H-1 0 compares changes in habitat types and 
acreages under existing conditions and conditions that 
would occur under Alternative 3. 

Impact H-23: Loss of Upland Habitats. Water 
storage operations on the reservoir islands under Alter
native 3 would result in the loss of approximately 17,529 
acres of herbaceous upland, exotic marsh, and agricul
tural habitats (Table 3H-9). These habitats provide 
foraging areas for wintering raptors and resident and 
migrant songbirds associated with herbaceous and agri
cultural habitats. Therefore, this impact is considered 
significant. 

Implementing Mitigation Measure H-4 would reduce 
Impact H-23 to a less-than-significant level. 
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Mitigation Measure H-4: Develop and 
Implement an Offsite Wildlife Habitat Mitigation 
Plan. DW, in consultation with SWRCB, the Corps, 
DFG, and USFWS, shall implement an offsite mitigation 
plan foc mitigating impacts on wildlife habitat. Once DW 
has identified offsite mitigation areas, an HMP team, 
composed of representatives approved of by SWRCB, 
shall be established to develop the offsite mitigation plan. 
No diversion shall be permitted until California Endan
gered Species Act consultations have been completed; a 
no-jeopardy opinion has been issued by DFG; and a 
mitigation plan and mitigation implementation schedule 
have been approved by SWRCB's Chief of the Division 
of Water Rights. 

Impact H-24: Loss of Foraging Habitats for 
Wintering Waterfowl. Implementation of Alternative 
3 would result in the loss of approximately 19,388 acres 
oflow- to moderate-quality foraging habitats for winter
ing waterfowl (Table 3H-9). ·Therefore, this impact is 
considered significant. 

Implementing Mitigation Measure H-4 would reduce 
Impact H-24 to a less-than-significant level. 

Mitigation Measure H-4: Develop and 
Implement an Offsite Wildlife Habitat Mitigation 
Plan. This mitigation measure is described above. 

Impact H-25: Increase in Suitable Breeding 
Habitats for Waterfowl. Development of the NBHA 
under Alternative 3 would include establishment of duck 
nesting habitats, creation of waterfowl brood ponds, and 
construction of wood duck nest boxes and goose nesting 
platforms. These actions would increase the suitability of 
the DW project islands as waterfowl breeding habitat. 
Therefore, this impact is considered beneficial. 

Mitigation. No mitigation is required. 

Impact H-26: Lou of Habitats for Upland Game 
Species. The impacts of water storage operations on 
upland game species and their habitats are described 
above under "Impacts and Mitigation Measures of Alter
native 1 ". ImplementatioQ of Alternative 3 would result 
in the loss of 18,678 acres of suitable upland game habi
tat (i.e., agricultural habitats, riparian woodland and 
scrub habitats, exotic marshes, and herbaceous uplands). 
This impact is considered significant. 

Implementing Mitigation Measure H-4 would reduce 
Impact H-26 to a less-than-significant level. 
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Mitigation Measure H-4: Develop and 
Implement an Offsite Wildlife Habitat Management 
Plan. This mitigation measure is described above. 

Impact H-27: Loss of Foraging Habitat for 
Greater Sandhill Crane. Implementation of Alter
native 3 would result in the loss of approximately 
14,220 acres of foraging habitat for greater sandhill crane 
(Table 3H-9). This impact is considered significant. 

Implementing Mitigation Measure H-4 would reduce 
Impact H-27 to a less-than-significant level. 

Mitigation Measure H-4: Develop and 
Implement an Offslte Wildlife Habitat Management 
Plan. This mitigation measure is described above. 

Impact H-28: Loss of Foraging Habitat for 
Swainson's Hawk. Implementation of Alternative 3 
would result in the loss of approximately 17,529 acres of 
foraging habitat for Swainson's hawk (Table 3H-9). This 
impact is considered significant. 

Implementing Mitigauon Measure H-4 would reduce 
Impact H-28 to a less-than-significant level. 

Mitigation Measure H-4: Develop and 
Implement an Offsite Wildlife Habitat Mitigation 
Plan. This mitigation measure is described above. 

Impact H-29: lAss of Foraging Habitat for 
Aleutian Canada Goose. This impact on the reservoir 
islands is described above under Impact H-10. This 
impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact H-30: lAss of Nesting Habitat for 
Northern Harrier. Implementation of Alternative 3 
would result in the loss of nearly 2,400 acres of potential 
nesting habitat foc northern harrier on Webb and Holland 
Tracts. The significance of the loss of this habitat is 
uncertain for several reasons. First, the habitat loss 
represents a small proportion of the available habitat in 
the Delta region. Second, high-quality nesting habitat 
created on the NBHA would partially offset losses else
where on the DW project islands. Third, acreages of suit
able nesting habitat in the western Delta area are 
expected to increase as lands are taken out of agricultural 
production to prevent continued land subsidence (DWR 
1988, 1990a). Finally, the harrier is relatively abundant 
regionally; harrier densities recorded in USFWS breeding 
bird surveys in the Central Valley are the highest in the 
United States and Canada (Robbins et al. 1986). Al
though habitat on Webb and Holland Tracts may not be 
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occupied, implementing Alternative 3 could result in the 
loss of potential nesting habitat. Therefore, this impact is 
considered significant. 

Implementing Mitigation Measure H-4 would reduce 
Impact H-30 to a less-than-significant level. 

Mitigation Measure H-4: Develop and 
Implement an Offsite Wildlife Habitat Mitigation 
Plan. This mitigation measure is described above. 

Impact H-31: Loss of Wintering Habitat for 
Tricolored Blackbird. This impact is described above 
under Impact H-12. This impact is considered less than 
significant. 

Mitigation. No mitigation is required. 

Impact H-32: Temporary Construction Impacts 
on State-Listed Species. This impact 'is described above 
under Impact H-15. This impact is considered signifi
cant. Implementing Mitigation Measure H-1 would 
reduce Impact H-32 to a less-than-significant level. 

Mitigation Measure H-1: Develop and 
Implement a Construction Mitigation Plan for the 
Reservoir Islands. This mitigation measure is described 
above under "Impacts of Mitigation Measures of Alter
native I". 

Impact H-33: Potential for Increased Incidence 
ofW aterfowl Diseases. This impact is described above 
under Impact H-17. This impact is cqnsidered signifi
cant. 

Implementing Mitigation Measure H-3 would reduce 
Impact H-33 to a less-than-significant level. 

Mitigation Measure H-3: Monitor Water
fowl Populations for Incidence of Disease and Imple
ment Actions to Reduce Waterfowl Mortality. This 
mitigation measure is described above under "Impacts 
and Mitigation Measures of Alternative I". 

Impact H-34: Potential Disruption of Waterfowl 
Use as a Result of Increased Hunting. This impact on 
resenroir islands is described above under Impact H-18. 
This impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact H-35: Increase in Waterfowl Harvest 
Mortality. This impact is described above under Impact 
H-20. Waterfowl harvest would be approximately 65% 
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of the haJvest predicted under Alternative I. This impact 
is considered less than significant. 

Mitigation. No mitigation is required. 

Impact H-36: Potential Changes in Local and 
Regional Waterfowl Use Patterns. This impact is 
described above under Impact H-21. This impact is 
considered less than significant. 

Mitigation. No mitigation is required. 

Impact H-37: Potential Effects on Wildlife and 
Wildlife Habitats Resulting from Delta Outflow 
Changes. This impact is described above under Impact 
H-22. This impact is considered less than significant. 

Mitigation. No mitigation is required. 

IMPACTS AND MITIGATION 
MEASURES 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. 

Changes in Wildlife Habitat 
Conditions and Use 

Under Section 404(f)(l) of the Clean Water Act, 
normal farming activities, such as plowing, seeding, 
cultivating, and maintaining drainage ditches, are exempt 
from Section 404 permit requirements as long as surface 
materials are not redistributed by blading or grading to 
fill a Section 404 jurisdictional wetland area. The No
Project Alternative is thus limited to those farming activi
ties to increase cropping intensity that could be imple
mented without a Section 404 permit. 

Implementation of the No-Project Alternative would 
involve intensive agricultural use of the DW project 
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islands and would substantially change wildlife habitats 
on the DW project islands compared with habitats Wlder 
existing conditions. In general, the impacts would result 
primarily from conversion of fallow, herbaceous upland, 
riparian, and wetland habitats to crops (Table 3H-ll) 
(see Chapter 3G, "Vegetation and Wetlands"). 

hnplementation of the No-Project Alternative would 
result in conversion of large acreages of com and wheat 
crops to potatoes, onions, asparagus, and vineyards on 
Bacon and Bouldin Islands. Substantial acreages of 
fallow, exotic marsh (i.e., agricultural weeds growing in 
saturated soils), and pasture habitat on Holland and Webb 
Tracts would be converted to com and wheat. Efficiency 
ofharvest for com and other seed crops would increase; 
thus, amoWlts of waste com per acre left on Holland and 
Webb Tracts would be expected to decline to the levels 
measured on Bouldin Island (lOS poWlds per acre). 

Continued agricultural operation would increase 
subsidence and risk of future flooding (see Chapter 3D, 
"Flood Control", for more details on subsidence and 
flooding). Abandonment of operations following flooding 
would reduce habitat values for most wildlife species. 

Use by General Wildlife Species 

Conversion of fallow, wetland, herbaceous upland, 
and riparian habitats on the four DW project islands 
Wlder the No-Project Alternative would reduce the abWl
dance of many wildlife species that rely on these habitats. 
The increase in acreages of crops would increase winter
ing habitat for those species that prefer areas that are ba{e 
or that support low vegetation. AbWldance of prey spe
cies and foraging habitats for raptors would decrease, 
causing a reduction in use of the islands by wintering rap
tors. Although the total acreage of com would decline, 
the amoWlt of com that would be managed Wlder an 
intensive regime would increase from 3,200 acres to 
4,200 acres (see Chapter 3G, "Vegetation and Wet
lands"). The resulting increase in the acreage flooded for 
weed control would provide additional habitat for wading 
birds, shorebirds, and other waterbirds. 

Riparian woodland oonsidered jurisdictional wet
lands Wlder Section 404 and scrub habitat and marshes 
that are currently present on the DW project islands 
would be lost Wlder the No-Project Alternative. 

Use by Waterfowl 

Overall habitat values for wintering waterfowl Wlder 
the No-Project Alternative would be similar to or slightly 
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higher than those foWld Wlder existing conditions. Habi
tat values would increase despite a decrease in the acre
age of com and the abWldance of waste com left in fields 
because both the acreage of cornfields flooded for weed 
control and the total crop acreage would increase. 

Use by Upland Game 

Habitat values for ring-necked pheasant and desert 
cottontail would decrease with conversion of fallow fields 
to crops. Riparian habitats used by mourning dove and 
quail would also decrease Wlder the No-Project Alter
native. 

Use by Special-Status Species 

Most special-status species that occur or that could 
occur on the DW project islands would not be affected by 
implementation of the No-Project Alternative. 

Northern harrier nesting habitat on Holland and 
Webb Tracts would be lost with conversion of fallow 
lands to crops. Loss of potential Swainson's hawk forag
ing habitat would also be expected. The reduction in the 
acreage of com on Bouldin Island would reduce the 
amoWlt of potential foraging habitat for greater sandhill 
cranes that use the island; however, increases of com on 
other islands may offset this potential impact. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Loss of Riparian and Wetland Habitats. Up to 
136 acres of riparian woodland and scrub habitats and 
1 ,417 acres of wetland habitats could be lost Wlder the 
No-Project Alternative (Table 3H-ll ). Impacts on wild
life resulting from the loss of riparian and wetland habi
tats Wlder the No-Project Alternative would be substan
tial. Implementing the following measure would reduce 
this effect of the No-Project Alternative. 

Develop and Implement an Oft'site Wildlife 
Habitat Mitigation Plan. DW should develop and 
implement an offsite mitigation plan that would mitigate 
impacts on wildlife habitat. 

Loss of Northern Harrier Nesting Habitat. A 
total of 2, 400 acres of potential northern harrier nesting 
habitat would be lost Wlder the No-Project Alternative. 
Implementing the following measure would reduce this 
effect of the No-Project Alternative. 
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Develop and Implement an Offslte WUdlife 
Habitat Mitigation Plan. This measure is described 
above. 

Loss of Potential Swainson's Hawk Foraging 
Habitat. Approximately 2,400 acres of suitable Swain
son's hawk foraging habitat would be lost under the No
Project Alternative. Implementing the following measure 
would reduce this effect of the No-Project Alternative. 

Develop and Implement an Offsite Wildlife 
Habitat Mitigation Plan. This measure is described 
above. 

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. This 
section briefly analyzes cumulative impacts for major 
wildlife issues. The analysis identifies other projects or 
activities in the Delta region and surrounding areas that 
may affect those wildlife species and habitats that may 
also be affected by the DW project. These projects are 
summarized in Appendix 2, "Supplemental Description 
of the Delta Wetlands Project Alternatives". Beneficial 
and negative cumulative effects are identified, and the 
overall effect ofDW project impacts on regional wildlife 
habitats is described. 

Cumulative Impacts, Including 
Impacts of Alternative 1 

Changes in Reservoir Island Storage Conditions 

DWR recently installed four additional pumping 
units at SWP's Banks Pumping Plant near Clifton Court 
Forebay, increasing total SWP pumping capacity from 
6,400 cfs to I 0,300 cfs. If SWP export pumping is 
increased to full capacity in future years, the frequency 
with which each storage class V(ould occur on the DW 
project islands would change. Tables 3H-2 and 3H-3 
present the storage class frequencies for the reservoir 
islands under this cumulative scenario for Alternative 1 
based on the 70-year hydrologic record for the Delta. In 
most months 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. 
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Foraging Habitat for Wintering Waterfowl 

Several other projects proposed for the Delta region 
may adversely affect waterfowl foraging habitat in the 
Delta. Under implementation of the preferred alternative 
for the Interim South Delta Water Management Program, 
Clifton Court Forebay would be expanded to encompass 
existing agricultural land used by waterfowl (DWR 
1994). Compensation for impacts of this and other DWR 
projects, however, has been incorporated into manage
ment of Twitchell Island and Sherman Island as habitat 
islands (DWR 1994). DWR proposals to remove other 
west Delta islands from row crop agriculture (to prevent 
subsidence and potential levee failure) would also reduce 
the availability of waste grain for waterfowl forage (DWR 
l988). Compensation for those proposals could also be 
incorporated into management of Twitchell and Sherman 
Islands as habitat islands to prevent overall loss of Delta 
habitat value. 

Several other projects could maintain or increase 
foraging habitat value for wintering waterfowl in the 
Delta. Levee rehabilitation conducted under the Delta 
Flood Protection Act (DWR 1990b) would help maintain 
agricultural production and waste grain availability on 
protected islands. The Central Valley Habitat Joint 
Venture (CVHJV), a coalition of state and federal con
servation agencies and private organizations, has pro
posed to augment waterfowl food availability in the Delta 
by paying farmers to leave land untilled and shallowly 
flooded for waterfowl. This program could substantially 
increase waterfowl food availability in the Delta. 

The overall effect of proposed projects in the Delta 
(including implementation of Alternative 1) would be 
beneficial for wintering waterfowl foraging habitat if 
identified negative impacts of the projects can be offset 
through implementation of beneficial projects (e.g., 
Twitchell and Sherman Island habitat restoration and the 
DW HMP) that enhance habitat values. 

Impact H-38: Cumulative Increase in Foraging 
Habitat for Wintering Waterfowl in the Delta. Forag
ing habitat for wintering waterfowl would increase in the 
Delta as mitigation projects that convert existing land 
uses to habitat uses (including the DW project) are 
implemented. This is considered a beneficial cumulative 
impact. 

Mitigation. No mitigation is required. 

Ch 3H. Wildlife 

September 1995 



Herbaceous Habitat. 

Other projects proposed for the Delta region could 
alter amO\mts of herbaceous habitats in the Delta and 
affect dependent wildlife species. Species of particular 
importance that use these habitats include Swainson's 
hawk, northern barrier, and greater sandhill crane. These 
projects would also affect general wildlife species that 
use this habitat type. 

Water management and flood control projects could 
reduce amounts of herbaceous habitats in the Delta 
region, but other projects, including habitat restoration 
and subsidence control projects, may offset many of those 
reductions. The South Delta Water Management Pro
gram would flood scme herbaceous habitats. Compensa
tion for impacts of this project, however, has been incor
porated into the Sherman Island Wildlife Management 
Plan and would result in a net increase in herbaceous 
habitat acreage. Delta levee re\labilitation projects would 
temporarily remove herbaceous habitats, but most of 
these areas are narrow and linear and are not used exten
sively by special-status species. DWR's proposed pro
gram to reduce subsidence by retiring west Delta islands 
from intensive agriculture would substantially increase 
amounts of herbaceous habitats in the Delta. 

The future amounts of herbaceous habitats in the 
Delta depend on the extent to which these programs are 
implemented. The DW project would substantially 
reduce wildlife habitat values on a small proportion of the 
acreage of fallow and other herbaceous habitats in the 
Delta by periodically flooding two islands. This loss 
would significantly contribute to regional changes in 
herbaceous habitats. It appears likely that total amounts 
of herbaceous habitats in the Delta could cumulatively 
increase as habitat restoration projects are implemented 
and agricultural lands are retired for subsidence control. 

Impact H-39: Cumulative Loss of Herbaceous 
Habitats in the Delta. Delta levee rehabilitation, water 
management, and flood control projects could reduce 
amounts of herbaceous habitat in the Delta region. This 
cwnulative effect may be offset by habitat restoration and 
subsidence control projects that are separately or jointly 
implemented with those projects. The DW project would 
contribute to the loss of herbaceOus habitats by flooding 
the reservoir islands but would compensate for the 
project's direct losses by creating habitats on the habitat 
islands. Because it is likely that any cumulative losses of 
herbaceous habitats in the Delta would be offset by 
habitat restoration projects, this impact is considered less 
than significant. 

Mitigation. No mitigation is required. 

Delta Wetlands Draft EJRIEJS 

87-1 19LL\CHJH 3H-33 

Riparian Habitat 

The temporary loss of riparian habitat on the DW 
project islands could coincide with flood control projects 
that would disturb riparian vegetation on levees in the 
Delta. Development of riparian habitat for the DW 
project on habitat islands and mitigation for other projects 
would prevent long-term cumulative impacts. Enhance
ment and aeation of riparian habitat are being considered 
at Prospect Island by the Corps, at Sherman Island by 
DWR and DFG, and at Franks Tract by California 
Department of Parks and Recreation (DPR). 

Impact H-40: Cumulative Temporary Loss of 
Riparian Habitat in the Delta. As described for 
herbaceous habitat in Impact H-39, Delta levee rehabili
tation, water management, and flood control projects 
could reduce amounts of riparian habitat in the Delta 
region. Losses of riparian vegetation during levee im
provement projects is commonly temporary, and any 
long-term losses would be offset by habitat restoration 
and subsidence control projects that are separately or 
jointly implemented with those projects. Therefore, this 
impact is considered less than significant. 

Mitigation. No mitigation is required. 

Cumulative Impacts, Including 
Impacts of Alternative 2 

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

Cumulative Impacts, Including 
Impacts of Alternative 3 

Other projects and activities in the Delta and sur
rounding regions that may have impacts on wildlife that 
are similar to those of Alternative 3 are the same as those 
described in the previous section for Alternative I. 

Changes in Reservoir Island Storage Conditions 

Future changes in the frequency of storage condition 
classes under this alternative are similar to those de
scribed for Alternative 1 ; partial-storage conditions 
would occur more frequently in some months (see 
Appendix G4, "Simulated End-of-Month Water Storage 
on Reservoir Islands for the Delta Wetlands Project 
Alternatives"). 
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Foraging Habitat for Wintering Waterfowl 

The loss of late-winter foraging habitat value for 
wintering waterfowl on the DW project islands under 
Alternative 3 would be substantial compared with losses 
associated with other foreseeable projects in the Delta. 
As discussed previously, the food losses on the DW 
islands represent a small but important proportion of the 
total food available to waterl"owl in the Delta. The imple
mentation of offsite mitigation, however, could offset 
losses resulting from implementation of Alternative 3. 

Impact H-41: Cumulative Loss of Foraging 
Habitat for Wintering Waterfowl in the Delta. Imple
mentation of water management and flood control 
projects (including implementation of Alternative 3) 
could reduce the amounts of foraging habitat for win
tering waterfowl in the Delta region. However, imple
menting habitat restoration, subsidence control, and 
habitat compensation projects proposed as part of those 
projects or as a separate project would offset this loss. 
1berefore, this impact is considered less than significant. 

Mitigation. No mitigation is required. 

Herbaceoua Habitat. 

The contribution of Alternative 3 to the cumulative 
impact on herbaceous habitats would be the same as 
described for Alternative 1. 

Impact H-42: Cumulative Loss of Herbaceous 
Habitats in the Delta. This impact is described above 
under Impact H-39. This impact is considered less than 
significant. 

Mitigation. No mitigation is required. 

Emergent Wetland and Riparian Habitats 

Water management and flood control projects could 
reduce the amounts of emergent wetland and riparian 
habitats in the Delta region. Alternative 3 would con
tribute to this impact by reducing emergent wetland and 
riparian habitats by approximately 72 acres on the DW 
project islands, but implementation of recommended 
offsite mitigation could fully compensate for this loss. 
The creation of a large acreage of seasonal wetland avail
able some years on the DW islands would also benefit 
some species that prefer dense emergent wetlands. As 
described above for herbaceous and riparian habitats, 
cmnulative losses of emergent wetland and riparian habi-
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tats would be offset by habitat restoration and subsidence 
control projects proposed for the Delta. 

Impact H-43: Cumulative Lo11 of Wetland and 
Riparian Habitat. in the Delta. Implementation of 
water management and flood control projects (including 
implementation of Alternative 3) could reduce the 
amount of emergent wetland and riparian habitats in the 
Delta region. However, implementing habitat restoration, 
subsidence control, and habitat compensation projects 
proposed as part of those projects or as a separate project 
would offset this loss. Therefore, this impact is consid
ered less than significant. 

Mitigation. No mitigation is required. 

Cumulative Impacts, Including Impacts 
of the No-Project Alternative 

The No-Project Alternative would not have a signi
ficant cwnulative impact on wildlife populations or habi
tats in the Delta. Continued and more intensive cultiva
tion of the DW project islands, however, would increase 
the rate of island subsidence and increase the likelihood 
for levee failure (see Chapter 3D, "Flood Control"). 
Levee failure would result in substantial loss of terrestrial 
wildlife habitats in the Delta. 
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Table 3H-l. Characteristics of Evaluation Species Analyzed in the OW HEP Analysis 

General Habitats Used" 
Wildlife HEP Analysis 
Guilds Periods 

Species Represented Agricultural Wetland Herbaceous (dates) 

---
Tundra swan Waterfowl XX XX -- 10/16-4/15 

White-fronted goose Geese XX XX X 10/16-4/15 

Northern pintail Dabbling ducks XX XX -- 9/1-4/15 

Canvasback Diving ducks X XX -- 10/16-4/15 

Ring-necked pheasant Upland game XX -- XX All year 

American kestrel Rap tors X -- XX All year 

Black-bellied plover Shorebirds X XX X 7/15-5/31 

Western meadowlark Resident songbirds X -- XX All year 

White-crowned sparrow Wintering songbirds X -- XX 9/1-5/31 

California vole Small mammals X -- XX All year 

Note: -- = not applicable. 

XX = major use. 
X = minor use. 



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

Alternative I Cumulative Alternative 1 

Shallow- Shallow-
Full Partial Shallow Water Full Partial Shallow Water 

Month Storage Storage Storage Nonstorage Wetland Storage Storage Storage Nonstorage Wetland 

May 6S.7 13.0 0.0 21.4 0.0 S8.6 4.3 0.0 32.9 0.0 
June 61.4 1S.9 1.4 21.4 0.0 S2.9 14.3 0.0 32.9 0.0 
July 34.3 21.4 10.0 34.3 0.0 1.4 1.4 0.0 97.1 0.0 
August 10.0 I S.7 4.3 80.0 0.0 1.4 0.0 0.0 98.6 0.0 
September ll.4 1.4 1.4 S7.1 28.6 4.3 1.4 2.9 0.0 91.4 
October 28.6 2.9 0.0 20.0 48.6 14.3 S.7 0.0 1.4 78.6 
November 4S.7 1.4 1.4 1.4 so.o 30.0 S.7 0.0 2.9 61.4 
December Sl.4 7.1 2.9 2.9 3S.7 40.0 S.1 0.0 7.1 47.1 
January 67.1 S.7 1.4 4.3 21.4 S7.l S.7 0.0 2.9 34.3 
February 74.3 S.7 4.3 1.4 14.3 64.3 8.6 2.9 1.4 22.9 
March 7S.7 7.1 4.3 4.3 8.6 67.1 8.6 2.9 1.4 20.0 
April 74.3 2.9 S.7 8.6 8.6 6S.7 4.3 7.1 2.9 20.0 

Notes: Percentages may not total to 100.0 because of rounding. 

Frequencies were estimated based on the 70-year hydrologic record for the Delta. The frequency with which each flood condition class would occur in future years, however, is unpredictable. Frequencies do not include 
periods when reservoir islands may be used for water tral'!lfers 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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Table 3H-3. Frequency of Habitat Condition Classes on Webb Tract under Alternative I and Cumulative Conditions for Alternative I (Percentage of Years) 

Alternative 1 Cumulative Alternative 1 

Shallow- Shallow-
Full Partial Shall\)W Water Full Partial Shallow Water 

Month Storage Storage Storage Nonstorage Wetland Storage Storage Storage Nonstorage Wetland 

May 67.1 I 11.6 0.0 21.4 0.0 S8.6 8.6 0.0 32.9 0.0 
June 62.9 14.S 1.4 21.4 0.0 SS.1 11.4 0.0 32.9 0.0 
July 37.1 18.6 10.0 34.3 0.0 1.4 1.4 0.0 97.1 0.0 
August 10.0 7.1 7.1 1S.1 0.0 1.4 0.0 0.0 98.6 0.0 
September 11.4 1.4 1.4 S1.1 28.6 4.3 1.4 2.9 0.0 91.4 
October 28.6 2.9 0.0 20.0 48.6 14.3 S.1 0.0 1.4 78.6 
November 4S.1 1.4 1.4 1.4 so.o 31.4 4.3 0.0 2.9 61.4 
December R4 7.1 2.9 2.9 3S.1 40.0 S.1 0.0 .7.1 47.1 
January 68.6 4.3 1.4 4.3 21.4 S1.1 S.1 0.0 2.9 34.3 
February 1S.1 4.3 4.3 1.4 14.3 64.3 8.6 2.9 1.4 22.9 
March 1S.1 7.1 4.3 4.3 8.6 67.1 8.6 2.9 1.4 20.0 
April 74.3 S.1 S.1 8.6 8.6 6S.1 4.3 S.1 4.3 20.0 

Notes: Percentages may not total 100.0 because of rounding. 

Frequencies were estimated based on the 70-year hydrologic record for the Deha, The frequency with which each flood condition class would occur in future years, however, is unpredictable. Frequencies do not include 
periods when reservoir islands may be U9ed 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 3H-4. Acreages of Habitats to Be Developed on the DW Habitat Islands under Alternative I 

Habitat Type• 

Com/wheat I 

Small grains 

Mixed agriculture/seasonal wetland 

Seasonal managed wetland 

Seasonal pond 

Pasture/hay 

Emergent marshb 

Riparianb 

Lakeb 

Herbaceous uplandb 

Developed 

CanaJb 

Borrow pond 

Total 

Bouldin Island 

Total 
Acres 

1,629 

106 

1,014 

1,723 

66 

132 

. 208 

170 

111 

479 

177 

70 

89 

5,974 

Percentage 
ofTotal 
Acres 

27 

2 

17 

29 

1 

2 

3 

3 

2 

8 

3 

1 

_1 

100 

Note: Minor inconsistencies in totals are the result of rounding. 

Total 
Acres 

955 

152 

631 

393 

68 

72 

194 

217 

33 

253 

58 

10 

_Q 

3,036 

Holland Tract 

Percentage 
ofTotal 
Acres 

31 

5 

21 

13 

2 

2 

6 

7 

1 

8 

2 

0 

_Q 

100 

Habitat Island 
Totals 

Total 
Acres 

2,584 

258 

1,645 

2,116 

134 

204 

402 

387 

144 

732 

235 

80 

89 

9,010 

Percentage 
of Total 
Acres 

29 

3 

18 

23 

2 

4 

4 

2 

8 

3 

_1 

100 

Habitat types and habitat management prescriptions are described in Appendix G3, "Habitat Management Plan for the Delta Wetlands Habitat Islands". 

b Includes existing acres of habitat unaffected by the DW project. 

{;}, 
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Species Group 

Raptors 

Grassland and agricultural birds 

Small manmtals 

Furbearers 

Migrating and wintering shorebirds 

Representative Species 

Red-tailed hawk 
American kestrel 
Great homed owl 

Ring-necked pheasant 
W estem meadowlad 

Califomia vole 
Deer mouse 

Raccoon 
Striped skunk 

Westem sandpiper 
Dowitcher 
Long-billed curlew 
Dun lin 

/"7'"'·~ 

Table 3H-5. Habitat Island Habitats Used by General Wildlife Species 

Foraging Habitats 

• Unflooded com and wheat 
• Small grains 
• Unflooded mixed agriculture/seasonal wetland 
• Unflooded seasonal managed wetland 
• Pasture/hay 
• Herbaceous upland 
• Riparian woodland 
• · Riparian scrub 

• Unflooded com and wheat 
• Small grains 
• Unflooded mixed agriculture/seasonal wetland 
• Unflooded seasonal managed wetland 
• Pasture/hay 
• Herbaceous upland 

• Unflooded com and wheat 
• Small grains 
• Unflooded mixed agriculture/seasonal wetland 
• Unflooded seasonal managed wetland 
• Pasture/hay 
• Herbaceous upland 
• Riparian woodland 
• Riparian scrub 
• Developed 

• Com and wheat 
• Small grains 
• Mixed agriculture/seasonal wetland 
• Seasonal managed wetland 
• Pasture/hay 
• Emergent marsh 
• Pem1anent lake shoreline 
• Herbaceous upland 
• Riparian woodland 
• Riparian scrub 
• Canals 
• Developed 

• Shallow-flooded com and wheat 
• Shallow-flooded mixed agriculture/seasonal wetland 
• Shallow-flooded seasonal managed wetland 
• Seasonal pond 
• Shallow-flooded and dry pasture/hay 
• Shallow-flooded emergent marsh 
• Permanent lake shoreline 

Breeding Habitats 

• Riparian woodland 
• Riparian scrub 

• Small grains 
• Unflooded mixed agriculture/seasonal wetland 
• Unflooded seasonal managed wetland 
• Pasture/hay 
• Herbaceous upland 

• Unflooded com and wheat 
• Small grains 
• Unflooded mixed agriculture/seasonal wetland 
• Unflooded seasonal managed wetland 
• Pasture/hay 
• Herbaceous upland 
• Riparian woodland 
• Riparian scrub 
• Developed 

• Riparian woodland 
• Riparian scrub 
• Developed 

Not applicable 



Species Group 

Breeding shorebirds 

Cavity-nesting birds 

Wading birds 

Migratory and resident songbirds 

·Wetland songbirds 

Representative Species 

American avocet 
Black-necked stilt 

Nuf!all's woodpecker 
House wren 

Great blue heron 
Great egret 
Black-crowned night heron 

White-crowned sparrow 
Yell ow warbler 
Y ellow-rumped warbler 
Savannah sparrow 
Plain titmouse 
Bushtit 

Marsh wren 
Red-winged blackbird 
Yell ow-headed blackbird 

Table JH-5. Continued 

Foraging Habitats 

• Shallow-flooded com and wheat 
• Shallow-flooded seasonal managed wetland 
• Seasonal pond 
• Shallow-flooded emergent marsh 
• Permanent lake shoreline 

• Riparian woodland 
• Riparian scrub 

• Com and wheat 
• Small grains 
• Mixed agriculture/seasonal wetland 
• Seasonal managed wetland 
• Seasonalpond 
• Pasture/hay 
• Emergent marsh 
• Permanent lake shoreline 
• Herbaceous upland 

• Small grains 
• Unflooded mixed agriculture/seasonal wetland 
• Unflooded seasonal managed wetland 
• Pasture/hay 
• Herbaceous upland 
• Riparian woodland 
• Riparian scrub 

• Mixed agriculture/seasonal wetland 
• Seasonal managed wetland 
• Seasonal pond 
• Pasture/hay 
• Emergent marsh 
• Herbaceous upland 
• Canals 

Breeding Habitats 

• Shallow-flooded seasonal wetland 
• Seasonal pond 
• Emergent marsh 

• Riparian woodland 
• Riparian scrub 

• Seasonal managed wetland 
• Emergent marsh 
• Riparian woodland 
• Riparian scrub 

• Small grains 
• Unflooded mixed agriculture/seasonal wetland 
• Unflooded seasonal managed wetland 
• Pasture/hay 
• Herbaceous upland 
• Riparian woodland 
• Riparian scrub 

• Seasonal managed wetland 
• Seasonalpond 
• Emergent marsh 
• Canals 
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Legal Status 

Species Federal/State' 

Valley elderberry longhorn Tl-
beetle I 

Western pond turtle C2/SSC 

Giant garter snake TIT 

American white pelican -/SSC 

Double-crested connorant --/SSC 

White-faced ibis C2/SSC 

Aleutian Canada goose Tl-

Table 3H-6. Delta Special-Status Wildlife Species lllat Occur or Could Occur on the DW Habitat Islands 

Preferred Occurrence Foraging or 
Habitats in the Deltab Roosting Habitats 

Elderberry shrubs in riparian habitats R • Elderberry shrubs planted in riparian 
scrub and riparian woodland habitats 

Marshes, streams, and ponds R • Seasonalpond 
• Emergent marsh 
• Permanent lake 
• Canal 
• Borrow pond 

Marshes, streams, and ponds R • Seasonal managed wetland 
• Seasonal pond 
• Emergent marsh 
• Permanent lake 
• Canal 
• Borrow pond 

Marshes and open water w • Seasonal managed wetland 
• Seasonal pond 
• Emergent marsh 
• Permanent lake 
• Borrow pond 

Open water for foraging and roosting; valley NR • Emergent marsh 
oaks and cottonwood forests for nesting • Permanent lake 

• Borrow pond 

Freshwater marshes (rookery sites) NR • Mixed agriculture/seasonal wetland 
• Seasonal managed wetland 
• Seasonal pond 
• Pasture/hay 
• Emergent marsh 
• Herbaceous upland 

Wetland and agricultural habitats w • Com and wheat fields 
• Small grain 
• Mixed agriculture/seasonal wetland 
• Seasonal managed wetland 
• Seasonalpond 
• Pasture/hay 
• Emergent marsh 
• Permanent lake 
• Herbaceous upland 

Breeding Habitats' 

• Elderberry shrubs planted in riparian scrub 
and riparian woodland habitats 

• Herbaceous upland 

• Herbaceous upland 

NIA 

NIA 

• Emergent marsh 
• Seasonal pond 

NIA 

Page I ofS 



Table 3H-6. Continued Page 2 of5 

Legal Status 

Preferred Occurrence Foraging or 
Species Federal/State' Habitats in the Deltab Roosting Habitats Breeding Habitats' 

Black-shouldered kite --/FP Riparian habitats for nesting; wetlands and R • Mixed agriculture/seasonal wetland • Riparian woodland 
grasslands for foraging • Seasonal managed wetland • Riparian scrub 

• Seasonal pond 
• Pasture/hay 
• Riparian woodland 
• Riparian scrub 
• Herbaceous upland 

Bald eagle E/E Streams and lakes w • Mixed agriculture/seasonal wetland NIA 
• Seasonal managed wetland 
• Seasonal pond 
• Emergent marsh 
• Riparian woodland 
• Riparian scrub 
• Permanent lake 

Northern harrier -/SSC Marshes and meadows and seasonal and R • Com and wheat fields • Small grain 
agricultural wetlands • Small grain • Seasonal managed wetland 

• Mixed agriculture/seasonal wetland • Pasture/hay 
• Seasonal managed wetland • Emergent marsh 
• Seasonal pond • Herbaceous upland 
• Pasture/hay 
• Emergent marsh 
• Permanent lake 
• Herbaceous upland 

Sharp-shi1med hawk --ISSC Riparian habitats w • Riparian woodland NIA 
• Riparian scrub 

Cooper's hawk --ISSC Riparian habitats and oak woodlands for R • Riparian woodland • Riparian woodland 
nesting • Riparian scrub • Riparian scrub 

Swainson's hawk -IT Agricultural habitats for foraging and riparian w • Com and wheat fields • Riparian woodland 
habitats for nesting • Small grain fields • Riparian scrub 

• Mixed agriculture/seasonal wetland 
• Seasonal managed wetland 
• Pasture/hay 
• Herbaceous upland 



!''"", _,...,..-r.=-.~ 

Table 3H-6. Continued Page 3 ofS 

Legal Status 

Preferred Occurrence Foraging or 
Species Federal/State' Habitats in the Delta• Roosting Habitats Breeding Habitats' 

Peregrine falcon E/E l Marshes and seasonal and agricultural w • Com and wheat fields N/A 
wetlands • Mixed agriculture/seasonal wetland 

• Seasonal managed wetland 
• Seasonal pond 
• Pasture/hay 
• Emergent marsh 
• Permanent lake 
• Herbaceous upland 

Prairie falcon -/SSC Uplands, marshes, and seasonal and w • Com and wheat fields N/A 
agricultural wetlands • Mixed agriculture/seasonal wetland 

• Seasonal managed wetland 
• Seasonal pond 
• Pasture/hay 
• Emergent marsh 
• Permanent lake 
• Herbaceous upland 

Greater sandhill crane -IT Forages in agricultural habitats and roosts in w • Com and wheat fields N/A 
shallow wetlands • Small grain 

• Mixed agriculture/seasonal wetland 
• Seasonal managed wetland 
• Seasonal pond 
• Pasture/hay 
• Herbaceous upland 

California gull -/SSC Widespread in winter NR • Com and wheat fields N/A 
• Mixed agriculture/seasonal wetland 
• Seasonal managed wetland 
• Seasonal pond 
• Pasture/hay 
• Emergent marsh 
• Permanent lake 
• Herbaceous upland 
• Borrow pond 

Yell ow-billed cuckoo --IE Deciduous riparian forests R • Riparian woodland • Riparian woodland 
• Riparian scrub 



Legal Status 

Species Federal/State' 

Short-eared owl -ISSC 

Long-eared owl -/SSC 

Burrowing owl -ISSC 

Willow flycatcher -ISSC 

Yellow warbler -ISSC 

Tricolored blackbird C2/SSC 

Preferred 
Habitats 

Marshes and seasonal and agricultural 
wetlands 

Roosts in riparian habitats; feeds in wetlands, 
grasslands, and agricultural habitats 

Forages in open grassland and agricultural 
habitats; ground burrows in sparse grassland 
for nesting 

Riparian habitats 

Riparian habitats 

Nonwoody riparian habitats, weedy 
vegetation, and marshes for breeding; marshes 
and agricultural wetlands for feeding 

Table 3H-6. Continued Page 4 ofS 

Occurrence Foraging or 
in the Delta" Roosting Habitats Breeding Habitats' 

R • Com and wheat fields • Small grain 
• Small grain • Mixed agriculture/seasonal wetland 
• Mixed agriculture/seasonal wetland • Seasonal managed wetland 
• Seasonal managed wetland • Seasonal pond 
• Seasonal pond • Pasture/hay 
• Pasture/hay • Emergent marsh 
• Emergent marsh • Herbaceous upland 
• Herbaceous upland 

w • Com and wheat fields N/A 
• Small grain 
• Mixed agriculture/seasonal wetland 
• Seasonal managed wetland 
• Seasonal pond 
• Pasture/hay 
• Riparian woodland 
• Riparian scrub 
• Herbaceous upland 

R • Com and wheat fields • Herbaceous upland 
• Small grain 
• Pasture/hay 
• Herbaceous upland 

M • Riparian woodland NIA 
• Riparian scrub 

M • Riparian woodland N/A 
• Riparian scrub 

R • Mixed agriculture/seasonal wetland • Seasonal managed wetland 
• Seasonal managed wetland • Seasonal pond 
• Seasonal pond • Emergent marsh 
• Pasture/hay • Permanent lake 
• Emergent marsh 
• Permanent lake 
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• Status definitions: 

Federal 

E = listed as endangered under the federal Endangered Species Act. 

T = listed as threatened under the federal Endangered Species Act. 

Table 3H-6. Continued PageS ofS 

C2 = Category 2 candidate for federallistin~ Category 2 includes species for which USFWS has some biological infom1ation indicating that listing may be appropriate but for which further biological research and field study 
are llSIJally needed to clarity the most appropriate status. Category 2 species are not necessarily less rare, threatened, or endangered than Category I species or listed species; the distinction relates to the amount of data 
available and is therefore administrative, not biological. · · 

no listing status. 

State 

E = listed as endangered under the California Endangered Species Act. 

FP = fully protected under California Fish and Game Code. 

T = listed as threatened under the California Endangered Species Act. 

sse = DFG species of special concern. 

b w 
NR 
M 
R 

' NIA 

no listing status. 

wintering species. 
nonbreeding resident. 
migrant. 
resident. 

not applicable. 



Table 3H-7. Changes in Habitat Acreages from Existing Conditions to Conditions under Alternative I 

Existing Alternative I 
Change from Existing to 

Alternative I Conditionsb 
Reservoir Habitat Reservoir Habitat 
Islands Islands Islands Islands 

Habitat Type' (acres) (acres) (acres) (acres) Acres Percentage 

Riparian woodland and scrub (same) I09 I22 0.0 387 +IS6 +67.S 

Freshwater marsh (emergent marsh) l I7S 49 o.o• 402 +178 +79.9 

Exotic marsh (mixed agricuhure/seasonal wetland, seasonal managed wetland, 
and seasonal pond) 814 3IO o.o• 3,89S +2,771 +246.S 

Herbaceous upland (same) I,367 982 o.o• 732 -1,617 -68.8 

Com, wheat, and milo (corn rotated with wheat, and small grains) 3,S27 4,193 0.0 2,842 -4,878 -63.2 

Pasture (pasture/hay) 61 384 0.0 204 -241 -S4.2 

Other crops and fallow fields (none) 4,600 2,77S 0.0 0 -7,37S -100.0 

Sloughs and ditches (canal) 142 ISS 0.0 80 -220 -73.3 

Pond- all year (borrow areas and permanent lake) 107 17 o.o• 233 +109 +88.2 

Total or average 10,902 8,990 o.o•- 8,77S -11,117 -SS.9 

' Habitats in parentheses are equivalent habitats to be developed on the habitat islands. 

b See "Sununary of Project Impacts and Recommended Mitigation Measures" for Alternative I for a description ofhow habitat losses would be mitigated. 

• These habitats would exist on the reservoir islands during some operating years; however, because the areal extent of these habitat types and the frequency with which they would appear are unpredictable, no habitat acreage is 
credited. 
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0 Island 

Bacon 

Webb 

Bouldin 

Holland 

Total 

~0 

Table 3H-8. Estimated Annual Waterfowl Harvest under Existing Use and Alternative I 

Number of 
Hunter 

Use-Days 

0 

320 

ISO 

60 

530 

Existing Use 

Number of 
Birds Harvesteda 

Geese 

0 

50 

IS 

_2 

70 

Ducks 

0 

350 

I75 

~ 

550 

Maximum 
Nuinber of 

Hunter 
Use-Daysb 

2,592 

2,664 

7,424 

3,449 

I6,I29 

Alternative I 

Number of 
Birds Harvestedc 

Geese 

259 

266 

742 

345 

I,6I2 

Ducks 

3,888 

3,996 

11,136 

5.I74 

24,I94 

a See Table H2-I2 in Appendix H2, "Wildlife Inventory Methods and Results", for sources of current harvest rates. 

''-.., 

b See Chapter 3J, "Recreation and Visual Resources", for methods used in calculating estimated numbers of annual hunter use-days. 

c Average harvest rates are assumed to be I.S ducks/hunter/day and O.I goose/hunter/day, respectively, under the proposed project. 
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Table 3H-9. Comparison oflmpacts of Alternatives I, 2, and 3 on Acreages of Suitable Foraging Habitat for 
Swainson's Hawk, Wintering Raptors, Greater Sandhill Crane, and Wintering Waterfowl 

Increase(+) or Decrease(-) in Foraging Habitat Acres from Existing Conditions 

Swainson's Hawk and 
Wintering Raptors Greater Sandhill Crane Wintering Waterfowl 

Habitat 
Type 

Exotic marsh 

Herbaceous upland 

Agriculture 

Freshwater marsh 

Permanent pond 

Total 

Note: N/A =not applicable. 

Alts. I 
and 2" 

+2,771 

-I ,617 

-10,660 

N/A 

N/A 

-9,508.9 

Alt. 3b 

-858 

-2,251 

-14,420 

N/A 

N/A 

-17,529 

Additional 
Acreage 
Affected 

under 
Alt. 3 

858 

634 

3,760 

N/A 

N/A 

5,252 

Alts. I 
and 2" 

+2,771 

-I ,617 

-7,406 

N/A 

N/A 

-6,252 

Alt. 3b 

-858 

-2,251 

-ll,lll 

N/A 

N/A 

-14,220 

·Additional 
Acreage 
Affected 

under 
Alt. 3 

858 

634 

3,705 

N/A 

N/A 

5,197 

Alts. l 
and2" 

+2,771 

-1,617 

-12,216 

+179 

+20 

-10,863 

Alt. 3b 

-858 

-2,251 

-15,975 

-224 

-80 

-19,388 

Additional 
Acreage 
Affected 

under 
Alt. 3 

858 

634 

3,759 

224 

80 

5,555 

• See Impacts H-1, H-3, H-6, and H-8 and Appendix G3, "Habitat Management Plan for the Delta Wetlands Habitat Islands", for a description of how compensation for 
project impacts on wildlife associated with these habitats would be achieved (regarding habitat quality versus quantity). 

b See Mitigation Measure H-4 for a description of how compensation for project impacts would be achieved. 
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Table 3H-l 0. Changes in Habitat Acreages from Existing Conditions to Conditions under Alternative 3 

Habitat Type" 1 

Riparian woodland and scrub (same) 

Freshwater marsh (none) 

Exotic marsh (seasonal managed wetland) 

Herbaceous upland (same) 

Agriculture (com and wheat) 

Permanent ponds (perennial pond) 

Total or average 

Existing 
Conditions on 

All Islands 
(acres) 

248 

224 

1,188 

2,376 

16,424 

_JlQ 

20,895 

Alternative 3 

Reservoir 
Islands 
(acres) 

0.0 

0.0" 

0.0" 

0.0" 

0.0 

0.0" 

0.0" 

NBHA 
(acres) 

200 

0.0 

330 

125 

170 

50 

875 

• Habitats in parentheses are equivalent habitats that would be developed in the NBHA. 

Change from Existing to 
Alternative 3 Conditions 

Acres Percentage 

-48 -19.4 

-224 -100.0 

-858 -72.2 

-2,251 -94.7 

-16,254 -99.0 

~ ~ 

-20,020 -95.8 

" These habitats would exist on the reservoir islands during some operating years; however, because the areal extent of these habitat types and the frequency with which 
they would appear are unpredictable, no habitat acreage is credited. 



Table 3H-11. Predicted Changes in Acreages of Habitat Types under the No-Project Alternative 

Total 

Bacon Island Webb Tract Bouldin Island Holland Tract 
No-Project 
Aaeageu 
Percentage 

Habitat 1987 No-Project 1987 No-Project 1987 No-Project 1987 No-Pn!iect 1987 No-Project ofl987 
Type Acreage Acreage Acreage Acreage Acreage Acreage Acreage Acreage Acreage Acreage Acreage 

Riparian woodland and scrub I 3 3 106 S6 17 7 122 46 248 112 4S 
Freshwater marsh 3 0 172 16 21 0 28 2 224 18 8 
Exotic marsh 30 0 783 40 liS 0 323 0 1,2S1 40 3 
Woody non-native and herbaceous 
upland S28 261 839 220 3S4 349 S69 ..ill 2.290 943 41 
Subtotal S64 264 1,900 332 S01 3S6 1,042 161 4,013 1,113 28 

Annual grain crops 3,091 3,126 2,69S 4,961 4,S30 3,329 1,118 3,083 11,434 14,499 127 
Perennial crops orchards/vineyards 1,348 1,969 0 0 0 2,097 423 610 1,771 4,676 264 
Pasture 0 0 61 0 34 0 S71 2S6 666 2S6 38 
Fallow 3SS _Q 638 _Q 712 _Q 78.5 _Q 2.490 _Q 0 
Subtotal 4,794 S,09.5 3,394 4,961 .5,276 S,426 2,897 3,949 16,361 19,431 119 

Sloughs and ditches 92 92 so .50 118 118 4.5 4.5 30S 30.5 100 
Ponds 3 3 106 106 9 9 23 23 141 141 100 
Developed _M _M ..12 ...1Q ....11 ....11 243 _1!. 424 ..ill .59 
Subtotal _ill _ill 176 176 202 202 _ill ....ll2 870 698 80 

Total S,S39 .5,.540 .5,470 .5,469 .5,98S .5,984 4,2.50 4,249 21,244 21,242 100 

Note: Minor inconsistencies in totals result from rounding. 
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Delta Survey, 1970-1990 
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Chapter 31. Affected Environment and Environmental 
Consequences - Land Use and Agriculture 

SUMMARY 

This chapter discusses impacts of the DW project alternatives on land use and agriculture in the vicinity of the DW 
project islands. Agriculture is the primary use of the DW project islands and would be affected by DW project 
implementQtion. Potential/and use impacts of the DW project alternatives include displacement of residences and 
stnlctures, conflicts with adjacent land uses, effects on Williamson Act contracts, inconsistency with local zoning and land 
use plans and policies, and inconsistency with general plan principles. Potential agriculture impacts include conversion 
of prime agricultural lands and conversion of substantial acreages ofnonprime agricultural lands to nonagricultural 
uses. 

Implementation of Alternative 1, 2, or 3 would result in two significant and unavoidable land use and agriculture 
impacts. Conversion of 6,300 acres of prime agricultural land on Webb and Holland Tracts to water storage and habitat, 
respectively, would be inconsistent with Contra Costa County agricultural principles to preserve prime agricultural lands 
for agricultural production and promote a competitive economy and would therefore be a significant and unavoidable 
land use impact. Direct conversion of approximately I 6,180 acres of agricultural land on the four DW project islands 
under Alternative 1 or 2, or of 20,345 acres under Alternative 3, including harvested cropland and pasture, short-term 
fallowed land, and long-term idled lands, is considered to be a significant and unavoidable agriculture impact. 
Implementation of Alternative J, 2, or 3 would contribute to the significant and unavoidable cumulative impact of 
cumulative conversion of prime agricultural land in the Delta. 

Implementing Alternative 1, 2, or 3 would result in the less-than-significant land use impact of displacement of 
residences and structures on reservoir islands. An additional less-than-significant impact, displacement of property 
owners on habitat islands, would result from implementation of Alternative 1 or 2. 

Implementation of the No-Project Alternative would result in an increase in cultivated acreage and agricultural 
production on the DW islands. Under the No-Project Alternative, there would be no change in the status of onsite 
stnlctures, Williamson Act contracts, consistency with zoning and general plan designations, or consistency with relevant 
general plan policies. 

INTRODUCI'ION 

Potential land use issues related to OW project 
implementation are effects on Williamson Act contracts, 
displacement of existing dwelling units, and consistency 
with local zoning and land use plans and policies. Poten
tial agriculture impacts are related to changes in the use 
of agricultural lands considered to have high production 
capabilities and changes in regional or statewide crop 
production. 
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AFFECfED ENVIRONMENT 

This section describes land use and agricultural con
ditions on the OW project islands. Land use information 
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. 
Since 1988, both Contra Costa and San Joaquin County 
have updated their general plan policies and designations. 
This section therefore uses this updated policy informa
tion to represent baseline land use conditions. 
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Land management decisions made since 1990 have 
resulted in some changes in agricultural land use on the 
DW project islands. Some of these changes were made 
in response to arinual fluctuations in agricultural market 
conditions; others were made in anticipation of DW 
implementation. For example, changes in agricultural 
IIUilJ8gCnlent on Holland and Webb Tracts have resulted 
in previously fallowed lands being brought into grain 
production On Bacon Island, uncertainty concerning the 
project has led tenant farmers to replace old asparagus 
stands with wheat and com crops. Because some of these 
changes have resulted from project-related actions and 
influences, information from the 1990 draft EIRIEIS 
(based on 1988 conditions) provides the most reliable 
description of typical preproject agricultural land use on 
the DW project islands for assessing the impacts of the 
DW alternatives. 

The four project islands are located in San Joaquin 
and Contra Costa Counties (Figure. 31-1). Bacon and 
Bouldin Islands are in San Joaquin County, and Holland 
and Webb Tracts are in Contra Costa County. 

Sources of Information 

Land Use 

Current land use plans for San Joaquin County and 
Contra Costa County were reviewed for information on 
planned land uses in the DW project area. Site visits and 
aerial photographs were used to determine existing land 
uses. The plans and policies reviewed for the land use 
discussion are briefly summarized below. 

San Joaquin County General Plan. The San Joa
quin County General Plan (SJCGP) (San Joaquin County 
Community Development Department 1992) contains 
principles that guide the use of land for residential, com
mercial, and industrial development and provides limita
tions and priorities for the use of recreation and agri
cultural land on Bacon and Bouldin Islands. The plan 
includes principles that limit development in hazardous 
areas and that preserve and enh~ce the county's natural 
resources. 

The SJCGP identifies as priorities the preservation 
of agricultural resources and retention of agricultural land 
in areas of periodic flooding. Fragmentation of agricul
tural land is discouraged outside areas designated for 
rural residential development. Recreation principles en
courage developing recreation facilities to serVe regional 
and statewide residents, protecting the recreation poten
tial of rivers and other natural features, providing public 
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access, and exploring multiple uses of open space. 
Natural resource principles encourage preserving Delta 
resources by adhering to water quality standards, sup
porting programs to improve water quality, retaining 
riparian vegetation along waterways, prohibiting all 
actions that would adversely affect the Delta, and desig
nating conservation areas to remain in open space. 

Contra Costa County General Plan. Land use on 
Holland and Webb Tracts is governed by the Contra 
Costa County General Plan (CCCGP). The CCCGP 
(Contra Costa County Community Development Depart
ment 1991) cootams policies that encourage preservation 
of prime agricultural soils and other resources associated 
with agriculture. The CCCGP also guides the location 
and general characteristics of planned communities, 
industry, and recreational land uses. Water reclamation 
is encouraged, and recreational uses that are compatible 
with an area's c811)'ing capacities and environmental 
constraints are encouraged. CCCGP policies for islands 
and lowlands of the Sacramento-San Joaquin Delta in 
Contra Costa County balance the recreation opportunities 
of the Delta area against the need to allow only low-inten
sity uses that will not subject large numbers of residents 
or visitors to flooding. 

The COWlty is currently revising its zoning ordinance 
to bring it into conformance with the general plan (Aime 
and Fleming pers. comms.). 

Delta Protection Commission Resource Manage
ment Plan. The Delta Protection Commission was 
established by the Delta Protection Act of 1992. The 
commission was created to develop a long-term manage
ment plan for the Delta Primary Zone (Figure 31-1 ). As 
stated in the act, the goals of this regional plan are to 
"protect, maintain and, where possible, enhance and re- · 
store the overall quality of the Delta environment, includ
ing, but not limited to, agriculture, wildlife habitat, and 
reaeational activities". All local general plans within the 
Delta Primmy Zone are required to be consistent with the 
Delta Protection Commission's regional plan. 

The Delta Protection Commission prepared eight 
backgrotmd reports for the regional plan on the following 
issues: utilities and infrastructure, water, land use and 
ownership, environment, recreation and access, agricul
ture, levees, and plan implementation. After public re
view of the background reports, the regional plan was 
completed in July 1994 and adopted in February 1995. 
Additionally, the commission recommended that the 
water reservoirs that are consistent with other uses in the 
Delta should be permitted (Aramburu pers. comm.). 
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Williamson Act Contrac:ta. The California Land 
Conservation Act of 1965 (commonly known as the 
Williamson Act) established a vohmtary tax incentive 
program for preserving agricultural land and open-space 
lands. A property owner enters into a 1 0-year contract 
with a county, which places restrictions on the land in ex
change for tax savings. The property is taxed according 
to the income it is capable of generating from agriculture 
and other compatible uses, rather than its full market 
value. 

Compatible uses under the Williamson Act are deter
mined by the city or COWlty that has jurisdiction. The 
Williamson Act identifies compatible uses as agricultural 
production. recreation. and open space. The act also 
defines "agricultural land" to include land that is: 

• devoted to recreational use, 
• . within a scenic highway corridor, 
• a wildlife habitat area, 
• a saltpond, 
• a managed wetland area, or 
• a submerged area. 

The San Joaquin CoWlty Zoning Code Section 
9-2352 (December 20, 1988) states that uses of agri
cultural land Wlder Williamson Act contracts are limited 
to "outdoor recreational activities which can be carried 
out in conjWlction with continued agricultural usage of 
the land" and "[a]ll other uses similar to, comparable to, 
or no more intensive than, those uses enumerated in sub
section (a) which are, in the opinion of the Board [of 
Supervisors], distinctly and exclusively agricultural 
based". Section 9-4005.l(c)(ll) of the zoning code 
(December 20, 1988) states that hWlting and fishing 
clubs are allowed in the General Agriculture (AG) zone 
with a development plan. Finally, Section 9-4005. 
2(aX14) states that water storage facilities are allowed in 
the AG zone as an "accessory use". 

In San Joaquin CoWlty, a project is considered con
sistent with Williamson Act contracts if the coWlty board 
of supervisors agrees that: 

• the recreation J>Ortion of the project can be 
carried out in coDjWlction with continued agri
cultural use of the land; 

• the proposed uses are similar to, comparable to, 
or no more intensive than permitted uses of the 
site and are exclusively agricultural based; and 

• a proposed water storage facility would be an 
accessory use of agricultural land. 
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In situations in which the land use proposed is not 
clearly consistent or inconsistent, the Williamson Act 
provides that compatible uses will be determined by the 
county or city administering the preserve. 

Contra Costa County integrates agricultural land 
conservation. Wlder the Williamson Act, and zoning. 
Upon entering into an conservation agreement with a 
landowner, the COWlty will zone the parcel ofland A-4, 
Agricultural Preserve District. The COWlty describes the 
production of food and fiber as compatible uses, in 
addition to other compatible uses consistent with the 
intent and purpose of the Williamson Act (Drake pers. 
comm.). 

Agriculture 

Soil Surveys. Information on soils was obtained 
from soil surveys prepared by the SCS (now called the 
Natural Resources Conservation Service [NRCS]). 
Acreages by soil units on each island were estimated 
based on planimeter measurements of SCS soil survey 
maps made by JSA. Soil qualities and limitations are 
described based on information contained in the soil 
surveys for Contra Costa and San Joaquin Counties. 

Agricultural Land Production Capabilities. 
Agricultural land production capabilities were assessed 
using the NRCS land capability classification (LCC) 
system and California Department of Conservation's 
(CDC's) important farmland mapping (IFM) system. 
Information provided by these two systems was supple
mented by farmland information contained in the SJCGP 
open space/conservation element. 

The · LCC system places soils into eight classes 
(1-VIII), depending on the limitations to agricultural use 
imposed by 13 specific soil and climatic criteria. The 
higher the class, the more restrictive the limitation. 
Classes I through IV are generally considered lands suit
able for cultivation. Class I and II soils are often com
bined as one defmition of prime farmland. 

CDC's IFM system identifies four farmland cate
gories: prime land, additional farmland of statewide 
importance, unique farmland, and additional farmland of 
local importance. Land must meet 10 specific soil and 
climatic criteria to qualify for the prime or statewide 
classes, with the prime class requiring the best of these 
conditions for agricultural usage. Unique farmland is 
land that does not qualify for the prime or statewide 
classes, but because of climatic or other factors, grows 
one of the top 40 California crops. Farmland of local 
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importance is other fannland that holds economic value 
for the local economy (CDC 1987). 

Crop Hiltory and Yield~. Crop history information 
for the OW project islands was generally provided by 
fanners and farm managers with operations on the 
islands. Crop acreages were estimated based on land use 
maps prepared by DWR for 1982 and 1987 crop years 
and on a field survey conducted by JSA in 1988. Crop 
yields were estimated using countywide yield data from 
the San Joaquin and Contra Costa County crop reports 
produced by the counties' agricultural commissioner's 
offices. Countywide per-unit estimates for individual 
crops were modified based on information provided by 
island farmers and farm managers. 

Land Use Conditions 

•' 

The four OW project islands are used primarily for 
perennial and annual agricultural production, with some 
hooting and fishing recreational uses. Bacon and Bouldin 
Islands are cmrently used primarily (approximately 800/o) 
for agricultural production or grazing and small portions 
of these islands are not used (Table 31-1 ). In contrast, 
only about one-half ofHolland and Webb Tracts are used 
for agricultural production and grazing, with a relatively 
large amountofland unused or fallow (Table 31-1). The 
OW project islands are almost entirely designated in local 
land use plans for agricultural use or uses compatible 
with agricultural operations (Figure 31-2). 

Bacon Island 

Existing Uses and Ownerships. Approximately 
80% ofBacon Island is used for agriculture and produced 
crops such as com, milo, potato, sunflower, asparagus, 
and grapes (Table 31-1). Approximately 20 farmsteads 
or rural residences are located on the island near the peri
meter levees. An additional five or six barracks for mi
grant farmworkers are also occupied seasonally. Agricul
tural structures and equipment complexes are located in 
the northern, central, and southern portions of the island. 
An airstrip for crop dusting flights is located on the 
eastern portion of the island. 

OW now owns all of Bacon Island, which was pre
viously owned by nine different entities. 

Zoning and General Plan Designations. The San 
Joaquin County zoning designation for Bacon Island is 
General Agriculture with a 40-acre parcel minimum 
(AG-40). Uses allowed under this zoning include single-
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family dwellings, crop production, packing plants, 
livestock grazing, and other limited agriculture- and 
livestock-related activities. Development plan approval 
is required for gas or oil drilling, hunting and fishing 
clubs, farm worker dwellings, produce stands, poultry 
q>eratioos, nurseries and greenhouses, and labor camps. 
Other uses may be permitted subject to site approval. 
Conditional use permits are required for marinas and uses 
ancillary to marinas, resource recovery operations, and 
power generating facilities. 

The SJCGP designation for Bacon Island is AG. 
The designation for land along sloughs and rivers 
surrounding Bacon Island is Open Space/Resource Con
servation (Figure 31-2). Table 31-2 defmes general plan 
designations. 

Williamson Act Contracts. Approximately 4,662 
acres ofBacon Island are CWTently under Williamson Act 
contracts. As shown in Figure 31-3, only two parcels on 
Bacon Island are not under Williamson Act contracts. 

Land Uses near Bacon Island. Land on islands 
surrounding Bacon Island is used primarily for agricul
ture. Scattered agricultural structures, equipment com
plexes, and a few rural residences are interspersed 
throughout the vicinity. San Joaquin County has desig
nated land north, south, and east of Bacon Island on 
Mandeville Island, Woodward Island, and Lower Jones 
Tract as AG (Figure 31-2). Mandeville Island is under 
Williamson Act contracts. With the exception of Mildred 
Island, which was flooded in 1983 as the result of a levee 
breach. Delta land east and south of Bacon Island is also 
entirely under Williamson Act contracts (Figure 31-3). 

Webb Tract 

Existing Uses and Ownerships. Approximately 
500/o of Webb Tract is in agricultural use, producing 
mainly com and wheat crops (Table 31-1). A small 
number of agricultural structures and equipment com
plexes are located on the island, mainly near the peri
meter levees. Occupied residences on the island include 
two trailers located along the northern shore and adjacent 
to the northern levee, one trailer located in the island 
interior, and a residence (semipermanently occupied) on 
the southern portion of the island. A clubhouse is located 
on high ground at the extreme eastern tip of the island. 
Webb Tract is entirely owned by OW. 

Zoning and General Plan Designations. The 
Contra Costa County zoning designation for most of 
Webb Tract is Agriculture (A-2), and the 139.2-acre 
False River Farms parcel is zoned as Agricultural 
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Preserve District (A-4). This A-4-zoned parcel is under 
a Williamson Act contract The Contra Costa Cmmty 
A-2 zoning (5-acre minimum parcel size) allows a variety 
of agricultural uses, as well as incidental sheds, ware
houses, production facilities, produce stands, one single
family detached unit, and other uses allowable by code or 
use permit Refuse disposal sites are also allowed in 
areas zoned A-2 by use permit only. Land uses under 
A-4 zoning include commercial agricultural production 
and other uses specifically agreed on by the county and 
the landowner at the time the zoning was established. 
Uses allowed by use permit include agriculture-related 
structures, fruit and vegetable stands, owner or lessee 
residences, oil and gas drilling, and a variety of other 
agriculture- and livestock-related uses. 

The 1991 CCCGP designation for all of Webb Tract 
is Delta Recreation and Resources (Figure 3I-2). The 
CCCGP identifies agriculture and wildlife habitat as the 
most appropriate uses in this. area. Under the CCCGP 
Delta Recreation and Resources designation, residential 
density is limited to one unit permitted per 20 acres, and 
marinas, shooting ranges, duck and other hunting clubs, 
campgrounds, and other outdoor recreation complexes 
are allowed through issuance of a land use permit 

Williamson Act Contracts. Webb Tract currently 
has one parcel under a Williamson Act contract: False 
River Fanns, a 139.2-acre parcel located along the south
em portion of Webb Tract (Figure 3I-3). 

Land Uses near Webb Tract. Webb Tract is 
bordered by the San Joaquin River to the north and east, 
False River and the flooded Franks Tract to the south, and 
Fishermans Cut to the west. Land use west of Webb 
Tract on Bradford Island is mainly agriculture with asso
ciated farmsteads and structures related to agricultural 
production. Boating facilities are located on the eastern 
shoreline ofBradford Island, facing toward Webb Tract. 
The CCCGP designation for all of Bradford Island is 
Delta Recreation and Resources (Figure 3I-2). 

Land north of Webb Tract across the San Joaquin 
River is located in Sacramento County. This wea has 
some shoreline development, but most land is in agricul
tural use with scattered farffisteads and other agriculture
related structures. Land use designations for this area are 
Recreational and Agricultural Cropland (Figure 3I-2). 

Franks Tract, south of Webb Tract across False 
River, is a state recreation area. The flooded portion of 
Franks Tract is designated on the CCCGP map as a 
scenic waterway and the designation for land areas is 
Recreational. Franks Tract is used primarily for boating 
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and other water-oriented recreation and has no exten
sively developed areas. 

Bradford Island to the west has two parcels under 
Williamson Act contract totaling approximately 444.4 
acres. As described previously, Mandeville Island south
east of Webb Tract is also tmder Williamson.Act contract 
(Figure 3I-3). 

Bouldin Island 

E:lilting Uses and Ownenhipa. Approximately 
76% of Bouldin Island is used for agriculture and pro
duces mainly com and wheat crops (Table 3I-l). 
Scattered agricultural structures and equipment com
plexes are located in the northern, central, and southern 
portions of the island. Several residences and associated 
farmstead structures are located north of SR 12. Two 
residences, one of which is currently occupied, are lo
cated south of SR 12 on the eastern side of the island. An 
airstrip used by crop-dusting operators is located west of 
these residences. An oil drilling pad is also located in 
this area. The island also has an old duck club that is 
unoccupied and is currently used for decoy storage and 
other similar uses. Bouldin Island is entirely owned by 
DW. 

Zoning and General Plan Designations. The San 
Joaquin County zoning designation for Bouldin Island is 
AG-40. Permitted uses under AG-40 zoning are de
scribed above under "Bacon Island". As with Bacon 
Island, the SJCGP map shows the designation for Bouldin 
Island as AG (Figure 3I-2). The designation for land 
along sloughs and rivers is Open Space/Resource Con
servation. 

Williamson Act Contracts. The entire land area of 
Bouldin Island is under Williamson Act contracts, as 
shown in Figure 3I-3. 

Land Uses near Bouldin Island. The Mokelumne 
River bounds Bouldin Island to the north and west, and 
Potato Slough bounds the island to the east and south. 
Land on islands surrounding Bouldin Island is used 
primarily for agricultural production. Scattered agricul
tural structures, equipment complexes, and a few rural 
residences are also interspersed throughout the vicinity. 

Islands swrounding Bouldin Island are designated on 
the SJCGP map as AG. Land west and northwest of 
Bouldin Island and the Mokelumne River on Andrus and 
Tyler Islands is in Sacramento County. General plan 
designations for those lands in Sacramento County are 
Recreational and Agricultural Cropland (Figure 3I-2). 
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Staten and Venice Islands, located north and south of 
Bouldin Island, respectively, are under Williamson Act 
contracts. Most parcels east of Bouldin Island are also 
under Williamson Act contracts (Figure 3I-3). 

HoUandTrad 

Existing Uses and Ownenhip. Approximately 
50% of Holland Tract is used for agriculture and pro
duces mainly com and wheat crops (Table 3I-l). Agri
cultural structures and equipment complexes are scat
tered along the southern and western perimeter levees. 
Onsite residences include a temporary trailer located in 
the northeast portion of the island near the levee bor
dering Holland Cut and two residences on the Solomon 
property in the western portion of the island. An aban
doned hog feeding area is located east of the Solomon 
property residences. 'Ibis area includes several structures 
ancillary to hog farming and untilled ·open space. 

Two marinas are located at the southern boundary of 
Holland Tract on Rock Slough. The Lindquist Landing 
Marina on the southern boundary features boat docks and 
other structures ancillary to marina uses. The Holland 
Riverside Marina, at the southeastern comer of the island, 
is a large facility with numerous boat docks, covered 
slips, and ancillary marina uses. 

DW owns the majority of Holland Tract parcels. 
DW does not own the Solomon parcel (857 acres) in the 
southwestern comer of the site, several small parcels 
adjacent to the Solomon parcel in the southwestern 
comer of the island, and the marina parcels along the 
southeastern perimeter of the island. The marina parcels, 
the Solomon parcel, and other small parcels would be 
excluded from Alternatives 1 and 2 (Figure 2-8). 

Zoning and General Plan Designations. The 
Contra Costa County zoning designations for Holland 
Tract are General Agricultural District (A-2) and Heavy 
Agricultural District (A-3). Uses allowed under A-2 
zoning were discussed above for Webb Tract. The A-3 
zone allows uses that are similar to the uses allowed in 
A-2 zones, with the exception th~tt parcels must consist of 
at least 1 0 acres. This designation specifically allows 
only owners or lessees to reside on the site. 

The CCCGP designation for all of Holland Tract is 
Delta Recreation and Resources (Figure 3I-2). 

Williamson Act Contracts. Holland Tract has no 
parcels under Williamson Act contracts (Figure 3I-3). 
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Land Uses near Holland Tract. Bethel Island 
northwest of Holland Tract has extensive shoreline 
development, consisting mainly of boat docks, marinas, 
single-family residences, and some retail businesses. 
General plan designations for this developed area are 
mainly Single-Family Residential High-Density, with a 
small amount of Canmercial and Multifamily Residential 
uses permitted. Similar shoreline land uses exist on 
Hotchkiss Tract, on the western shore of Sand Mound 
Slough west of Holland Tract. Inland use of these adja
cent islands is primarily for agriculture, with a limited 
amount of rural residential development. 

Franks Tract State Recreation Area is north of 
Holland Tract. Land uses and designations on Franks 
Tract are discussed above under "Webb Tract" (Figure 
3I-2). 

Land uses south ofHolland Tract on Veale and Palm 
Tracts are generally agricultural with some farmsteads 
and agricultural structures. Veale Tract is within the 
mban limit line for Contra Costa County, so urban devel
opment will likely occur on Veale Tract in the next 20 
years. The designation for most land southwest of 
Holland Tract is Delta Recreation and Resources (Figure 
3I-2). 

Palm Tract (approximately 2,554 acres), located 
south ofHolland Tract, is entirely under Williamson Act 
contracts. Asdescnbed previously, most ofBacon Island 
west of Holland Tract is also under contract (Figure 
3I-3). 

Agriculture Conditions 

Bacon Island 

Soils. Bacon Island soil types, as identified by the 
SCS soil survey for San Joaquin County, are presented in 
Table 3I-3. 

Two soils compose an estimated 73% of Bacon 
Island, according to planimeter measurements of SCS 
preliminary soils maps. Rindge muck, partially drained 
with 0-2% slopes, is the dominant soil on Bacon Island, 
accounting for an estimated 2,547 acres, or 47% of total 
acreage. Kingile muck, partially drained with 0-2% 
slopes, accounts for an estimated 1 ,429 acres, or 26% of 
total acreage. Both soils have SCS land capability classi
fications of III, as do all soils on Bacon Island. 

Major limitations of the Bacon Island soils include 
subsidence, a high water table, and slow permeability. 
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Drainage and careful irrigation practices are required for 
the production of irrigated row and field crops on Bacon 
Island soils. Fields are irrigated through application of 
watec through siphon pipes from sloughs and channels to 
a network of canals and ditches on the island. Drainage 
water is pumped out continually to prevent flooding by 
the rising watec table that is caused by the constant hydro
static pressure of the watec outside the island levees. The 
shallow watec table, in combination with the organic peat 
soils, creates a soil condition favorable to the outbreak of 
plant pathogens and destructive nematodes. 

Land Production Capabilities. The soils on Bacon 
Island have been categorized by NRCS as Class ill soils 
because of the limitations imposed by subsidence and 
high water table. Class m soils can be categorized by 
NRCS as prime if the soil limitations are easily solved by 
agricultural practices, as is often the case with drainage 
systems for Delta soils (Y oha pers. comm. ). Virtually all 
of Bacon Island's soils have .been classified as prime 
because of drainage practices implemented on the island. 
An estimated 125 acres of Itano silty clay loam have not 
been classified as prime (Table 3I-3). 

CDC's draft IFM map for San Joaquin County indi
cates that virtually all the soils on Bacon Island are 
considered to represent prime farmland. Approximately 
125 acres have been designated farmland of statewide 
importance (Table 3I-4). 

San Joaquin County prepared its own prime farm
land map as part of the open space/conservation element 
of its general plan (San Joaquin County Community 
Development Department 1992). San Joaquin County 
included all lands with SCS Class I and II ratings, as well 
as lands with Class m ratings and capability units of w2 
and wlO (Table 3I-3), within its classification of prime 
farmlands. According to this definition, all lands on 
Bacon Island are considered by the county to be prune 
farmlands. 

Crop History and Production Levels. Bacon 
Island is intensively managed as an agricultural operation 
by three major growers. A field survey in 1988 found the 
levees, roads, fields, and ditches to be well maintained. 
Natural and native vegebltion is virtually absent, and 
virtually all tillable land is in crop production. 

Over the past 30 years, a variety of crops have been 
grown on Bacon Island, including lettuce, com, celery, 
carrots, potatoes, milo, asparagus, wheat, barley, onions, 
grapes, and sunflowers (Gianelli pers. comm.). Estimates 
of planted acreage are shown in Table 3I-5. As shown, 
potatoes, asparagus, and corn are the dominant crops pro
duced on Bacon Island. Together, these three crops 
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account for an estimated 78% of the 4,678 acres in 
agricultural use (including 347 acres of fallow land) on 
Bacon Island. 

Table 3I-6 shows typical yield and production levels 
for the primary crops grown on Bacon Island based on 
planted acreage estimates for 1988. Crop acreages vary 
from year to year, depending on market conditions, the 
status offederal "set-aside" programs, and pest manage
ment concerns. Similarly, per-acre yields vary from 
season to season based on management practices and 
weather and pest conditions. The production estimates 
shown in Table 3I-6 indicate that Bacon Island typically 
produces the following percentages of the crops produced 
in San Joaquin County, based on 1987 countywide pro
duction levels in tons: com, 1.3%; sunflower, 3.5%; 
asparagus (fresh), 7.6%; commercial potatoes, 91.9"/o; 
seed potatoes, 52.5%; and grapes (wine), 0.9"/o (San 
Joaquin County Office of the Agricultural Commissioner 
1988). 

Webb Tract 

Soils. According to the Soil Survey of Contra Costa 
County (SCS 1977), Rindge muck is the dominant soil on 
Webb Tract, accounting for an estimated 4,415 acres 
(85%) of the island's 5,162 acres (Table 3I-3); Ryde silt 
loam is the second most common soil found on Webb 
Tract, accounting for 328 acres. All but an estimated 
250 acres (5%) of the island's soils are categorized as 
Class ill soils. Major limitations of the Webb Tract soils. 
include a high water table, rapid permeability, and a 
moderate soil-blowing hazard. As on the other project 
islands, careful drainage and irrigation practices are 
required for the production of irrigated row and field 
crops. 

Land Capabilities. NRCS has identified two Webb 
Tract soils as prime: Rindge muck and Ryde silt loam. 
Together, these two soils represent an estimated 4,743 
acres (almost 92%) of the island's soils. The CDC IFM · 
system has designated an estimated 4, 725 acres on Webb 
Tract as prime farmland, 130 acres as farmland of state
wide importance, and 294 acres as unique farmland 
(Table 3I-4). 

Crop History and Production Levels. Webb Tract 
was primarily farmed by three growers in 1988. Similar 
to Holland Tract, and unlike Bacon and Bouldin Islands, 
Webb Tract has sand hills and upland habitat in its 
western half In addition, two blowout ponds are found 
on Webb Tract, totaling an estimated 106 acres. An 
estimated 4 9% of the island is used for crop production, 
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excluding 58 acres of pasture .and 611 acres of fallow 
land. 

Crops grown in recent years on Webb Tract include 
wheat, safflower, com, and grain sorghwn (DWR 1987). 
Only two crops, wheat and com, were grown on Webb 
Tract in 1988 (Table 31-5); com was the largest crop 
grown on Webb Tract. occupying 2,128 acres, an esti
mated 65% of the island's agricultural acreage. In 1988, 
wheat was being grown on an estimated 426 acres (13%). 

Table 31-6 shows typical yields and production 
levels for the primary crops grown on Webb Tract based 
on planted acreage estimates for 1988. The production 
estimates shown in Table 31-6 indicate that Webb Tract 
typically produces the following percentages of the crops 
produced in Contra Costa County, based on 1987 county
wide production levels in tons: wheat (12.0%) and com 
(60.1 %) (Contra Costa County Department of Agricul
ture 1988). 

Bouldin Island 

Soils. Soils on Bouldin Island, as identified by the 
preliminary NRCS soil survey of San Joaquin County, are 
presented in Table 31-3. Three soils account for an 
estimated 72% of the soils on Bouldin Island. Similar to 
Bacon Island, Rindge muck, partially drained, 0-2% 
slopes, is the dominant soil on Bouldin Island, accounting 
for an estimated 2,187 acres (38%) of the total acreage of 
Bouldin Island. Rindge mucky silt loam (0-2% slopes) 
and Retryde-Peltier complex (0-2% slopes) account for 
an estimated 19"/o and 15% of total acreage, respectively. 
All three soils have NRCS land capability classifications 
of III. 

Major limitations of the Bouldin Island soils are 
similar to those found on Bacon Island, including sub
sidence, a high water table, and slow permeability. The 
discussion of Bacon Island soils describes necessary 
drainage practices for crop production on Bouldin Island. 

Land Capabilities. All but 30 acres of Bouldin 
Island have been classified by NRCS as Class III soils. 
Class ill soils are usually not considered prime by NRCS 
or CDC; however, appropriate drainage and irrigation 
practices may significantly reduce the limitations of the 
soil and lead to prime designations for some Class III 
soils. NRCS and CDC have classified all but 50 acres of 
Bouldin Island's farmlands as prime. An estimated 30 
acres ofDello loamy sand have been designated as farm
land of statewide importance (Table 31-3). · 
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The San Joaquin County prime farmlands map, dis
cussed previously for Bacon Island, designates virtually 
all the soils located on Bouldin Island as prime. 

Crop History and Production Levels. Similar to 
Bacon Island, Bouldin Island is intensively farmed and 
has well-maintained levees, roads, and ditches; however, 
adequate drainage is lacking in some areas of the island. 
Crops grown on Bouldin Island in recent years include 
wheat. saftlower, com, beans, sunflower, and tomatoes 
(DWR 1984). As shown in Table 31-5, com and wheat 
are the dominant crops grown on Bouldin Island. These 
two crops accounted for an estimated 69% of the island's 
agricultural acreage in 1988. Sunflowers accounted for 
an estimated 17% of the island's agricultural acreage in 
1988. 

Table 31-6 shows typical yields and production 
levels for the primary crops grown on Bouldin Island 
based on planted acreage estimates for 1988. The pro
duction estimates shown in Table 3I-6 indicate that 
Bouldin Island typically produces the following per
centages of the crops produced in San Joaquin County, 
based on 1987 countywide production levels in tons: 
wheat, 2.8%; com, 4.7%; and sunflower, 16.2% (San 
Joaquin County Office of the Agricultural Commissioner 
1988). 

Holland Tract 

Soils. Holland Tract soils, as identified by the Soil 
Survey of Contra Costa County (SCS 1977), are pre
sented in Table 31-3. Three soils account for an esti
mated 85% ofHolland Tract's 4,031 acres: Rindge muck 
(34%), Piper loamy sand (2SO/o), and Shima muck (23%). 
Unlike Bacon Island, Webb Tract. and Bouldin Island, 
Holland Tract has large areas of Class IV soils, including 
an estimated 1,1 08 acres of Piper loamy sand and 4 20 
acres of Piper fme sandy loam. The remaining soils on 
Holland Tract are categorized as Class III soils. Major 
limitations of Holland Tract soils include a high water 
table, low available water capacity, rapid permeability, 
and moderate soil blowing. 

Land Capabilities. NRCS has identified four of 
Holland Tract's soils as prime: Rindge muck, Ryde silt 
loam, Egbert mucky clay loam, and Webile muck. To
gether, these soils represent an estimated 1,556 acres 
(39%) of the island's soils. The CDC IFM system has 
designated a similar nwnber of acres as prime on Holland 
Tract As shown in Table 31-4, under the IFM system an 
estimated 1,575 acres are designated as prime farmland; 
2,03 1 acres are designated as farmland of statewide im
portance; and 426 acres are designated as unique 
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farmland. Among the four DW project islands, Holland 
Tract contains the smallest amowtt of prime farmland. 

Crop Hiatory and Production Levell. Holland 
Tract is the least intensively managed island of the four 
DW project islands. Island flooding, bankruptcies, and 
land ownership changes have led to neglect and poor 
agricultural practices on some parcels. In 1988, only 
36% of the island was used for crop production, exclud
ing 542 acres of pasture located primarily in the south
west comer of the island, where a year-rowtd grazing 
operation is located. 

Crops grown in recent years on Holland Tract 
include wheat, saftlower, sugar beets, com, grain sor
ghums, swrllower, and asparagus (DWR 1987). As 
shown in Table 31-5, only three crops were grown on 
Holland Tract in 1988: wheat, com, and asparagus. 
Wheat was the largest crop grown on Holland Tract, 
n:p:tesenting an estimated 30%.of the island's agricultural 
acreage. 

Table 31-6 shows typical yields and production 
levels for the primary crops grown on Holland Tract 
based on planted acreage estimates for 1988. Holland 
Tract typically produces the following percentages of the 
crops produced in Contra Costa Cowtty, based on 1987 
countywide production levels in tons: wheat, 23.5%; 
com, 15.4%; and asparagus, 26.6% (Contra Costa 
County Department of Agriculture 1988). 

IMPACI' ASSESSMENT METIIODOLOGY 

Analytical Approach and 
Impact Mechanisms 

Assessment of Land Use Impacts 

Land use impacts were assessed based on how con
struction and operation of the DW project alternatives 
would benefit or adversely affect existing residences and 
structures, adjacent land uses, and existing land uses. 
The DW project alternatives were also evaluated for their 
consistency with land use designations and policies of the 
county general plans and zoning ordinances, Delta Pro
tection Commission regional policies, and Williamson 
Act contracts. 

Local agencies were contacted to review potential 
land use conflicts or inconsistencies. · Results of those 
communications are presented in the sections below on 
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impacts and mitigation measures of the DW project 
alternatives. 

Assessment of Agriculture Impacts 

The agricultural resources impact analysis focuses 
on the cmversioo of agricultural land and related changes 
in agricultural production, employment, and income. 
Findings of significance were made only for the land con
version impacts; the resulting economic effects were 
evaluated to help detennine the significance of the loss of 
agricultural land. The methodology used to assess agri
cultural economic effects is described in Chapter 3K, 
wEconomic Conditions and Effectsw. 

Agricultural land conversion impacts were evaluated 
through comparison between conditions under the DW 
project alternatives and point-of-reference conditions 
described in the "Affected Environment" section. Im
pacts of the DW project alternatives on agricultural 
resources were determined through estimation of the 
amount of agricultural land that would be converted to 
other uses with project implementation and through eval
uation of the quality and productive capacity of the 
converted land, based on the LCC and IFM classification 
systems and crop yield estimates. 

The extent of agricultural land conversion impacts 
depends on the amotmt ofland on the DW project islands 
that would be converted to nonagricultural uses. Conver
sion impacts would begin during construction of project 
facilities and would continue during the life of the project, 
which is assumed to be 50 years. 

The direct conversion of agricultural land caused by 
project implementation would not be irreversible. Most 
project lands could, at some time, be brought back into 
agricultural production through draining of the islands 
and clearing of riparian habitat that would be established 
wtder the DW project (Simpson pers. comm. ). However, 
once the project is implemented, it may be difficult to 
return the land to its original state because of the estab
lishment of riparian habitat on the reservoir islands 
during dry years and on the habitat islands year round 
(Elliott pers. comm.). Some lands converted for borrow 
sites and placement ofpennanent structures (e.g., siphons 
and pwnps) may not be able to be reclaimed for agricul
tural use. For example, up to 385 acres may be used for 
borrow areas on the DW project islands over the life of 
the DW project. No plans are included in the DW pro
ject, however, to return DW project lands to agricultural 
production in the future. 
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The impact analysis prepared for this chapter evalu
ated a worst-case scenario by asswning that agricultural 
lands would be permanently removed from production by 
implementation of the DW project. This analysis also 
assumes as a "worst case" that the existing agricultural 
productioo conditioos could continue indefinitely. In fact, 
most soils on the DW project islands are limited by sub
sidence and blowing hazards according to NRCS (SCS 
1990, Simpson pers. comm.) (Table 31-3). Continued 
subsidence of the island bottoms may eventually make 
agricultural production on these islands infeasible (DWR 
1990) (see Chapter 3D, "Flood Control", for more detail 
on subsidence). 

Criteria for Determining 
Impact Significance 

The criteria used for determining significance of a 
land use or agricultural impact are based on the State 
CEQA Guidelines and professional standards. These 
criteria are described below. 

Land Use Criteria 

An alternative is considered to have a significant 
impact on land use if it would: 

• displace existing residences and structures in 
areas where replacement housing is unavailable 
and landowners are not willing sellers, 

• be incompatible with existing adjacent land 
uses, 

• convert existing land use that involves an 
extreme change from one land use to a more 
intensive use, 

• cause incompatibilities with existing William
son Act contracts, or 

• conflict with adopted ~d proposed plans and 
policies in the project area. 

Impacts are considered less than significant if they do not 
meet any of the criteria listed above. 

Agriculture Criteria 

agricultural land to nonagricultural use or impair the 
agricultural productivity of prime agricultural land. 
Appendix G of the State CEQA Guidelines and CEQA, 
however, do not contain a provision requiring a lead 
agency to determine whether conversion of nonprime 
agricultural land is a significant impact. 

CEQA allows for economic and social impact dis
cussioos in an EIR when the severity of a related physical 
impact is being measured (i.e., when the physical im
pact's significance is being determined). By themselves, 
the ecooomic effects resulting from farmland conversion 
are not considered significant impacts, and mitigation is 
not required for economic effects (Chapter 3K, "Eco
IlOOlic Cooditioos and Effects"). Changes in agriculture
related employment and farm income were used only to 
evaluate the significance of conversion of both prime and 
nonprime farmlands located on the DW project islands. 

Although an estimated 85% of the farmland on the 
DW project islands has been designated by NRCS and 
CDC as prime farmland, disagreement exists concerning 
the quality of island soils. According to the NRCS 
district conservationist in Stockton (Simpson pers. 
comm.): 

[The] conclusion is accurate [that the loss of 
prime agricultural land on the project islands is 
a significant adverse impact, based on] a strict 
interpretatioo of the criteria for prime farmland. 
However, soil scientists will debate whether 
peat soils truly fit the theme of the definition of 
prime farmland since the criteria [do] not 
specifically address a unique characteristic [of 
peat soils]- oxidation .... it is my opinion that 
the project does not cause a significant impact 
to the loss of prime agricultural land as stated. 

This opinion, however, does not consider the indirect 
economic effects that could result from the conversion of 
DW project island farmlands. 

Evaluation of the significance of the farmland con
version impact is further complicated by the fact that the 
conversion may not be irreversible and that subsidence 
would continue to impair the productivity of these lands 
if agricultural uses were to resume in the future. 

Although these factors may reduce the severity of the 
conversion impacts, the conversion of agricultural lands 
oo the DW project islands would be considered a signifi
cant impact if: 

Under CEQA, a project will normally have a signi- • agricultural lands on the islands would be 
retired from production on a long-term basis; ficant effect on the environment if it will convert prime 
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• the conversion of prime and nonprime farm
lands on the project islands would result in a 
substantial loss of jobs and income in agri
culture-dependent industries in San Joaquin and 
Contra Costa Counties; and 

• the amount of agricultural land converted by the 
project, at least temporarily, would be substan
tial. 

IMPACTS AND MIDGATION 
MEASURES OF 

ALTERNATIVE 1 

Alternative 1 involves storage of water on Bacon 
Island and Webb Tract (reservoir islands) and manage
ment of Bouldin Island and Holland Tract (habitat 
islands) primarily for wetlands.and wildlife habitat. The 
reservoir islands would be managed primarily for water 
storage, with wildlife habitat and recreation constituting 
secondary uses. 

Changes in Land Use Conditions 

Bacon Island 

Displacement of Residences and Structures. 
Implementation of Alternative 1 would convert onsite 
agricultural land uses to water storage operations. This 
change would require removal or relocation of existing 
onsite structures and farmsteads on Bacon Island. The 
major agricultural structures and rural residences on the 
site are located near the perimeter levees. The structures 
below the high water level would need to be moved or 
demolished Major alteration of the levee interiors could 
also warrant removal of all agricultural structures and 
residences adjacent to or on the levees. 

For the elimination or relocation of approximately 20 
residences, six farm worker barracks, and other agricul
tural structures, the affected landowners have been or 
would be compensated for their property as willing 
sellers. Housing opportunities in the local area are 
considered sufficient for those affected to be housed. 

Conflicts with Adjacent Land Uses. Storage of 
water and associated recreational uses on Bacon Island 
would not adversely affect adjacent land uses because the 
island is buffered by levees and surrounding waterways 
(see Chapter 3D, "Flood Control", for more detail on 
levee structure). Thus, implementation of Alternative I 
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is not expected to create nuisances that could affect or 
impair offsite agricultural or nonagricultural land uses. 

Implementation of Alternative I without appropriate 
remedial measures could result in flooding of adjacent 
lands due to seepage from Bacon Island onto surrounding 
islands. However, DW proposes seepage control mea
sures, including interceptor wells, as part of Alterna
tive I. As addressed m Chapter 3D, "Flood Control", 
Alternative 1 will result in less-than-significant seepage 
impacts on neighboring islands. 

Eft'ect on Williamson Act Contracts. San Joaquin 
County has preliminarily determined that Alternative I 
is consistent with the goals of the Williamson Act (Davis
son pers. comm.). Submerged areas are considered 
"agricultural lands" in San Joaquin County under the 
Williamson Act. Therefore, Alternative 1 would not 
result in impacts on Williamson Act contract lands on 
Bacon Island. 

Consistency with Zoning and General Plan 
Designations. Implementation of Alternative 1 would 
require a development plan for construction of recreation 
facilities in the AG-40 zone on Bacon Island. The San 
Joaquin County Department of Planning and Building 
Inspection staff members Could approve the permit if they 
determine, after reviewing the site and building floor 
plans, that recreational use of the site is consistent with 
continued agricultural use (Davisson pers. comm.). 

For Alternative I to be allowed under the current 
zoning, the board of supervisors must determine that 
water storage on Bacon Island is consistent with uses 
allowed in the AG-40 zone and consistent with uses 
permitted under zoning ordinance Sections 9-2352 and 
9-4005.1. San Joaquin County has preliminarily deter
mined that because Alternative I is consistent with the 
open space and conservation policies of the general plan, 
the project would be permitted in the AG-40 zone. 
(Davisson pers. comm.) Therefore, Alternative 1 would 
not result in impacts on existing zoning and general plan 
designations. 

All four DW project islands are located in the "pri
mary zone" as defined in the Delta Protection Act (Figure 
3I-l). The proposed water storage on Bacon Island is 
consistent with the intent of the Delta Protection Act; 
Section 29760(b) of the Delta Protection Act directs that 
the regional plan accomplish the following: 

Pennit water reservoir and habitat development 
that is compatible with other uses. 
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Preserve and protect riparian and wetlands 
habitat, and promote and encourage a net in
crease in both the acreage and values of the 
resources on public lands and through voluntary 
cooperative arrangements with private property 
owners. 

Preserve and protect open-space and outdoor 
recreational opportunities. 

Therefore, Alternative 1 is consistent with the Delta 
Protection Act. 

Consistency with General Plan Principles. San 
Joaquin County's conservation principles encourage pro
tecting and utilizing agricultural resources, supporting 
intensive agricultural uses, prohibiting fragmentation of 
agricultural land outside urban expansion areas, and en
couraging the implementation of Williamson Act land 
conservation programs. 

San Joaquin County has preliminarily determined 
that Alternative 1 is consistent with the open space/con
servation element of the SJCGP because ·the project 
would provide open space, water storage, water supply, 
and wetlands and fish and wildlife habitat in the county. 
The SJCGP open space/conservation element is imple
mented through the AG land use designation. Alterna
tive 1 is considered consistent with the SJCGP principles 
(Table 31-7). (Davisson pers. comm.) 

Webb Tract 

Displacement of Residences and Structures. 
Implementation of Alternative 1 would require relocation 
or removal of two trailers in the northern portion of Webb 
Tract, one trailer in the island interior, and the Dinelli 
residence in the southern portion of the island The need 
for removal of residences and structures would result 
from the proposed reservoir uses or from the proposed 
levee improvements. The clubhouse on the eastern tip of 
the island is sited above the proposed high water level 
and could remain onsite. The affected landowners have 
been compensated for their proj?erty as willing sellers. 
Housing opportunities in the local area are considered 
sufficient for those affected to be housed. 

Conflicts with Adjacent Land Uses. Storage of 
water and associated recreational uses on Webb Tract 
would not adversely affect adjacent land uses because the 
island is buffered by levees and surrounding waterways 
(see Chapter 3D, "Flood Control", for more detail on 
levee structure). Thus, as with Bacon Island, the Webb 
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Tract portion of Alternative 1 would not affect or impair 
offsite agricultural or nonagricultural land uses. 

Implementation of Alternative 1 without appropriate 
remedial measures could result in flooding of adjacent 
lands due to seepage from Webb Tract onto surrounding 
islands. However, DW proposes seepage control mea
sures, including interceptor wells, as part of Alterna
tive 1. As addressed in Chapter 3D, "Flood Control", 
implementation of Alternative 1 will result in less-than
significant seepage impacts on neighboring islands. 

Effect on William10n Act Contracts. Contra 
Costa County has preliminarily determined that the water 
canponent of Alternative 1 is consistent with the current 
Williamsm Act contract and the existing agricultural use 
(Drake pers. comm. ). Water storage is a compatible use 
under the Williamson Act. Therefore, Alternative 1 
would be compatible with the existing Williamson Act 
contract on Webb Tract. 

Consistency with Zoning and Gtmeral Plan 
Designations. Alternative 1 would be consistent with 
the CCCGP Delta Recreation and Resource land use 
designation that allows for wildlife habitat and limited 
recreation. DW would likely need to obtain a land use 
permit prior to project implementation to construct recre
ation facilities. Contra Costa County has not completed 
rezoning the property in this area and would possibly, in 
cooperation with DW, rezone the property to P-1, public 
use. P-1 zoning would be consistent with the general 
plan and with the uses proposed under Alternative 1 
(Drake pers. comm.). Further P-1 rezoning would be 
related solely to the construction and use of the recreation 
facilities. Lands zoned A-4 would remain in this district 
as Williamson Act lands. Therefore, water storage on 
Webb Tract would be consistent with the zoning and 
general plan designations on the island. 

Webb Tract is in the Delta Protection Act "primary 
zone". The proposed water storage on Webb Tract would 
be consistent with the intent of the Delta Protection Act 
to permit water reservoir and habitat development that is 
compatible with other uses, as described above for Bacon 
Island. 

Consistency with General Plan Principles. Imple
mentation of Alternative 1 would be consistent with the 
open space and wildlife goals and policies of the CCCGP. 
However, Alternative 1 is not consistent with the county's 
agriculture goals to preserve prime agricultural lands for 
agricultural production and promote a competitive agri
cultural economy (Table 31-7). Although the inherent 
agricultural productivity of the islands would not signifi
cantly change as a result of the use of prime agricultural 
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land fc:r watec storage (see "Changes in Agriculture Con
ditions" below), the proposed use is not consistent with 
these general plan goals. 

Bouldin bland 

Displacement of Residences and Structures. 
Implementation of Alternative I would not require re
moval c:r relocatioo of existing oosite structW"es and fann
steads on Bouldin Island. StructW"es would not be 
removed under the HMP, but current property owners 
would be displaced by the change in land use on the 
island from agriculture to habitat management The 
affected landowners have been or will be compensated 
for their property as willing sellers. 

Conflicts with Adjacent Land Uses. Habitat man
agement on Bouldin Island and associated recreational 
uses would not adversely affect adjacent land uses be
cause the island is buffered by levees and surrounding 
waterways. Thus, Alternative I is not expected to create 
substantial nuisances that could affect or impair offsite 
agricultural or nonagricultural land uses. 

Effect on Williamson Act Contracts. Based on a 
preliminary evaluation by San Joaquin County, Alter
native 1 would be consistent with the open space preser
vation goals of the Williamson Act and is consistent with 
the SJCGP open space/conservation element and AG 
land use designatioo (Davisson pers. comm.). Therefore, 
Alternative I would have no effect on Williamson Act 
contracts. 

Consistency with Zoning and General Plan 
Designations. San Joaquin County preliminarily deter
mined that open space retention and habitat management 
on Bouldin Island are consistent with the SJCGP open 
space/conservation element and the AG land use desig
nation. The County also determined that although not 
specifically mentioned under the AG-40 zoning defmi
tion, the open space value of implementing the HMP is 
consistent with the intent of the agricultural zoning and 
would be permitted in the AG-40 zone. (Davisson pers. 
comm.). Therefore, Alternative I is considered consis
tent with zoning and generai plan designations. 

Bouldin Island is in the Delta Protection Act "pri
mary zone" (Figure 31-1 ). The proposed habitat manage
ment on Bouldin Island is consistent with the intent of the 
Delta Protection Act to pennit water reservoir and habitat 
development that is compatible with other uses, preserves 
and protects riparian and wetlands habitat, and preserves 
and protects open space and outdoor recreation oppor
tunities. 
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Consbtency with General Plan Principles. San 
Joaquin County has preliminarily determined that 
Alternative I is consistent with the open space/conser
vation element of the SJCGP. which is implemented 
through the AG land use designation, because it retains 
valuable open space values and encourages the multiple 
uses of open space (Davisson pers'. comm.). Therefore, 
Alternative I is considered consistent with the SJCGP 
principles (Table 31-7). 

Holland Tract 

Displacement of Residences and Structures. 
Implementation of Alternative 1 would not require 
relocation or removal of existing structures on Holland 
Tract. Some existing structures would be used for main
tenance and operation facilities. Some current property 
owners within the project area on Holland Tract would be 
displaced by the change in use of the island from agricul
ture to habitat management. Lindquist Landing Marina, 
the Holland Riverside Marina, and the land on the south
west portion of the island would not be within the project 
area. Any affected landowners have been or will be 
compensated for their property as willing sellers. 

Conflicts with Adjacent Land Uses. Habitat man
agement oo Holland Tract and associated recreation uses 
would not adversely affect adjacent land uses because the 
island is buffered by levees and surrounding waterways. 
Thus, Alternative I is not expected to create nuisances 
that could affect or impair offsite agricultural or urban 
land uses. 

Consistency with Zoning and General Plan 
Designations. The habitat management aspect of Alter
native 1 is consistent with the CCCGP Delta Recreation 
and Resources land use designation. A land use permit 
for construction of the proposed recreation facilities 
would be required prior to project implementation. 
Alternative 1 is considered consistent with the agricul
tural zoning on Holland Tract because the project would 
provide uses compatible with agriculture. However, 
further review and interpretation by the county staff 
would be required when an application is submitted by 
DW (Drake pers. comm.). Preliminary evaluation of the 
land use designations indicates that Alternative 1 would 
be consistent with current designations. The project 
would also be consistent with the proposed P-1 zoning as 
described above for Webb Tract. 

Holland Tract is located in the Delta Protection Act 
"primary zone" (Figure 31-1). The proposed habitat 
management on Holland Tract is consistent with the 
intent of the Delta Protection Act to permit water 
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reservoir and habitat development that is compatible with 
other uses, preserves and protects riparian and wetlands 
habitat, and preserves and protects open space and out
door recreation opportunities. 

Consistency with General Plan Principles. Imple
mentation of Alternative 1 would be consistent with agri
culture and open space policies of the CCCGP because 
Holland Tract would be managed for wildlife habitat 
(fable 31-7). However, this alternative is not consistent 
with the county's agriculture goals to preserve prime agri
cultural lands for agricultural production and promote a 
competitive agricultural ecooooty (Table 31-7). Although 
the inherent agricultural productivity of the islands would 
oot be significantly changed by the use prime agricultural 
land for habitat management (see "Changes in Agricul
ture Conditions" below), the proposed use is not consis
tent with these general plan goals. 

Summary of Projed Impacts and Recommended 
Mitigation Measures 

Impact 1-1: Displacement of Residences and 
Structures on Reservoir Islands. Implementation of 
Alternative 1 would convert onsite agricultural land uses 
to water storage operations on Webb Tract and Bacon 
Island 1bis change would require removal or relocation 
of existing onsite structures and farmsteads on Bacon 
Island and Webb Tract The affected landowners have 
been or will be compensated for their property as willing 
sellers, and housing opportwrities in the local area are 
considered sufficient for those affected to be housed. 
Therefore, this impact is considered less than significant. 

Mitigation .. No mitigation is required. 

Impact 1-2: Displacement of Property Ownen 
on Habitat Islands. Implementation of Alternative 1 
would oot remove structures under the HMP for Bouldin 
Island and Holland Tract, but current property owners 
would be displaced by the change in use of the island 
from agriculture to habitat management. The affected 
landowners have been or will be compensated for their 
property as willing sellers. Therefore, this impact is 
considered less than significant. 

Mitigation. No mitigation is required. 

Impact 1-3: Inconsistency with Contra Costa 
County General Plan Agricultural Principles. Imple
mentation of Alternative 1 would convert 6,300 acres of 
prime agricultural land on Webb and Holland Tracts to 
water storage and habitat uses, respectively. This con
version is not consistent with the county's agricultural 
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principles to preserve prime agricultural lands for agri
cultural production and promote a competitive agricul
tural economy (fable 31-7). Although the inherent agri
cultural productivity of the islands would not be signi
ficantly changed by use of prime agricultural land for 
water staage or habitat management, the proposed use is 
oot consistent with these general plan principles. There
fore, this impact is considered significant and unavoid
able. 

Mitigation. No mitigation is available to 
reduce this impact to a les8-than-significant level. 

Changes in Agriculture Conditions 

Bacon Island 

Implementation of Alternative 1 would convert an 
estimated 5,403 acres of Class ill soils on Bacon Island 
to nonagricultural use (Table 31-4). NRCS and CDC 
have designated all but 125 acres of soil on Bacon Island · 
as prime fannland. An estimated 4,331 acres, excluding 
347 acresofshort-term fallow land (land that is included 
as part of a crop rotation plan) were in agricultural use on 
Bacon Island in 1988. This land represented an esti
mated 0.7% of harvested acreage in San Joaquin County 
in 1987 (San Joaquin County Office of the Agricultural 
Commissioner 1988). Over the long term, agricultural 
production on the island may become infeasible even 
without DW project implementation because of subsi
dence and resulting increased likelihood of levee failure 
(DWR 1988). 

Agricultural land conversion on Bacon Island would 
result in the loss of agricultural production on Bacon 
Island. Estimated crop production on Bacon Island, 
based on planted acreage in 1988, is shown in Table 
3I-6. (See Chapter 3K, "Economic Conditions and 
Effects", for a discussion of the value of the island's agri
cultural production.) 

As discussed in the "Affected Environment" section, 
Bacon Island produced virtually all of San Joaquin 
County's commercial potato crop (91. 90/o, based on 
countywide production levels), as well as large percent
ages of its seed potato (52.5%) and asparagus (7.6%) 
crops in 1987. The loss of Bacon Island's agricultural 
production would substantially reduce the countywide 
production of these crops. 
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Webb Tract 

Implementation of Alternative 1 would convert an 
estimated 4,912 acres of Class lli soils and 250 acres of 
Class IV soils on Webb Tract to nonagricultural uses. 
Under the CDC IFM system, an estimated 4,725 acres 
oo Webb Tract are designated as prime fannland (Table 
31-4). In addition, 130 acres have been designated as 
fannland of statewide importance, and 294 acres have 
been designated as tmique fannland. Implementation of 
Alternative 1 would convert these lands to nonagricul
tural uses. 

An estimated 2,638 acres, excluding 611 acres of 
shcrt-tenn fallow land, were in agricultural use on Webb 
Tract in 1988. This land represented an estimated 1.3% 
of acreage harvested in Contra Costa County in 1987 
(Contra Costa County Department of Agriculture 1988). 

DWR (1988) has identified Holland and Webb 
Tracts as critical for Delta water quality protection and 
seeks to reduce agricultural production on these and six 
other west Delta islands to minimize further subsidence 
and island flooding hazards. Thus, from the flooding 
hazard perspective, reduction of cultivated agricultural 
land on Webb and Holland Tracts may be considered a 
benefit over the long term. DWR (1990) has judged that 
loss of cultivated agriculture is inevitable on nearby 
Sherman Island because of island subsidence and .that 
such loss is more than offset by flood control and wildlife 
benefits of slowing the rate of subsidence (see Chapter 
3D, "Flood Control", for more detail on subsidence and 
flood control). 

Agricultural land conversion would result in the loss 
of agricultural production on Webb Tract. In 1987, 
Webb Tract produced 60.1% of Contra Costa County's 
com crop and 12.0% of the county's wheat crop. The 
loss of Webb Tract's agricultural production would sub
stantially reduce the countywide production of these 
crops. 

Bouldin Island 

Implementation of Alternative 1 would convert much 
of Bouldin Island to nonagricultural uses (i.e., wildlife 
habitat). An estimated 3,864 acres of Class lli soils and 
30 acres of Class IV soils on Bouldin Island would be 
converted to nonagricultural uses. (The remaining 1,867 
acres of farinland on Bouldin Island would be kept in 
agricultural use, as described below.) The 3,864 acres of 
Class III soils that would be converted under Alterna
tive 1 are considered prime fannland by NRCS and CDC. 
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An estimated 4,395 acres, excluding 685 acres of 
short-term fallow land, are cum:ntly in agricultural use on 
Bouldin Island. Implementation of Alternative 1 would 
preempt agricultural production on 3,213 acres (includ
ing an estimated 2,780 planted acres and 433 fallowed 
acres). Under Alternative 1, some portions of Bouldin 
Island would be planted in grain aops to enhance wildlife 
habitat. As shown in Table 31-8, an estimated 1,867 
acres would be planted in com, wheat, barley, and 
pasture foc wildlife habitat, with an estimated 1,195 acres 
harvested for sale (see Appendix 03, "Habitat Manage
ment Plan for the Delta Wetlands Habitat Islands"). 

The sale of grain crops planted for wildlife habitat 
would partially offset the loss of agricultural production 
on Bouldin Island~ however, crop production on the 
island would be reduced by implementation of Alter
native 1. The effect of this alternative on crop production 
on Bouldin Island includes the net loss of an estimated 
2,506 tons of wheat, 7,435 tons of com, and 770 tons of 
sunflowers, and the net gain of an estimated 27 tons of 
barley and 119 acres of harvested pasture. The crop 
reductions represent 16.2% of San Joaquin County's 
sunflower crop (based on 1987 countywide production 
levels), 3.1% of the county's com crop, and 2.2% of the 
county's wheat crop. The crop gains would represent a 
1.8% increase in the county's barley crop and a 0.4% 
increase in the county's supply of irrigated pasture. 

Holland Tract 

Under Alternative 1, portions of Holland Tract 
would be excluded from the project. Nonproject areas on 
Holland Tract would include marina properties, the 
857 -acre Solomon parcel, 263 acres of irrigated pasture, 
and several small parcels along the levee held by outside 
interests. An estimated 1,179 acres on Holland Tract 
within the project area would be planted in grain crops to 
enhance wildlife habitat, with an estimated 741 acres 
would be harvested for sale (Table 31-8). 

Implementation of Alternative 1 would convert an 
estimated 1, 733 acres of agricultural soils to nonagricul
tural uses (excluding 1,120 nonproject acres and 1,179 
acresplantedinhabitatcrops). An estimated 1,162 acres 
of land designated as prime fannland in the CDC IFM 
system would be converted to nonagricultural uses on 
Holland Tract under Alternative 1. Additionally, an esti
mated 357 acres offannland of statewide importance and 
214 acres of tmique fannland would be converted under 
Alternative 1. 

An estimated 2,005 acres, excluding 745 acres of 
short-term fallow land, were used for agriculture on 
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Holland Tract in 1988. An estimated 1,120 of these 
acres are in the nonproject portion of Holland Tract 
Implementation of Alternative 1 would preempt agricul-
tural production on 451 acres (including an estimated • 
316 planted acres and 135 fallowed acres) and change 
cropping patterns on much of the remaining farmland 
within the project area on Holland Tract. As on Bouldin 
Island, some portions of Holland Tract would be planted 
in grain crops to enhance wildlife habitat. As shown in 
Table 3I-8, an estimated 1,179 acres would be planted in 
com, wheat, barley, and pasture for wildlife habitat, with 
an estimated 7 41 acres harvested for sale. 

The harvest and sale of grain crops planted for wild
life habitat would partially offset the loss of agricultural 
production on Holland Tract; however, crop production 
on the island would be reduced by implementation of 
Alternative 1. The effect of this alternative on crop 
production on Holland Tract includes the net loss of an 
estimated 374 tons of wheat, 396 tons of asparagus, and 
118 acres of harvested pasture, and the net gain of 132 
tons of corn and 40 tons of barley. The crop reductions 
represent 5.3% of Contra Costa County's wheat crop 
(based on 1987 countywide production levels), 14.7% of 
the county's asparagus crop, and 2.2% of the county's 
irrigated pasture. The crop gains would represent a 1.00/o • 
increase in the county's com crop and a 5.2% increase in 
the county's barley crop. 

As described above for Webb Tract, reducing the 
amount of cultivated agricultural land on Holland Tract 
may be considered a long-term benefit from a flooding 
hazard perspective in the west Delta. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact 1-4: Direct Conversion of Agricultural 
Land. Implementation of Alternative 1 would convert 
approximately 16,180 acres of agricultural land, includ
ing an estimated 10,065 acres of harvested cropland and 
pasture, 1,525 acres of short-term fallowed land, and 
4,590 acres oflong-term idled lands, to nonagricultural 
uses on the four DW project i~ands combined. (This 
total excludes 1,120 acres of nonproject land on Holland 
Tract and 3,046 acres that would be planted in grains on 
Bouldin Island and Holland Tract for wildlife habitat.) • 
This impact is considered significant and unavoidable 
based on the following considerations: 

• The conversion of 10,065 harvested acres of 
agricultural land represents approxiniately 1. 9"/o 
of the 535,800 harvested acres (excluding 
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nooirrigated grazing lands) in Contra Costa and 
San Joaquin Counties in 1987. 

Based on current conditions and management 
practices, an estimated 15,029 of the 16,180 
converted acres have been designated as prime 
farmland by CDC. This acreage represents 
3.1% of the estimated 480,600 acres of prime 
farmland within the two counties in 1990 (CDC 
1992). Additionally, the converted acreage 
includes an estimated 642 acres designated as 
farmland of statewide importance and 508 acres 
designated as unique farmland by CDC. 

This conversion of Delta islands to noncul
tivated uses may be viewed as a benefit because 
it slows rate of soil loss by reducing the rate of 
peat oxidation and subsidence problems on 
reservoir islands over the life of the project; 
however, under the project, agricultural lands 
would be retired from production for at least 50 
years and there is no certainty that the project 
islands would be returned to agricultural pro
duction at the end of the project. 

Alternative 1 would eliminate significant pro
portions of countywide production of certain 
agricultural crops in San Joaquin and Contra 
Costa Counties. On Bacon Island, the project 
would eliminate 92% of countywide potato 
production and 53% of countywide seed potato 
production (based on 1987 production levels) 
in San Joaquin County. On Bouldin Island, the 
project would eliminate 16% of San Joaquin 
County's sunflower crop. On Holland and 
Webb Tracts in Contra Costa County, Alterna
tive 1 would eliminate the following percent
ages (net) of countywide production of three 
crops (based on 1987 production levels): com, 
59%; wheat, 17%; and asparagus, 15%. Al
though specific effects on individual businesses 
have not been evaluated as part of this analysis, 
the proportional extent of these reductions indi
cates that agricultural service providers may be 
affected by production reductions related to 
project implementation. 

Implementation of Alternative 1 would substan
tially reduce statewide production of two crops, 
as shown in Table 3I-9. Percentages of sun
flower seed for human consumption (31.8%) 
and seed potatoes (41.2%) grown on the DW 
islands in 1988 were substantial and would be 
reduced by project implementation. DW island 
contributions of the other crops grown on the 
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island were less than 4% of statewide produc
tion For all crops, yields per acre were less on 
the fow- project islands in 1988 than the state
wide averages. 

• Loss of production on the fow- project islands 
would reduce agricultural employment and 
income in Cmtra Costa and San Joaquin COWl
ties, as described in Chapter 3K, "Economic 
Conditions and Effects". An estimated 290 
direct and secondary jobs would be lost in the 
two counties as a result of project implemen
tation Most of these jobs would be in the agri
cultural production and services and food 
processing sectors. Although the jobs lost 
would represent a small fraction of the 443,900 
jobs in Contra Costa and San Joaquin Counties 
in 1988, the displaced employment would 
represent an estimated I.6% of the agricultural 
production and service jobs in the two counties 
in I988 (California Employment Development 
Depar1ment 1991). Although project construc
tion, operations, and maintenance employment 
generated by the project would offset this loss, 
most of the project-related job losses would be 
in the agricultural sector and in sectors that 
supply agricultw-al goods and services. Project
related job growth probably would not offset 
losses in these specific sectors. 

Even though DW project islands could conceivably 
be retW"ned to agricultural production, the assumed 50-
year disruption of production would likely result in per
manent effects on employees and industries currently 
providing services to the project islands. These busi
nesses include agricultw-al chemical dealers and pesticide 
applicators, and irrigation equipment and maintenance 
businesses (Hudson pers. comm.). CEQA and NEPA 
allow economic effects to be considered when the signifi
cance of physical impacts, such as the conversion of 
agricultural land, is considered (see Chapter 3K). 

Mitigation. No reasonable mitigation is avail
able to reduce this impact to a less-than-significant level. 
It is extremely unlikely that a similar amount of land in 
the region with similar qualities and productivity could be 
brought into production to mitigate the effects resulting 
from the loss of agricultural use of lands on the DW 
project islands discussed above. Counties in the region 
of the project are generally losing farmland faster than 
new land is being brought into production. For example, 
between I986 and I988, approximately 2,600 acres of 
cropland in Contra Costa Cowtty were oonverted to urban 
and other uses, while 450 acres of grazing lands and 
other nonagricultural lands were converted to cropland 
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(CDC I990). Reclaiming DW project lands to agricul
tural uses at the conclusion of the project would reduce 
the long-tenn impacts on agricultural land and production 
but would not reduce short-term losses of agricultural 
production, employment, and income occw-ring over the 
50-year life of the project. 

Although DW would not control the use of water 
discharged ftml the project islands once it is sold, one of 
the potential uses of the exported water is for agriculture 
elsewhere in the state. Also, water from DW project 
operations sold for urban and environmental uses could 
reduce or delay losses of water from the agricultural 
secta that would otherwise be used to fulfill those urban 
and environmental water needs. These general benefits 
of Alternative 1 to the agricultural sector, however, 
would not be guaranteed or continuous. Therefore, inter
mittent benefits such as these are not a viable mitigation 
and would not offset the impact of converting agricultural 
lands on the DW project islands. 

IMPACTS AND MITIGATION 
MEASURES OF 

ALTERNATIVEl 

Changes in Land Use Conditions 

hnpacts on land use, including effects on Williamson 
Act contracts, displacement of existing dwelling units, 
and consistency with relevant plans and policies, and 
mitigation me&SW"es of Alternative 2 are the same as 
those of Alternative I. 

Changes in Agriculture Conditions 

Impacts on agricultw-al resow-ces, including agri
cultw-alland conversion, production losses, and economic 
effects, and mitigation measures of Alternative 2 are the 
same as those of Alternative I. 

IMPACTS AND MmGATION 
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 I2 would be 
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managed as a wildlife habitat area and would not be used 
for water storage. 

Changea in Land Use Conditions 

Bacon bland and Webb Tract 

The effect of implementation of Alternative 3 on land 
use for Bacon Island and Webb Tract is the same as that 
of Alternative 1. 

Bouldin bland and Holland Tract 

Displacement of Residences and Structures. 
Flooding Bouldin Island and Holland Tract under Alter
native 3 would result in the displacement of residences 
and structures on those islands. This- impact is similar to 
that described above for Bacon Island and Webb Tract 
under Alternative l. The affected landowners have been 
or would be compensated for their property as willing 
sellers. Housing opportunities in the local area are · 
considered sufficient for those affected to be housed. 

Conflicts with Adjacent Land Uses. Water 
storage on Holland Tract and water storage and habitat 
management on Bouldin Island would not adversely affect 
adjacent land uses as described for Bacon Island and 
Webb Tract under Alternative 1. 

Effect on Williamson Act Contracts. Williamson 
Act contracts on Bouldin Island would not be affected by 
water storage use on the south side of SR 12 as described 
for Bacon Island and Webb Tract under Alternative 1. 
As described for habitat management on Bouldin Island 
for Alternative 1, the NBHA north of SR 12 under Alter
native 3 would not affect Williamson Act contracts. 

Consistency with Zoning and General Plan 
Deaignations and Principles. As described for Bacon 
Island and Webb Tract, water storage on Bouldin Island 
and Holland Tract would be considered consistent with 
zoning and general plan design@ons in San Joaquin and 
Contra Costa Cowtties. Habitat management on Bouldin 
Island north of SR 12 would be consistent with plans and 
policies as described under Alternative 1. 

Warer storage on Bouldin Island and Holland Tract 
would be consistent with the Delta Protection Act. Water 
storage on Bouldin Island would be consistent with the 
SJCGP principles as described for Bacon Island. Con
version of prime agricultural land to water storage on 
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Holland Tract would be inconsistent with CCCGP 
agricultw"al goals. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact 1-5: Displacement of Reaidencea and 
Structures on Reservoir Islands. Implementation of 
Alternative 3 would convert onsite agricultural land uses 
to water storage operations on all four DW project 
islands. This change would require removal or relocation 
of existing onsite structures and farmsteads. The affected 
landowners have been or would be compensated for their 
property as willing sellers, and housing opportunities in 
the local area are considered sufficient for those affected 
to be housed. Therefore, this impact is considered less 
than significant. 

Mitigation. No mitigation is required. 

Impact 1-6: Inconsistency with Contra Costa 
County General Plan Agricultural Princlplea. Imple
mentation of Alternative 3 would convert 6,300 acres of 
prime agricultural land on Webb and Holland Tracts to 
water storage use. This conversion is not consistent with 
the county's agricultural principles to preserve prime 
agricultural lands for agricultural production and promote 
a competitive agricultural economy (Table 3I-7). Al
though the inherent agricultural productivity of the 
islands would not be significantly changed by use of 
prime agricultural land for water storage, the proposed 
use is not consistent with these general plan principles. 
Therefore, this impact is considered significant and 
unavoidable. 

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

Changes in Agriculture Conditions 

Impacts on agricultural resources, including agri
cultural land conversion, production losses, and economic 
effects would be greater under this alternative than under 
Alternative 1. Under Alternative 3, no crops would be 
planted on Bouldin Island and Holland Tract as part of an 
HMP; therefore, agricultural resource impacts caused by 
land conversion on these islands would not be offset by 
agricultural production associated with habitat manage
ment as under Alternative 1. Additionally, the 1,120 
acres on Holland Tract excluded from the project under 
Alternatives 1 and 2 would be converted to water storage 
uses under Alternative 3. 
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Agricultw"al resow-ce impacts of Alternative 3 on 
Bacon Island and Webb Tract are the same as those 
described previously for Alternative 1. 

Implementation of Alternative 3 would result in 
convemoo to nonagricultural uses of an estimated 5,761 
acres of agricultw"al land on Bouldin Island, including 
5,711 acres designated by CDC as prime farmland (Table 
3I-4). Conversi.oo of agricultw"alland would result in the 
loss of agricultw"al production from an estimated 4,395 
acres under cultivation in 1988 (this total does not 
include 685 acres of short-term fallow land) (Table 3I-6). 
Bouldin Island produces 16.2% of San Joaquin County's 
sunflower crop (based on 1987 countywide production 
levels), 4.7% of the county's com crop, and 2.8% of the 
county's wheat crop. All agricultw"al production on 
Bouldin Island would be lost under Alternative 3. 

Implementation of Alternative 3 would result in 
cooversion to nonagricultw-al uses of an estimated 4,032 
acres of agricultw-al soils on Holland Tract, including 
1 ,57 5 acres designated by CDC as prime farmland (Table 
3I-4). Conversionofagricultw-alland would result in the 
loss of agricultw"al production from an estimated 2,005 
acres under cultivation in 1988 (this total does not 
include an estimated 745 acres of short-term fallowed 
land but includes 1 , 120 acres of land excluded from 
project use under Alternatives 1 and 2). The lost agri
cultw"al production on Holland Tract would include an 
estimated 23.5% of Contra Costa County's wheat crop 
(based on 1987 production levels), 15.4% of the county's 
com crop, 26.6% of the county's asparagus crop, and 
10.4% of the county's irrigated pastw"e. 

Under Alternative 3, DW may be required to miti
gate habitat losses on DW project islands by leasing or 
purchasing offsite lands for habitat creation or protection. 
This offsite mitigation could result in the conversion of an 
unknown amount of agricultural land. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact 1-7: Direct Conversion of Agricultural 
Land. Implementation of Alternative 3 would convert to 
nonagricultural uses an estimated 20,345 acres of agricul
tural land on the four DW project islands combined, 
including an estimated 13,369 acres of harvested crop
land and pasture, 2,388 acres of short-term fallowed land, 
and 4,590 acres oflong-term idled lands. 

The direct conversion of agricultilral land on the 
project islands includes conversion of an estimated 
17,414 acres of land designated as prime farmland by 
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CDC. This acreage represents 3.6% of the estimated 
480,600 acres of prime farmland in the two counties in 
1990 (CDC 1992). Additionally, the converted acreage 
includes an estimated 2,211 acres designated as farmland 
of statewide importance and 720 acres designated as 
unique farmland by CDC. 

The conversion of 13,369 harvested acres of 
agricultural land represents conversion of approximately 
2.5% of the 535,800 harvested acres (excluding nonirri
gated grazing lands) in Contra Costa and San Joaquin 
Counties in 1987. Production losses and economic 
effects resulting from these production losses, including 
employment and income effects, would be similar to, but 
greater than, the effects described previously for Alter
native 1. 

'The direct cooversioo of agricultural land to nonagri
cultural uses under Alternative 3 is considered significant 
and WUivoidable based on the above considerations. Al
though this conversion of Delta islands to noncultivated 
uses may be viewed as a benefit because it preserves soils 
with peat oxidation and subsidence problems over the life 
of the project, project implementation would involve 
retiring agricultural lands from production for at least 50 
years and there is no certainty that the project islands 
would be retmned to agricultw"al production at the end of 
the project. 

Mitigation. As discussed previously for Alter
native 1, no reasonable mitigation is available to reduce 
this impact to a less-than-significant level. Reclaiming 
DW project lands to agricultw-al uses at the conclusion of 
the project would reduce the long-term impacts on 
agricultural land and production but would not reduce 
short-term losses of agricultw"al production, employment, 
and income occurring over the 50-year life of the project. 

IMPACTS AND MmGATION 
MEASURES OF THE 

NO-PROJECT ALTERNATIVE 

The project applicant would not be required to 
implement mitigation measures if the No-Project Alterna
tive were selected by the lead agencies. However, miti
gation 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 altema-
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tives, including implementation of reconunended miti
gation measmes, with the No-Project Alternative. 

Changes in Land Use Conditions 

Under the No-Project Alternative, current use of the 
four DW project islands would continue as described 
above wxler "Affected Environment"; agricultural inten
sity would increase in currently fallow areas. Implemen
tation of the No-Project Alternative would result in 
continuation of existing land uses with no change in the 
status of onsite structures, Williamson Act contracts, or 
zoning and general plan designations. Land use on the 
four islands would also continue to be consistent with 
relevant general plan policies. Therefore, the No-Project 
Alternative would not result in land use impacts. 

Changes in Agriculture Conditions 

Under the No-Project Alternative, more· intensive 
agricultural operations would be implemented on the four 
DW project islands. An agricultural consultant has made 
general recommendations concerning agricultural prac
tices, land improvements, and cropping patterns that 
would improve the farming efficiency on the four DW 
islands (McCarty pers. comm.). Land and drainage 
improvements under this alternative would be limited to 
those exempted from regulation under Section 404(f)( 1) 
of the Clean Water Act. No redistribution of soil by 
grading or blading to fill wetlands would occur. 

Based on these recommendations and additional 
input from DW (Wi.Jlther pers. comm.), JSA developed 
a cropping scenario (Table 31-10) used as the basis for 
evaluating the impacts of intensified agriculture under the 
No-Project Alternative. Production projections were 
prepared based on yield data provided by a variety of 
sources, as listed at the bottom of Table 31-10. Average 
yields for the crops produced on Bacon and Bouldin 
Islands were assumed to remain the same as existing 
yields; average yields for the crops produced on Holland 
and Webb Tracts were assumed to increase because of 
improvements in drainage and agricultural practices. 

The agricultural production projections for this alter
native are valid only for the short term. Over the long 
term, intensive cultivated agriculture would cease on the 
DW project islands, particularly Holland and Webb 
Tracts, because of continued subsidence and the threat to 
Delta water quality (DWR 1990). No information is 
available concerning the length of time agriculture will 
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remain physically and economically feasible on the 
project islands; however, intensified agricultural use of 
the islands will likely increase existing erosion and sub
sidence problems. 

Bacon bland 

Implementation of the No-Project Alternative would 
retain in agricultural use the estimated 5,403 acres of 
prime agricultural land on Bacon Island. No additional 
land would be converted to nonagricultural uses. Cul
tivated land on Bacon Island would increase from an 
estimated existing 4,331 acres to a projected 4,960 acres 
(Tables 31-6 and 31-1 0). Over the long term, intensifying 
agriculture would increase the rate of subsidence and 
necessitate additional levee protection on the island. (See 
Chapter 3D, "Flood Control", for more detail on subsi
dence and levee stability.) 

Under the No-Project Alternative, land currently 
used to grow com and sunflower would be planted in 
potatoes, onions, and asparagus (Winther pers. comm.). 
In addition, set-aside land that currently supports exotic 
perennial grassland and exotic marsh habitat (see Chapter 
30, "Vegetation and Wetlands", for information on these 
habitat types) would be converted to use for growing 
potatoes, onions, and asparagus. Under the cropping 
scenario presented in Table 31-10, these changes would 
increase Bacon Island's production of commercial pota
toes by 41% and asparagus by 58%, reintroduce the 
production of onions, and maintain the existing produc
tion levels of seed potatoes and wine grapes. 

Webb Tract 

Implementation of the No-Project Alternative would 
retain in agricultural use the estimated 4,725 acres of 
prime agricultural land on Webb Tract. No additional 
land would be converted to nonagricultural uses. In the 
short term, cultivated land on Webb Tract would increase 
from an estimated existing 2,638 acres to a projected 
4,880 acres (Tables 31-6 and 31-1 0). As described above 
for Bacon Island, all agricultural land on the island may 
be eliminated over the long term by flooding as sub
sidence increases and levee protection becomes more 
difficult. 

Under the No-Project Alternative, the irrigation and 
drainage system on Webb Tract would be improved so 
that more of the island could be intensively farmed. 
Under this alternative, much of the fallow cropland 
(currently not cultivated because of high water tables) 
and herbaceous upland habitat on the island would be 
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cooverted to the intensive production offeed grain crops 
(Winther pers. comm.). Habitat SWTOWlding the two 
blowout ponds and land that could not be cropped 
without regrading being conducted on the island would 
be left in its existing condition. Under the cropping 
scenario presented in Table 3I-l 0, agricultural operations 
on Webb Tract would increase the production of wheat 
by 413% and the production of corn by 68%. 

Bouldin Island 

Implementation of the No-Project Alternative would 
retain in agricultural use the estimated 5,711 acres of 
prime agricultural land on Bouldin Island. No additional 
land would be converted to nonagricultural uses. Cul
tivated land on Bouldin Island would increase from an 
estimated existing 4,395 acres to a projected 5,200 acres 
(Tables 3I-6 and 3I-1 0). As described above for Bacon 
Island, increased subsidence and decreased levee stability 
over the long tenn may cause cessation of agricultural 
production on Bouldin Island. 

Under the No-Project Alternative, drainage on 
Bouldin Island would be improved to make areas cur
rently fallow because of high water tables available for 
agricultural use. Drainage improvements would make 
the island suitable for a cropping pattern similar to that of 
Bacon Island. (Winther pers. comm.) Under the crop
ping scenario presented in Table 3I-1 0, agricultural oper
ations on Bouldin Island would shift from the production 
of wheat, corn, and sunflower to the intensive production 
of onions, asparagus, potatoes, and wine grapes. 

Holland Tract 

Implementation of the No-Project Alternative would 
retain in agricultural use the estimated 1,57 5 acres of 
prime agricultural land on Holland Tract. No additional 
land would be converted to nonagricultural uses. Culti
vated land on Holland Tract would increase in the short 
term from an estimated existing 2,005 acres in 1988 to a 
projected 3,680 acres (Tables 3I-6 and 3I-10). As 
described above for Bacon Island, intensifying agriculture 
would hasten subsidence -and threaten levee protection, 
eventually causing the loss of all agricultural land on the 
island. 

To implement intensive agriculture Wlder the No
Project Alternative on Holland Tract, a number of phy
sical improvements would be required to improve the 
island's agricultural efficiency. Marty of the island's 
drainage ditches would require reconditioning to improve 
irrigation and drainage practices. Existing fallow lands 
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would be converted to wheat and com production. In 
addition, existing areas of annual grassland and exotic 
perennial grassland would be converted to orchards or 
vineyards. (Winther pers. comm.) Under the cropping 
scenario presented in Table 3I-1 0, agricultural operations 
on Holland Tract would increase the production of wheat 
by 136% and com by 293%, introduce the production of 
wine grapes, and maintain the existing production of 
asparagus and pasture. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Increase in Cultivated Acreage and Agricultural 
Production on the DW Project Islands. Implementing 
the No-Project Alternative would increase the amount of 
land in agricultural production on the DW project islands 
from approximately 13,350 Wlder existing conditions to 
approximately 18,720 acres. Increasing crop production 
would contribute to an increase in agricultural employ
ment in Contra Costa and San Joaquin CoWlties. Also, 
irrigation and drainage systems would be improved on 
the DW project islands to provide for long-tenn agricul
tural production. Increasing agricultural production on 
the DW project islands Wlder the No-Project Alternative 
would benefit agriculture-related industries. 

CUMULATIVE IMPACTS 

Cumulative Impacts, Including 
Impacts of Alternative I 

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 only those project effects 
that may contribute cumulatively to impacts on land use 
and agriculture in the project vicinity. 

Changes in Land Use Conditions 

Implementation of Alternative 1 would not contri
bute to cumulative impacts on land use, including chan
ges in Williamson Act contracts, a substantial reduction 
in regional housing supply, or incompatibilities with 
adjacent land uses. Implementation of Alternative 1 
would, however, contribute to the regional conversion of 
agricultural land as described below. The DW project, in 
conjWlction with other projects that convert agricultural 
land to other uses (see Appendix 2, "Supplemental 
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Description of the Delta Wetlands Project Altemativesw), 
would not be consistent with general plan principles that 
pmnote the retention and production of agricultural land 
as described above under wlmpacts and Mitigation Mea
sures of Alternative 1 w. 

Changes in Agriculture Conditions 

The list ofrelated projects evaluated for cmnulative 
impacts (Appendix 2) includes a nmnber of projects that 
would convert agricultural lands to nonagricultural uses. 
Agricultural land conversions could occur through the 
urban development of Delta islands, additional water 
storage projects on Delta islands encouraged by the OW 
project, levee improvement and flood control projects, or 
subsidence-reduction programs (DWR 1990). The 
cumulative amount of agricultural land that would ulti
mately be converted by related projects is not known but 
is expected to be relatively large. . · 

DWR's West Delta Water Management Program, 
DWR's North Delta Flood Control Plan, and CCWD's 
Los Vaqueros Project are examples of water resource 
projects that would convert agricultural lands to nonagri
cultural uses. 

Conversion of land from agricultural to managed 
wildlife habitat on Sherman and Twitchell Islands is the 
primary focus of the West Delta program. DWR has suc
cessfully purchased 5,000 of the 1 0,000-acre Sherman 
Island to implement the West Delta mitigation program. 
By the end of 1995, it is projected that a total of 8,000 
acres of Sherman Island will have been purchased 
(Brown pers. comm.). Purchased lands would be con
verted from intensive agriculture to slow the rate of 
subsidence and potentially reduce the likelihood of levee 
failure; therefore, this conversion could increase protec
tion of Delta water quality (DWR 1990). DWR has 
purchased approximately 3,000 of the 3,600 acres on 
Twitchell Island and will convert this land to wetlands 
and riparian wildlife habitat if mitigation agreements are 
successfully negotiated with USFWS and DFG (Turner 
pers. comm.). Virtually all the lands on Sherman and 
Twitchell Islands have been mi!J>ped as prime farmland 
by CDC. 

The Los Vaqueros Project would convert approxi
mately 2,200 acres of agricultural land in dryland farming 
and grazing to other uses (e.g., reservoir, recreation 
facilities) (CCWD and Reclamation 1992). The Los 
Vaqueros project and future developments in the region 
would have significant cmnulative impacts on regional 
agricultural resources, including the conversion of prime 
and nonprime agricultural lands to nonagricultural uses. 
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No mitigation measures are available to the lead agencies 
(CCWD and Reclamation) to reduce this cmnulative 
impact; mitigation for agricultural land conversion is 
within the purview and jurisdiction of local land use 
agencies (CCWD 1993). 

Implementation of Alternative 1 would involve direct 
conversion to nonagricultural uses of an estimated 15,154 
acres (9,267 acres in San Joaquin County and 5,887 
acres in Cmtra Costa County) of prime agricultural land. 
The California Department of Food and Agriculture 
(OF A) has recently begun monitoring projects that would 
convert agricultural land to nonagricultural uses. 
According to OF A ( 1988), between July 1, 1987, and 
October 13, 1988, applications were filed in San Joaquin 
and Contra Costa Counties for projects (including the 
OW project) that would convert approximately 52,200 
acres of agricultural land to nonagricultural uses. The 
15,154 acres of prime farmland converted by the OW 
project would represent approximately 291'/o of all agri
cultural land being considered for conversion in the 
two-county area during the period when applications for 
the project were flJ'St sought. 

Impact 1-8: Cumulative Convenion of Agri
cultural Land. The cumulative conversion of prime 
agricultural land by the OW project and related projects 
is considered a significarit and unavoidable impact on 
agricultural production. For example, cumulative con
versions of the OW project and the possible DWR 
projects on Sherman and Twitchell Islands could total 
more than 30,000 acres, or more than 5% of the total 
agricultural acreage mapped on Delta islands by Madrone 
Associates (1980). These cumulative conversions would 
result in similar, but greater, economic effects than those 
described for conversions under the OW project. 

Mitigation. No reasonable mitigation is avail
able to reduce this impact to a less-than-significant level. 
It is extremely unlikely that a similar amount ofland in 
the region with similar qualities and productivity could be 
brought into production to mitigate the effects resulting 
from the cwnulative loss of agricultural land. Counties in 
the OW project region are generally losing farmland 
faster than new land is being brought into production. 
For example, between 1986 and 1988, approximately 
2,600 acres of cropland in Contra Costa County were 
converted to urban and other uses, while 450 acres of 
grazing lands and other nonagricultural lands were con
verted to cropland (CDC 1988). 
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Cumulative Impacts, Including 
Impacts of Alternative 2 

Implementation of Alternative 2 would not contri
bu~ to any cumulative land use impacts. The contribu
tion of Alternative 2 to cwnulative impacts on agriculture 
would be the same as that described for Alternative I. 

Cumulative Impacts, Jncluding 
Impacts of Alternative 3 

Implementation of Alternative 3 would not contri
bute to any cumulative land use impacts. The contribu
tion of Alternative 3 to cumulative impacts on agriculture 
would be the same as that described for Alternative 1. 

•' 

Cumulative Impacts, Including Impacts 
of the No-Project Alternative 

Implementing the No-Project Alternative would not 
contribute to cumulative changes in regional land uses 
and agricultural production. 
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Table 3I-l. Generalized Land Use Acreages on the DW Project Islands 

Land Use 

Agricultural land and pastureland 

Fallow agricultural land 

Agriculture-related structures, farmsteads, and 
exposed earth (includes marinas on Holland Tract) 

Sloughs and ditches 

Other natural or unmanaged land 
(e.g., fallow agricultural land, open space) 

Total 

Bacon 
Island 

4,439 

355 

86 

92 

567 

5,539 

Notes: Based on habitat map, dated October 24, 1988, by JSA. 

Webb 
Tract 

2,756 

638 

20 

50 

2.005 

5,469 

Bouldin 
Island 

4,565 

712 

75 

118 

~ 

5,985 

Holland 
Tract 

2,112 

785 

243 

45 

1.064 

4,249 

Although agricultural production on the DW project islands may have changed since 1988, these conditions were 
determined to best represent typical preproject agricultural land use. 



Table 31-2. Selected General Plan Designations and Definitions for the OW Project Islands and Vicinity 

Designation 

San Joaquin County 

General agriculture 

Open space/resource conservation 

Contra Costa County 

Delta recreation and resources 

Water 

Parks and recreation 

Single-family residential - high density 

Multifamily residential - low density 

Definition 

These are areas suitable for agriculture outside areas planned for urban development where the soils are 
capable of producing a wide variety of crops and/or supporting grazing, parcel sizes are generally large 
enough to support commercial agricultural activities (20-acre minimum parcel size), and a commitment to 
commercial agriculture in the form of Williamson Act contracts and/or capital investments exists. 

Open spaces are areas best suited for the continuation of commercial agricultural and productive uses, the 
enjoyment of scenic beauty and recreation, the protection and use of natural resources, and protection from 
natural hazards. Open space/resource conservation areas include waterways; riparian habitat and 
woodlands; wetlands and vernal pools; significant oak groves and other heritage trees; habitat for rare, 
threatened, or endangered species; substantial groundwater recharge areas; significant mineral resource 
areas; and floodways. 

These areas include islands and adjacent lowlands of the Sacramento-San Joaquin Delta within the 100-year 
floodplain appropriate primarily for agriculture and wildlife habitat, with limited recreation uses allowed that 
do not conflict with the predominant agricultural and habitat uses. 

This designation includes water in the Sacramento-San Joaquin estuary; the San Francisco-San Pablo Bay; 
and all large inland bodies of water, such as reservoirs. Uses allowed in the "water" designation areas 
include transport facilities associated with adjacent heavy industrial plants, such as ports and wharves, and 
water-oriented recreation uses, such as boating and fishing. 

This designation includes all publicly owned city, district, county, regional, and state park facilities. 
Appropriate uses in the designation are passive and active recreation-oriented activities and ancillary 
commercial uses, such as snack bars and restaurants. 

This designation includes easily developed land near transportation and shopping facilities (maximum 
density allowed is five to seven units per acre) and boat harbors, launching facilities, and ancillary uses. This 
is the designation for land on Bethel Island and along San Mound Slough. 

This designation includes land near transportation and shopping facilities. This land is a transition between 
residential and commercial uses, with a suburban atmosphere and landscaped areas at a density of seven to 
12 units per acre. 
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Designation 

Local commercial 

Marina commercial 

,n-"7,, . ..-:;---,,_ 

Table JI-2. Continued 

Definition 

This land allows for the continued maintenance of the existing commercial core along Bethel Island Road at 
both ends of the bridge. 

In the Bethel Island area, commercial uses are tied.directly to water-oriented businesses and activities, such 
as boat sales, repairs, and storage; fishing supplies; and waterskiing. 

Sources: San Joaquin County Community Development Department 1991, 1992; Contra Costa County Community Development Department 1991. 



Table 31-3. Estimated Acreages of Soil Types on the DW Project Islands 

Bacon Island Bouldin Island All Islands 

Land 
Capability Typical Percent of Percent of Percent of 

Soils Classes• Soil Limitations Uses Acres Total Aaes Total Acres Total 

San Joaquin Comity soils 

Peltier mucky clay loam, partially lllw-S Subsidence, high water table, slow Irrigated row and 0 0.0 12 0.2 12 0.1 
drained, 0 to 2 pen:ent slopes permeability field crops 

Retryde-Peltier complex, 0 to 2 pen:ent lllw-2 Subsidence, high water table, slow Irrigated row and 6S 1.2. 889 1S.4 9S4 4.7 
slopes 

I 
permeability field crops 

Venice mucky silt loam, overwash, 0 to 2 lllw-10 Subsidence, high water table Irrigated row and 0 0.0 200 3.S 200 1.0 
pen:ent slopes field crops 

Piper sandy loam, partially drained, 0 to 2 IVw-4 Subsidence, low available water capacity, Irrigated row and 0 0.0 30 o.s 30 0.1 
percent slopes high water table, weakly cemented field crops 

substratum 

Shima muck, partially drained, 0 to lllw-10 Subsidence, high water table Irrigated row and 0 0.0 19 0.3 19 0.1 
2 pen:ent slopes field crops 

Delio loamy sand, partially drained, 0 to lllw-4 Low available water capacity, severe Irrigated row and 0 0.0 20 0.3 20 0.1 
2 percent slopes hazard of soil blowing. high water table field crops 

Rindge muck, partially drained, 0 to lllw-10 Subsidence, high water table Irrigated row and 2,S47 47.1 2,187 38.0 4734 23.3 
2 percent slopes field crops 

Kingile muck, partially drained, 0 to lllw-10 Subsidence, high water table, slow Irrigated row and 1,429 26.4 IS7 2.7 I,S86 7.8 
2 percent slopes permeability field crops 

Kingile-Retryde complex, partially lllw-10 Subsidence, high water table, slow Irrigated row and 4S9 8.5 0 0.0 4S9 2.3 
· drained, 0 to 2 pen:ent slopes permeability field crops 

Retryde clay loam, partially drained, 0 to Illw-2 Subsidence, high water table Irrigated row and 379 7.0 80 1.4 4S9 2.3 
2 percent slopes field crops 

Valdez silt loam, partially drained, 0 to 2 lllw-2 Subsidence, high water table Irrigated row and 0 0.0 451 7.8 4SI 2.2 
percent slopes field crops 

Rindge mucky silt loam, overwash, 0 to 2 lllw-10 Subsidence, high water table Irrigated row and 92 1.7 1,095 19.0 1,187 S.8 
percent slopes field crops 

Venice muck, partially drained, 0 to Illw-10 Subsidence, high water table Irrigated row and S8 1.1 267 4.6 32S 1.6 
2 percent slopes field crops 

Retryde silty clay loam, organic lllw-2 Subsidence, high water table Irrigated row and 249 4.6 354 6.1 603 3.0 
substratum, 0 to 2 pen:ent slopes fteld crops 

Itano silty clay loam, partially drained, 0 lllw-2 Subsidence, high water table, acidity Irrigated row and 125 ...1J. .....!! ....2& _ill M 
to 2 percent slopes field crops 

Subtotal for Bacon and Bouldin Islands 5,403 100.0 S,761 100.0 11,164 54.8 

·.· ··, 

' 
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Soils 

Contra Costa County aolb 

Rindge muck 

Piper fme sandy loam 

Piper loamy sand 

Ryde sib loam 

Egbert mucky clay loam 

Shima muck 

Kingile muck 

Webilemuck 

Merritt loam 

Subtotal for Holland and Webb Tracts 

Total 

I 

Land 
Capability 
Classes' 

lllw-10 

lve-9 

lvw-4 

lllw-2 

lllw-2 

lllw-10 

lllw-10 

lllw-10 

lllw-2 

Table 31-3. Continued 

Soil Limitations 

High water table, rapid permeability, 
moderate soil blowing hazard 

High water table, low available water 
capacity, rapid permeability, moderate 
soil blowing hazard 

High water table, low available water 
capacity, rapid permeability, moderate 
soil blowing hazard 

High water table 

High water table 

High water table, moderate soil blowing 
hazard 

High water table, moderate soil blowing 
hazard 

High water table, moderate soil blowing 
hazard 

High water table 

Typical 
Uses 

Irrigated row crops 

Dryland pasture, 
small grains, 
volunteer hay 

Irrigated pasture, 
alfalfa, row crops 

Irrigated row and 
field crops 

Irrigated field 
crops and wildlife 

habitat 

Irrigated row and 
field crops 

Irrigated row and 
field crops 

Irrigated row and 
field crops 

Irrigated row and 
field crops 

Webb Tract 

Acres 

4,41S 

241 

9 

328 

0 

191 

38 

0 

_]Q 

S,l62 

Percent of 
Total 

8S.S 

4.7 

0.2 

6.4 

0.0 

2.0 

0.7 

0.0 

J!,§ 

100.0 

Holland Tract 

Acres 

1.370 

420 

1,108 

S9 

14 

932 

IS 

113 

__Q 

4,031 

Percent of 
Total 

34.0 

10.4 

27.S 

I.S 

0.3 

23.1 

0.4 

2.8 

.M 

100.0 

All Islands 

Acres 
Percent of 

Total 

S,18S 28.4 

661 3.2 

1,117 B 

387 1.9 

14 0.1 

1,033 S.l 

S3 0.3 

113 0.6 

_]Q JU 

9,193 4S.2 

20,3S7 100.0 

Note: Aaeagetdals may not correspond with acreages shown elsewhere in this report because of measurement error, rounding error, and water bodies not IUI'Ve)'ed on the islands. Acreages by aoil units were estimated based on 
planimeter measurements performed by JSA 

• Soils are categorized by NRCS (formerly SCS) llalOflling to ei~ classes (1-VIII) depending on the limitations to agricuhural· use imposed by specific soil and climatic criteriL The higher the class, the more restrictive the limitation. 
Soils in Class m have more limitaticn and hazards than those in Classes I and II. They require more difficuh or complex conservation practices when cuhivated. Soils in Class IV have greater limitations and hazards than those 
in Class m and require more difficult or~ measures when cuhivated. Capability classes are divided into subclasses and capability units. Subclass symbols include "w" for wetness and "e" for eroeion problems. Capability 
unit S)TiiJols include "2" for wetness problems; "4" for cxwse texture, low Wid« -holding capacity; "S" for fme textures, tillage problems; "9" for low fertility, acidity, or toxics problems; and "I 0" for very COIII'Ie textured 111bstratum. 

Sources: SCS 1977 and 1988. 



Table 31-4. Estimated Acreages of Soils in Important Farmland Mapping Categories on the DW Project Islands 

Land Capability 
Categories 

San Joaquin County soils 
1 

Prime farmland 

Farmland of statewide 
importance 

Contra Costa County soils 

Prime farmland 

Farmland of statewide 
importance 

Unique farmland 

Total 

Bacon Island 

Percent of 
Acres Total 

5,278 97.7 

125 2.3 

5,403 100.0 

Webb Tract 

Acres 

4,725 

130 

294 

5,149 

Percent of 
Total 

91.8 

2.5 

5.7 

100.0 

Bouldin Island 

Acres 

5,711 

50 

5,761 

Percent of 
Total 

99.1 

0.9 

100.0 

Holland Tract 

Acres 

1,575 

2,031 

426 

4,032 

Percent of 
Total 

39.1 

50.4 

10.6 

100.0 

All Islands 

Percent of 
Acres Total 

II, 114 54.6 

50 0.2 

6,300 31.0 

2,161 10.6 

720 3.5 

20,345 100.0 

Note: Acreage totals may not correspond to acreages shown in other tables of this report because of measurement error, rounding error, and the presence of water bodies 
within island perimeters. Acreages were estimated based on planimeter measurements performed by JSA. 

Source: CDC 1988 and 1992. 
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Agricultural 
Land Use 

Wheat 
Milo 
Com (field) 
Sunflower 
Asparagus 
Potatoes 
Vineyard 
Unknown crops 
Pasture 
Fallow (short term) 
Idle (cropped in past 
but not at time of 
survey) 

Total 

Bacon Island 

Percentage 

A~ of Total 

82 1.8 
757 16.2 
186 4 

1,043 22.3 
1,836 39.2 

272 5.8 
ISS 3.3 

347 7.4 

4;678 100 

Notes: Acreages were calculated during JSA's 1988 survey. 

Idle land was not identified in the 1988 survey. 

Inconsistencies in acreages are the result of rounding. 
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Table 3I-5. Agricultural Land Use on the DW Project Islands 

Webb Tract Bouldin Island 

Percentage Percentage 
Acres of Total Acres of Total 

426 13.1 1,139 22.4 

2,128 65.5 2,368 46.6 
855 16.8 

26 0.8 
58 1.8 33 0.6 

611 18.8 685 13.5 

3,249 100 5,080 100 

• Acreage includes 1, 120 acres excluded from the project under Alternatives 1 and 2. 

Holland Traer 

Percentage 
Acres ofTotal 

835 30.4 

226 8.2 

402 14.6 

542 19.7 
745 27.1 

2,750 100 

All Islands 

Percentage 
Acres of Total 

2,400 
82 

5,479 
1,041 
1,445 
1,836 

272 
181 
633 

2,388 

__ o 
15,757 

15.2 
0.5 

34.8 
6.6 
9.2 

11.7 
1.7 
1.1 
4 

15.2 

_Q 
100 



Table 31-6. Estimated Crop Production on the DW Project Islands 

Bacon Island Webb Tract Bouldin Island Holland Tract' All Islands 

Aaes Yield Total Aaes Yield Total Aaes Yield Total Aaes Yield Total Aael Yield Total 
Planted (tons per Yield Planted (tons per Yield Planted (tons per Yield Planted (tons per Yield Planted (lonlper Yield 

Crops in 1988 acre) (tons) in 1988 acre) (tons) in 1988 acre) (tons) in 1988 acre) (tons) in 1988 acre) (tOIII) 

Wheat 426 2.0 8S2 1,139 2.8 3,189 83S 2.0 1,670 2,400 2.4 S,11l 

Com(field) 994 3.3 l 3,280 2,1S4 1.6 3,446 2,368 4.8 11,366 226 I.S 339 S,742 3.2 18,431 . 

Sunflower 186 0.9 167 8SS 0.9 770 1,041 0.9 937 

Asparagus 1,043 I.S I,S6S 402 I.S 603 1,44S I.S 2,168 

Potatoes 

Commercial 1,486 IS.O 22,290 1,486 1S.O 22,290 

Seed 3SO 12.0 4,200 3SO 12.0 4,200 

Vineyard 272 7.0 1,904 272 7.0 1,904 

Pasture ~ N/A N/A __n N/A N/A ....lli. N/A N/A .....m N/A N/A 

Total 4,331 2,638 4,39S 2,00S 13,369 

Notes: N/A =not applicable. 

Acreage planted in milo and unknown crops in 1988 was assumed to be planted in com for the purposes of this table. 

Although the project site's agricultural production may have changed since 1988, these conditions were determined to best represent typical preproject agricultural land use. 

I Acreage and yield includes production of aaeage excluded &om the project under Alternatives 1 and 2. 

Sources: Acreages of planted crops were obcained during JSA's 1988 island survey. 

Average yields: San Joaquin County Office of the Agricultural Commissioner 1988; Contra Costa County Department of Agriculture 1988; Shimasaki. Wilkenon, and Winther pen. comrns. 
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Table 31-7. Consistency of the Proposed Project with Relevant General Plan Principles Page I of6 

Principle/Policy Consistency 

SAN JOAQUIN COUNTY GENERAL PLAN 

Agriculture Principles 

III. To protect agriculturllllands needed for the continuation of commercial 
agricultural enterprises, small-scale farming operations, and the 
preservation of open space. 

Consistent: 

I. The following agricultural land use categories shall be established to Consistent: 
promote a range of agricultural activities and preserve open space: 
General Agriculture, Limited Agriculture, and Agriculture-Urban 
Reserve. 

5. Agricultural areas shall be used principally for crop production, Consistent: 
ranching, and grazing. All agricultural support activities and 
nonfarm uses shall be compatible with agricultural operations and 
shall satisfy the following criteria: 

(a) The use requires a location in an agricultural area because of 
unusual site area requirements, operational characteristics, 
resource orientation, or because it is providing a service to the 
surrounding agricultural area; 

(b) The operational characteristics of the use will not have a 
detrimental impact on the management or use of surrounding 
agricultural properties; 

(c) The use will be sited to minimize any disruption to the 
surrounding agricultural operations; and 

(d) The use will not significantly impact transportation facilities, 
increase air pollution, or increase fuel consumption. 

6. All lands designated for agricultural uses and those lands designated Consistent: 
for nonagricultural use but not needed for development for I 0 years 
shall be placed in an agricultural preserve and shall be eligible for 
Williamson Act contracts. Parcels eligible for Williamson Act 
contracts shall be 20 or more acres in size in the case of prime land 
or 40 or more acres in the case of non prime land. 

The proposed project would protect agricultural lands for the 
pres~ation of open space. Both water storage and habitat 
management are open space uses. 

The proposed project would be consistent with the General 
Agriculture designation on Bouldin and Bacon Islands. 

Water storage and habitat management are both compatible 
nonfarm uses. Both proposed uses require location in the Delta 
area, and neither would have a detrimental effect on surround
ing agricultural properties or would result in significant air and 
transportation impacts (see Chapters 3E, "Utilities and 
Highways"; 3L, "Traffic"; and 30, "Air Quality"). 

The proposed project would be consistent with existing 
Williamson Act contracts in San Joaquin County. 



Table 31-7. Continued 

Principle/Policy 

7. There shall be no further fragmentation of land designated for 
agricultural use, except in the following cases: 

(a) Parcels for homesites may be created, provided that the General 
Plan density is not exceeded. 

(b) A parcel may be created for the purpose of separating existing 
dwellings on a lot, provided the Development Title regulations 
are met. 

(c) A parcel may be created for a use granted by a permit in the 
AG zone, provided that conflicts with surrounding agricultural 
operations are mitigated. 

Consistent: 

Open Space Principles 

I. To preserve open space land for the continuation of commercial Consistent: 
agricultural and productive uses, the enjoyment of scenic beauty and 
recreation, the protection and use of natural resources, and for protection 
from natural hazards. 

4. Areas with serious development constraints, such as the Delta, Consistent: 
should be predominantly maintained as open space. 

6. The County shall consider waterways, levees, and utility corridors as Consistent: 
major elements of the open space network and shall encourage their 
use for recreation and trails in appropriate areas. 

Recreation Principles 

II. To protect the diverse resources upon which recreation is based, such as Consistent: 
waterways, marsh lands, wildlife habitats, unique land and scenic 
features, and historical and cultural sites. 

Page 2 of6 

Consistency 

The proposed project would not lead to fragmentation of 
existing parcels. 

The proposed project would provide recreation opportunities, 
flood control, and protection of natural resources in the Delta. 

The proposed project would maintain the islands in water 
storage and habitat management, consistent with the county's 
open space definition. 

The proposed project would promote recreational use along 
levees. 

The proposed project would involve management of the habitat 
islands to protect and restore wildlife habitat. 
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Table 31-7. Continued 

Principle/Policy 

To ensure the preservation of the Delta and the opportunity for the public Consistent: 
to learn about and enjoy this unique recreation resource. 

7. Natural features shall be preserved in recreation areas, and 
opportunities to experience natural settings shall be provided. 

Consistent: 

15. The recreational values of the Delta, the Mokelumne River, and the Consistent: 
Stanislaus River shall be protected. 

19. Development in the Delta islands shall generally be limited to water- Consistent: 
dependent uses, recreation, and agricultural uses. 

Vegetation and Wildlife Principles 

II. To provide undeveloped open space for nature study, protection of 
endangered species, and preservation of wildlife habitat. 

Consistent: 

I. Resources of significant biological and ecological importance in San Consistent: 
Joaquin County shall be protected. These include wetlands; riparian 
areas; rare, threatened, and endangered species and their habitats as 
well as potentially rare or commercially important species; vernal 
pools; significant oak groves; and heritage trees. 

7. The County shall support feeding areas and winter habitat for Consistent: 
migratory waterfowl. 

14. The County shall support the establislunent and maintenance of Consistent: 
ecological preserves and accessibility to areas for nature study. 

Page 3 of6 

Consistency 

The proposed project would provide new recreation 
opportunities in the Delta. Recreation facilities on the DW 
project islands may or may not be publicly accessible; however, 
the proposed project would provide opportunities and improve 
the sc;:tting for waterfowl hunting, bird watching, and other 
recreation activities in the Delta by enhancing the regional 
habitat value for wildlife in the Delta (see Chapter JH, 
"Wildlife"). 

Implementation of the proposed project would provide 
recreation opportunities in resource management areas in the 
Delta. 

Same as above. 

Under the proposed project, the islands would be managed for 
recreation, wildlife, and water storage. 

Habitat management under the proposed project would provide 
open space for nature study, protection of endangered species, 
and preservation of wildlife habitat. 

Habitat management under the proposed project would 
establish and protect wetlands, riparian areas, and habitats for 
listed species. 

Same as above. 

Same as above. 



Table 31-7. Continued Page 4 of6 

Principle/Policy Consistency 

CONTRA COSTA COUNTY GENERAL PLAN 

Conservation Principles 

8-2. Areas that are highly suited to prime agricultural production shall be Inconsistent: 
protected and preserved for agriculture, and standards for protecting the 
viability of agriculturhlland shall be established. 

8-3. Watersheds, natural waterways, and areas important for the maintenance Consistent: 
of natural vegetation and wildlife populations shall be preserved and 
enhanced. 

Agriculture Principles 

8-G. To encourage and enhance agriculture, and to maintain and promote a Inconsistent: 
healthy and competitive agricultural economy. 

8-H. To conserve prime productive agricultural land outside the Urban Limit Inconsistent: 
Line exclusively for agriculture. 

8-38. Agricultural operations shall be protected and enhanced through Consistent: 
encouragement of Williamson Act contracts to retain designated areas in 
agricultural use. 

8-39. A full range of agriculturally related uses shall be allowed and 
encouraged in agricultural areas. 

Consistent: 

Implementation of the proposed project would remove agricul
tural land in Contra Costa County from production. The 
inherent agricultural productivity of the islands would not 
change because of the use of prime agricultural land for water 
storage and habitat management. Project implementation 
would not be consistent with the county's policy of preserving 
lands for agricultural production. 

The project would enhance and preserve habitat values on 
Holland Tract. 

Implementation of the proposed project would remove 
agricultural land in Contra Costa County from production; this 
is not consistent with the county's goal to promote a 
competitive agricultural economy. 

Implementation of the proposed project would remove 
agricultural land in Contra Costa County from production. The 
inherent agricultural productivity of the islands would not 
change because of the use of prime agricultural land for water 
storage and habitat management. The project is not consistent 
with the county's policy of preserving lands for agricultural. 
production. 

The proposed project will not affect existing Williamson Act 
contracts on OW islands. 

Water storage and habitat management are considered 
agriculture-related uses. 
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Table 31-7. Continued Page 5 of6 

Principle/Policy Consistency 

8-45. Efforts to assure an adequate, high quality, and fairly priced water supply Consistent: 
to irrigated agricultural areas shall be supported. 

A purpose of the proposed project is to increase the availability 
of high-quality water through the Delta. 

8-46. Maintenance and reconstruction of Delta levees shall be encouraged to 
assure the continued 'availability of valuable agricultural land protected 
by the existing network of levees and related facilities. 

Vegetation and Wildlife Principles 

Consistent: The proposed project would enhance the existing levee system 
on the water storage islands. 

8-D. To protect ecologically significant lands, wetlands, and plant and wildlife Consistent: 
habitats. 

A purpose of the proposed project is to increase the extent and 
value of wildlife habitat in the Delta. 

8-F. To encourage the preservation and restoration of the natural Consistent: Same as above. 
characteristics of the San Francisco Bay/Delta estuary and adjacent 
lands, and recognize the role of Bay vegetation and water area in 
maintaining favorable climate, air and water quality, and fisheries and 
migratory waterfowl. 

8-17. The ecological value of wetland areas, especially the salt marshes and Consistent: Same as above. 
tidelands of the bay and Delta, shall be recognized. Existing wetlands in 
the county shall be identified and regulated. Restoration of degraded 
wetland areas shall be encouraged and supported whenever possible. 

Open Space Principles 

9-2. Historic and scenic features, watersheds, natural waterways, and areas 
important for the maintenance of natural vegetation and wildlife 
populations shall be preserved and enhanced. 

9-25. Maintenance of the scenic waterways of the county shall be ensured 
through public protection of the marshes and riparian vegetation along 
the shorelines and Delta levees, as otherwise specified in this plan. 

Partially 
inconsistent: The proposed project would affect scenic waterways along the 

project islands. In other areas, however, the proposed project 
would enhance wildlife habitat. See Chapters 3J, "Recreation 
and Visual Resources", and 30, "Vegetation", for more 
information on these effects of the proposed project. 

Inconsistent: Riparian habitat on Delta levees will be affected by the 
proposed project. See Chapter 3J, "Recreation and Visual 
Resources", for an analysis of impacts on scenic waterways. 



Table 31-7. Continued 

Principle/Policy 

9-36. As a unique resource of statewide importance, the Delta shall be Consistent: 
developed for recreation use in accordance with the state environmental 
goals and policies. The recreational value of the Delta shall be protected 
and enhanced. 

I 

Page 6 of6. 

Consistency 

A purpose of the proposed project is to provide regional 
recreation opportunities. 

Sources: San Joaquin County Community Development Department 1992, Contra Costa County Communi~ Development Department 1991. 
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Table 3I-8. Projected Crop Production on the DW Project Islands under Alternatives 1 and 2 

Bouldin Island Holland Tract' Total 

Yield Total Yield Total Total 
Acres Acres (tons per Yield Acres Acres (tons per Yield Acres Acres Yield 

Crop Planted Harvestedb acre) (tons) Planted Harvestedb acre) (tons) Planted Harvested" (tons) 

I 

Com 1,222 819 4.8 3,931 716 480 q 720 1,938 1,299 4,6S1 

Wheat' 487 244 2.8 683 3S3 177 2.0 3S4 840 421 1,037 

Barley 26 13 2.1 27 38 19 2.1 40 64 32 67 

Pasture 132 ..1.!2. N/A NIA _.11 .M. N/A N/A 204 184 N/A 

Total 1,867 1,19S 1,179 741 3,046 1,936 

Note: Represents acreages of crops planted for wildlife habitat. No crops would be planted on Bacon Island and Webb Tract. 

Excludes crops grown on I, 120 acres on nonproject Holland Tract lands. 

Represents acreages of crops that would be harvested and sold. 

Includes spring and winter wheat. 

Sources: Planted acreage projections: HMP (see Appendix 03, "Habitat Management Plan for the Delta Wetlands Habitat Islands"). Average yield projections: Shimasaki, Wilkerson, and Winther pers. comms.; 
San Joaquin County Office of the Agricultural Commissioner 1988; Contra Costa County Department of Agriculture I988. 



Table 31-9. Estimated Effect of Alternative I on Regional and Statewide Crop Production 

Percentage of Percentage of 
Net Loss of Production' Regional Production• Statewide Production' Regional Production State Production 

---
Yield Total Yield Total Yield Total 

Acres (tons per Yield Acres (tons per Yield Acres (tons per Yield Acres Total Acres Total 
Crops Harvested acre) (tons) Harvested acre) (tons) Harvested acre) (tons) Harvested Yield Harvested Yield 

Wheat 1,691 2.4 4,098 44,790 2.7 121,090 624,251 2.5 1,563,000 3.8 3.4 0.3 0.3 

Comd 4,365 3.1 13,663 54,940 4.7 255,900 193,144 4.4 846,500 7.9 5.3 2.3 1.6 

Sunflower, seed' 1,041 0.9 937 5,670 0.8 4,740 3,505 0.8 2,950 18.4 19.8 29.7 31.8 
I 

Asparagus 1,307 1.5 1,961 19,840 1.5 28,990 37,267 1.7 62,100 6.6 6.8 3.~ 3.2 

Potatoes' 1,990 16.7 33,250 92.3 79.7 
Commercial 1,486 15.0 22,290 46,699 17.1 796,600 3.2 2.8 
Seed 350 12.0 4,200 669 15.2 10,200 ~2.3 41.2 

Vineyard• 272 7.0 1,904 31,400 6.8 213,000 328,609 7.0 2,307,600 0.9 0.0 0.1 0.1 

--
Represents the net decrease (change between preproject production levels and production levels under the HMP) in agricultural production on the four project islands under Alternative 1. Based on planted acreage in 1988. 

Represents production in Contra Costa and San Joaquin Counties in 1987. 

Represents statewide production in 1988. 

d Numbers for the project islands and state represent field com only. Numbers for the region include fresh and field com. 

Numbers for the project islands and the state represent sunflower seeds for human consumption. They do not include sunflower planting seed. Regional numbers include sunflowers harvested for all purposes. 

Regional numbers represent potatoes harvested for all purposes. 

• Number represent vine grapes only. 

Sources: Tables 31-6 and 31-8; California Department of Food and Agriculture 1988a; San Joaquin County Office of the Agricultural Commissioner 1988; Contra Costa County Department of Agriculture 1988. 

;:. 
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Table 3I-1 0. Projected Crop Production on the OW Project Islands under the No-Project Alternative 

Bacon Island Webb Tract Bouldin Island Holland Tract All Islands 

Yield Total Yield Total Yield Total Yield Total Yield Total 
Acres (tons per Yield Acres (tons per Yield Acres (tons per Yield Acres (tons per Yield Acres (tons per Yield 

Crop Planted acre) (tons) Planted acre) (tons) Planted acres) (tons) Planted acres) (tons) Planted acre) (tons) 

I 

Wheat 1,560 2.8 4,368 1,410 2.8 3,948 2,970 2.8 8,316 

Com(field) 3,260 4.0 13,040 800 4.0 3,200 4,060 4.0 16,240 

Onion 600 24.0 14,400 630 24.0 15,120 1,230 24.0 29,520 

Asparagus 1,650 1.S 2,475 1,730 1.S 2,595 400 1.S 600 3,780 1.S 5,670 

Potatoes 
Commercial 2,090 15.0 31,350 2,560 15.0 38,400 4,650 15.0 69,750 
Seed 350 12.0 4,200 12.0 0 350 12.0 4,200 

Vineyard 270 7.0 1,890 280 7.0 1,960 530 7.0 3,710 1,080 7.0 7,560 

Pasture _§Q NIA NIA 540 - NIA NIA 600 NIA NIA 

Total 4,960 4,880 5,200 3,680 18,720 

Note: N/A =not applicable. 

Sources: Planted acreage projections: Winther and McCarty pers. comms. 

Average yield projections: Shimaski, Wilkerson, and Williams pers. comms. 
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Counties of and Delta Planning Commission 
Jurisdiction in the DW Project Region 
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Figure 31-2. 
County General Plan Designations for the 
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Source: San Joaquin County Community Development Department 1992, Contra Costa County Community Development Department 1991. 

Figure 31-3. 
Williamson Act Contract Lands in the 
DW Project Vicinity 
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Chapter 3J. Affected Environment and Environmental 
Consequences - Recreation and Visual 
Resources 

SUMMARY 

The demand for recreation opportunities in the Delta is expected to increase, primarily as a result of growth of major 
population centers such as Sacramento, Stockton, Tracy, Pittsburg, and the Bay Area. This chapter discusses the changes 
in recreational hunting, fishing, and boating in the Delta and the changes in visual resources that could result from 
implementing the DW project alternatives. 

Hunting recreation use-dajs"in the Delta would increase by approximately 21% with implementation of Alternative 1 
or 2 or by approximately 13% with implementation of Alternative 3. All three alternatives would increase boating 
recreation use-days in the Delta by approximately 5% . All three alternatives also would increase recreation use-days 
for other recreational uses in the Delta. These impacts are considered beneficial. All three alternatives would also 
contribute to the beneficial cumulative impacts of an increase in recreation opportunities in the Delta and enhancement 
of wateifow/ populations and increased hunter success in the Delta. Enhancement of waterfowl habitat on the DW habitat 
islands under Alternatives 1 and 2 could result in the less-than-significant impact of decreased hunter success outside 
the project area. 

Implementation of Alternative 1, 2, or 3 would increase boat use in Delta channels and alter boating conditions {e.g., 
necessitate speed restrictions) on waterways adjacent to the DW project islands. These factors could detract from the 
quality of the recreation experience for boaters and anglers in the project vicinity. This impact is 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 less than significant. Chapter 3L, "Traffic", describes issues related to 
waterway traffic and safety in more detail. 

Under the No-Project Alternative, an intensive forfee hunting program would be operated on the DW project islands. 
This program would generate approximately 12,000 additional recreation use-days, resulting in a 17% increase over the 
existing hunting recreation use-days in the Delta. 1mplementation of the No-Project Alternative would also contribute 
to a cumulative increase in recreation opportunities in the Delta and enhancement of waterfowl populations and increased 
hunter success. 

Visual resource issues include potential changes in the visual quality of the DW project islands and potential conflicts 
with local visual resource policies and designations that would result from DW project implementation. Under Alter
natives 1, 2, and 3, introducing pumps, siphons, and recreation facilities into the existing landscape; removing vegetation; 
and placing rock revetmenron levees around the reservoir islands would result in a significant and unavoidable impact 
on the quality of views of Bacon Island and Webb Tract from adjacent waterways and from the Santa Fe rail line along 
the south side of Bacon Island. Under Alternative 3, these project features would also result in a significant and unavoid
able impact on the quality of views of Bouldin Island and Holland Tract from adjacent waterways. Mitigation measures 
of partially screening pump and siphon stations and designing project features to blend with the surrounding environment 
would reduce these impacts, but not to a less-than-significant level. Under Alternative 1 or 2, the reduction in the quality 
of views of Bouldin Island and Holland Tract from adjacent waterways would be a significant impact, but implementing 
the mitigation measures listed above would reduce this impact to a less-than-significant level. No significant cumulative 
impacts on visual resources are expected to result from implementation of any DW project alternative. 
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The management ofDW island& as wildlife habitat under Alternative 1 or 2 would enhance views of Bouldin Island 
from SR. 12 and would increase the visual quality of views of island interiors and the DW project vicinity for recreationists 
using the DW project islands. These impacts are considered beneficial. 

Implementazion of Alternative 1, 2, or 3 could result also in a reduction of the visual quality of views of the Bacon 
Island and Webb Tract interiors from island levees and a potential conflict with the Bacon Island Road scenic designation. 
These impacts are considered leu than significant Additional less-than-significant impacts would result from implemen
tation of Alternative 3: the views south ofSR 12 would be altered because of construction of a new levee parallel to the 
highway, and the quality of views of Holland Troct from the island levees would be reduced. 

Views of the islands would not substantially change under the No-Project Alternative. 

AFFECTED ENVIRONMENT 

Soun:ea of Information 

Recreation 

Regional information on existing Delta recreation 
was obtained from reference materials ofDWR and the 
California State Lands Commission (SLC). Information 
oo existing recreation use of the DW project islands was 
collected from project island property owners and 
managers. 

Maximwn recreation use estimates for hunting on 
habitat islands under the DW project were derived from 
California hunting regulations (i.e., the lengths of the 
hunting seasons) and the HMP hunting program de
scribed in Appendix G3, "Habitat Management Plan for 
the Delta Wetlands Habitat Islands". Estimates of hunter 
participatioo oo habitat islands were determined based on 
hunter use data obtained from state and federal refuges in 
oc near the Delta. Infocmatioo on the hunting program on 
reservoir islands Wider the DW project was provided by 
DW. Information on the hWlting program for the No
Project Alternative was also obtained from DW. 

Estimates of recreatiooal boating associated with the 
DW project were based on the potential use of recreation 
facilities at project buildout Each recreation facility 
would include a maximmn of30 boat slips in the adjacent 
Delta channel to accommodate temporary and permanent 
boat docking foc private guests. Temporary boat docking 
includes use of a boat berth on a daily or weekly basis, 
whereas pennanent boat docking applies to use of a boat 
berth over a long period of time, usually more than 12 
mooths (Burkes pers. comm.). Boater use estimates were 
obtained from the California Department of Boating and 
Waterways, a marina and harbors organization, and com
mercial marina operators in the Delta. 
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Vbual Reaourca 

The visual resoun:es in the Delta region and on the 
DW prqect islands were evaluated based on site assess
ment and aerial photographs. The relevant county 
general plans were reviewed for applicable policies and 
guidelines for visual resource management 

Recreation Conditions 

The primary unit of measurement of recreation use 
is the recreation use-day, which represents participation 
by one individual in a recreational activity during any 
portion of a 24-hour period. Participation in hWiting, 
fishing, or boating by one individual during a 24-hour 
period represents one recreation use-day. Participation 
in all three activities during a 24-hour period represents 
3 recreation use-days. 

Recreational U1e1 in the Region 

The Delta is generally boWlded by the cities of 
Sacramento, Stockton, Tracy, and Pittsburg. Delta recre
atioo is supported by these major population centers and 
the Bay Area in general. Recreation use in the Delta 
exceeds 12 millioo user days annually (SLC 1991; DWR 
1990a, 1993; DWR and Reclamation 1990). Boating is 
the most popular recreation activity in the Delta, account
ing for approximately 2,016,000 annual recreation visits 
(Table 3J-1 ). Fishing (not including boating) is the next 
most popular activity, attracting an estimated 1,800,000 
recreation visits. Hunting accoWlts for approximately 
72,000 recreation visits. (DWR 1990a.) 

The demand foc recreation opportWlities in the Delta 
is expected to increase primarily as a result of increased 
population. Higher incomes, increased nwnbers of re
tirees, and shorter workweeks will probably also 
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influence the demand for new recreation opportunities. 
(DWR 1990a.) 

Public recreation qlp011Unities in the Delta are limit
ed because facilities are insufficient~ the demand for 
parking, boat launch ramps, camp units, and picnic areas 
exceeds the supply. Other difficulties related to Delta 
recreation include limited access to recreation sites and 
minimal coordination between recreational jurisdictions. 
(DWR 1990a, SLC 1991.) 

Approximately 120 commercial recreation facilities 
exist in the Delta, including at least 100 marinas (Figure 
3J-l ). Delta marinas provide services to regional boaters 
that include temporary and permanent boat berthing, 
mooring, and dry storage (Nunes pers. comm.). Most 
marinas operate at 50%-9QO/o capacity. Other 
commercial facilities include resorts, restaurants with 
guest docks, and recreational vehicle parks (DWR 1990a, 
1993). Also in the Delta ~.approximately 23 public 
recreation facilities that include areas or facilities for boat 
launching, camping, fishing access, swimming, and 
picnicking (SLC 1991 ). Brannan Island State Park is one 
of the largest public recreation areas in the Delta. 
Attendance records show that the park is usually full 
during May-September with numerous people being 
turned away. (DWR 1990a.) 

Some hunting in public areas in the Delta is con
ducted from boats in waterways and on small unnamed 
Delta islands (Weinstein pers. comm.). The state owns 
15,000 acres in Suisun Marsh at the western edge of the 
Delta, including approximately 6,000 acres of public 
hunting areas at Grizzly Island Wildlife Area. The state 
also owns the Lower Sherman Island Wildlife Area north 
of Antioch near the confluence of the Sacramento and 
San Joaquin Rivers, which has 3,300 acres open to hunt
ing. No other state-managed or federally managed wild
life areas for hunting exist in the Delta but DFG may 
create a hunting program on Twitchell Island (Chapin 
pers. comm.). 

On many privately owned Delta islands, owners and 
their guests htmt waterfowl on agricultural lands (Winther 
pers. comm.). Most of the private hunting clubs in the 
Delta are small, accommodating between eight and 16 
hunters on a typical shoot day. At least one club occa
sionally has 30 hunters in a day. (Dennis, Luckey, 
Zuckerman pers. comms.) Landowners manage private 
hunting clubs on Delta islands that in some cases are no 
longer in agricultural production (Zuckerman pers. 
cooun.). Approximately 200 people have private mem
berships with Delta htmting clubs (Weinstein pers. 
comm.). 
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Exbting Recreational Uses on the DW Project 
Islands 

This section describes the existing recreational uses 
m the DW project islands. Recreational use information, 
in part, is based on information collected for the 1990 
draft EIRIEIS and bas been updated to current conditions 
where these changes would affect the impact analysis. 

Bacon Island 

Hunting. No waterfowl htmting takes place on 
Bacoo Island. Pheasant htmting is permitted by invitation 
only and is limited primarily to onsite workers and their 
families. No fees are charged. Pheasant hunting is 
allowed daily during a 3-week hunting period, typically 
from mid-November to mid-December. The California 
Fish and Game Commission annually establishes pheaS
ant htmting seasoo, so the specific dates change annually. 
On opening day, typically 30-35 hunters use Bacon 
Island, but for the rest of the season hunting participation 
declines to three or four hunters per day. The total 
number of hunting recreation use-days per season is 
estimated at 100 (Table 3J-2). (Shimasaki pers. comm.) 

Htmters on Bacon Island are primarily San Joaquin 
County residents, and most of the remaining hunters 
come from Contra Costa and Santa Barbara Counties 
(Shimasaki pers. comm.). 

F11hing and Boating. Approximately 9()0/o of 
the fishing on Bacon Island takes place adjacent to the 
county road, which is the only means of public access. 
Approximately 65% of the anglers fish from levees and 
35% use boats. Fishing from the levees is limited to rela
tives and employees of property owners. Anglers origi
nate primarily from San Joaquin County and the East 
Bay. (Shimasaki pers. comm.) 

On average over the year, approximately 20 anglers 
per day fish on weekends and about four per day fish on 
weekdays. Total fishing activity is estimated at 3,120 
recreation use-days per year on Bacon Island (Table 3J-
2). Boats do not originate from or dock on the island. 
(Shimasaki pers. comm.) 

Webb Tract 

Hunting. No public hunting takes place on 
Webb Tract; hunting is limited to family and friends of 
the owners and no hunting fees are charged. Waterfowl 
htmting is allowed on Wednesdays, Saturdays, and Sun
days in December and Janwuy following the com harvest. 
Use averages between 10 and 15 hunters per day. 
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Waterlowl btmting use is estimated at 320 recreation use
days per season. (Dinelli pers. comm.) 

There is some private pheasant booting, limited to 
friends and family of property owners, with no fees 
cbarged. Pheasant hunting is allowed daily from Novem
ber 12 through December 1. An average of 15 hooters 
participate per day, for a total of about 320 recreation 
use-days per season. Estimated hwtting recreation use
days oo Webb Tract total640 (fable 3J-2). Most bwtters 
come from Contra Costa Coooty. (Dinelli pers. comm.) 

FubiDg and Boating. Written permission from 
the property owners is required for fishing on Webb 
Tract Anglers occasionally fish the northern blowout 
pond on Webb Tract Fishing activity on Webb Tract 
totals approximately 90 recreation use-days per year 
(fable 3J-2). All anglers on Webb Tract live in Contra 
Costa County. No boating activity originates from Webb 
Tract. (Dinelli pers. comm.) 

Bouldin Island 

Hunting. Waterlowl htmting on Bouldin Island 
is limited to invited guests, and no hwtting fees are 
charged. Most waterfowl hwtting is for ducks; some 
geese are also hwtted. Waterfowl hwtting is permitted 
over a 59-day period, which typically occurs from the 
third week of October to mid-January. Waterfowl sea
sons are established annually by the Pacific Flyway Com
mittee, so specific dates vary among years. Hwtting is 
allowed on Wednesdays, Saturdays, and Swtdays on 
Bouldin Island, with approximately six people hwtting 
per day, for a total of approximately 150 hwtting recrea
tioo use-days per season. Hunting facilities on the island 
consist of a building used to store waterfowl hwtting 
equipment. (Wilkerson pers. comm.) 

Pheasant htmting oo Bouldin Island is also limited to 
invited guests, with no fees charged. Hwtting is per
mitted on Wednesdays, Saturdays, and Swtdays over a 
30-day period. Approximately six people hwtt per day, 
for a total of about 60 hwtting recreation use-days per 
season. Total hwtting recreation use-days on Bouldin 
Island are estimated at 210 (fable 3J-2). (Wilkerson 
pers. comm.) 

Approximately 90"/o of the htmters on Bouldin Island 
are residents of San Joaquin Cowtty that make day trips 
to the area (Wilkerson pers. comm.). 

FIShing and Boating. Onsite workers who fish 
from levees accowtt for most of the fishing on Bouldin 
Island. Written permission is needed for others visiting 
the island. Most fishing occurs from October to March 
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on weekends and weekday afternoons. Fishing activity 
averages two anglers per day, for a total of about 360 
fishing recreation use-days per season. All anglers are 
San Joaquin Coooty residents. No boating originates 
from Bouldin Island. (Wilkerson pers. comm.) 

Holland Trad 

Hunting. One ownership on Holland Tract 
IKXXllll!IIOdates foc-fee hunting, which constitutes approx
imately 80% of the waterfowl hooting on this property. 
The remainder consists ofhwtting by friends and family 
oftbe landownec. Waterfowl hwtting is permitted at two 
hwtting clubs on Wednesdays, Saturdays, and Swtdays 
during the waterfowl season. Approximately two people 
hoot per day, for a total of about SO hwtting recreation 
use-days per seasm foc waterfowl. (Frelier pers. comm.) 

Other property owners on Holland Tract either do 
not allow hwtting or allow only limited bwtting to 
members of their immediate families. Total waterfowl 
hwtting per seasm oo these properti~ totals about 10-15 
recreation use-days. (Lindquist pers. comm.) 

Pheasant hwtting takes place primarily on the west 
side of Holland Tract. Hunters are charged a fee to visit 
the island Approximately 20% of all hwtting is nonfee 
hunting that is limited to friends and family of the land
owner. The island generates approximately 30 hunting 
recreatioo use-days per season for pheasant Total hunt
ing recreatioo ~son Holland Tract are estimated at 
95 (Table 3J-2). (Frelier pers. comm.) 

Most hunters on Holland Tract originate from the 
Bay Area An estimated 800/o of the hunters make day 
trips, and approximately 20% stay overnight in the local 
area. Approximately half the overnight users stay in 
hotels, and the other half stay in campgrounds. (Frelier 
pers. comm.) Htmting facilities on Holland Tract consist 
of a building used as a clubhouse (Cochrell pers. comm. ). 

FIShing and Boating. Most fishing on Holland 
Tract originates frcm two marinas on the south end of the 
island Marina tenants generate an estimated 4,000 fish
ing recreation use-days per year. Fishing activities asso
ciated with the lawteb. ramp (day-use boaters) account for 
another 4,500-7,700 fishing recreation use-days annually. 
Fishing from the levees accounts for approximately 200 
fishing recreation use-days per year. Total fishing on 
Holland Tract thus ranges from 8,700 to 11,900 rec
reatioo ~s 8IU1ually (fable 3J-2). Bay Area anglers 
account foc approximately 75% of this activity. (Cochrell 
pers. comm.) 
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Two marinas located on Holland Tract presently 
support recreational boating near the island. The larger 
marina, located on the southeastern comer of the island, 
accommodates 235 boats more than 26 feet long and 100 
boats less than 20 feet long. Boat slip occupancy at this 
marina averages approximately 85%, with the summer 
months being especially busy (Cochrell pers. comm.). 
Boat slips account for an estimated 24,1 00 boating recre
ation use-days per season. 

The larger marina also has other facilities, including 
a fuel dock, a snack shack, a launch ramp, and a 500-foot 
guest dock. The launch ramp is used by day-use boaters. 
From May 1 through October 1, approximately 100-150 
boats are launched per weekend day. During midweek, 
25-50 boats are launched per day. The launch ramp 
generates an estimated additional 22,750-38,500 boating 
recreation use-days per season at Holland Tract. 
(Cochrell pers. comm.) 

Most launch ramp use is related to waterskiing, 
which accounts for 18,200-30,800 recreation use-days 
per season. To avoid double counting, these waterskiing 
days are not included in Table 3J-2. Approximately 20% 
of the launch ramp boating activity is related to fishing 
(Cochrell pers. comm.). 

The other marina on Holland Tract, located on the 
south shore, has a 21-berth capacity. Total boating gen
erated by this facility is estimated at 1,500 recreation use
days per season. (Cochrell pers. comm.) 

Total boating activity generated by all facilities on 
Holland Tract is approximately 56,225 recreation use
days (Table 3J-2). Approximately 800/o of the boaters on 
Holland Tract come from the Bay Area, about 10% from 
Contra Costa County, and about 1 0% from other areas in 
the Delta (Cochrell pers. comm.). 

Visual Resources 

Visual quality can be described as the overall im
pression that is retained after one drives through, walks 
through, or flies over an area (U.S. Bureau of Land Man
agement [BLM] 1980). Both natural and human-made 
features that make up a landscape contribute to its per
ceived image and visual quality. Visual quality is influ
enced by a wide range of landscape characteristics, 
including geologic, hydrologic, botanical, wildlife, recre
ational, and urban features. 

Judgments of visual quality must be made in the con
text of a regional frame of reference (SCS 1978). The 
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same landform or visual resource appearing in different 
geographic areas could have a different visual quality and 
sensitivity in each setting. For example, a small hill may 
be an important visual element on a flat landscape but 
have little importance in mountainous terrain. 

Visual resource sensitivity is determined by the 
extent of the public's concern for a particular view or 
landscape, the number of viewers, and the frequency and 
duration of views. Visual sensitivity is higher for views 
seen by people who are driving for pleasure, people 
engaged in recreational activities, and homeowners; 
visual sensitivity tends to be lower for views seen by 
people driving to and from work or as part of their work 
(USFS 1974, Federal Highway Administration 1983, 
scs 1978). 

Terminology and Standards for Visual Resource 
Analyses 

The visual character and quality in the vicinity of the 
DW project islands are evaluated using criteria estab
lished by the Federal Highway Administration (1983) for 
visual landscape relationships. These criteria are intact
ness, vividness, and unity. They are defmed as follows: 

• Intactness is the visual integrity of the natural 
and constructed landscape and its freedom from 
encroaching elements. This factor can be pres
ent in well-kept urban and rural landscapes as 
well as natural settings. 

• Vividness is the visual power or memorability 
oflandscape components that combine in strik
ing or distinctive visual patterns. 

• Unity is the visual coherence, composition, and 
harmony of the landscape considered as a 
whole. It frequently attests to the careful design 
of individual components in the landscape. 
(Unity is most frequently used to describe the 
cohesiveness ofbuilt elements in an urban envi
ronment.) 

The appearance of the landscape is described in this 
chapter using these criteria and descriptions of the domi
nance of elements of form, line, color, and texture. These 
elements are the basic components used to describe 
visual character and quality for most visual assessments. 
The criteria for identifying importance of views are rela
ted in part to the position of the viewer relative to the 
resource. An area of the landscape that is visible from a 
particular location (e.g., an overlook) or series of points 
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(e.g., a road, trail, or waterway) is defined as a viewsbed. 
(USFS 1974, Federal Highway Administration 1983.) 

Relevant Polk:iel on Visual Resources 

Contra Costa County Visual Resource Policies. 
Preserving the scenic resources of Contra Costa CoWlty 
is an important general plan goal. The scenic vistas are 
major contributors to the perception that the COWlty is a 
desirable place to live and work. Preserving the quality 
of visually sensitive festmes of the landscape reinforces 
the rural landscape character and balances the effects of 
development. (Contra Costa CoWlty Community Devel
opment Department (CCCCDD] 1991.) . 

The open space element of the COWlty general plan 
identifies goals for preserving and protecting areas of 
high scenic value, including scenic qualities of the shore
lines and other elements of the B!ly and Delta systems, 
and scenic ridges, hillsides, and rock outcroppings. The 
transportation and circulation element of the COWlty gen
eral plan designates scenic routes that have rural and 
natural scenic qualities that should be protected. The 
land use element identifies goals and policies for devel
opment and project design that reinforce the aesthetic 
character of the COW1ty, encourage the uniqueness of its 
communities, and enhance scenic quality. 

San Joaquin County Visual Resource Policies. 
The river corridors, groves of valley oak trees, wetlands 
in the Delta, and sloping foothills and ridges of the 
Diablo Range and the Sierra Nevada are the key visual 
resources in the San Joaquin CoWlty landscape. The 
Delta waterways and marshlands are considered impor
tant visual features because they provide a contrasting 
visual element to the large tracts of agricultural land that 
are common in th!';; coWlty. (San Joaquin CoWlty Com
munity Development Department [SJCCDD] 1992.) 

San Joaquin CoWlty has designated as scenic routes 
roads that lead to recreation areas, exhibit scenery with 
agricultural or rural values or topographic interest, pro
vide access to historical sites, or offer views of waterways 
(SJCCDD 1992). The general plan also identifies some 
Delta waterways as Significant Recreation Resource 
Areas~ protection and maintenance of these areas for 
high-quality recreation is an important general plan goal 
(Figure 3J-2). 

The land use element and open space and recreation 
element of the general plan include several policies for 
protecting, enhancing, and mitigating effects of devel
opment on visual resources in the COWlty, including Delta 
waterways (SJCCDD 1992). 
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Visual Resources in the Delta Region 

The Delta is an extensive, largely agricultural region 
linking the Central Valley and the Bay Area. Views in 
the Delta are dominated by flat, open agricultural land 
and sloughs and rivers that are bordered by levees. 
Scattered trees oocasionally break the horizon, but typical 
views encompass agricultural fields. The Delta water
ways are important visual features because they contrib
ute to the visual character of the region by enhancing the 
vividness of views in the Delta. Because few roads 
traverse the Delta islands, the unique Delta landscape is 
accessible primarily by boat. 

The visual resources associated with the four DW 
project islands are typical of the region. Views of the 
project islands from levee roads have some variety in 
form, line, color, and texture but are not unique to the 
region. The sensitivity of the visual resources of the four 
islands varies from island to island based on the wide 
variability in access to and travel patterns on the islands. 
The character of the views changes with the season, time 
of day, and weather, but the quality of the views is 
relatively uniform. 

Bacon Island. Bacon Island is accessible only on its 
eastern side by a local ievee road, Bacon Island Road. 
Views from the road toward the Bacon Island interior are 
dominated by intensely farmed agricultural open space 
with scattered woody vegetation, farm buildings, and 
rural residences. Mt Diablo can be seen to the west from 
Bacon Island Road, providing a backgroWld visual ele
ment that enhances the vividness of the viewshed from 
Bacon Island Road. Except for the utility lines that rWl 

along the perimeter of Bacon Island, the views of the 
island from the road are generally intact. The views are 
not vivid, however, and are common for the region. The 
overall visual quality of the island bottom from Bacon 
Island Road is considered moderate. 

San Joaquin CoWlty has designated Bacon Island 
Road as a scenic route because of its recreational access 
and use characteristics and its visual relationship to the 
adjacent waterway (Figure 3J-2) (SJCCDD 1992). The 
road carries a low volume of traffic, and the remainder of 
the island is largely inaccessible to the public. The visual 
resources on this island as viewed from Bacon Island 
Road are considered moderately sensitive because of the 
small number of visitors traveling the designated scenic 
route and the inaccessibility of the rest of the island 
interior. 

Views of the Bacon Island levees from adjacent 
waterways consist of a variety of forms and colors created 
by changing elevations between the water level and the 
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levee and by textural differences between the water, the 
marsh, and the riparian vegetation along the water side of 
the levees. The :views from the waterways are vivid and 
relatively intact but are common to the region. The over
all visual quality of the island viewsheds from the water 
is considered moderate. 

A portion of Middle River along the east side of 
Bacon Island and a portion of Connection Slough bor
dering the island to the north are considered "significant 
resource areas for recreation" by San Joaquin County and 
are frequently used by boaters and anglers (Figure 3J-2) 
(SJCCDD 1992-}. Views of the island perimeter levees 
from these waterways are therefore considered highly 
sensitive. 

The Santa Fe Railways Amtrak line immediately 
south ofBacon Island runs eight passenger trains per day 
between Stockton and Richmond, California (Colbert 
pers. comm.). Views of the Ba~ Island southern exter
ior levee from the train are similar to views of the levee 
from the adjacentwate!Way along the south side of Bacon 
Island (Santa Fe Cut). Views of Bacon Island from the 
railway are considered highly sensitive. 

Webb Tract. Interior views of Webb Tract are 
dominated by agriculture, but the intensity of agricultural 
production on this island is low compared with that of 
Bacon Island. Webb Tract has more natural vegetation 
and high visual variability because of the scattered woody 

. vegetation and blowout ponds. Views of the island 
bottom from the levee tops are vivid and intact because 
the visual resources vary and present a natural setting free 
from encroaching elements. The overall visual quality of 
resources on Webb Tract is therefore considered high. 

Public access is more limited on Webb Tract than on 
any of the other project islands. No bridges provide 
access to the island; it is accessible only by feny. The 
number of visitors to the island is low; thus, the visual 
sensitivity of the Webb Tract landscape as viewed from 
perimeter levees and other parts of the island interior is 
considered low. 

Views of Webb Tract from adjacent waterways are 
similar to those described .above for Bacon Island. The 
views are generally intact and vivid, but are common to 
the region. The overall visual quality of the landscape 
from the waterways is moderate. 

Contra Costa County has designated all the water
ways surrounding Webb Tract as scenic waterways (Fig
ure 3J-2) (CCCCDD 1991). The general plan policies 
include maintenance or protection of the marshes and 
riparian vegetation along the shorelines and Delta levees, 
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consistent with safety and other general plan policies. 
The Webb Tract perimeter levees as viewed from these 
waterways are therefore considered a highly sensitive 
visual resource. 

Bouldin hlaud. Public access to the interior of 
Bouldin Island is limited to travelers crossing the island 
ori SR 12. Views from SR 12 toward the interior of 
Bouldin Island are dominated by intensely farmed agri
cultural open space with scattered woody vegetation, 
farm buildings, and rural residential units. Utility lines 
cross the highway, detracting from the intactness of views 
ofthe island. The overall visual quality of Bouldin Island 
is considered moderate because the visual resources are 
somewhat intact but are not especially vivid, and because 
the views are common to the region. 

Because Bouldin Island is visible to people from SR 
12 and many of the viewers are recreationists in the 
Delta, visual sensitivity for part of the viewer group could 
be high. The duration of views for viewers along SR 12 
is brief, however, because there are no vista points or rest 
areas on Bouldin Island from which to prolong the views. 
Therefore, the overall visual sensitivity is considered 
moderate for views of the island along SR 12. 

A study by Caltrans found that the visual resources 
along the Bouldin Island section of SR 12 did not qualify 
this road section for eligibility for State Scenic Highway 
designation (Hatfield pers. comm., Caltrans 1992). Simi
larly, SR 12 on Bouldin Island has not been designated as 
a scenic roadway by San Joaquin County (SJCCDD 
1992). Figure 3J-3 shows a typical view along SR 12 on 
Bouldin Island. The views of Bouldin Island are not 
especially vivid and are common to the region, and SR 12 
across the island is not considered eligible for designation 
as a scenic route. Therefore, the overall visual quality of 
Bouldin Island is considered moderate for views from SR 
12. 

Views of Bouldin Island from adjacent waterways 
are similar to those described above for Bacon Island. 
The overall visual quality of the landscape from the 
waterways is moderate; these views are generally intact 
and vivid but are common to the region. Potato Slough 
south ofBouldin Island is considered a resource area for 
recreation (SJCCDD 1992), so the south perimeter levee 
is commonly viewed by boaters and anglers. The 
Bouldin Island east perimeter levee is visible from marina 
facilities across Little Potato Slough on T erminous Tract, 
both north and south of SR 12. Views of these perimeter 
levees from the waterways are considered highly sensitive 
because many recreationists use these waterways. 
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Holland Tract. Public access to Holland Tract is 
limited to Holland Tract Road along the south levee. 
VteWS ofHolland·Tract from the road consist of agricul
ture fields BDd some fallow areas with established woody 
vegetation along the levee and toward the center of the 
island (Figure 3J-4). This vegetation adds somewhat to 
the variety and texture of views and generally enhances 
the vividness of views of the island. The overall visual 
quality of resouroes on Holland Tract is considered mod
erate because the views are generally common to the 
region. 

One small bridge a1 the southwest comer of Holland 
Tract provides acoess across Rock Slough to the marinas 
located on the southern levee~ other parts of Holland 
Tract are inaccessible to the public. Furthermore, Hol
IBDd Tract Road has no special local or state scenic corri
dor designation. Visual sensitivity of the Holland Tract 
landscape from the road is therefore considered moderate. 

Views of Holland Tract fro~ adjacent waterways 
include developed m~a facilities on the southern and 
eastern side of the island and vegetated levees in other 
areas. The marina facilities that border Holland Tract for 
about 2/3 mile include covered and uncovered boat 
berths. Small ancillary buildings and covered berths are 
constructed partly using wood siding. Wood pilings in 
the water adjacent to one of the marinas are connected by 
a low narrow ridge of automobile tires. Because these 
view components generally disrupt the intactness and 
unity of views in marina areas, visual quality is low along 
the water side of the levees in the marina areas. 

Views of Holland Tract from adjacent waterways 
away from the marinas are similar to those described 
above for the other DW project islands. The views are 
generally intact and somewhat vivid but are common to 
the region~ therefore, the overall visual quality of the 
landscape from the waterways is moderate. 

Old Rivec, which borders the eastern side of Holland 
Tract, and Roosevelt Cut and the flooded Franks Tract 
waters north of Holland Tract are designated as scenic 
waterways by Contra Costa County (Figure JJ-2) 
(CCCCDD 1991). The county general plan policies 
include maintenance or protection of the marshes and 
riparian vegetation along the shorelines and Delta levees, 
consistent with safety and other general plan policies. 
Furthermore, these waters are frequented by boaters and 
anglers. The view of Holland Tract levees from these 
waterways is therefore considered highly sensitive. 
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IMPACf ASSESSMENT METIIODOLOGY 

Analytical Approaeh and 
Impaet Mechanbma 

Asse11ment of Recreation lmpaetl 

The DW project is expected to increase oppor
tunities for recreation in the Delta. Recreation impacts 
were evaluated through comparison of changes in hoot
ing, fishing, and boating use that would occm t.mder the 
DW project alternatives with the point-of-reference con
ditions described above ooder "Affected Environment". 
Estimates of existing recreation use in the Delta (Table 
JJ-2) also provided a point of comparison to use in 
assessing the significance of changes in hunting, fishing, 
BDd boating that would occur under the DW project alter
natives. 

The hunting schedule on the DW project islands is 
based partially on California hunting regulations that 
detennine the length of the hunting seasons (DFG 1993 ). 
Since the late 1980s, DFG has implemented changes to 
the hooting regulations that have resulted in a split duck
hooting season. No proposals currently exist to change 
C\DTent hunting regulations. It is therefore assumed that 
existing regulations would persist in future years. 

Assessment of Visual Resource Impacts 

Visual resource impacts were determined through 
evaluation of the effects a project alternative would have 
on views BDd potential viewer groups. These evaluations 
were based on the visual sensitivity of a site and the 
changes to visual quality of a viewshed that would result 
from implementation of a project alternative. 

Criteria for Determining 
lmpaet Significance 

Recreation Criteria 

This analysis is based on the assumption that in
creased recreation opportunities in the Delta constitute 
beneficial impacts. An alternative is considered to have 
a beneficial impact on recreation if it would provide 
facilities for recreational use, create habitat for hunting 
use, or otherwise facilitate greater recreational use. An 
alternative is considered to have a significant impact on 
recreation if it would result in a decrease in recreation 
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use-days in the Delta or a reduction in the quality of 
existing recreation experiences in the Delta. 

Impacts on fisheries, wildlife, traffic, public health, 
and air quality that may result from increased recreation 
use are addressed, respectively, in the following chapters: 

• Chapter 3F, "Fishery Resources"; 
• Chapter 3H, "Wildlife"; 
• Chapter 3L, "Traffic"; 
• Chapter 3N, "Mosquitos and Public Health"; 

and 
• Chapter 30, "Air Quality". 

Changes in economic conditions that may occur as a 
result of increased recreation use are addressed in Chap
ter 3K, "Economic Conditions and Effects". 

Visual Resource Criteria 

According to Appendix G of the State CEQA Guide
lines, visual resource impacts are considered significant 
if the project will "have a substantial, demonstrable nega
tive aesthetic effect" or if it will "conflict with adopted 
environmental plans and goals of the community where 
it is located". Based on these guidelines and professional 
standards and practices, a project alternative is con
sidered to have a significant impact on visual resources if 
it would: 

• substantially reduce the vividness, intactness, or 
unity of high-quality or highly sensitive views; 

• substantially reduce the visual quality of highly 
sensitive views from designated scenic roads or 
waterways; or 

• conflict with adopted visual resource policies 
identified from the general plans for Contra 
Costa and San Joaquin Counties or with scenic 
resource designations by other public agencies. 

A project is considered to have a beneficial impact 
on visual resources if it would improve the visual quality 
of views or if it would provide new viewing opportunities 
in the project area. 

IMPACI'S AND MmGATION MEASURES 
OF ALTERNATWE 1 

Alternative 1 involves storage of water on Bacon 
Island and Webb Tract (reservoir islands) and man-
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agement of Bouldin Island and Holland Tract (habitat 
islands) primarily for wildlife habitat. Reservoir islands 
would be managed primarily for water storage, with 
wildlife habitat and recreation constituting secondary 
uses. 

Changes in Recreation Conditions 

Overview of Recreation Associated with the DW 
Project 

Implementation of Alternative 1 would include 
development of recreation facilities along the four OW 
project island perimeter levees. (Figures 2-7 and 2-8 in 
Appendix 2, "Supplemental Description of the Delta 
Wetlands Project Alternatives", depict a conceptual 
recreation facility.) These facilities would be run as a 
private operation and would provide year-round recrea
tion opportunities at the OW project islands. 

Each recreation facility would include living quarters 
for as many as 80 people. Parking lots would be con
structed at each facility along levee roads to allow for 
vehicle access. A floating boat dock and gangway adja
cent to each facility would provide boat access to island 
interiors along a network of ditches and canals. A simi
larly sized floating boat dock would be constructed on the 
slough or river side of the island levees to provide tempo
rary and permanent boat berthing for members who 
would likely boat, waterski, and fish in Delta channels 
beyond the OW project islands. 

A general schedule of recreation facility use can be 
detennined based on various factors. Boating and water
skiing in Delta channels would be expected to occur 
primarily during the warmer months of the year (mid
May to mid-September). Participation in sport fishing 
can be predicted to occur primarily during February
November based on the expected presence of different 
fish species in the Delta. Participation in waterfowl and 
upland game hunting on the OW project islands would 
take place mostly during October-January based on 
California htmting regulations (DFG 1993). There would 
be some hunting during the first half of September for 
mourning dove. Figure 3J-5 depicts the expected sche
dule of participation in fishing and hunting at and near the 
OW project islands. The figure shows that recreation 
facility members and their guests would have reasons and 
opportunities to use the facilities throughout the year. 

Other recreation activities at the OW project islands 
could include but would not be limited to birdwatching, 
photography, skeet and trap shooting, relaxing, walking, 
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nature study, windsurfing, swimming, and canoeing. 
Recreationists could participate in these activities for a 
fee or at the invitation ofDW. Many of these activities 
could take place throughout the year, weather pennitting. 
Participation in these activities may result in incremental 
increases in existing regional recreation use-days (Table 
3J-l). It is also possible that implem;mtation of the DW 
project would cause local shifts of people who currently 
participate in these secondary recr~!ation activities in 
other parts of the Delta. 

Recreation Program for Alternative 1 

Bacoo Island and Webb Tract. Bacon Island and 
Webb Tract could each have a maximwn of II recreation 
facilities under Alternative I (Figures 2-2 and 2-3 in 
Chapter 2, "Delta Wetlands Projec: Alternatives"). 

During years when water is n,:>t stored on reservoir 
islands during the growing seasoP., Bacon Island and/or 
Webb Tract could be managed to create shallow-water 
habitats to attract waterfowl {Chapter 3H, "Wildlife", and 
Appendix G2, "Prediction of Vegetation on the Delta 
Wetlands Reservoir Islands"). In years when shallow
water habitats are created, the reservoir islands would be 
available for waterfowl hunting d'.lring October-January 
until appropriative water becomes available in the Delta 
for diversion onto reservoir islands. Unless reservoir 
islands were seeded to create fo:·age for waterfowl, the 
shallow-water habitats created on Bacon Island and 
Webb Tract would probably have marginal quality as 
foraging habitat and would not be expected to provide an 
exceptional hunting experience (see Chapter 3H, "Wild
life"). 

During years when appropriative water is available 
in the Delta for storage on reservoir islands, Bacon Island 
and/or Webb Tract would be managed as a water storage 
facility. Waterfowl hunting would be conducted from 
boats, floating blinds, and on foot from perimeter levees. 
During water storage, the reservoirs would provide rest
ing habitat for some waterfowl, but the foraging habitat 
would be extremely limited. Tne reservoir islands would 
not be expected to attract large nwnbers of waterfowl; 
consequently, hunter participation would be low. 
(Appendix G2 provides further detail on storage condi
tion classes.) Because of the uncertainty of waterfowl 
habitat availability, the recreation facilities on reservoir 
islands would likely be used more by members who enjoy 
boating and fishing and less by members who hunt. 

The reservoir islands could also be usec,i for tempo
rary storage of water owned by parties other than DW. 
The water storage could occur as a result of water trans-
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fers 8nd water banking. These storage occurrences could 
increase the uncertainty of availability of shallow-water 
wetlands for wintering waterfowl and therefore increase 
the uncertainty of recreational uses. Actions taken by 
other parties to use the DW reservoir islands for water 
storage, however, are speculative and beyond the scope 
of this EIRJEIS. 

As described above, other recreation activities would 
be expected to occur on the DW project islands; the 
reservoir island interiors could be used for canoeing, 
windsurfing, and swimming during deep-water storage 
periods. 

Bouldin Island and Holland Tract. Habitat 
islands would be managed primarily to provide wildlife 
habitat to compensate for habitat losses on the four DW 
project islands. Appendix G3, "Habitat Management 
Plan for the Delta Wetlands Habitat Islands", describes 
the HMP under which the habitat islands would be 
managed. Bouldin Island and Holland Tract could have 
a maximwn of I 0 and six recreation facilities, respec
tively, tmder Alternative I (Figures 2-7 and 2-8 in Chap
ter 2, "Delta Wetlands Project Alternatives"). 

Implementation of the HMP as part of Alternative I 
would result in the creation of high-quality wintering 
waterfowl foraging habitat on the habitat islands that 
would be managed primarily to enhance the value of 
waterfowl habitat in the Delta. HMP implementation 
would provide 3,055 acres of spaced-blind hunting areas 
and 3,743 acres of free-roam hunting areas on habitat 
islands (Table 20 in Appendix G3). The hunting pro
gram under the HMP would allow hunting on Wednes
days, Saturdays, and Sundays during the hunting seasons 
prescribed by DFG (1993) (Figure 3J-5). Two additional 
hunting days would be allowed during the waterfowl 
seasons to compensate for hunting days that may fall on 
holidays. 

The Bouldin Island airstrip will be available for use 
by hunters and other recreationists to fly to the island. 
Restrictions have been placed on fixed-wing and heli
copter use of the airstrip during the waterfowl season to 
reduce disturbances to wildlife (see Appendix G3, "Habi
tat Management Plan for the Delta Wetlands Habitat 
Islands"). 

Recreation facilities on habitat islands would also be 
expected to provide opportunities for recreationists to 
participate in the full range of other recreation activities 
described above. 
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Hunting 

Bacon bland and Webb Tract. As described 
above, htmting would occur on the reservoir islands dur
ing shallow-water wetland and storage periods. 

A total of 3,694 acres on Bacon Island and 3,836 
acres on Webb Tract could be managed as shallow-water 
wetlands during nonstorage periods (Table 3J-3) (JSA 
1993). This aCreage could be hm1ted for waterfowl every 
day of the week during the htmting seasons at estimated 
densities up to one htmter per 30 acres. (JSA 1993, DFG 
1993, Forkelpers. comm.) 

The quality of the hm1ting would depend on the 
availability of foraging habitat for waterfowl. Unless DW 
seeds the islands during nonstorage periods, the availa
bility of waterfowl forage plants would diminish over 
time. Large numbers of waterfowl would not be expected 
to visit the reservoir islands unle~ forage were available. 

Predicting when the islands would be available for 
htmting during shallow-water wetland periods is difficult 
because DWmay fill reservoir islands in a sequence that 
changes each year to maximize the opportWlity for creat
ing shallow-water wetlands. However, OW may divert 
water simultaneously and at the same rate onto each 
island, minimizing the frequency with which shallow
water wetlands would be created. (Chapter 3N, "Mos
quitos and Public Health", and Appendix G2, "Prediction 
of Vegetation on the Delta Wetlands Reservoir Islands", 
describe each management regime and the expected 
changes in vegetation conditions.) The selected manage
ment regime would also influence the frequency of occur
rence of storage condition classes. This analysis is based 
on the assumption that either management regime could 
occur; consequently, the percentages of project years 
when islands would be in a shallow-water wetland condi
tion or a storage condition represent an average of the 
two regimes (Tables 3J-3 and 3J-4). (Methods used to 
derive percentages are described in Chapter 3N and 
Appendix G2.) The values shown for annual maximum 
hm1ter use-days in Tables 3J-3 and 3J-4 therefore are 
adjusted to account for unpredictable year-to-year storage 
conditions Wlder Alternative 1. 

Waterfowl Hunting under the Shallow
Water Wetland Condition. Table 3J-3 shows that 
Bacon Island and Webb Tract could support 4,119 and 
4,729 maximum hm1ter use-days, respectively. The 
maximum hm1ter use-days calculated in Table 3J-3 for 
the shallow-water wetland condition are adjusted to ac
coWlt for the possible marginal quality of wetlands on 
reservoir islands and the low hunter attendance that 
would result from probable low numbers of waterfowl. 
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Therefore, it is assumed that hunter participation would 
average 30% of capacity during the hunting seasons on 
reservoir islands. Under Alternative 1, Bacon Island and 
Webb Tract may support a total of approximately 2,660 
annual recreation use-days for waterfowl hm1ting Wlder 
the shallow-water wetland condition during any project 
year (Table 3J-3). 

Waterfowl Hunting under Water Storage 
Conditions. All of Bacon Island and Webb Tract would 
be managed for full, partial, or shallow storage in some 
years. Totals of 5,539 acres on Bacon Island and 5,470 
acres on Webb Tract could be htmted for waterfowl every 
day of the week during water storage periods during the 
hunting seasons at densities of up to one hunter per 30 
acres (Table 3J-4) (JSA 1993, DFG 1993). 

Because Clifton Court Forebay is a large open-water 
area, htmter use data for the forebay provide an indicator 
of the level ofhm1ting that could be expected at the OW 
reservoir islands. Waterfowl hm1ting season use reports 
were obtained for the Clifton Court Forebay Waterfowl 
Public Shoot Area for four waterfowl hunting seasons 
during the middle 1970s and early 1980s. The reports 
provide data on total acreages, maximum quotas of hunt
ers allowed, numbers and types of waterfowl killed per 
shoot day, and total attendance per day during the water
fowl hunting season. Average attendance at the Clifton 
Court Forebay Public Shoot Area during the four hunting 
seasons was 27% of capacity. Results of the hm1ting 
reports are summarized in Table 3J-5. 

Clifton Court Forebay is operated as a public shoot
ing area, whereas access to the privately owned recrea
tion facilities on the DW reservoir islands would be 
limited to members and their guests. HWlter participation 
at public waterfowl hm1ting areas such as Clifton Court 
Forebay would be expected to exceed participation on the 
OW reservoir islands under water storage conditions. 

Furthermore, the OW reservoir islands might not 
support the level of participation in waterfowl hunting 
that has occurred in the past at Clifton Court Forebay. 
Htmter use data (Table 3J-5) may represent the high level 
of waterfowl hunting in California during the 1970s, 
when the number of waterfowl hunting permits issued 
statewide was much higher than during any subsequent 
period The level of participation in waterfowl hm1ting in 
California is less than half that of the 1970s, and water
fowl hunting is not expected to approach the levels seen 
during the 1970s. (Becker pers. comm.) 

As described previously, waterfowl would congre
gate to rest on the open water during storage periods. 
Waterfowl hunting would occur during storage periods 
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from boats with blinds, scull boats, and floating blinds 
and on foot from perimeter levees. (A scull boat is a 
small boat that can be maneuvered by one passenger 
using a single oar.) Most hunting would likely occm 
from motorized boats with blinds (camouflage). Scull 
boating requires special equipment and skills, and few 
htmters participate. Stationary floating blinds would pro
vide the least desirable opportunities for hunting on open 
water because they cannot be moved to better hunting 
areas. (Wernette pers. comm.) Overall, the specialized 
nature of open-water hunting would lead to low levels of 
hunting on the DW reservoir islands dming storage 
periods. 

Table 3J-4 shows that Bacon Island and Webb Tract 
could support a maximmn of9,038 and 8,299 hunter use
days, respectively. The maximmn numbers of hunter use
days calculated in Table 3J-4 have been adjusted to 
account for the predicted low levels of hunting on reser
voir islands during storage periods, . As described above, 
low hunter attendance would be expected because of the 
unpredictable schedule of water storage periods and 
because the hunting areas at the DW reservoir islands 
would be private rather than public. Furthermore, hunter 
participation at the DW reservoir islands would probably 
not approach the level of hunting documented at Clifton 
Court Forebay dming the late 1970s. The specialized 
nature of open water hunting would also contribute to low 
hunting levels. Therefore, it is assumed that hunter parti
cipation dming storage periods would average 15% of 
capacity dming the hunting seasons on reservoir islands. 
This percentage was applied to the maximum numbers of 
hunter use-days for Bacon Island and Webb Tract, lead
ing to the estimate that approximately 2,600 annual recre
ation use-days for waterfowl hunting may result from 
operation of Alternative 1 dming storage periods dming 
any project year (Table 3J-4). 

Upland Game Hunting. Herbaceous habitats 
could become established on exposed island bottoms 
dming periods when reservoir islands are managed to 
provide shallow-water habitat; these habitats could pro
vide forage for momning dove and possible nesting 
opportunities for ring-necked pheasant dming some 
years. Habitat for these upland game species, however, 
would be nonexistent on reservoir islands under full 
storage conditions, and water storage on the islands 
would limit establishment of breeding habitat for doves 
or pheasants. (See Chapter 3H, "Wildlife", for more 
detail on predicted changes to upland game habitat.) 
Incidental hunting for these upland game species may 
occm on reservoir islands dming September, before the 
startofthewatetfowl hunting seasons (Figure 3J-5). The 
numbers of recreation use-days associated with this 
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activity would be very low and would not alter this 
impact analysis; therefore, they were not included. 

Incidental upland game hunting could also occm 
during November-December, concurrent with part of the 
watetfowl hunting seasons. No assumptions were made 
regarding numbers of hunters who may participate in 
upland game hunting to avoid double counting of hunters 
who would likely also be hunting waterfowl. 

Bouldin bland and HoUand Tract. A total of 
2,122 acres on Bouldin Island and 933 acres on Holland 
Tract would be managed as spaced-blind hunting zones 
under the HMP for hunting waterfowl (Table 3J-6). The 
blinds occupied by hunters would be at a maximum 
density of one blind per SO acres, and each blind could 
accommodate four hunters at a time; therefore, maximum 
hunter density would be one hunter per 12.5 acres. Hunt
ing would occm on Wednesdays, Saturdays, and Sundays 
dming the hunting seasons (Figure 3J-5) (DFG 1993). 

A total of 2,331 acres on Bouldin Island and 1,308 
acres on Holland Tract would be managed as free-roam 
hunting zones under the HMP for hunting waterfowl and 
upland game during the October-January hunting seasons 
(Table 3J-6). Maximum hunter density would be one 
hunter per 60 acres, and hunting could occm on Wed
nesdays, Saturdays, and Sundays dming the hunting 
seasons (Figure 3J-5) (DFG 1993). 

An additional 1 04 acres are designated only for 
upland game hunting on Bouldin Island; when these are 
added to the 2,331 free-roam acres, a total of 2,435 free
roam acres are available for mourning dove hunting 
dming September (Figure 3J-5). The 104 free-roam 
acres were deleted from Table 3J-6 for October-January 
to avoid double counting of hunters who would probably 
also hunt waterfowl. (See Tables 19, 20, and 21 in 
Appendix G3, "Habitat Management Plan for the Delta 
Wetlands Habitat Islands", for more detail on the HMP 
hunting program.) 

Table 3J-6 shows that Bouldin Island and Holland 
Tract could support a maximum of 8,632 and 4,011 
hunter use-days, respectively. Contacts with private 
hunting club owners and public refuge managers were 
made to determine the average hunter participation as a . 
percentage of capacity. As described previously under 
"Recreational Uses in the Region", private hunting clubs 
in the Delta are small and participation is generally 
limited to landowners and their guests. Participants hunt 
frequently and attendance patterns are different from 
those at large refuges. Furthermore, maximum density 
cannot be calculated because the clubs generally operate 
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on hundreds of acres that could accommodate many more 
htmters. (Zuckerman pers. comm.) 

Although the DW bunting program would be private, 
information obtained from managers of public refuges 
located in the Sacramento Valley, Butte Basin, and west 
of the Delta at Grizzly Island is assumed to provide a 
reasonable indication of the level ofbunting participation 
anticipated on Bouldin Island and Holland Tract. This 
assumption is based on the fact that Alternative 1 would 
create high-quality wintering waterfowl foraging habitat 
in the Delta at a scale comparable to that of the public 
refuges. The waterfowl habitat at the DW habitat islands 
would be expected to attract an abundance of several 
waterfowl game species~ therefore, hunter participation 
would likely be similar ·to that on the inland public 
refuges. 

Waterfowl hunting season reports were obtained 
from five public refuges for. the 1993-1994 hunting 
season. Hunting season reports are not maintained for 
Lower Sherman Island Wildlife Area. The reports did 
not provide data on upland game hunting. Results of the 
hunting reports are summarized in Table 3J-7. 

The values that are over 1000/o in Table 3J-7 indicate 
that as bunters checked out during shoot days in October 
and Janumy when the demand for hunting was high, other 
hunters entered the refuges. Average attendance at the 
public refuges during the 1993-1994 hunting season was 
86% of capacity. This figure was applied to the maxi
mum bunter use-days for Bouldin Island and Holland 
Tract in Table 3J-6 to show that approximately 10,870 
total annual recreation use-days for hunting would be 
generated during any project year under Alternative 1. 

Fishing and Boating 

Implementation of Alternative 1 would increase 
recreation use-days related to fishing and boating in the 
Delta. Each private recreation facility would include a 
30-bertb boat dock conslructed on the channel side of the 
project island perimeter levees to accommodate tempo
racy and permanent boat docking for private guests (see 
Appendix 2, "Supplememal Description of the Delta 
Wetlands Project Alternatives", for conceptual design of 
the recreation facilities). As described previously under 
"Recreation Program for Alternative 1 ", a total of 38 
recreation facilities could be constructed at the DW 
project islands over the life of the project. The recreation 
facilities would provide overnight accommodations for 
boaters and other recreationists. If there is low demand 
for facilities, DW may construct fewer facilities and/or 
smaller facilities. 
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Delta boating use attributable to the DW project 
would originate from the recreation facility boat docks. 
Assuming 70% occupancy of the boat slips, implement
ing Alternative 1 would provide permanent boat docking 
in Delta waterways for 798 boats. Contra Costa County 
and San Joaquin Cotmty have 38,330 and 22,870 regis
tered boats, respectively (Nunes pers. comm. ). If none of 
the boats docked at the DW project facilities are existing 
registered boats, the DW project could add approximately 
800 registered boats to the two-county area. This would 
n:present a 1%-2% increase over the existing number of 
boats in the area. Recreational boat use would be highest 
during summer weekends and lowest during winter. 
Table 3J-8 shows the average weekend and weekday boat 
use by season estimated for Alternative 1 .. Based on an 
estimate of three boaters per boat, it is estimated that an 
annual increase of 100,620 boater recreation use-days 
would be generated by Alternative 1 (Table 3J-9). This 
represents a 5% increase over the 2,016,000 existing 
boater recreation use-days in the Delta (Table 3J-2). 

It is possible that some anglers and boaters in the 
Delta are limited by the lack of public facilities with boat 
latmCh areas. (The shortage of public recreation facilities 
in the Delta is described under "Recreational Uses in the 
Region".) As described previously in this section, the 
DW project recreation facilities would be private and 
would provide mooring for members with boats. It is 
assumed that implementation of the DW project would 
not contribute to relieving the demands on public recre
ation facilities for access to Delta waterways. 

Other Recreational Uses 

Implementation of Alternative 1 would likely in
crease participation of recreationists on the DW project 
islands in recreational uses other than hunting, fishing, 
and boating. The proposed recreation facilities would 
accommodate recreationists interested in birdwatching, 
photography, nature study, walking, relaxing, skeet and 
trap shooting, swimming, and other activities. The reser
voir island interiors could be used for canoeing, windsur
fing, and swimming during deep-water storage periods. 
Other recreational uses would occur year round but most 
frequently during summer. Estimated recreation use-days 
for these other uses generated by the DW project are 
shown in Table 3J-10. Other recreational use was esti
mated as a relative percentage of boater use-days by 
season. Implementation of Alternative 1 would generate 
approximately 38,560 recreation use-days related to these 
other uses. 
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Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact J-1: Increase in Recreation U~e-Days for 
Hunting in the Delta. Implementation of Altemative I 
would result in the creation of 7,530 acres of iow- to 
mediwn-quality shallow-water wetland waterfowl habitat 
on reservoir islands during some years (JSA 199 3 ). The 
quality of the wetland habitat for waterfowl on reservoir 
islands would be dependent on forage availability. All 
the reservoir island aaeage, approximately II ,000 acres, 
would be in a water-storage condition in some years; 
waterfowl would rest on the open water and pos.<Jibly for
age in shallow areas around the storage pool edges. 

A total of 8,219 acres of high-quality wintering 
waterfowl compensation habitat would be created on the 
habitat islands (fable IS in Appendix G3, "Habitat Man
agement Plan for the Delta Wetlands Habitat Islands"). 
Some of the waterfowl habitat wou)d also support upland 
game. The combined habitats for waterfowl ::.nd upland 
game would support approximately 16, 130 ar.nual hunt
ingrecreation use-days in the Delta (fable 3J-ll). This 
figure represents a net increase of approximately 15,080 
hunter use-days over existing conditions on the D W 
project islands (fables 3J-2 and 3J-ll). 

The net increase of 15,080 hunter use--days gener
ated by Alternative 1 represents a 21% increase over the 
72,000 existing hunting recreation use-days in the Delta 
(Tables 3J-2 and 3J-ll). 

The increase in number of hunters in the project 
vicinity could detract from the quality of the recreation 
experience foc some people; however, most other recrea
tional uses (e.g., boating and fishing) occur primarily 
during swnmer and would not be affected by increases in 
hunting on the DW project islands during the hunting 
season. Also, the benefits of having new areas in the 
Delta for hunting use outweigh possible annoyances that 
could result from hunters being concentrated in the 
project area during hunting season. 

This impact is considered beneficial. 

Mitigation. No mitigation is required. 

Impact J-2: Change in Regional Hunter Success 
outside the Project Area. Implementation of Alter
native 1 would include establishment of 8,219 acres of 
wintering waterfowl compensation habitat on the habitat 
islands (fable 15 in Appendix G3, "Habitat Management 
Plan for the Delta Wetlands Habitat lsl~~Qds"). As de
scribed in Chapter 3H. "Wildlife", establishment of these 
wetland areas is expected to result in some redistribution 
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of regional waterfowl populations to the habitat islands. 
This redistribution may cause a decrease in hunter 
success outside the project area This scenario may occur 
especially in areas where wintering waterfowl habitat 
management and waterfowl hunting are secondary to 
other uses; the resultant waterfowl foraging habitat may 
be less than optimal. 

However, during bunt days on the habitat islands, 
waterfowl would disperse to other areas in the Delta 
where they could be hunted. Waterfowl may also dis
perse to forage in adjacent areas as the food source 
diminishes during winter on habitat islands. Therefore, 
potentially decreased hunter success in some areas would 
likely be offset by increased hunter success in hunted 
areas relatively close to the DW project islands. Addi
tionally, implementation of the HMP as part of Alter
native 1 would include establishment of waterfowl breed
ing habitat that would be expected to increase numbers of 
waterfowl in the region. (Appendix G3 includes details 
on the proposed waterfowl habitats.) 

. This impact is considered less than significant 

Mitigation. No mitigation is required. 

Impact J-3: Increase in Recreation Use-Days for 
Boating in the Delta. Implementation of Alternative 1 
would result in a net increase of 100,620 annual boater 
use-days at project build out. This increase represents a 
5% increase over existing boater use-days in the Delta. 
Sport fishing would occur primarily during February
November (Figure 3J-4), and most boating would occur 
during the warmer months (Table 3J-8). Although the 
OW project would not contribute to relieving demands 
for public access to Delta waterways, implementing 
Alternative 1 would facilitate greater boating and fishing 
use in the Delta. Therefore, this impact is considered 
beneficial. 

Mitigation. No mitigation is required. 

Impact J-4: Change in the Quality of the Recre
ational Boating Experience in Delta Channels. 
Implementation of Alternative 1 would increase boat use 
in Delta channels and alter existing boating conditions on 
waterways adjacent to the DW project islands. The State 
Division of Boating and Waterways requires that boats 
traveling within 200 yards upstream or downstream of 
boat docks maintain speeds of less than 5 mph. IfDW 
recreation facilities were all constructed in waterways 
that do not have existing speed restrictions, the presence 
of the facilities would necessitate speed restrictions being 
established on more than 8 miles of Delta waterways. 
Because recreational uses such as waterskiing require 
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higher boat speeds. introducing boat speed restrictions in 
Delta waterways could reduce the availability of areas 
that support those uses. Also, the increase in the nwnber 
of boaters in the project vicinity could detract from the 
quality of the recreation experience for some people (see 
Chapter 3L, "Traffic•, for more information on waterway 
traffic and boater safety). 

This impact is considered significant and unavoid
able. 

, Mitigation. No mitigation is available to re
duce this impact to a less-than-significant level. How
ever, if the project description were modified to reduce 
the nwnber of recreation facilities built on the DW pro
ject islands, this impact could be less than significant 

Impact .J-5: Inc:reue in Recreation Use-Days for 
Other Recreational U~aln the Delta. Implementation 
of Alternative I would incre~ participation in Delta 
recreational activities other than hWlting, fishing, and 
boating. Because the DW project facilities would be 
private, they would not contribute to meeting public 
demands for facilities to support these activities. How
ever, implementing Alternative 1 would support approx
imately 38,560 recreation use-days for other recreational 
activities in the Delta and would provide accommo
dations to support these activities. This figure represents 
an increase of less than 1% over the existing 5, 136,000 
recreation use-days for relaxing, sightseeing, camping, 
picnicking, photography, and bicycling in the Delta 
(Table 3J-l). This impact is considered beneficial. 

Mitigation. No mitigation is required. 

Changes in Visual Resources 

Alternative 1 woUld introduce recreation facilities 
and ancillmy boat docks, pump and siphon stations, levee 
improvement material, and wetland habitat into the view
sheds of the four project islands. The dominant visual 
character on the four islands would change from agri
cultural open space to open water or a combination of 
upland, riparian, and wetland vegetation. Implementation 
of the DW project would provide new opportWlities for 
members of recreation facilities on the DW project 
islands to view habitat island interiors and other areas in 
the project vicinity. The impacts for each DW project 
island are described below. 
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Bacon bland 

Implementation of Alternative 1 would result in the 
cooversim of land in agricultural use on Bacon Island to 
water storage. Intake siphons and discharge pumps and 
reaeation facilities would encroach on the existing visual 
features on the interior and exterior levee slopes and 
would be visible from Bacon Island Road Perimeter 
levees around Bacon Island would be strengthened and 
improved Vegetation would be removed from levee 
slopes and replaced with rock revetment. These changes 
would reduce the vividness and intactness of views of the 
levee slopes from the road. 

The existing visual quality on Bacon Island is 
considered moderate, however, because the agricultural 
landscape is common to the region, and the visual sen
sitivity is considered moderate because access to the 
island interior is limited to a few viewers who use Bacon 
Island Road. 

As described above Wlder •visual Resources in the 
Delta Region•, Bacon Island Road is designated as a 
scenic route because of its recreational access and its 
visual relationship to the adjacent waterway (Figure 3J-2) 
(SJCCDD 1992). Bacon Island Road would be recon
structed on the improved levee on the east side of the 
island and one new intake siphon and up to four new 
recreation facilities would be constructed adjacent to the 
designated scenic roadway. Vegetation on the levee 
would be removed and replaced with rock revetment 
during levee improvement. Built elements introduced 
into the viewshed would encroach on the designated 
scenic cooidor and would reduce the intactness and unity 
of views of Bacon Island from Bacon Island Road. The 
road would, however, continue to provide access to 
recreation areas and views of the adjacent waterway; 
therefore, implementation of Alternative I would not be 
expected to conflict with the scenic corridor designation. 

Implementation of Alternative I would not likely 
change views from the road of Middle River, flooded 
Mildred Island, and Lower Jones Tract; furthermore, 
viewing opportWlities may be slightly enhanced as a 
result of improvements being made to the Bacon Island 
Road levee. 

Views of the island from adjacent waterways would 
be affected by improvements to perimeter levees, con
struction of the siphon and pwnp stations, and construc
tion of boat docks for the proposed recreation facilities. 
During project constructioo, existing vegetation would be 
removed from the perimeter levees, the levees would be 
raised, and rock revetment would be placed along the 
exterior slopes. The levees would be kept clear of most 
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vegetation during project operation to facilitate levee 
inspectioos. These changes to the levees would be highly 
visible to boaters and anglers on adjacent waterways. 

As described previously, two significant resource 
areas foc recreation are designated along the Bacon Island 
eastern and northern perimeter levees (Figure 3J-2) 
(SJCCDD 1992). The DW project would change the 
character of the levee slopes :from vegetated to tmvege
tated with the addition of rock revebnent. The project 
would also introduce recreation facilities (e.g., boat docks 
and access ramps) along the exterior levee slopes in the 
designated resource areas. These resource areas are con
sidered visually sensitive by San Joaquin Cotmty, as 
indicated in the cotmty general plan. Implementing 
Alternative 1 would substantially reduce the vividness, 
intactness, and tmity of views from the waterways adja
cent to Bacon Island. 

Many Amtrak passengers l}.ave a northward view 
fr<m the south side of Bacon Island across the tops of the 
levees. As described above, implementing Alternative 1 
would reduce the quality of views of the levee slopes by 
introducing recreation facilities and altering levee ma
terials and design in the viewshed. A discharge pwnp 
station would also be constructed along the south side 
island levee. Views from the Santa Fe rail line would 
therefore be substantially altered tmder Alternative 1. 

Webb Tract 

Implementing Alternative 1 would change the land 
w;eofthe island floor of Webb Tract from agriculture to 
open water or wetland vegetation. As described for 
Bacm Island, the island levee slopes would be modified 
and siphon and pwnp stations and recreation facilities 
would be conslructed arotUI.d the levee perimeters. Intro
duction of these elements would reduce the vividness and 
intactness of views of the island interior from perimeter 
levees, affecting the overall visual quality of the Webb 
Tractviewshed. .However, access to the interior of Webb 
Tract is limited and few people view the island interior. 
Therefore, changes to the aesthetic conditions on Webb 
Tract would be relatively inconsequential. 

Webb Tract is surrotmded by waterways designated 
as scenic by Contra Costa Cotmty (Figure 3J-2). Streng
thening and improving perimeter levees and constructing 
boat docks for recreation facilities would introduce built 
elements into this generally intact landscape. Vegetation 
would be removed and replaced with rock revebnent 
The siphon and pwnp stations would also be highly vis
ible to boaters and anglers. These changes to the existing 
levees would not be easily absorbed into the natural land-
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scape. The visual quality of views of Webb Tract from 
the designated scenic waterways surrounding the island 
would be substantially reduced. 

Bouldin Island 

Implementation of Alternative 1 would change the 
land use of island floor of Bouldin Island from agricul
tural production to wildlife habitat. The habitat elements 
would generally improve the vividness of views of the 
island from SR 12, the only access route on Bouldin 
Island. (See Appendix G3, "Habitat Management Plan 
for the Delta Wetlands Habitat Islands", for detailed 
descriptions ofbabitats.) 

Potato Slough, bordering the south side of Bouldin 
Island, is designated as a significant resource area for 
recreation by the cotmty (Figure 3J-2) (SJCCDD 1992). 
Construction of boat docks associated with the proposed 
recreation facilities on the south side of the island would 
be visible from the slough. Introduction of these built 
elements into the viewshed from the waterway would 
reduce the intactness of those views. The island peri
meter levees would otherwise be maintained in a manner 
similar to existing practices. 

HoUand Tract 

Changes to visual resources on Holland Tract would 
be similar to those described for Bouldin Island Views 
of the island interior from the cotmty road would likely 
improve in vividness becaw;e the variety of landscapes on 
the island bottom would increase in areas managed for 
habitat. Although the island perimeter levees would not 
be substantially altered tmder Alternative 1, boat docks 
constructed for recreation facilities in designated scenic 
waterways on the north and east sides of Holland Tract 
would encroach on the existing views from the waterways 
(Figure 3J-2). 

Summary of Project Impacts and Recommended 
Mitigation Meaaures 

Impact J-6: Reduction in the Quality ofViewa of 
the Resen'oir bland Interion from bland I.eveea. 
Implementation of Alternative 1 would result in the con
version of the Bacon Island and Webb Tract interiors 
from agricultural use to open water or shallow-water 
wetland vegetation. Levee improvements would include 
replacing vegetation on interior levee slopes with rock 
revebnent. DW project facilities along levees would 
include recreation facilities and intake siphons and 
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discharge pwnps. These project features would reduce 
the vividness and intactness of interior island views from 
existing island roads. However, views of the island inter
iors are not highly sensitive because low numbers of 
viewers are present on the reservoir islands. Therefore, 
this impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact J-7: Potential Conftict with the &:enic 
Delignation for Bacon bland Road. Implementation 
of Alternative 1 would include introduction of recreation 
facilities and a siphon station facility into the Bacon 
Island Road viewshed, which would change the views 
from the designated scenic corridor. Levee improve
ments would include removal of vegetation and place
ment of rock revetment on levee slopes. However, Bacon 
Island Road would continue to provide access to recrea
tion areas and views of the adjacent waterway, and these 
criteria are the basis for the ~con Island Road scenic 
designation. Levee improvements and the introduction of 
project facilities into the roadway scenic corridor would 
not affect the county designation. Therefore, this impact 
is considered less than significant. 

Mitigation. No mitigation is required. 

Impact J-8: Reduc:tion in the Quality of Views of 
the Resen-oir Islands from Adjacent Waterways and 
from the Santa Fe Railways Amtrak Line. Imple
mentation of Alternative 1 would result in construction of 
recreation facilities and siphon and pump stations along 
Bacon Island and Webb Tract levees. Perimeter levees 
would be strengthened and improved and vegetation 
would be removed and replaced with rock revetment. 
These changes would substantially reduce the intactness 
and unity of highly sensitive views of these island levees 
from adjacent waterways, including waterways around 
Bacon Island and Webb Tract that are designated as 
scenic. Views :from the Santa Fe rail line along the south 
side of Bacon Island would be similarly affected. Al
though facility design features described below under 
Mitigation Measures J-1 and J-2 would reduce the 
intensity of this impact, these features would not restore 
the quality of views of exterior island levees. Therefore, 
this impact is considered-5ignificant and unavoidable. 

Implementing Mitigation Measures J-1 and J-2 
would reduce Impact J-8, but not to a less-than-signifi
cant level. 

Mitigation Measure J-1: Partially Screen 
Proposed Recreation Facilities and Pump and Siphon 
Stations from Important Viewing Areas. Concurrent 
with implementation of Alternative I, DW shall, consis-
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tent with flood control and levee or facility maintenance 
requirements, establish screening that could consist of 
native trees, shrubs, landscape berms, and ground covers 
between the project facilities and designated scenic 
waterways. Landscape berms near structures will pro
vide partial screening and will better connect the build
ings visually to the site and the area. Screening vegeta
tion shall be planted in locations and at a density that 
would provide at least a 500/o visual screen after 5 years. 

Mitigation Measure J-2: Deaign Levee Im
provements, Siphon and Pump Stations, and Recre
ation Fadlitiea and Boat Docks to Be Consistent with 
the Surrounding Landac:ape. DW shall require that 
pump and siphon station structures and recreation faci
lities be painted in earth tones to blend with the sur
rounding landscape. Rock revetment material shall be 
selected to blend with the surrounding landscape and 
minimize glare. DW shall limit structure heights and 
emphasize horizontal features in its design. Boat docks 
and related structures shall be constructed of natural
appearing materials with subdued, earth-tone colors to 
blend in with the surrounding environment. 

Impact J-9: Enhanced Views of Bouldin bland 
from SR 12. Implementation of Alternative 1 would 
involve management of Bouldin Island for wildlife habi
tat, which would enhance the vividness of views from SR 
12. This impact is considered beneficial. 

Mitigation. No mitigation is required. 

Impact J-10: Reduction in the Quality ofViewa 
of the Habitat Islands from Adjacent Waterwaya. 
Implementation of Alternative 1 would not include re
moval of vegetation from exterior levee slopes on the 
habitat islands, and the changes in the visual quality 
would be considerably less severe than for the reservoir 
islands. Construction of boat docks and related structures 
associated with the proposed recreation facilities, how
ever, would reduce the quality of views of island levees 
:from designated scenic and significant waterways. Con
structing the boat docks and related structures would 
reduce the unity and intactness of the highly sensitive 
views from adjacent channels by introducing a built ele
ment into a generally intact landscape. Therefore, this 
impact is considered significant. 

Implementing Mitigation Measures J-1 and J-2 
would reduce hnpact J-1 0 to a less-than-significant level. 

Mitigation Measure J-1: Partially Screen 
Proposed Recreation Facilities and Pump and Siphon 
Stations from Important Viewing Areas. This miti
gation measure is described above. 
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Mitigation Meuure J-1: Daign Levee Im
provements, Siphon and Pump Stations, and Reere
adoa Fadllties and Boat Doekl to Be Consbtent with 
the Surrounding LandJcape. This mitigation measure 
is described above. 

ImpaetJ-11: Inc:reue In Viewing Opportunltiel 
and the Quality ofVieM of bland Interion and the 
DW Project Vicinity for Recreation FaciUty Mem
ben. Implementation of Alternative 1 would provide 
increased access to the DW project area. Recreation 
facilities on reservoir islands would provide opportunities 
for members to view open water and wetland areas at or 
near reservoir islands while they relax or enjoy recreation 
activities silcb as boating or fishing in the Delta. 

A complex mosaic of wildlife habitats would be 
established within the interiors of the habitat islands, 
which would greatly enhance the vividness of views of 
the island interiors from the SUI"(Ounding levees. (See 
Appendix 03, "Habitat Management Plan for the Delta 
Wetlands Habitat Islands", for detailed descriptions of 
habitats.) Recreation facility members would benefit 
from these enhanced views. 

This impact is considered beneficial. 

Mitigation. No mitigation is required. 

IMPACTS AND MmGATION MEASURES 
OF ALTERNATIVE l 

Changes in Recreation Conditions 

The recreation program under this alternative is the 
same as under Alternative 1. Hunter use-days under 
Alternative 2 for the habitat islands are the same as fi)r 
Alternative 1, as shown in Table 3J-6. Hunter use-days 
under Alternative 2 for the shallow-water wetland condi
tion and for water storage conditions on reservoir islands 
are shown in Tables 3J-12 and 3J-13, respectively. 
Implementation of Alternative 2 would result in a net 
increase of approximately 1-5,150 total annual bun~mg 
recreation use-days in the Delta (Tables 3J-2 and 3J- j 1 ). 
The slight variation in bunter use-days between this 
alternative and Alternative 1 is attributable to minor vari
ations in the flooding regimes for the reservoir islands. 
Boater and other recreation use-days under Alternative 2 
are the same as for Alternative 1, as shown in Tables 3J-9 
and 3J-1 0. Impacts and mitigation me~s under this 
alternative are the same as under Alternative 1. 
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Changes in Visual Resources 

Impacts m visual resources and mitigation measw-es 
under this a1temative are the same as under Alternative 1. 

IMPACfS AND MITIGATION MEASURES 
OF ALTERNATIVE 3 

Alternative 3 involves storage of water on Bacon 
Island, Webb Tract, Bouldin Island, and Holland Tract, 
with secondaiy uses for wildlife habitat and recreation. 

Changes in Recreation Conditions 

Recreation Program for Alternative 3 

Although the DW project islands would be used for 
water storage under this alternative, the NBHA north of 
SR 12 on Bouldin Island would be managed as a wildlife 
habitat area and would not be used for water storage. 
The NBHA encompasses 875 acres, most of which would 
be available for waterfowl and upland game bunting 
during the bunting seasons. (Appendix 02, "Prediction 
of Vegetation on the Delta Wetlands Reservoir Islands", 
includes proposed acres by habitat type for the NBHA.) 

Under Alternative 3 the four islands could have a 
total maximum of 40 recreation facilities. (Figmes 2-10 
and 2-11 in Chapter 2 depict DW project facilities on 
Bouldin Island and Holland Tract for Alternative 3.) The 
recreation program for the DW project islands under 
Alternative 3, except for the NBHA, would be the same 
as that described for Bacon Island and Webb Tract under 
Alternative 1. 

Hunting 

Bacon Island, Webb Tract, Bouldin Island (south of 
SR 12), and Holland Tract may support approximately 
9,700 annual recreation use-days for waterfowl bunting 
during any project year under Alternative 3 (T abies 3J-14 
and 3J-15). 

The NBHA (north of SR 12) would provide 8os 
acres of habitat for mourning dove hunting during 
September (Figure 3J-5, Table 3J-14). This acreage 
includes 325 acres of riparian woodland, annual grass
land, and fallow levee slope habitats that are considered 
suitable for upland game but not for waterfowl. 
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During October-January, 550 acres of habitat would 
be available for waterlhwl hmtting (Table 3J-14 ); some 
of this acreage would also be available for pheasant and 
dove htmting. The1>50 acres do not include the 325 acres 
of habitat that is suitable only for upland game because 
inclusion may result in double cotmting of hmtters who 
would probably also hmtt waterfowl. 

Htmting would take place at the NBHA on Wednes
days, Saturdays, and Smtdays during the hmtting seasons 
at a density of one hmtter per 30 acres (JSA 1993, DFG 
1993, Forkel pers. comm.). The NBHA could support 
909 maximum hmtter use-days. If hmtter attendance 
averaged 86% of capacity dwing the hmtting seasons, the 
NBHA would support approximately 780 annual hmtter 
use-days (Table 3J-14). Addition of these days to the 
9,700 hmtter use-days for reservoir islands results in 
approximately ·1 0,480 annual recreation use-days for 
hmtting generated during any project year mtder Alter
native 3 (Table 3J-ll). 

Implementation of this alternative would require 
implementation of an offsite mitigation plan (Chapter 3G, 
"Vegetation and Wetlands"). If a hmtting program is 
implemented at any offsite areas, the number of hmtter 
use-days could be greater than the number predicted for 
Alternative 3. 

Fishing and Boating 

Implementation of Alternative 3 would increase 
recreation use-days related to fishing and boating in the 
Delta. As described previously mtder "Recreation Pro
gram for Alternative 3 ", a total of 40 recreation facilities 
could be constructed at the DW project islands over the 
life of the project. The boating facilities at these recrea
tion facilities would be the same as those described mtder 
Alternative 1. 

Delta boating use attributable to the DW project 
would originate from the recreation facility boat docks. 
Assuming 700/o occupancy of the boat slips, implement
ing Alternative 3 would provide permanent boat docking 
in Delta waterways for 840 boats. Table 3J-8 shows the 
average weekend and weekday boat use by season esti
mated for Alternative 3. Based on an estimate of three 
boaters per boat, it is estimated that an annual increase of 
approximately 105,820 boater recreation use-days would 
be generated by Alternative 1 (Table 3J-9). This repre
sents a 5% increase over the 2,016,000 existing boater 
recreation use-days in the Delta (Table 3J-2). 
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Other Recreational U~a 

Implementation of Alternative 3 would likely 
inaease recreationists' participation in recreational uses 
other than hmtting, fishing, and boating. The proposed 
recreation facilities would accommodate these recrea
tionists as described mtder Alternative 1. Estimated 
recreatim use-days for these other uses generated by the 
DW project are shown in Table 3J-10. Implementation 
of Alternative 3 would generate approximately 40,590 
recreation use-days related to these other uses. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact J-12: Increase in Recreation Use-Days 
for Hunting in the Delta. Implementation of Alter
native 3 would result in the creation of 13,662 acres of 
shallow-water wetland habitat on the four DW project 
islands in some operating years (Table 3J-14) (JSA 
1993). This habitat would provide low- to medium
quality wateri'owl foraging habitat, the quality depending 
on forage availability. A total of 550 acres of high
quality wintering waterfowl foraging habitat in the 
NBHA would be available for hmtting. A total of 
20,280 acres on the four DW project islands would be 
used for water storage in some years (Table 3J-15); 
waterfowl would rest on the open water and possibly 
forage in shallow areas aromtd the storage pool edges. 

The DW project islands could support approximately 
10,480 annual recreation use-days in the Delta for 
waterfowl and upland game hmtting (Table 3J-11 ). This 
figure represents a net increase of approximately 9,440 
hmtter use-days over existing conditions on the DW 
project islands (Tables 3J-2 and 3J-11). 

The net increase of9,440 hmtter use-days generated 
by Alternative 3 represents a 13% increase over the 
72,000 existing hmtting recreation use-days in the Delta 
(Table 3J-2). 

This impact is considered beneficial. 

Mitigation. No mitigation is required. 

Impact J-13: Increase in Recreation Use-Days 
for Boating in the Delta. Implementation of Alterna
tive 3 would result in a net increase of 105,816 annual 
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boater use-days at project build out This increase repre
sents a 5% inaease over existing boating use-days in the 
Delta. 

This impact is considered beneficial. 

Mitigation. No mitigation is required. 

lmpad J-14: Change In the Quality of the 
Recreational Boating E:~perienee In Delta Channell. 
Implementation of Alternative 3 would increase ~t use 
in Delta cllanoels and alter existing boating conditions on 
watetWays adjacent to the OW project islands. This 
impact is described above tmder Impact J-4. This impact 
is considered significant and unavoidable. 

Mitigation. No mitigation is available to re
duce this impact to a less-than-significant level. 
However, if the project description were modified to 
reduce the nmnber of recreation facjlities built on the OW 
project islands, this impact could be less than significant 

lmpad J-15: Increase In Recreation U.e-Daya 
for Other Recreational Uae~ In the DeitL Implemen
tation of Alternative 3 would increase participation in 
other recreational activities in the Delta. Implementing 
Alternative 3 would support approximately 40,590 recre
ation use-days for other recreational activities in the Delta 
and would provide accommodations to support these 
activities. This impact is considered beneficial. 

Mitigation. No mitigation is required. 

Changealn Vuual Reaoun:ea 

Bacon Island and Webb Tract 

Impacts on visual resow-ces of Bacon Island and 
Webb Tract and mitigation measures under this alter
native are the same as under Alternative 1. 

Bouldin Island 

Under Alternative 3, the southern viewshed from SR 
12 as it crosses Bouldin Island would be substantially 
altered by construction of a new levee parallel to the 
south side of the highway. The proposed levee would be 
approximately 10-12 feet higher than the roadway and 
would greatly restrict southern views from the highway in 
much the same way a soundwall does along highways in 
mban settings. Woody trees or shrubs would not be per
mitted to grow on the levee; DSOD levee safety standards 
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require that the levee slopes be maintained in herbaceous 
vegetatioo to allow levee inspections to be conducted. A 
viewer traveling along SR 12 with a viewing height of 5 
feet oc more above the roadway would be able to see the 
top several hundred feet ofMt Diablo, approximately 25 
miles southwest of Bouldin Island. 

The existing visual quality on Bouldin Island is 
considered moderate, however, because the visual re
sources are somewhat intact but the agricultural land
scape is common to the region. The visual sensitivity is 
oonsidered moderate because the views for recreationists 
along this section of SR 12 are brief in duration. 

North of SR 12, agricultural open space would be 
replaced by a mosaic of woody riparian vegetation and 
freshwater marsh as wildlife habitat This riparian vege
tation would partially enclose the northern views from the 
highway but would add variation to the visual sequence 
observed by viewers traveling along the highway. 

The Bouldin Island perimeter levees south of SR 12 
would be strengthened and improved as described pre
viously for Bacon Island and Webb Tract under Alter
native I. Intake siphons and discharge pwnps would be 
constructed on the levees that would be visible from 
adjacent waterways. Recreation facilities would also be 
constructed along the levees. These changes would 
degrade existing views by introducing built elements and 
removing vegetation from a generally intact landscape. 

As described previously, access to views of the 
interior of Bouldin Island is limited to SR 12 across the 
island Under Alternative 3, members of private recrea
tion facilities on Bouldin Island would have new oppor
tunities to view areas of open water and wetlands within 
the island interior and in the Delta in the vicinity of the 
project islands. Although the quality of views of open 
water and wetland habitat would generally be comparable 
to existing views of agricultural open space, the increased 
accessibility of the island for recreation and relaxation is 
considered a beneficial aspect of Alternative 3. 

San Joaquin County has designated Potato Slough 
along the southern perimeter of the island as a significant 
resource area for recreation (Figure 3J-2) (SJCCDD 
1992). The Bouldin Island northeastern perimeter levee 
is also visible fum a marina on T erminous Tract. Views 
ofBouldin Island from these recreation areas and water
ways are considered highly sensitive. Implementing 
Alternative 3 would substantially reduce the vividness, 
intactness, and unity of views from designated waterways 
adjacent to Bouldin Island. 

Ch 3J. RecrtuJtion and Villlal Ru011rcu 

September 1995 



Holland Tract 

VlSU81 impacts of Alternative 3 on Holland Tract are 
similar to those described for Bacon Island and Webb 
Tract under Alternative I. Views of the island floor from 
levee roads would change as land use changes from agri
culture to qx:n water or wetland vegetation, levee slopes 
are modified. and sipbcn and pump stations are construc
ted. Access to the interior of Holland Tract is limited to 
a levee road along the south edge of the island and views 
of the island interior from the road are moderate. As 
described for Bouldin Island, private recreation facilities 
on Holland Tract would provide new opportunities for 
members of facilities to view open water and wetland 
areas within the island interior and in the Delta in the 
vicinity of the project islands. 

Waterways north and east of Holland Tract are 
designated as scenic by Contra Costa County (Figure 3J-
2) (CCCCDD 1991). As ~bed above for Bouldin 
Island, improvement of the perimeter levees and con
struction ofboat docks fc;~~: recreation facilities would alter 
views of Holland Tract from adjacent waterways. The 
siphon and pump stations would be highly visible to 
boaters and anglers. These changes to the existing levees 
would not be easily absorbed into the natural landscape 
and would substantially reduce the visual quality of 
sensitive views ofHolland Tract from surrounding desig
nated scenic waterways. 

Summary of Project ImpactJ and Recommended 
Mitigation Measures 

ImpactJ-16: Reduction in the Quality ofViews 
of Bacon Island and Webb Tract Interion from 
Island Levees. This impact is described above under 
Impact J-6. This impact is considered less than signi
ficant. 

Mitigation. No mitigation is required. 

Impact J-17: Potential ConOid with the Scenic 
Designation for Bacon Island Road. This impact is 
described above under Impact J-7. This impact is con
sidered less than significmt. 

Mitigation. No mitigation is required. 

lmpadJ-18: Reduction in the Quality ofViews 
of Bacon bland and Webb Tract from Adjacent 
Watenvays and from the Santa Fe Railways Amtrak 
Une. This impact is described above under Impact J-8. 
This impact is considered significant and unavoidable. 
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Implementing Mitigation Measures J-1 and J-2 
would reduce Impact J-18, but not to a less-than-signifi
cantlevel. 

Mitigation Measure J-1: PartiaUy Screen 
Propoled Recreation Fadlitiel and Pump and Siphon 
Statio01 from Important Viewing Areas. This miti
gation measure is described above under •Impacts and 
Mitigation Measures of Alternative 1•. 

Mitigation Measure J-l: Design Levee 
Improvements, Siphon and Pump Stations, and 
Recreation Facilities and Boat Docks to Be Con
sistent with tbe Surrounding Landac:ape. This mitiga
tion measme is described above under •Impacts and 
Mitigation Measures ofAlternative 1•. 

ImpactJ-19: Change in Views Southward from 
SR 12. Implementation of Alternative 3 would substan
tially alter the viewshed south from SR 12 as it crosses 
Bouldin Island as a result of construction of a new levee 
parallel to the highway. The views along this section of 
SR 12 are common to the region and the visual quality 
and the view sensitivity are considered moderate. 

As described previously, Caltrans determined that 
the visual resources along the Bouldin Island section of 
SR 12 did not render it eligible for State Scenic Highway 
designation (Caltrans 1992, Hatfield pers. comm.). 
Neither has San Joaquin County designated this portion 
of SR 12 as scenic. 

Furthermore, enhancement of habitat north of SR 12 
would increase the vividness of views north of the 
highway. 

Tben:fore, this impact is considered less than signi
ficant. 

Mitigation. No mitigation is required. 

lmpactJ-20: Reduction in the QuaUty ofViews 
of Holland Tract from the Island Levee. Implemen
tation of Alternative 3 would result in the conversion of 
land use of the island floor from agriculture to open water 
or wetland vegetation. Perimeter levees would be im
proved and COOlpoSition of interior slope materials would 
change as a result of removal of vegetation and placement 
of rock revetment. 

Project facilities would include recreation facilities 
and intake siphons and discharge pumps, which would 
combine to reduce the vividness and intactness of interior 
island views from Holland Tract Road. Because the agri
cultural nature ofHolland Tract is common to the region, 
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the visual quality is coosidered moderate. The visual sen
sitivity is moderate because of limited access along the 
south side of the island. Therefore, this impact is con
sidered less than significant 

Mitigation. No mitigation is required 

lmpad J-ll: Reduction in the Quality of Views 
of Bouldin bland and Holland Tract from Adjaeent 
Waterways. Implementation of Alternative 3 would 
include construction of recreation facilities and siphon 
and pump stations along Bouldin Island and Holland 
Tract levees. Vegetation on levee slopes would be re
placed with rock revetment These changes would sub
stantially reduce the high quality of views from adjacent 
wataways and other recreation areas that are designated 
as scenic and sensitive by San Joaquin and Contra Costa 
Counties. Although facility design features are available 
to reduce the intensity of this impact, these features would 
not restore the quality of views of exterior island levees. 
Therefore, this impact is considered significant and 
unavoidable. 

Implementing Mitigation Measures J-1 and J-2 
would reduce Impact J-21, but not to a less-than-signifi
cant level. 

Mitigation Measure J-1: Partially Sereen 
Proposed Recreation Fadlities and Pump and Siphon 
Stations from Important Viewing Areas. This miti
gation measure is described above wtder "Impacts and 
Mitigation Measures of Alternative 1 ". · 

Mitigation Measure J-2: Design Levee 
Improvements, Siphon and Pump Stations, and 
Recreation Facilities and Boat Docks to Be Consis
tent with the Surrounding Landscape. This mitigation 
measure is described above wtder "Impacts and Mitiga
tion Measures of Alternative 1 ". 

Impact J-22: Increase in Opportunities for 
Recreation Facility Memben to View Reservoir 
Island Interion and Other Areas in the DW Project 
Vicinity. hnplementation of Alternative 3 would provide 
increased access to the DW project area. Recreation 
facilities on the project islands would provide opportun
ities for members to view open water and wetland areas 
at oc near the islands while they relax or enjoy recreation 
activities such as boating or fishing in the Delta. Mem
bers of recreation facilities located in the NBHA would 
benefit fran the increased variation of habitat types crea
ted in this area. This impact is considered beneficial. 

Mitigation. No mitigation is required. 

DeltD Wetlands Draft EIRIE/S 

87-119GG\CH3J JJ-22 

IMPACTS AND MITIGATION MEASURES 
OF THE NO-PROJECT ALTERNATIVE 

The No-Project Alternative would result in the con
version of nonagricultural lands to agricultural uses and 
changes in the types of crops fanned on the DW project 
islands. Impacts on vegetation wtder this alternative are 
descnbed in Appendix G2, "Prediction of Vegetation on 
the Delta Wetlands Reservoir Islands". The cropping 
scenariofocthis alternative is summarized in Table 31-10 
in Chapter 31, "Land Use and Agriculture". 

The agriculture production projections for this 
alternative may be valid ooly for the short term. Over the 
long term, intensively cultivated agriculture could cease 
on the project islands because of continued island 
subsidence and increased threats to Delta water quality 
(DWR 1990b). Under the No-Project Alternative, the 
DW island interiors could subside an additional 6-1 0 feet 
over the next 40 years (HLA 1989). (See Chapter 3D, 
"Flood Control", for more details on subsidence and levee 
stability.) 

Changes in Recreation Conditions 

Hunting 

Under the No-Project Alternative, an intensive for
fee hwtting program would be operated on the DW pro
j ect islands. Acres of habitat referenced in this section 
are summarized in Table G2-10 in Appendix G2. 

A total of20,526 acres of habitat would be available 
for momning dove hunting during September on the DW 
project islands (Table 3J-16, Figw-e 3J-5). This acreage 
includes 112 acres of riparian woodland that is con
sidered suitable for upland game but not for waterfowl. 
During October-January, 20,878 acres of habitat would 
be available for waterfowl hwtting; some of this acreage 
would also provide suitable upland game habitat. The 
112 acres of riparian woodland are excluded from the 
20,878 acres to avoid double cowtting of hwtters who 
would probably also hwtt waterfowl. 

Upland game or waterfowl could be hwtted on Wed
nesdays, Saturdays, and Swtdays during the hwtting sea
sons at a density of one hwtter per 45 acres (DFG 1993; 
Forkel and Winther pers. comms.). The DW project 
islands could support 21,745 annual maximum hwtter 
use-days (Table 3J-16). Attendance is expected to aver
age 6()0/o of capacity during the hwtting seasons (Forkel 
and Winther pers. comms. ). The DW project islands 
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could support approximately 13,050 annual recreation 
use-days for bunting of upland game and waterfowl 
(Tables 3J-11 and 3J-16). 

Waterfowl would continue to forage in agricultural 
fields on the DW project islands~ the No-Project Alter
native would not, however, include enhancement or man
agement ofbabitat areas specifically to benefit wintering 
waterfowl. Therefore, the No-Project Alternative is not 
expected to result in any discernible or actual redistri
bution of regional waterfowl populations to the DW 
project islands, and bunter success elsewhere in the Delta 
would not be affected. 

Fishing and Boating 

Fishing and boating access and use Wlder this alter
native are the same as described above Wlder "Existing 
Recreational Uses on the DW.I;7oject Islands". 

Under the No-Project Alternative, no new boat 
docks or other recreation facilities would be constructed 
Therefore, no new boat use would be generated from the 
DW project islands. Fishing and boating access and use 
would not substantially change Wlder the No-Project 
Alternative. 

Summary of Projed Impacts and R~mmended 
Mitigation Measures 

Increase in Recreation Use-Days for Hunting in 
the Delta. Implementation of the No-Project Alternative 
would result in the conversion of nonagricultural lands to 
agricultural uses on the DW project islands. DW would 
secondarily manage the islands for hWlting. The DW 
project islands could temporarily support approximately 
13,050 annual recreation use-days in the Delta for 
hunting of waterfowl and upland game (Tables 3J-ll and 
3J-16). This level of hWlting could be sustained Wltil 
subsidence of island interiors required removal of land 
from agricultural production sometime during the next 
several decades. 

The approximate 12,.000 additional recreation use
days generated under the No-Project Alternative repre
sent a 17% increase over the 72,000 existing hWlting 
recreation use-days in the Delta during the period when 
this level ofhWlting could be sustained (Table 3J-2). 
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Changes in Visual Resoun:es 

Imp!ementatioo of the No-Project Alternative would 
generally result in the continuation of existing land uses~ 
agricultural intensity on the islands would increase as 
areas that are currently fallow are converted to agricul
tural use. Views of the islands (interior and exterior) 
would not substantially change under the No-Project 
Alternative. Increasing agricultural use on Holland and 
Webb Tracts could reduce the vividness of interior island 
views, but because of the low number of viewers on 
Holland and Webb Tracts, these changes are considered 
inconsequential. 

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 only those impacts that 
may contribute cumulatively to impacts on recreation and 
visual resources in the vicinity of the DW project islands. 

Cumulative Impacts, Inc:luding 
Impacts of Alternative I 

Changes in Recreation Conditions 

Agric:ultural Land Convenion Projeds and 
DWR PrognuDI. Agricultural lands are being acquired 
in the Delta by various govenunent agencies and other 
groups for conversion to nonagricultural uses (Table 3J-
17). Most of these projects involve management of 
wetland habitat. These projects are being planned inde
pendent of one another and are at different stages in the 
environmental review process; (Delta Protection Com
mission 1994.) Implementation of these wetland en
hancement projects concurrent with the DW project 
would reduce the amount of waste grain available for 
waterfowl forage. Projects that convert agricultural land, 
however, would be expected to maintain or augment 
wetland habitat for waterfowl in the Delta, including 
areas for forage. (See Chapter 3H, "Wildlife", for further 
details.) 

It is unknown what recreation opportunities would 
be created by the cumulative implementation of agri
cultural land conversion projects. It can be assumed that 
the govenunent agencies purchasing land in the Delta 
would promote project objectives that involve man-
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agement of public land for recreation. Acquisition of 
Sherman Island as part of the DWR West Delta WaU:r 
Management Program would include among its objec
tives provisions for additional recreation opportunities 
(DWR and Reclamation 1990). DFG may implement a 
bunting program on Twitchell Island (Chapin pers. 
cmun.). Implementation of agency projects that involve 
conversion of agricultural land would probably result in 
an overall enhancement of recreation opportunities for 
activities such as birdwatching, nature study, relaxing, 
and biking. Opportwlities for fishing and boating would 
likely be enhanced if new boat launch areas are provided. 

Other recreation development projects in the Delta 
are approved for construction. Tower Park Marina near 
SR 12 between Bouldin Island and Terminous Tract bas 
planned 1,000 new recreational vehicle campsites to be 
built over 10 years. A new marina has been planned at 
Walnut Grove. (Delta Protection Commission 1994.) 

DWR is preparing an inU:rim north Delta waU:r 
management program that will address a variety of 
project alternatives that would increase Delta channel 
capacity to improve flows, thereby reducing flooding. 
The waU:r management program will include among its 
objectives plans to reduce fishery impacts, enhance recre
ation opportunities, and enhance wildlife habitat. The 
DWR. interim program will be a revision of its North 
Delta Program published over 3 years ago. (Roberts 
pers. comm. ). 

DWR is also preparing the EIRIEIS for the South 
Delta WaU:r Management Program, which will include 
among its objectives plans to improve waU:r flows, 
increase recreation opportunities, and reduce fishery 
impacts. This docwnent will be a revision of the South 
Delta Warec Management Program prepared 4 years ago 
(DWR. and Reclamation 1990). A draft docwnent may 
be completed by midyear 1995. (Roberts pers. comm.) 

Changes in Waterfowl Use Patterns and Water
fowl Populations in the Delta. As described previously 
under "Impacts and Mitigation Measures of Alterna
tive 1 ", Alternative 1 would be expected to result in some 
redistribution of regional waterfowl populations in the 
Delta to the DW habitat islands, which could result in 
localized decreases in hunU:r success. However, the 
hunting program on the OW project islands would en
courage dispersal of waterfowl to other areas in the Delta 
on hunt days at the OW project islands. Additionally, the 
staggered schedule for flooding agricultural fields and 
seasonal wetland habitat on the DW habitat islands in 
wintfr would reduce habitat availability in some periods. 
(See ChapU:r 3H, "Wildlife", for further details.) 
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Other projects in the Delta that convert agricultural 
land to wetland habitat could provide improved habitat 
conditions for waterfowl. It is unknown whether in
creased breeding habitat would be created outside the 
OW project islands. As described in ChapU:r 3H (and 
Table 3J-17), some Delta projects would augment or 
replace waterfowl forage areas, thereby attracting waU:r
fowl to areas outside the OW project islands. HunU:r 
success would likely be maintained and could improve 
throughout the Delta. 

Changes in Raetvoir bland Storage Condition•. 
DWR recently installed four additional pwnping units at 
SWP's Banks Pumping Plant near Clifton Court Forebay, 
increasing total SWP pwnping capacity from 6,400 cfs to 
10,300 cfs~ If SWP export pumping is increased to full 
capacity in future years, the frequency with which each 
storage class would occur on the OW project islands 
would change. In most months the frequency with which 
full-, partial-, and shallow-storage conditions would 
occur would be reduced and the occurrence of nonstorage 
conditions and the opportunity to create shallow-waU:r 
wetland conditions would be increased. Tables in 
Chapter 3N, "Mosquitos and Public Health", and Appen
dix 02, "Prediction of Vegetation on the Delta Wetlands 
Reservoir Islands", show the frequency with which each 
storage class would occur based on the 70-year hydro
logic record for the Delta. 

The potential increase in SWP export pumping 
would have a minor effect on estimated annual hunter 
use-days shown in Table 3J-11 for Alternatives 1, 2, and 
3. Hunter use-days would increase by 1.22% for Alter
native 1, would decrease by 0.18% for Alternative 2, and 
would increase by 1. 78% for Alternative 3. These mag
nitudes of change would be negligible and would not 
affect the impact analyses in this chapter. 

Ofrsite Reaetvoir Management Eft'edl. Water 
stored in the Delta under the OW project may be pur
chased by the SWP or CVP and used to substitute for 
warec otherwise to be released from upstream reservoirs 
such as Folsom, Oroville, or Shasta Lakes, or from San 
Luis Reservoir, south of the Delta. It is possible that use 
ofDW water by the SWP or CVP could result in different 
reseiVoir storage patterns at these or other reservoirs and 
higher reservoir pool elevations during the recreation 
season. Higher pool elevations could support higher 
recreational use levels or improved recreational experi
ences at these reservoirs. Because of the uncertainty 
about the identity of waU:r purchasers and their use of 
OW water, it is not possible at this time to predict which 
upstream reservoir might be affected or the extent of 
effects. Furthermore, instream flow requirements would 
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likely result in protection of river-based recreation down
stream of these reservoirs. 

Impact J-23: Inc:reue In Recreation Opportuni
tiel iD the Delta. Implementation of Alternative l con
current with other agricultural conversion projects and 
the OWR water management programs may result in an 
increase in recreatim opportwlities throughout the Delta. 
Although the schedule of the North Delta Water Man
agement Program EIRJEIS is wtknown and the alter
natives have yet to be detennined, the docwnent would 
include objectives to enhance Delta recreation as an 
ancillary effect 

Implementation of agricultural conversion projects 
by state and federal agencies would be expected to 
include provisions for public access and new oppor
tunities for recreation in the Delta. Implementation of 
Alternative 1 would provide waterfowl habitat of varying 
quality and new recreation flll?ilities for use by bunters, 
anglers, boaters, and other recreationists. 

The proposed OWR water management programs 
would include channel and levee improvements that may 
improve access for boaters and anglers. Implementation 
of these water management programs may also improve 
fishery conditions and support increased fishing in the 
Delta. 

This impact is considered beneficial. 

Mitigation. No mitigation is required. 

Impart J-24: Enhancement of Waterfowl Popu
lations and IDcreased Hunter Success in the Delta. 
Implementation of Alternative 1 concurrent with other 
proposed agricultural conversion projects throughout the 
Delta would be expected to reduce available waste grain 
for waterfowl foraging habitat. Projects that result in the 
conversion of agricultural land used by waterfowl for 
focaging would be required to compensate for the loss of 
wintering waterfowl foraging habitat. Twitchell and 
Sherman Islands, for examples, will be managed as 
habitat islands to compensate for OWR projects that re
move agricultural land from production. (See Chapter 
3H, "Wildlife", for further-details.) The overall effect of 
proposed projects in the Delta, including the OW project, 
would be beneficial for waterfowl foraging habitat. This 
analysis assumes that adverse impacts of agricultural con
version projects would be mitigated or otherwise offset 
through implementation of other beneficial projects. 
Because Delta projects are expected to enhance or main
tain habitat values overall, waterfowl would be expected 
to continue to use the Delta. Hunter success, therefore, 
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may increase throughout the Delta. This impact is con
sidered beneficial. 

Mitigation. No mitigation is required. 

Changes in Visual Resources 

The visual character of the Delta is changing as 
conversion of fannland to wetland habitat or urban uses 
increases throughout the Delta region. Implementation of 
Alternative 1 would involve changing the visual character 
of the OW project islands as a result of the land use con
versioo to wetland habitat. However, the visual changes 
to Delta islands, including the OW project islands, would 
not result in substantial changes to existing regional 
visual quality, and these clumges could increase the vivid
ness of views in the Delta by providing landscapes more 
varied than those of existing agriculture lands. Alter
native I would therefore not contribute to cwnulative 
impacts on visual resources in the Delta. 

Cumulative Impacts, IDcluding 
Impacts of Alternative l 

The cwnulative impacts associated with this alter
native would be the same as those described for Alter
native 1. 

Cumulative Impacts, IDcluding 
Impacts of Alternative 3 

The cwnulative impacts associated with this alter
native would be the same as those described for Alter
native I. 

Cumulative Impacts, Including Impacts 
of the No-Project Alternative 

Similar to cwnulative impacts of Alternative 1, 
implementation of the No-Project Alternative would con:
tribute to increased recreation opportunities and an in
crease in potential waterfowl foraging habitat in the Delta 
and would not contribute to any cwnulative visual 
impacts. The contribution of the No-Project Alternative 
to recreation opportunities in the Delta, however, would 
be less than that described for Alternative 1. 
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CITATIONS 

Printed References 

California. Department ofFish and Game. 1993. 1993 
California hmtting regulations • Parts II and ill. 
Resident and migratory game birds. Sacramento, 
CA 

-------:--·· Department of Transportation. 1992. 
California state and COWlty scenic highways. 
January. (With revisions April 3, 1992.) Division 
of Transportation Planning. Sacramento, CA 

----·· Department of Water Resources. 1990a. 
Environmental impact report/environmental impact 
statement - north Delta program. Draft. Sacra
mento, CA. 

----·· Department of Water Resources. 1990b: 
Initial study and negative declaration for proposed 
Sherman Island Wildlife Management Plan. Divi
sion of Planning. Sacramento, CA. 

----· Department of Water R~urces. 1993. 
Sacramento-San Joaquin Delta atlas. Sacramento, 
CA. 

California Department of Water Resources and U.S. 
Bureau of Reclamation. 1990. Environmental 
impact report/environmental impact statement -
south Delta water management program: Phase I of 
water banking program. Draft. Sacramento, CA. 

California State Lands Commission. 1991. Delta
estuary - California's inland coast: a public trust 
report. Sacramento, CA. 

Contra Costa County. Community Development Depart
ment. 1991. Contra Costa Comtty general plan 
1990-2005. January. Martinez, CA. 

Delta Protection Commission. 1994. Backgromtd report 
on land use and development. Walnut Grove, CA. 

Federal Highway Administration. 1983. Visual impact 
assessment for highway projects. (Contract DOT
FH-11-9694.) Washington. DC. 

Harding Lawson Associates, Inc. 1989. Preliminary 
geotechnical investigation for the DeJta Wetlands 
project. By K. Tillis, E. Hultgren. and C. Wood. 
February 15, 1989. (HLA No. 18749,001.03.) 
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Coocord, CA Prepared for Delta Wetlands, Lafay
ette, CA 

Jones & Stokes Associates, Inc. 1993. Habitat evalua
tion procedures {HEP) report for the revised Delta 
Wetlands project. (JSA 87-115.) Sacramento, CA 
Prepared for California State Water Resources 
Control Board. Sacramento, CA 

San Joaquin Comtty. Community Development Depart
ment. 1992. San Joaquin Comtty general plan 
2010. July 29, 1992. Stockton, CA. 

U.S. Bureau of Land Management. 1980. Visual 
resource management program. U.S. Government 
Printing Office. Washington. DC. 

U.S. Fish and Wildlife Service. 1991. Executive 
SUil1lil81Y for draft environmental impact statement • 
Stone Lakes National Wildlife Refuge, Sacramento 
County, California May. Pacific Region. Portland, 
OR. Environmental consultant: Jones & Stokes 
Associates, Sacramento, CA. 

U.S. Forest Service. 1974. The visual management 
system. Chapter 1 in National Forest Landscape 
Management, Volume 2. (Agricultural Handbook 
No. 462.) U.S. Government Printing Office. Wash
ington, DC. 

U.S. Soil Conservation Service. 1978. Procedure to 
establish priorities in landscape architecture. (Tech
nical Release No. 65.) U.S. Government Printing 
Office. Washington, DC. 

Personal Communications 

Becker, Dennis. Manager. Grizzly Island Wildlife Area, 
California Department of Fish and Game, Suisun 
City, CA. May 5, 1994 - facsimile transmission of 
1993-1994 waterfowl hmtting season report for 
Grizzly Island Wildlife Area; December 8, 1994 -
telephone conversation. 

Burks, Lorna. Lands agent. State Lands Commission. 
Sacramento, CA. Jmte 30 and July 10, 1995 -
telephone conversations; July 14, 1995- telephone 
conversation and delivery of two EIRs. 

Chapin, Daniel. Vice president of government affairs, 
California Waterfowl Association, and Chainnan, 
Central Valley Joint Venture. Sacramento, CA. 

Ch 3J. Recreation and Visual Resources 

September 1995 



November 8, 1988; March 20, 1990; and May 3, 
1994 - telephone conversations. 

Cochrell, Seth. Marina manager. Brentwood, CA. 
October 17 and 24, 1988 - telephone conversations. 

Colbert, John. Operator. Santa Fe Railways, Stockton, 
CA. January 7, 1994 - telephone conversation. 

Dennis, Chuck. Manager. Mandeville Island, Stockton, 
CA. May 6, 1994 - telephone conversation. 

Dinelli, Gerald. Webb Tract property owner. Antioch, 
CA. October 14, 1988- telephone conversation; 
December 6, 1988 - meeting. 

Forlcel, David Project manager. Delta Wetlands, Lafay
ette, CA. May 2 and 19 and November 22, 1994 -
telephone conversations. 

Frelier, Marc. Holland Tract property owner. Carmel 
Valley, CA. October 17, 1988 - telephone conver
sation. 

Gifford, Dan. Associate wildlife biologist. California 
Department of Fish and Game, Rancho Cordova, 
CA. December 2, 1994 - file containing waterfowl 
hwtting reports for Clifton Court Forebay Waterfowl 
Shoot Area. 

Hatfield, Chris. Transportation planner. California 
Department of Transportation, Sacramento, CA. 
October 28, 1988 - telephone conversation. 

Lindquist, Charles. President/owner. Lindquist Landing 
and Marina, Holland Tract, CA. October 17, 1988, 
and February 6, 1989 -telephone conversations. 

Luckey, Tom. Co-owner. Medford Island Duck Club, 
Stockton, CA. May 6, 1994 - telephone conversa
tion. 

Nwtes, Pete. Associate boating administrator. Depart
ment of Boating and Waterways, Sacramento, CA. 
July 7, 1995 - telephone conversation and facsimile 
transmission; July 10, l-995 - facsimile transmission. 

Roberts, Stephen. Civil engineer. North Delta Manage
ment Section, Division of Planning, California 
Department of Water Resources, Sacramento, CA. 
May 31, 1994 - telephone conversation. 

Rollins, Glenn. Wetlands coordinator. California 
Department of Fish and Game, Sacramento, CA. 
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May 9, 1994 -facsimile transmission of 1993-1994 
waterfowl hwtting season report. 

Shimasaki, Kyser. President. Rancho Del Rio Farms, 
Bacon Island, CA. August 23, 1988 - letter; 
October 5 and 14, 1988 - telephone conversations. 

Weinstein, Jeff. Owner. High Gunner Duck Club, 
Stockton, CA. November 3, 1988 - telephone 
conversation. 

Wernette, Frank. Associate fishery biologist. California 
Department of Fish and Game, Stockton, CA. 
November 29, 1994 -telephone conversation. 

WilkersOn, Clyde. Manager. Bouldin Farming 
Company, Isleton, CA. October 5 and 13 and 
November 18, 1989 - telephone conversations. 

Winther, John. President. Delta Wetlands, Lafayette, 
CA. May 3 and 19 and November 22, 1994 -
telephone conversations. 

Zuckerman, Tom. Co-owner. Rindge Tract Partners, 
Inc., Stockton, CA. May 6, 1994 - telephone 
conversation. 
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Table 3J-1. Annual Participation in Delta Recreational Activities 

Percent Total 
Participation Participation 

Activity by Visitation by Visitation 

Boating 16.9 2,016,000 
Fishing 15.1 1,800,000 
Relaxing 12.1 1,440,000 
Driving for pleasure 12.0 1,440,000 
Sightseeing 11.0 1,320,000 
Overnight camping 8.0 960,000 
Picnicking 7.0 840,000 
Swimming 7.0 840,000 
Waterskiing 5.0 600,000 
Photography 3.0 360,000 
Bicycling 1.0 120,000 
Dirt biking 0.8 96,000 
Hunting 0.6 72,000 
Flying 0.3 36.000 

Total 100.0 11,940,000 

Note: Boating includes motorboating, sailing, canoeing, kayaking, and rowing. Motorboating 
separately accounts for approximately 15% of total visitation. 

Source: DWR 1990a. 



Table 3J-2. Annual Estimated Number ofRecreation Use-Days 
on the DW Project Islands and in the Delta 

DW Project Islands 
Bacon Island• 
Webb Tractb 
Bouldin Islandc 
Holland Tractd 

Total 

Hunting 

100 
640 
210 
~ 
1,045 

Fishing 

3,120 
90 

360 
10.300 
13,870 

Boating 

0 
0 
0 

56.225 
56,225 

Total 

3,220 
730 
570 

66.620 
71,140 

Delta Regionc 72,000 1,800,000 2,016,000 3,888,000 

• Shimasaki pers. comm. 

b Dinelli pers. comm. 

c Wilkerson pers. comm. 

d Frelier, Lindquist, and Cochrell pers. comms. 

c DWR 1990a. 

r The fishing and boating recreation use-days on Holland Tract consist of recreation originating from 
existing marinas. These facilities would not be included in the project boundaries and would not 
be directly affected by the project. 
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Table 3J-3. Estimated Maximum Number of Hunter Use-Days for the Shallow-Water Wetland Condition on the Reservoir Islands under Alternative 1 

Average 
Percent 

Acres of Hunter Maximum Frequency of 
Shallow- Density Maximum Allowable Shallow-Water 

Water (acres per Number of Hunting Wetland 
Wetlands' huntert Hunters Days• Condition• 

Bacon Island 
I 

October 3,694 30 123 9 47 
November 3,694 30 123 30 49 
December 3,694 30 123 31 36 
January 3,694 30 123 16 21 

Subtotal 

Webb Tract 
October 3,836 30 128 9 S1 
November 3,836 30 128 30 S2 
December 3,836 30 128 31 39 
January 3,836 30 128 16 26 

Subtotal 

Total 

• JSA 1993 (also see Chapter 3N, "Mosquitos and Public Health", for a description of the shallow-water wetland condition on reservoir islands). 

b JSA 1993, Fork.el pers. comm. 

• DFG 1993 (Figure 3J-4). 

Estimated 
Annual 

Maximum 
Hunter 

Use-Days 

S21 
1,810 
1,374 

414 
4,119 

6S6 
1,99S 
1,S46 

S32 
4,729 

Estimated 
Annual 

Participation 
as a Percentage 

of Capacity" 

30 

30 

-........ ,, 

Estimated 
Annual Hunter 

Use-Days' 

1,236 

1.419 

2,6SS 

• Values based on averages of maximum and minimum acreages of available shallow-water wetlands during project years. Methods used to derive percentages are described in Chapter 3N, "Mosquitos and Public Health", and 
Appendix G2, "Prediction of Vegetation on the Delta Wetlands Reservoir Islands". 

• Estimate of30o/o based on possible marginal quality of waterfowl foraging habitat that would attract low numbers of waterfowl; consequently, hunter attendance would be significantly lower than on habitat islands. 

Annual hunter use-days would increase gradually during a S- to IS-year buildout period. The values presented bere represent the estimated number of days at culmination of the buildout. (Forkel pers. comm.) 



Total 
Island 

Acreage 

Blleonlsland 
October 5,539 
November 5,539 
December 5,539 
January 5,539 

Subtotal 

Webb Tract 
October 5,470 
November 5,470 
December 5,470 
January 5,470 

Subtotal 

Total 

I JSA 1993, Fortcel pen. conun. 

~ DFO 1993 (Figure 3J-4). 

Table 3J-4. Estimated Maximum Number of Hunter Use-Days for Full-, Partial-, and Shallow-Storage Conditions 
on the Reservoir Islands under Alternative I 

Average Peramt 
Frequency of Eatimatecl 

Hunter Maximum Full-, Partial-, Amual 
Density Maximum Allowable and Shallow- Maximum 

(acres per Number of Hunting Storage Hunter 
hunter)" Hunters Days~ Conditions• U~e-Dayt 

30 185 9 32 532 
30 185 30 49 2,714 
30 185 31 63 3,606 
30 185 16 74 ...1.1!§ 

9,038 

30 182 9 30 492 
30 182 30 47 2,571 
30 182 31 56 3,165 
30 182 16 71 ..a.m. 

8,299 

Estimated 
Amual 

Participation 
u a Perc:cntage 

of Capacity" 

15 

15 

Estimated 
Amual Hunter 

Use-Days• 

1,356 

..J...lli 

2,601 

• Values based on averages of maximum and minimum acreages of available shallow-water wetlands during project years. Methods used to derive percentages are described in Chapter 3N and Appmdix 02. 

• Participation in hunting is predicted to be half of that estimated for reservoir islands during shallow-water wetland periods. 

• Amual hunter use-days would increase gradually during a 5- to IS-year buildout period. The values presented here represent the estimated number ofdayt at cubnination ofthe buildout. (Forkel pen. comm.) 
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Table 3J-5. Hunter Participation as a Percentage of Capacity at Clifton 
Court Forebay Waterfowl Public Shoot Area for Some Years 

Average Percentage 

October-
October November December January January 

1975-1976 

1978-1979 

1980-1981 

1981-1982 

All years 

17 

30 

30 

24 

25 

22 

23 

19 

17 

20 

36 

36 

33 

13 

30 

36 

41 

34 

14 

31 

28 

33 

29 

17 

27 

Notes: Prior to the 1982-1983 hunting season, hunters would enter and exit the Clifton Court Forebay Public Shoot Area 
through a check station operated by a DFG employee; use of this check station system ensured accurate reporting 
ofbunter use data. A self-registration system was implemented at Clifton Court Forebay at the beginning of the 
1982-1983 hunting season. Implementation of the self-registration system coincided with a sharp reduction in 
hunter use data that endured during subsequent hunting seasons. The significant drop in hunter use data is asswned 
to be attributable to hunters failing to register and fill out day-use permits (Gifford pers. comm.). The recreation 
analysis relies on the accuracy of hunter use data for Clifton Court F orebay collected prior to the 1982-1983 
season. 

The drop in hunter attendance during the 1981-1982 hunting season corresponds with the beginning of a 12-year 
drought across the Canadian prairies, which provide breeding habitat for migrating waterfowl during the summer. 
The drought noticeably affected the size of waterfowl populations, which in tum affected hunter succesS and 
attendance during the drought years. The drought abated before the 1993-1994 hunting season and waterfowl 
populations have been recovering. Hunter participation has increased throughout California during the past 2 years 
in response to increasing numbers of waterfowl. (Becker pers. comm.) 

Source: Gifford pers. comm. 
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Table 3J-6. Estimated Maximum Number of Hunter Use-Days on the Habitat Islands under Alternative 1 

Bouldin Island 

September 

October 

November 

December 

January 

Subtotal 

HoUand Tract 

September 

October 

November 

December 

January 

Subtotal 

Total 

Spaced-Blind 
Acres' 

·-----

0 

2,122 

2,122 
I 

2,122 

2,122 

0 

933 

933 

933 

933 

Spaced-Blind 
Hunter 
Density 

(acres per Free-Roam 
huntert Acres' 

0 2,43S 

12.S 2,331 

12.S 2,331 

12.S 2,331 

12.S 2,331 

0 1,308 

12.S 1,308 

12.S 1,308 

12.S 1,308 

12.S 1,308 

Free-Roam 
Hunter Maximum 
Density Maximum Allowable 

(acres per Number of Hunting 
huntert Hunters Days• 

60 41 7 

60 209 s 
60 209 13 

60 209 14 

60 209 8 

60 22 7 

60 96 s 
60 96 13 

60 96 14 

60 96 8 

• See Table 20 in Appendix 03, "Habitat Management Plan for the Delta Wetlands Habitat Islands", for detailed summary of hunting zone acreage by habitat type. 

• From Tables 19 and 21 in Appendix 03. 

DFO 1993 (Figure 3J-4), also from Table 19 in Appendix 03. 

• Estimate of86% from Table 3J-7. 

Estimated 
Annual 

Maximum 
Hunter 

Use-Days 

287 

1,043 

2,712 

2;921 

1.669 

8,632 

1S3 

482 

1,2S4 

1,3SO 

772 

4,011 

Estimated 
Annual 

Participation 
as a Percentage 

of Capacity" 

86 

86 

• Annual hunter use.days would increase gradually during a S- to 1 S-year buildout period. The values presented here represent the estimated number of days at culmination of the buildout. (Forkel pers. comm.) 

Estimated 
Annual 
Hunter 

Use-Days• 

7,424 

3.449 

10,873 
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Table 3J-7. Hunter Participation as a Percentage of Capacity 
at Selected Wildlife Refuges dwing 1993-1994 

Average Percentage 

October-
October November December January January 

Grizzly Island Wildlife Area• 66 47 74 64 63 

Sacramento National Wildlife Refugeb 109 56 74 106 86 

Gray Lodge Wildlife Areab 96 18 72 106 73 

Delevan National Wildlife Refugeb 127 79 94 130 108 

Colusa National Wildlife Refugeb 115 47 105 136 101 

All refuges 103 49 84 108 86 

• Becker pers. comm. 

b Rollins pers. comm . 



Table 3J-8. Average Daily Boat Use by Season Estimated for Alternatives 1 and 3 
(Boats Used E!: Da;l) 

HWlting Season Winter/Spring Swnrner Fall 
(Nov-Jan) (Feb-May) (JWl-Aug) (Sep-Oct) 

Alt. 1 Alt.3 Alt. 1 Alt. 3 Alt. 1 Alt. 3 Alt. 1 Alt. 3 

Average Weekend Use 

Bacon Island 12 12 23 23 92 92 58 58 

Webb Tract 12 12 23 23 92 92 58 58 

Bouldin Island 11 11 21 21 84 84 53 53 

Holland Tract ~ J _ll 11 .21 67 ..1l 42 

Total 42 43 80 84 319 335 201 211 

Average Weekday Use 

Bacon Island 7 7 12 12 46 46 23 23 

Webb Tract 7 7 12 12 46 46 23 23 

Bouldin Island 6 6 11 11 42 42 21 21 

Holland Tract _A __2 ~ J ~ 34 _ll 11 

Total 24 25 42 43 159 168 80 84 

Notes: Average use estimates are based on conversation with DW, commercial marina operators, and personnel of the State 
Division of Boating and WateiWays. 

The figures are for recreational boats used for at least 4 hours in a day. 
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Table 31-9. Swrunary of Estimated Annual Boater Use-Days Generated from the DW 
Project Islands under Alternatives 1, 2, and 3 and the No-Project Alternative 

Bacon Island Webb Tract Bouldin Island Holland Tract" Total 

Alternative 1 29,178 29,178 26,580 72,155 157,091 

Alternative 2 29,178 29,178 26,580 72,155 157,091 

Alternative 3 29,178 29,178 26,580 77,351 162,287 

No-Project Alternative 0 0 0 56,225 56,225 

• Figures for Holland Tract under Alternatives 1, 2, and 3 include the 56,225 existing boating use-days generated by the 
Holland Tract Marina. This facility would not be affected by implementation of the DW project. 



Table 3J-l 0. Swnmary of Estimated Annual Use-Days for Other Recreation 
on the DW Project Islands tmder Alternatives 1, 2, and 3 

Bacon Webb Bouldin Holland 
Island Tract Island Tract Total 

Alternative I 11,137 11,137 10,157 6,098 38,530 

Alternative 2 11,137 11,137 10,157 6,098 38,531 

Alternative 3 11,137 11,137 10,157 8,118 40,552 

Notes: "Other recreation Wie" refers to recreation activities, other than htmting. fishing, and boating, conducted at the DW 
project islands. Such activities could include, but are not limited to, birdwatching, photography, skeet and trap 
shooting, relaxing, walking, nature study, windsurfmg, swimming, and canoeing. 

No data were available for other recreation uses on the DW project islands tmder existing conditions or the No
Project Alternative. 
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Table 3J-11. SUIIlii18JY of Estimated Total Nwnber of Hunter Use-Days on the DW Project Islands 
under Alternatives 1, 2, and 3 and the No-Project Alternative 

Alternative 1 
Bacon Island 
Webb Tract 
Bouldin Island 
Holland Tract 
Total 

Alternative 2 
Bacon Island 
Webb Tract 
Bouldin Island 
Holland Tract 
Total 

Alternative 3 
Bacon Island 
Webb Tract 
Bouldin Island (south ofSR 12) 
Bouldin Island (NBHA) 
Holland Tract 

Total 

No-Project Alternative 
Bacon Island 
Webb Tract 
Bouldin Island 
Holland Tract 

Total 

From Tables 3J-3, 3J-12, and 3J-14. 

From Tables 3J-4, 3J-13, and 3J-15. 

Shallow-Water 
Wetland 

Condition• 

1,236 
1,419 

1,270 
1,446 

1,257 
1,429 
1,282 

1,136 

Full-, Partial
and Shallow

Storage 
Conditionb 

1,356 
1,245 

1,356 
1,247 

1,367 
1,268 
1,096 

862 

Total 
Estimated 

Annual Hunter 
Use-Day~ 

2,592 
2,664 
7,424. 

_1M2 
16,129 

2,626 
2,693 
7,424 
3.449 

16,192 

2,624 
2,697 
2,378 

782 
1.998 

10,479 

3,404 
3,371 
3,682 
2.590 

13,047 

Values for habitat islands under Alternatives 1 and 2 from Table 3J-6. Value of782 for NBHA from Table 3J-14. 
Values for No-Project Alternative from Table 3J-16. 
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Table 3J-12. Estimated Maximum Number of Hunter Use-Days for the Shallow-Water Wetland Condition on the Reservoir Islands under Alternative 2 

Average 
Percent Estimated Estimated 

Acres of Hunter Maximum Frequency of Annual Annual Estimated 
Shallow- Density Maximum Allowable Shallow-Water Maximum Participation Annual 

Water (acres per Number of Hunting Wetland Hunter u a Percentage Hunter 
Wetlands' hunter)" Hunters Days• Condition• Use-Days of Capacity" Use-Days' 

Bacon Island 
October 3,694 I 30 123 9 ~4 ~98 

November 3,694 30 123 30 ~0 1,847 
December 3,694 30 123 31 36 ._ 1,374 
January 3,694 30 123 16 21 414 

Subtotal 4,233 30 1,270 

WebbTrad 
October 3,836 30 128 9 6S 748 
November 3,836 30 128 30 S2 l,99S 
December 3,836 30 128 31 39 l,S46 
January 3,836 30 128 16 26 ~32 

Subtotal 4,821 30 1.446 

Total 2,716 

JSA 1993 (see also Chapter 3N, "Mosquitos and Public Health", for a description of the shallow-water wetland condition on reservoir islands). 

JSA 1993, Forlc.el pers. comm. 

DFG 1993 (Figure 3J-4). 

Values based on averages of maximum and minimum acreages of available shallow-water wetlands during project years. Methods used to derive percentages are described in Chapter 3N and Appendix 02. 

Estimate ofJO% based on possible marginal quality of waterfowl foraging habitat that would attract low numbers of waterfowl; consequently, hunter attendance would be significantly lower than on habitat islands. 

Annual hunter use-days would increase gradually during a ~-to I ~-year buildout period. The values presented here represent the estimated numbers of days of culmination of the buildoul (Fort.el pers. comm.) 
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Total 
Island 

Acreage 

Bac:onlsbmd 
October S,S39 
November S,S39 
December S,S39 
January S,S39 

Subtotal 

WebbTrac:t 
October S,410 
November S,410 
Dec:ember S,410 
January S,410 

Subtotal 

Total 

. JSA 1993, Forkel pers. comm . 

• DFG 1993 (Figure 3J-4). 
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Table 3J-13. Estimated Maximum Number of Hunter Use-Days for Full-, Partial-, and Shallow-Storage Conditions 
on the Reservoir Islands under Alternative 2 

Average Percent 
Frequency of Estimated 

Hunter Maximum Full-, Partial-, Annual 
Density Maximum Allowable and Shallow- Maximum 

(acres per Number of Hunting Storage Hunter 
hunter)' Hunters Daysb Conditions' Use-Days 

30 ISS 9 32 S32 
30 ISS 30 49 2,714 
30 ISS 31 62 3,S49 
30 ISS 16 76 ..1.W. 

9,040 

30 IS2 9 29 476 
30 IS2 30 47 2,S1l 
30 IS2 31 S6 3,16S 
30 IS2 16 72 2.100 

S,312 

Estimated 
Annual 

Participation 
as a Percentage 

of Capacity" 

IS 

IS 

Estimated 
Annual Hunter 

Use-Days' 

1,3S6 

1,247 

2,603 

' Values based on averages of maximum and minimum acreages of available shallow-water wetlands during project years. Methods used to derive percentages are described in Chapter 3N and Appendix 02. 

• Participation in hunting is predicted to be half of that estimated for reservoir islands during shallow-water wetland periods. 

• Annual hunter use-days would increase gradually during a S- to IS-year buildout period. The values presented here represent the estimated number of days at culmination of the buildout (Forkel pers. conun.) 



Table 3J-14. Estimated Maximum Number of Hunter Use-Days for the Shallow-Water Wetland Condition on the DW Project Islands under Ahemative 3 

Average 
Percent Estimated Estimated 

Acres of Hunter Maximum Frequency of Annual Annual Estimated 
Shallow- Huntable Density Maximum Allowable Shallow-Water Maximum Participation Annual 

Water Acres in (acres per Number of Hunting Wetland Hunter as a Pen:cntage Hunter 
Wetlands• NBHAb hunter)' Hunters Daysd Condition• Use-Days of Capacity' Use-Days' 

Bacon bl1111d 
October 3,694 I 30 123 9 S2 S16 
November 3,694 30 123 30 so 1,847 
Dec:ernber 3,694 30 123 31 ·. 36 1,374 
January 3,694 30 123 16 20 394 

Subtotal 4,191 30 1,2S7 

WebbTnc:t 
October 3,836 30 128 9 60 690 
November 3,836 30 128 30 S2 1,99S 
Dec:ernber 3,836 30 128 31 39 I,S46 
January 3,836 30 128 16 26 S32 

Subtotal 4,763 30 1,429 

Bouldin Island South or SR 11 
October 3,440 30 liS 9 64 660 
November 3,440 30 liS 30 S6 1,926 
Dec:ernber 3,440 30 liS 31 33 1,173 
January 3,440 30 liS 16 28 Sl4 

Subtotal 4,273 30 1,282 

BouJdln lsl1111d NBHA 
September 808 30 27 7 189 
October sso 30 18 s 90 
November sso 30 18 13 234 
Dec:ernber sso 30 18 14 2S2 
January sso 30 18 8 144 

Subtotal 909 86 782 

HoUand Tnc:t 
October 2,692 30 90 9 66 S33 
November 2,692 30 90 30 62 1,669 
Dec:ernber 2,692 30 90 31 42 1,168 
January 2,692 30 90 16 29 416 

Subtotal 3,786 30 1,136 

Total S,886 
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Table 3J-14. Continued 

JSA 1993 (see also Chapter 3N, "Mosquitos and Public Health", for a description of the sha1lo~-water wetland condition on reservoir islands). 

From Appendix 02. The total of 808 acres includes cornfields, riparian woodland, 81Ulual grassland, fallow levee slopes, and seasonal managed wetlands. Cornfields and seasonal managed wetlands will not be flooded until 
after September 15, at the end of mourning dove hunting season in September (Figure 31-4). The total of 550 acres includes cornfields, perermial ponds, seasonal managed wetlands, and ditches. 

JSA 1993, Forkel pers. comm. 

DFO 1993 (Figure 3J-4). 

Values based on averages of maximum and minimum available shallow-water wetlands during project years. Methods used to derive ~ges are described in Chapter 3N and Appendix 02. 

Estimate of30% based on possible marginal quality of waterfowl foraging habitat that would attract low numbers of waterfowl; consequently, hunter attendance would be significantly lower than on habitat islands. Estimate 
of86% for NBHA based on similarity ofthis habitat to habitat on Bouldin Island and Holland Tract for Alternatives I and 2 (Table 3J-6). 

Annual hunter use-days would increase gradually during a 5- to 15-year buildout period. The values presented here represent the estimated numbers of days at culmination of the buildout. (Fortc.el pers. comm.) 
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Total 
Island 

Acreage 

Bacon Island 
October 5,539 
November 5,539 
December 5,539 
January 5,539 

Subtotal 

WebbTnid 
October 5,470 
November 5,470 
December 5,470 
January 5,470 

Subtotal 

Bouldin bland South of SR 11 
October 5,023 
November 5,023 
December 5,023 
January 5,023 

Subtotal 

HoUandTnd 
October 4,248 
November 4,248 
December 4,248 
January 4,248 

Subtotal 

Total 

JSA 1993, Forkel pers. comm . 

DFG I993 (Figure 3J-4). 

Table 3J-l S. Estimated Maximum Number of Hunter Use-Days for Full-, Partial-, and Shallow-Storage Conditions 
on the DW Project Islands under Alternative 3 

Average Percent 
Frequency of Estimated 

Hunter Maximum Full-, Partial-, Annual 
Density Maximum Allowable and Shallow- Maximum 

(acres per Number of Hunting Storage Hunter 
hunter)' Hunters Daysb Conditions• Use-Days 

30 I8S 9 31 SIS 
30 I8S 30 49 2,7I4 
30 185 31 63 3,606 
30 185 I6 77 2.275 

9,1IO 

30 182 9 29 476 
30 182 30 47 2,571 
30 182 31 58 3,278 
30 182 I6 73 2.130 

8,455 

30 167 9 26 392 
30 167 30 42 2,110 
30 167 3I 57 2,959 
30 I67 I6 69 1.848 

7,309 

30 142 9 24 306 
30 142 30 36 1,529 
30 142 31 54 2,370 
30 142 16 68 __!..lli 

5,746 

Estimated 
Annual 

Participation Estimated 
u a Percentage Annual Hunter 

of Capacity" Use-Days' 

IS 1,367 

IS I,268 

IS I,096 

IS __M1 

4,593 

Values based on averages of maximum and minimum acreages of available shallow-water wetlands during project years. Methods used to derive percentages are described in Chapter 3N and Appendix 02. 

• Participation in hunting is predicted to be half that estimated for reservoir islands during shallow-water wetland periods. 

Annual hunter use-days would increase gradually during a s- to I 5-year buildout period. The values presented here represent the estimated numbers of days at culmination of the buildoul (Forkel pers. comm.) 
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Table 3J-16. Estimated Maximum Number of Hunter Use-Days on the DW Project Islands under the No-Project Alternative 

Estimated Estimated 
Acres of Hunter Maximum Annual Annual Estimated 

Acres of Upland Density Maximum Allowable Maximum Participation Annual 
Waterfowl Game (acres per Number Hunting Hunter as a Percentage Hunter 

Habitat' Habitat' hunter)b of Hunters Daysb·• Use-Days of Capacity" Use-Days 

Bacon Island 
September S,3S9 4S 119 7 833 
October S,4St 4S 121 s 60S 
November S,4St 4S 121 13 I,S73 
December S14St 4S 121 14 1,694 
January S,4St 4S 121 8 968 

Subtotal S,673 60 3,404 

WellbTnd 
September S,277 4S 117 7 819 
October S,393 4S 120 s 600 
November S,393 4S 120 13 l,S60 
December S,393 4S 120 14 1,680 
January S,393 4S 120 8 960 

Subtotal S,619 60 3,371 

Bouldin Island 
September S,782 4S 128 7 896 
October S,902 4S 131 s 6SS 
November S,902 4S 131 13 1,703 
December S,902 4S 131 14 1,834 
January S,902 4S 131 8 1.048 

Subtotal 6,136 60 3,682 

HoUandTnd 
September 4,108 4S 91 7 637 
October 4,132 4S 92 s 460 
November 4,132 4S 92 13 1,196 
December 4,132 4S 92 14 1,288 
January 4,132 4S 92 8 736 

Subtotal 4,317 60 2.S90 

Total 13,047 

• See Table G2-1 0 in Appendix G2 for a detailed breakdo\m ofhabitat types. Waterfowl habitat excludes riparian woodland and developed land. Upland game habitat excludes freshwater marsh, sloughs, ditches, 
other open water, and developed land. 

b Forkel and Winther pers. comms. 

• DFG 1993 (Figure 3J-4). 

• Forkel and Winther pers. comms. 



Project 
Location 
or Name 

Twitchell Island" 

Sherman Island" 

Stone Lakes Wildlife 
Refugeb 

Medford Island" 

Prospect Island" 

Palm Tract Mitigation• 

Yolo Basin Wetlands" 

Port of Sacramento 
Mitigation Bank" 

Central Valley Habitat 
Joint Venture Implemen-
tation Plana. d 

DW habitat islands 

DW reservoir islands 

Total 

Table 3J -17. Proposed and Planned Agricultural Land Conversion Projects in the Delta 

Responsible 
Agency 

or Group 

DWR 

D\\lR 

USFWS 

Private 

Trust for Public Lands, 
Reclamation, DFG 

Western Area Power 
Administration, Transmission 
Agency of Northern California 

DFG 

Yolo and Solano Counties 

USFWS, DFG, Audubon Society, 
The Nature Conservancy, California 
Waterfowl Association, Trust for 
Public Lands, Defenders of 
Wildlife, Ducks Unlimited 

Existing Uses Proposed Uses 

Agriculture, gas wells, Managed wetland habitat 
one power line, marina 

Agriculture, public boat Managed wetland habitat 
launch ramp, marinas, 
residential 

Agriculture, wildlife Managed wetland and wildlife 
h11hitat habitat, envirorunental education, 

wildlife -oriented recreation, hunting 

Agriculture Mitigation bank approved by DFG 

Agriculture Managed wetland habitat 

Agriculture Agriculture and managed wetland 
habitat 

Agriculture and fallow Managed wetland and wildlife 
habitat 

Unknown Unknown 

Agriculture Restored wetland waterfowl habitat, 
management of agricultural lands 
for wintering waterfowl 

Acreage 
Acquired 

2,965 

1,037 

1,215 

1,228 

1,213 

3,470 

420 

9,120 

11.008 

31,676 

Acreage 
Pending 

Acquisition 

588 

9,465 

22,()()()< 

About 
20,000 

52,053 

Total 

3,553 

10,502 

22,000 

1,215 

1,228 

1,213 

3,470 

420 

About 
20,000 

9,120 

11.008 

83,729 
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Table 3J-17. Continued 

• Delta Protection Commission 1994. 

b USFWS 1991. 

• Some of this acreage may remain in private landholding. 

d The plan goal is to restore 20,000 acres of former wetlands to permanent wetlands by acquisition of fee title or conservation easements. 
l 
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Map source: Adapted from California Department of Water Resources 1993. 

Figure 3J-1. 
Existing Recreation Facilities in the 
DW Project Vicinity 

DELTA WETLANDS 
P R 0 J E C T E I R /E I S 
Prepared by: Jones & Stokes Associates 



LEGEND 
~ DW project islands 

,.._ Scenic Routes (Contra Costa County 
Community Development Department 
1991, San Joaquin County Community 
Development Department 1992) 

r:r,:";!1 
1::.:..!.::1 Scenic Waterways (Contra Costa County 

Community Development Department 1991) 

EirtJ Significant Resource Areas for Recreation 
(San Joaquin County Community 
Development Department 1992) 

Figure 3J-2. 

Palm 
Trc!Cl 

Designated Scenic Waterways and Scenic 
Routes in the DW Project Vicinity 

Tcm1inous 
Tract 

McDonald 
Island 

Lower Jones 
Tract 

DELTA WETLANDS 
P R 0 J E C T E I R/E I S 
Prepared by: Jones & Stokes Associates 
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Figure 3J-3. 
Typical View along SR 12 on Bouldin Island 

Figure 3J-4. 
Typical View of Holland Tract from Holland Tract Road 

DELTA WETLANDS 
P R 0 J E C T E I R/E I S 
Prepared by: Jones & Stokes Associates 



General Sport Fishing Schedule in the Delta 

Striped bass 

White sturgeon 

American shad 

Large-mouth bass, 
sunfish, catfish 

I 

Chinook salmon 

Feb. Mar. I Apr. I May I June 
I I I 

I I I 
I I I 

I I I 

July Aug. Sept. Oct. Nov. Dec. Jan. l 
I 

I 

Notes: Minor amounts of fishing occur in the Delta during December-February for resident species, including large-mouth bass, sunfish, and catfish. 
The schedule is based on the expected presence of different fish species in the Delta. 

Selected Hunting Seasons in California 

Upland game 
Mourning dove 

Ring-necked pheasant 
Waterfowl 

Ducks 

White geese 
Snow goose, Ross' goose 

Dark geese 
White-fronted goose 

Canada goose 

Mar. Apr. May June July Aug. Sept. 

1 .. 15 

Note: Numbers at ends of bars represent dates in months when the hunting seasons begin and end. 
Source: California Department of Fish and Game 1993. 

Figure 3J-5. 
Expected Schedule of Participation in Fishing and Hunting 

Oct. Nov. 

13 
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30 

30 
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27 
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Chapter 3K. Economic Conditions and Effects 

SUMMARY 

This chapter discusses the economic effects of the DW project. Following are the types of economic effects that could 
be associated with implementation of the DW project alternatives: 

• changes in employment and income resulting from changes in agricultural and recreational uses of the DW 
project islands; 

• changes in employment and income resulting from construction, operations, and maintenance activities 
associated with project implementation; and 

• changes in fiscal conditions (public revenues and public costs) resulting from project implementation. 

Because economic effects are not considered environmental impacts under CEQA and NEPA, no conclusions are 
made in this chapter regarding the significance of these economic effects and no mitigation for economic effects is 
identified. 

Under Alternative 1 or 2. the conversion of lands currently farmed on the DW islands would result in adverse effects 
on agriculture-related employment and income; however, project-related recreation expenditures and project con
struction, operation, and maintenance activities would generate a net increase in employment and income within the two
county region. The construction and operation of the project also would generate additional property tax revenues within 
Contra Costa and San Joaquin Counties. 

Implementing Alternative 3 would have a beneficial effect on the regional economy at buildout of the project. Net 
employment and income benefits would be greater than those described for Alternatives 1 and 2 because of increased 
construction, operation, and maintenance employment and expenditures required to expand water storage capabilities 
to all four DW islands. 

Implementing the No-Project Alternative would result in increases in local employment and income in the agricultural 
sector. However, these effects may be short term because of erosion and subsidence problems associated with agricultural 
production on the islands. No information is available concerning the length of time agriculture will remain physically 
and economically feasible on the project islands; however, intensified agricultural use of the islands likely will become 
more costly to maintain over the long term. Recreation on the project islands would increase slightly from existing levels 
under this alternative because for-fee hunting (day use only) on the four islands would be expanded, which would benefit 
local economies. 

INTRODUCTION 

Under CEQA and NEPA, economic and social 
effects alone are not considered environmental impacts; 
however, under CEQA, economic and social effects can 
be discussed in an EIR at the option of the lead agency. 
CEQA (State CEQA Guidelines Section 15131) allows 

Delta Wetland Draft EIR!EIS 
87-1 19FF\CH3K 3K-l 

for economic and social impact discussions in an EIR 
when the agency is: 

• tracing the chain of cause and effect from a 
project's economic and social effects to physical 
changes caused by those effectS (with the focus 
of the analysis on the physical changes), 

Ch 3K. Economic Issues 
September 1995 



• determining the significance of physical chan
ges caused by a project (e.g., economic or 
social effects may be used to assess the severity 
of a project-related physical change), or 

• making CEQA findings relating to the feasi
bility of mitigating project impacts (the econo
mic information must be in the EIR or added to 
the record in some other manner). 

Similarly, NEPA requires discussion of economic im
pacts to the extent to which they are interrelated 
with environmental impacts (NEPA regulations, 40 
CFR 1508.14). 

This chapter's discussion of economic effects of the 
DW project alternatives has been included in this EIR/ 
EIS to help assess the severity of physical impacts related 
to the conversion of agricultural land, as discussed in 
Chapter 31, "Land Use and Agric~ture". The change in 
agriculture-related employment and income was used 
with other factors to assess the significance of the pro
ject's agricultural land conversion impacts. 

For public disclosure pmposes, this chapter also dis
cusses economic effects related to the construction, oper
ation, and maintenance of the project's water storage and 
recreation facilities. Fiscal effects of the project in Contra 
Costa and San Joaquin Counties are also discussed, as 
well as the indirect economic effects of the project on 
adjacent landowners, recreationists, and Delta water 
users. 

The economic effects discussed in this chapter are 
not considered environmental impacts under CEQA and 
NEPA Accordingly, no conclusions are made regarding 
the significance of economic effects and no mitigation for 
these effects is required. 

The discussion of economic effects in this chapter 
includes several terms that may not be familiar to all 
readers. The following are definitions of key terms as 
they are used in this discussion: 

• 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 facili
ties). 

• Secondary employment. Indirect or induced 
employment, defmed as follows: 
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Indirect employment. Employment gen
erated in businesses supplying goods and 
services related to DW project operations. 

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

• 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 em
ployee jobs supported by a business may differ 
based on how total work hours are divided 
among employees. 

• Final demand. Sum of all purchases for fmal 
use or consumption. 

• Employment multiplier. The number of jobs 
associated with a $1 million change in fmal de
mand in a specified industry and a specified 
region. 

• Income. The earnings ofhouseholds associated 
with a given industry, consisting of employee 
compensation (salary and wages) and proprie
tors' earnings (profit and dividends) but exclud
ing proprietor contributions to welfare and pen
sion funds. Income is classified as direct or 
secondary, as follows: 

Direct income. Earnings of households 
generated in businesses that are part of 
DW project operations. 

Secondary income. Earnings of house
holds generated in businesses supplying 
goods and services related to DW project 
operations (indirect income) and generated 
as a result of spending by employees dir
ectly and indirectly affected by DW project 
operations (induced income). 

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

• Direct economic effects. Changes in the earn
ings of households generated by DW project 
operations and changes in fiscal conditions 
(property and sales tax revenues and public 
costs) associated with DW project operations. 

. ·. ~- ~: . 
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• Secondary economic eft'ec:ta. Changes in the 
earnings of households and in fiscal conditions 
(property and sales tax revenues and public 
costs) associated with changes in businesses 
supplying goods and services related to DW 
project operations and with spending by em
ployees directly and indirectly affected by DW 
project operations. 

ECONOMICCONDnnONS 

This section describes conditions on the DW project 
islands as they existed in 1987 and 1988 when the envi
rorunental pennitting process for the DW project was 
initiated. This section also describes the point of refer
ence (or baseline) under CEQA for measuring the eco
nomic changes expected to be caused by the DW pro
ject's physical impacts. All dollar amounts in this chapter 
have been adjusted for inflation to 1993 dollars to allow 
for comparison with dollar amounts estimated for condi
tions with the DW project. 

As discussed in Chapter 31, "Land Use and Agri
culture", some changes in agricultural land use and re
lated employment and income on the islands have 
occurred since 1988; however, some of these changes 
have resulted from project -related actions and influences. 
(Changes include portions of fallowed lands on Holland 
and Webb Tracts being brought back into grain produc
tion, and some of Bacon Island's asparagus stands being 
converted to wheat and corn crops.) The 1987-1988 
point of reference (with adjustments to 1993 dollars to 
account for inflation) is used to describe baseline econo
mic conditions because it provides the best basis for com
paring project effects on conditions existing at the time of 
OW's initial application to SWRCB and the Corps. 

Sources of Information 

Employment 

Existing employment generated by agricultural use 
of the islands was estimated based on the estimated gross 
value of agricultural production on the islands. Existing 
direct and secondary employment was estimated by 
applying employment multipliers provided by the U.S. 
Bureau of Economic Analysis' Regional Input-Output 
Modeling System (RIMS II) (1987) to estimates of pro
duction. Modeled estimates rather than actual employ
ment data were used to ensure consistency with employ
ment estimates prepared for the DW project alternatives 
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and because collecting accurate baseline employment 
information from nwnerous landowners and tenant far
mers is difficult All agricultural yield and economic data 
referred to in this section include data on 1, 120 acres on 
Holland Tract that would not be included in the project 
under Alternatives 1 and 2, but would be included under 
Alternative 3. 

The effects of interindustry linkages and the impacts 
induced by household spending were estimated using 
RIMS multipliers. RIMS multipliers for industrial sec
tors for the project vicinity were obtained for an area that 
approximates the economic impacts of production chan
ges on the economy of San Joaquin and Contra Costa 
Counties. 

Existing employment generated by recreational use 
of the islands was estimated based on the recreational use 
estimates in Chapter 3J, "Recreation and Visual Re
sources". These estimates were used with recreation 
spending profiles to estimate existing spending associated 
with recreational use of the islands. RIMS employment 
multipliers for industrial sectors were then used to esti
mate direct and secondary employment associated with 
existing levels of spending. All recreation use numbers 
and economic data referred to in this section exclude the 
marinas on Holland Tract, which would not be directly 
affected by the project. The boat slip occupancy rate of 
Holland Tract's largest marina reportedly averages 85%, 
with summer months being especially busy (Cochrell 
pers. comm.). Increased boat traffic generated by the 
project would likely have minor economic effects on the 
marinas because occupancy of the marinas is already 
high. 

Overall employment effects of the project were com
pared to estimates of employment in San Joaquin and 
Contra Costa Counties provided by the California Em
ployment Development Department. 

Income 

Income generated by existing agricultural use of the 
four project islands was estimated in much the same way 
described above for employment. The RIMS income 
multipliers were applied to estimates of the gross value of 
agricultural production on the islands to provide esti
mates of direct and secondary income generated by the 
islands throughout San Joaquin and Contra Costa Coun
ties. Similarly, income associated with existing recrea
tional uses of the islands was estimated using RIMS 
income multipliers with estimates of recreation spending. 
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Filcal Conditions 

lnfonnation on property tax revenues generated by 
the islands was provided by landowners through the 
project proponent (Williams pers. comm.). 

Emting Employment 

Agriculture 

Agriculture is the primary economic activity on the 
four project islands, using an estimated 65% of the 
islands' total acreage in 1987-1988. The average gross 
value of the agricultural output of the four DW project 
islands (excluding the output of 1,120 nonproject acres 
on Holland Tract) is shown in Table 3K-1 (in 1993 
dollars). Agricultural operations on the project islands 
generate three kinds of employt}lent in the local and 
regional economy. First, direct employment is generated 
on the project islands through crop-related cultivation and 
harvesting activities. The expenditures on goods and 
services related to onsite agricultural operations indirectly 
generate additional employment in businesses supplying 
goods and services. Employment is also induced 
throughout the region as a result of consumer spending by 
employees who are directly and indirectly affected by 
onsite agricultural operations. The indirect and induced 
effects are referred to throughout the remainder of this 
chapter as the secondary economic effects of the project. 
RIMS employment multipliers for the crops produced on 
the project islands are shown in Table 3K-2. 

Agricultural use of the four islands generates an esti
mated 290 FTE direct and secondary jobs in San Joaquin 
and Contra Costa Counties (Table 3K-2). The majority 
of these jobs are generated by the agricultural output of 
Bacon Island, Bacon Island, with its extensive produc
tion oflabor-intensive vegetable crops, generates an esti
mated 221 direct and secondary jobs. Webb Tract, 
Bouldin Island, and Holland Tract, which primarily pro
duce grain crops that require relatively less labor, gener
ate an estimated 8, 34, and 26 direct and secondary jobs, 
respectively. 

Recreation 

A small number of jobs are currently generated 
within San Joaquin and Contra Costa Counties by 
recreational use of the islands. The primary recreational 
activities on the project islands are hunting on Bouldin 
Island and Webb Tract and fishing on Bacon Island. As 
shown in Table 3K-3 under "Existing Conditions", the 
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islands generate an estimated 3,852 days of use (visitor 
days) by recreationists from outside of the two-county 
area, excluding fishing and boating recreation days on 
Holland Tract originating from existing marinas that 
would not be directly affected by the project (A visitor 
day is defined as participation by one individual in a 
recreational activity during any portion of a 24-hour 
period.) 

Employment is generated by the expenditures of 
visitors in eating and drinking places, lodging places, and 
retail establishments. The total estimated annual expen
diture foc nonlocal visitors to the islands is approximately 
$119,600 (Table 3K-3). Based on RIMS employment 
multipliers for the appropriate industrial sectors, it is 
estimated that current spending generates very little direct 
and secondary employment (an estimated four jobs) in 
San Joaquin and Contra Costa Counties because of the 
small number of nonlocal recreationists visiting the 
islands (see Table 3K-4 under "Existing Conditions"). 
RIMS employment multipliers for components of recrea
tion spending are shown in Table 3K-4. 

Existing Income Generated by Use 
of the DW Islands 

Agriculture 

Together, the four islands produce crops worth an 
estimated $11.6 million (1993 dollars), based on market 
prices (Table 3K-1). In tenns of crop value Bacon Island 
is, by far, the greatest producer. Bacon Island's produc
tion of asparagus, potatoes, and wine grapes generates an 
estimated $8.2 million annually. Webb Tract, Bouldin 
Island, and Holland Tract, which produce lower value 
grain crops, generate average gross crop values of$0.5 
million, $1.9 million, and $1.0 million, respectively. 

The direct and secondary income generated by the 
agricultural output of the four islands is shown in Table 
3K-2. Together, the islands generate an estimated $6.7 
million in income throughout San Joaquin and Contra 
Costa Counties. Bacon Island generates an estimated 
$5.1 million, or 76%, of this total. 

Recreation 

Recreational use of the project islands (excluding the 
commercial marina on Holland Tract that would not be 
affected by the project) generates a small amount of 
income within San Joaquin and Contra Costa Counties. 
Income is currently generated by expenditures on lodg-
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ing, food, and retail goods by nonlocal visitors to the 
project islands. Based on an estimated $119,600 in local 
spending and RIMS income multipliers, an estimated 
$68,200 (in 1993 dollars) in direct and secondary income 
is generated in San Joaquin and Contra Costa Counties 
(Table 3K-4). 

Emting Fiscal Condition• 

Public Revenue• 

Bacon and Bouldin Islands, located in San Joaquin 
County, and Holland and Webb Tracts, located in Contra 
Costa County, generate property and sales tax revenues 
for these two counties and for cities and districts within 
the two-county area. 

Property tax revenues gen~ated by the islands are 
limited by Williamson Act contracts, which govern 51% 
of the total project area (990/o on Bacon and Bouldin 
Islands in San Joaquin County and 1% on Webb Tract in 
Contra Costa County). Williamson Act legislation en
ables counties and cities to designate agricultural pre
serves and to offer preferential taxation based on a pro
perty's agricultural use value, rather than on market value, 
effectively reducing the property tax payments required 
oflandowners under Williamson Act contracts. 

During the 1987-1988 tax year, landowners on 
Holland and Webb Tracts made property tax payments 
totaling approximately $125,000 ($158,000 in 1993 
dollars), or an average of $13.50 ($17.10 in 1993 
dollars) per acre. Bacon and Bouldin Islands generated 
$137,000 ($174,000 in 1993 dollars) in property tax 
revenues, or $12.30 ($15.60 in 1993 dollars) per acre, 
during the same year (Williams pers. comm.). These 
revenues are allocated to counties and districts in which 
the islands are located. Counties received from 35% to 
40% of each property tax dollar generated by properties 
in unincorporated areas during the 1987-1988 tax year. 

Property taxes generated by the project area have 
changed little since the 1987-1988 tax year and have 
actually decreased in dollars adjusted for inflation. Pro
pertytaxpaymentsonlands on Holland and Webb Tracts 
within the project area totaled approximately $127,000 
($14.94 per acre) on an assessed value of$11.8 million 
during the 1993-1994 tax year. Property tax payments 
for properties on Bacon and Bouldin Islands totaled 
$139,000 ($13.79 per acre) on an assessed value of 
$11.0 million. Property taxes paid on lands within the 
project area averaged approximately 1.2% of assessed 
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value during the 1993-1994 tax year. (Forkel pers. 
comm.) 

Agricultural operations on the islands generate sales 
tax revenues through the purchase of such production 
inputs as fertilizer, pesticides, herbicides, fuel, and equip
ment in the local area. Purchases are spread throughout 
tlie region, including the communities of Rio Vista, 
Brentwood, Lodi, and Stockton. These communities 
receive sales tax revenues equaling 1% of the purchase 
price of goods purchased within their communities. 
Based on the value of agricultural production on the 
islands, it is estimated that annual sales tax revenues 
generated by purchases in local areas probably would not 
exceed $25,000 (assuming that local retail purchases 
equal 20% of gross production value). Retail spending 
generated by direct and secondary employment associated 
with agricultural production on the islands could generate 
an additional $15,000 in local sales tax revenues. 

Public Costs 

Levee maintenance activities by the local recla
mation districts are the most substantial public cost on the 
DW project islands; they are discussed in Chapter 3D, 
"Flood Control". Otherwise, the project islands currently 
require few public services and therefore generate rela
tively minor costs to the counties and districts serving the 
project islands, with the exception of mosquito abatement 
costs. The primary public services currently required by 
the project islands include police and fire protection 
services and county road maintenance services. The 
islands are sparsely populated, have few structures, and 
generate few calls for fire department or sheriff services. 
Road maintenance costs to the counties are minor 
because all roads, with the exception of Bacon Island 
Road on Bacon Island, are privately maintained. 

As described in Chapter 3N, "Mosquitos and Public 
Health", Bouldin Island and Holland Tract annually 
generate numerous service calls for the San Joaquin 
County Mosquito Abatement District and the Contra 
Costa Mosquito Abatement District, respectively. Mos
quito problems on Bouldin Island are generally related to 
the flooding of cornfields and the proximity of human 
activities associated with nearby marinas, campgrounds, 
and urban developments. Mosquito problems on Holland 
Tract are related to portions of the island outside the 
project area. No significant mosquito abatement prob
lems are currently generated by Bacon Island and Webb 
Tract. 

An additional but highly variable public cost at the 
federal level is related to commodity crop deficiency 
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payments and set-aside programs. Payments to fanners 
Wlder federal subsidy programs vary from year to year, 
depending on federally determined crop target prices, 
national average prices. and qualifying crops. Wheat and 
corn both qualified as subsidized crops in 1987, gener
ating connnodity crop deficiency payments for growers of 
the crops on the project islands. In 1988, these crops 
accounted for 500/o of the acreage on the four project 
islands (Table 31-5) and almost 8% of the wheat and corn 
acreage harvested in Contra Costa and San Joaquin 
Counties in 1987 (Table 31-9 in Chapter 31, "Land Use 
and Agriculture"). Information concerning the amount of 
payments made to fanners on the DW project islands in 
1987 is not readily available. 

Government payments to fanners in Contra Costa 
CoWlty under all programs totaled $299,000 ($380,000 
in 1993 dollars) during 1987. These payments averaged 
$6,600 per fann ($8,400 in 1993 dollars) over the 45 
farms in the county that received gqvernment payments. 
Payments to farms in San Joaquin CoWlty totaled appro
ximately $7.6 million ($9. 7 million in 1993 dollars) 
during 1987, averaging $27,000 ($34,000 in 1993 
dollars) over the 284 farms in San Joaquin CoWlty 
receiving payments in 1987. (U.S. Bureau of the Census 
1989.) 

METHODOLOGY FOR ASSESSMENT 
OF ECONOMIC EFFECfS 

Analytical Approach 

The economic analysis focuses on the direct and 
secondary economic changes that would occur in the 
region as a result of implementation of the DW project. 
For this analysis, the region is defmed as a two-coWlty 
area consisting of San Joaquin and Contra Costa CoWl
ties. The analysis uses two measures of economic acti
vity, employment and income, to characterize the econo
mic changes generated by the DW project alternatives. 

As discussed at the beginning of this chapter, eco
nomic effects of projects are-not normally considered 
impacts on the physical environment and therefore are not 
considered significant impacts and do not require miti
gation under CEQA and NEP A. Because economic 
effects are not considered environmental impacts, no cri
teria for detennining the significance of economic effects 
have been included in this chapter. Economic effects, 
however, can be used to judge the significance of physical 
impacts. For this analysis, the magnitude and severity of 
economic effects resulting from project implementation 
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were identified and used to help characterize the socioe
COilOOli.c effects resulting from the conversion of agricul
tural lands to water storage and recreation facilities. 

The secondary, offsite economic effects that would 
be generated by the supply and sale of water stored on the 
four islands were not evaluated as part of this analysis 
because it is too remote and speculative to identify the 
ultimate uses and users of DW project water. Addi
tionally, accurately identifying the price and availability 
of alternative water supplies for the ultimate users ofDW 
project water is not possible. Without this information, 
accurately estimating the secondary, offsite economic 
effects of the supply and sale ofDW project water is not 
possible. Gross revenue generated for the project pro
ponents by the sale of water was estimated based on 
DW's estimate of the market value of project water and 
on the expected yield of the project alternatives. Esti
mates of gross revenues generated by water sales have 
been included for informational purposes only. These 
estimates do not necessarily represent the economic value 
of project water to end users of the water. 

Following are brief descriptions of the method
ologies used to project the economic effects of the DW 
project alternatives. All dollar figures in this chapter 
have been adjusted to 1993 dollars. 

Effects on Agricultural Employment and Income 

Employment and income effects generated by the 
loss of agricultural use of the project islands under the 
DW project alternatives were evaluated based on the 
existing ( 1987 -1988) cropping patterns and agricultural 
production described in Chapter 31, "Land Use and 
Agriculture". The gross value of each island's agricul
tural production was estimated using average prices in 
San Joaquin CoWlty over a 5-year period ( 1988-1992) 
for each crop currently produced on the DW project 
islands (Table 3K-l). For some crops, prices were 
modified based on information provided by fanners on 
the islands. Crop prices fluctuate, sometimes dramati
cally, from year to year because of local, national, and 
international market and weather conditions. A 5-year 
price average was used to smooth out price levels that 
may have fluctuated dramatically. Employment and 
income multipliers from the RIMS model were used to 
project total direct and secondary employment and 
income generated within San Joaquin and Contra Costa 
CoWtties by current agricultural production on the DW 
project islands (Table 3K-2). 

This analysis is based on the assumption that the 
existing agricultural production on the four DW islands 
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could continue indefinitely. In fact, most soils on the four 
islands are limited by long-tenn subsidence and erosion 
hazards, according to NRCS (fonnerly SCS) (Table 31-
3). Continued subsidence of the island bottoms and 
increased likelihood of levee failure could eventually 
make agricultural production on these islands infeasible 
(DWR 1990). (See Chapter 3D, "Flood Control", and 
Chapter 31, "Land Use and Agriculture".) This analysis 
also assumed that the mix of crops grown on the DW 
project islands in 1987 would continue in the future. 
Subsidence, levee maintenance costs, and market factors 
could substantially affect future crop mixes (although they 
have not affected crop mixes between 1987 and 1994). 

Effects on Recreation-Related Employment ' and 
Income 

Estimates of employment and income effects gener
ated by recreation were largely. based on the changes in 
recreational use of the DW project islands under each of 
the project alternatives projected in Chapter 3J, "Recre
ation and Visual Resources". Analysis of the economic 
effects of changes in recreation visitation associated with 
the DW project alternatives focused on changes in final 
demand for recreation goods and services. The analysis 
evaluated effects resulting from changes in hunting, boat
ing, and other recreational uses of the DW project islands 
(refer to Chapter 3J). 

lbe approach used to assess changes in fmal recre
ation demands involved the following steps: 

I. Estimate the number of recreation-related visi
tor days on the islands under existing conditions 
and the DW project alternatives (refer to Chap
ter 3J). 

2. Estimate the proportion of total recreation use 
accounted for by nonlocal visitors (i.e., visitors 
from counties other than San Joaquin and 
Contra Costa Counties). Recreation expendi
tures by nonlocals represent exports from the 
two-county region and hence sales to fmal 
demand. Conversely, expenditures by locals do 
not directly affect sales to final demand because 
the expenditures would go to other sectors 
within the regional economy if not spent on 
recreation goods and services; however, sub
stitution of recreation days from other areas in 
the region was assumed not to occur under the 
DW project because of the unique nature of the 
"recreation package" offered by the DW project. 
lbe onsite lodging facilities and marinas, year
round recreation opportunities, and club mem-
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bership cost would all differentiate the project
related recreation from other recreation oppor
tw:rities within the region. These factors would 
limit the amount of recreation substitution that 
would occur under the DW project. 

3. Estimate recreation expenditures per day by 
nonlocal visitors to the islands. 

4. Aggregate annual changes in fmal demand for 
recreational goods and services in the region 
into three industrial classes: eating and drink
ing places, lodging establishments, and retail 
trade. 

Expenditures by visitors to the DW project islands 
were estimated based on studies of daily spending by 
recreationists in California (USFWS and U.S. Bureau of 
the Census 1993) and nationwide (Propst et al. 1992), 
updated to 1993 dollars, weighted for the types of recre
ation expected on the DW project islands under project 
operations, and revised for application to the industrial 
classes identified above in step 4. Visitors who would 
use the islands under the DW project alternatives were 
assumed to be club members with access to clubhouse 
facilities who thus would not spend money on local 
lodging. 

Changes in visitation associated with each project 
alternative were estimated based on infonnation presen
ted in Chapter 3J, "Recreation and Visual Resources". 
Proportions of visitors to each island from counties out
side the region were estimated based on infonnation pro
vided by island landowners concerning the residence of 
current visitors. As discussed in Chapter 3J (refer to 
"Existing Recreation Use on the DW Project Islands"), 
approximately 80% of hunters visiting the islands under 
the DW project alternatives were assumed to be visitors 
to the two-county region. 

Expenditures considered in this analysis include 
grocery purchases, restaurant and lodging expenditures 
(for existing and no-project conditions), purchases of 
miscellaneous retail goods, expenditures on miscellan
eous recreation services, and gasoline expenditures. 
lbese expenditures were aggregated into three industrial 
classes: eating and drinking places (grocery and restaur
ant purchases), lodging establishments, and retail trade 
(miscellaneous retail and gasoline expenditures). The 
estimates of expenditures made within each industrial 
class were used in conjunction with the RIMS employ
ment and income multipliers for each industrial class to 
estimate the total direct and secondary employment and 
income generated by the project alternatives. The em
ployment and income generated by expenditures on onsite 
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club memberships were implicitly included in the projec
tions of ~ons- and maintenance-related employment 
and income. 

Employment and Income Eft'ects of Project Con
struction, Operations, and Maintenance 

Employment and income effects generated by the 
construction, operation, and maintenance of the water 
storage and recreation facilities were evaluated based on 
projections of direct employment requirements provided 
byDW (Forkel pers. comm.). Total direct and secondary 
regional employment effects for each project-related 
activity, including employment related to the operation 
and maintenance of recreation facilities, were projected 
based on the relationship of direct employment to secon
dary employment suggested by the appropriate RIMS 
employment multipliers. Total direct and secondary 
income was then projected based 9n the RIMS relation
ship of total employment to total income for the appro
priate industrial sectors. 

Fiscal Eft'ects 

Fiscal effects were evaluated based on projections of 
construction and operations and maintenance expendi
tures provided by DW (Forkel pers. comm.). Order-of
magnitude estimates of property and sales tax revenue 
generated by project operations were compared with 
estimates of existing revenues to evaluate changes in 
public revenues generated by the project. Public costs for 
local governments potentially generated by the project 
were qualitatively evaluated. 

ECONOMIC EFFECTS OF 
ALTERNATIVE 1 

Employment Eft'ects 

Agriculture 

Implementation of Alternative 1 would preempt 
existing agricultural operations on the four project 
islands, resulting in the loss of an estimated 280 direct 
and secondary jobs in San Joaquin and Contra Costa 
Counties. (An estimated nine jobs would continue to be 
generated by agricultural use of 1,120 acres on Holland 
Tract excluded :from the project under Alternatives 1 and 
2.) Although some agricultural use may be incidental to 
the management of the habitat islands, the employment 
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generated by agricultural use would be relatively small 
and would be included in employment projections for 
project operations. The loss of employment generated by 
the agricultural use of Bacon Island would represent the 
largest loss among the four islands; agricultural opera
tions on Bacon Island cwrently generate an estimated 221 
direct and secondary jobs, or 76% of all jobs generated 
by agricultural use of the DW project islands (Table 3K-
2). Employment groups sustaining the most severe job 
losses would include onsite farmworkers and employees 
who work for local suppliers of agricultural goods (e. g., 
farm equipment, seed, fertilizers, pesticides, gasoline) 
and senrioes. The loss of agricultural employment would 
probably occur within 3 years of necessary project 
permits being granted. 

Recreation 

Based on the projections of recreation-related expen
ditures shown in Table 3K-3 and the RIMS employment 
multipliers shown in Table 3K-4, it is estimated that 
implementation of Alternative 1 would generate approxi
mately 91 secondary jobs within San Joaquin and Contra 
Costa Counties at buildout of the project's recreation 
facilities. This total excludes recreation-related employ
ment on the project islands that is included under "Project 
Construction, Operations, and Maintenance" below. 

Project Construction, Operations, and Maintenance 

Implementation of Alternative 1 would directly gen
erate temporary, construction-related employment and 
permanent, operations-related employment. Both types 
of employment would generate secondary employment 
within San Joaquin and Contra Costa Counties. 

Temporary employment would be generated by 
earthwork and levee improvements and other related 
improvements required for the water storage operations. 
Temporary employment would also be generated by the 
construction of onsite hunting and recreation facilities. 
Employment related to the construction of the water 
storage facilities would probably occur over a 1.5-year 
period following the granting of necessary project 
permits. Employment related to the construction of 
recreation-related facilities would probably occur over a 
longer period as facilities are constructed to meet the 
demand for onsite recreation pursuant to the limitations 
of the permit conditions imposed by the lead agencies and 
of the HMP (refer to Appendix G3, "Habitat Management 
Plan for the Delta Wetlands Habitat Islands"). DW 
expects buildout of all recreation facilities within 20 years 
(Forkel pers. comm. ); this rate of development was used 
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to estimate annual employment and income generated by 
construction of recreation-related facilities. 

According to estimates provided by DW, construc
tion of water storage facilities would directly generate 
309 person-years of construction employment, or 206 
FTE jobs spread over 1.5 years. Person-years of con
struction employment represent the number of years of 
full-time employment generated by construction activi
ties; FTE employment represents the number of penna
nent, full-time jobs generated by the ongoing operations 
of the DW project. Construction of recreation facilities 
would directly generate an estimated 420 person-years of 
employment, or an average of 22 FTE jobs over the 20-
year construction period. 

Total direct and secondmy employment generated by 
the construction activities was projected using RIMS 
employment multipliers (Table 3K-5). Total direct and 
secondary temporary employment generated by Alter
native 1 within San Joaquin mid Contra Costa Counties 
was projected to total 344 FTE jobs over the 1.5-year 
construction period for water storage facilities and an 
average of 37 FTE jobs annually over the 20-year con
struction period for recreation facilities. 

Based on DW estimates, operations and maintenance 
of the water storage and recreation facilities would direct
ly generate a total of 155 permanent FTE jobs. Approxi
mately 7 5 of these jobs would be related to the annual 
operntions and maintenance of the water storage facilities 
(i.e., 34 employees for the maintenance of facilities and 
equipment and 41 employees for levee and island main
tenance activities), while the remainder would be related 
to operation and maintenance of the recreation facilities. 

A projected 315 permanent direct and secondary 
jobs would be generated by operations and maintenance 
of Alternative 1 (Table 3K-5). These jobs would be gen
erated over the buildout period beginning with the oper
ation of the water storage facilities, reaching a maximum, 
permanent level at buildout of the recreation facilities. 
The employment total includes a projected 13 secondary 
jobs in the regional economy that would be generated by 
annual expenditures for major maintenance of recreation 
facilities. 

Net Employment Effect• 

Table 3K-5 presents a summary of the employment 
effects under Alternative 1. A projected 406 permanent 
jobs (excluding the nine agriculture-related jobs gener
ated by the continued agricultural use of 1,120 acres on 
Holland Tract) would be generated within the region with 
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the expenditures of project-related recreationists and the 
operation and maintenance of water storage and recrea
tioo facilities. This gain in employment would offset the 
loss of an estimated 284 jobs currently generated by on
site agricultural operations and recreation-related activi
ties. hnplcmentation of Alternative 1 would result in the 
projected net gain of 122 permanent FTE jobs in San 
Joaquin and Contra Costa Counties at full buildout and 
operation of onsite recreation facilities. Project-related 
job losses would occur primarily in agriculture-dependent 
industries, while job gains would occur in levee mainte
nance, equipment maintenance, and recreation-dependent 
industries. 

The regional economy would also benefit from tem
porary employment in the construction industry and sub
sequent construction-related spending in the regional 
economy. hnplementation of Alternative 1 would gener
ate a projected 344 direct and secondary FTE jobs over 
the 1.5-year water project construction period. An addi
tional37 FfEjobs would be generated annually over the 
20-year recreation facility construction period. 

Income Eft'ecta 

Agriculture 

hnplementation of Alternative 1 would result in the 
loss of existing agricultural production and the subse
quent loss of income generated by the agricultural pro
duction oo the four project islands. (Nonproject areas on 
Holland Tract would remain in agricultural production 
and would continue to produce agricultural income.) As 
discussed in the "Affected Environment" section, the 
islands currently produce an estimated $11.6 million in 
agricultural output, generating an estimated $6.7 million 
in direct and secondary income in San Joaquin and 
Contra Costa Counties (Table 3K-2). All agricultural 
income other than the estimated $217,600 generated by 
the continued agricultural use of 1,120 acres on Holland 
Tract would be lost as a result of implementation of 
Alternative 1. 

Recreation 

The spending of recreationists visiting the project 
islands under Alternative 1 would generate new income 
in San Joaquin and Contra Costa Counties. Nonlocal 
visitors to the DW project islands are projected to spend 
approximately $3.1 million annually in the two-county 
area at buildout of the onsite recreation facilities (Table 
3K-3). Based on the RIMS income multipliers shown in 
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Table 3K-4, this spending would generate approximately 
$1.8 million in direct and secondary income in San 
Joaquin and Contra Costa CoWlties. 

Project Construction, Operations, and Maintenance 

Alternative 1 would generate income in San Joaquin 
and Contra Costa CoWlties during both the construction 
and operation phases of the project. The construction of 
the water storage and recreation facilities would generate 
income through wages paid to construction workers and 
the earnings of cmtractors. The purchase of construction 
inputs and the subsequent spending by workers and con
tractors would gentnte secondary income in the regional 
econooiY· RIMS income multipliers were used to project 
total income generated by project construction. 

The analysis summarized in Table 3K-6 estimates 
that approximately $14.3 million in income would be 
generated annually by construction activities on the four 
DW project islands over the expected 1.5-year water 
storage conslruetioo period. Additionally, construction of 
recreation facilities is projected to generate $1.5 million 
in income annually over the 20-year construction period. 
The island-by-island generation of construction-related 
direct and secondary income is presented in Table 3K-6. 

The operation and maintenance of the water storage 
and recreation facilities would generate annual income 
through payments to employees, management earnings, 
contractor payments, and subsequent household and 
business expenditures in the regional economy. RIMS 
income multipliers were used to project total income 
generated by the operation and maintenance of Alter
native 1. Approximately $11.4 million in direct and 
secondary income would be generated annually in San 
Joaquin and Contra Costa CoWlties by the operation and 
maintenance of Alternative I (Table 3K-6). This income 
would be generated over the buildout period, beginning 
with the operation of the water storage facilities and 
reaching a permanent, maximum level at the projected 
buildout date for the recreation facilities. 

The operation of Alternative 1 would also generate 
revenue through the sale of water. This revenue would 
be received by DW, which is located in Contra Costa 
County. A portion of this revenue would be spent in the 
local area on operation and maintenance of water storage 
facilities, as discussed above. A portion of this revenue 
may also be returned to the local economy through other 
expenditures and taxes. Although there is no way to 
estimate the price DW will ultimately receive for its 
water, DW expects to receive $200-$250 per acre-foot of 
delivered water (Forkel pers. comm.). Based on this 
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price and a projected average annual yield of 222 T AF of 
water (refer to Appendix A3, "DeltaSOS Simulations of 
the Delta Wetlands Project Alternatives"), it is estimated 
that $44-$55 million in gross revenues would be gener
ated annually by water sales. 

Net Income Effects 

A projected $13.3 million in annual, permanent 
income (excluding the estimated $217,600 in income 
generated by the cootinued agricultural use of 1, 120 acres 
on Holland Tract) would be generated in the region by 
the spending of project-related recreationists and the 
operation and maintenance of water storage and recrea
tion facilities (Table 3K-6). This gain in income would 
offset the loss of an estimated $6.5 million in income 
currently generated by onsite agricultural operations and 
recreation-related activities. Implementation of Alterna
tive 1 would thus result in the projected net gain of 
approximately $6.8 million in annual income in San 
Joaquin and Contra Costa CoWlties. The loss in annual 
income to wodcers in agriculture-related and other indus
tries in the two-county area would be adverse; however, 
workers in construction, equipment maintenance, and 
recreational retail and service industries would benefit 
from the generation of income Wlder Alternative 1. 

The beneficial regional economic effect of the gain 
in permanent, annual income would be enhanced by the 
generatioo of substantial temporary, construction-related 
income within the region. The construction of water stor
age facilities would generate a projected annual $14.3 
million in direct and secondary regional income over the 
expected 1.5-year constructioo period. Additionally, con
struction of recreation facilities would generate annual 
regional income of $1.5 million over the expected 20-
year construction period. 

Fiscal Effects 

Public Revenue Effect 

As discussed in the "Affected Environment" section, 
the DW project islands currently generate property tax 
and sales tax revenues for San Joaquin and Contra Costa 
CoWlties and nearby communities and districts. Under 
Alternative 1, property tax revenues generated by the four 
islands would increase. Most of the project site is cur
rently under Williamson Act contracts and is taxed based 
oo its agricultural production value. Under Alternative 1, 
the Williamson Act contracts would remain in effect, but 
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the appraised values of the project properties would no 
longer be based on their agricultural production value. 

The construction of water storage and recreation 
facilities would constitute new construction to the land 
and trigger a reappraisal of the properties. The appraised 
value of the land, with improvements, would be based on 
either the coostruction cost of the project or the potential 
income stream generated by the project (Miller pers. 
comm.). Either appraisal method would generate pro
perty values above current values, generating greater 
property tax revenue for the counties and districts in 
which the islands are located. Property tax revenue 
would also increase if properties are not kept in their 
Williamson Act status because the assessed values of 
properties would approximate their new market values 
with project facilities. 

Based on OW's estimated cost for construction of 
water storage and recreation. facilities (Forkel pers. 
comm.), the assessed value of the project area could 
increase from $22.8 million to approximately $158 
million. Property tax revenue generated by use of the 
islands could increase from an estimated $266,000 to a 
projected $1.9 million. This revenue would be allocated 
among Contra Costa and San Joaquin Counties and a 
number of special districts. 

Sales tax revenue generated by use of the islands 
would likely increase under Alternative I because of the 
increase in regional income associated with project
related employment and expenditures. Under Alterna
tive I, the loss of retail sales tax revenue generated by 
purchases of agricultural supplies and expenditures by 
agricultural workers would be at least partially offset by 
the purchase of seed and fertilizer for the onsite wildlife 
habitat plantings~ purchases of materials and supplies for 
project operations and maintenance~ and purchases of 
food, fuel, and other retail goods by recreationists and 
onsite workers. 

Public: Cost Effect 

Public costs for levee maintenance on the DW pro
ject islands would be substantially reduced under Alter
native I because DW would be directly paying for levee 
maintenance on the project islands (see Chapter 3D, 
"Flood Control"). Other than levee maintenance, few 
public services, except mosquito abatement services, are 
currently required by the four DW project islands. Under 
Alternative 1, no additional public services would be 
required, with the exception of potential increases in 
mosquito abatement costs. As discussed in Chapter 3N, 
"Mosquitos and Public Health", mosquito abatement 
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problems may increase on the four DW project islands 
because of increased mosquito habitat The potential 
increase in service calls for the two mosquito abatement 
districts serving the islands. is difficult to predict because 
of the many variables that could affect the need for abate
ment treatments (i.e., future urban uses on or near the 
islands, climatic cooditions, or annual water management 
on the islands). The mitigation measures described in 
Chapter 3N would help reduce potential costs to the San 
Joaquin County and Contra Costa County Mosquito 
Abatement Districts. 

The recreational use of the islands could generate a 
slightly greater number of sheriff calls and may require 
increased maintenance of county roads leading to the 
islands. The net effect of Alternative I on road mainte
nance costs is not clear. Wear and tear on roads caused 
by recreationists visiting the islands may actually be lesS 
than wear currently being caused by heavy agricultural 
vehicles (see Chapter 3L, "Traffic"). Increased costs to 
the cotmties and other public service providers currently 
serving the islands should be minimal. 

Net Fiscal Effects 

The net fiscal effect of Alternative I would likely be 
beneficial. This conclusion is based on the following 
considerations: 

• increased public revenue would be generated by 
higher assessed valuations on the DW project 
islands, 

• public levee maintenance costs may be sub
stantially reduced because DW would be pro
vid.ing levee maintenance for the project 
islands, 

• other public costs would be minimal, and 

• costs of federal commodity crop deficiency pay
ments would be eliminated. 

Indirect Effects 

Indirect Offsite Effects on Recreation 

The availability of recreation opportunities on the 
DW project islands could indirectly affect the recreational 
use of other sites in the region through the redistribution 
ofDelta watelfowl populations and hunters. These issues 
were evaluated in Chapter 3J, "Recreation and Visual 
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Resources", which states that the offsite effects on water
fowl bunting would be less than significant Thus, Alter
native I is not expected to result in adverse indirect, off
site economic effects on operators of other Delta recrea
tional facilities. 

Indirect Effects on Adjacent Landownen 

Seepage onto adjacent islands caused by the storage 
of water on the DW project islands could decrease 
property values and increase pumping costs for land
owners on adjacent islands; however, project-related 
seepage would be controlled and should not result in 
increased costs or lower property values for adjacent 
landowners. This issue is addressed in Chapter 3D, 
"Flood Control", and Appendix 02, "Levee Design and 
Maintenance Measures". 

Summary of Economic Eft'edl 
of Alternative I 

Based on the analysis presented above, Alternative I 
would be expected to have a beneficial effect on the 
regional economy at buildout of the project. The conver
sion oflands currently farmed on the DW islands would 
result in adverse effects on agriculture-related employ
ment and income; however, project-related recreation 
expenditures and project construction, operation, and 
maintenance activities would generate a net increase in 
employment and income within the two-county region. 
1be construction and operation of the project would also 
generate additional property tax revenues within Contra 
Costa and San Joaquin Counties. 

ECONOMIC EFFECI'S OF 
ALTERNATIVE 2 

1be effects of Alternative 2 on regional employment, 
income, and fiscal conditions would be virtually the same 
as the effects described for Alternative I, as summarized 
in Tables 3K-5 and 3K-6. Regional economic effects 
would be beneficial under Alternative 2, although farm
workers and agriculture-dependent industries would be 
adversely affected under this alternative. 

Under Alternative 2, revenue generated for DW by 
the sale of project water would be higher than under 
Alternative 1. Based on the projected annual yield of 225 
TAF of water and DWs estimated water market prices of 
$200-$250 per acre-foot, revenue generated by water 
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sales would range from $45 million to $56 million under 
Alternative 2. 

ECONOMIC EFFECI'S OF 
ALTERNATIVE 3 

Under Alternative 3, net economic effects would be 
similar to, but generally greater than, effects under Alter
native I because of increased recreation use and spending 
and increased construction, operation, and maintenance 
employment and expenditures required to expand water 
storage capabilities to all four DW islands. Effects on 
agriculture-related employment and income would be 
greater than under Alternatives 1 and 2 because 1,120 
acres of agricultural land on Holland Tract, excluded 
from the project under Alternatives 1 and 2, would be 
converted to water storage uses under Alternative 3. 

Employment Effect• 

As shown in Table 3K-5, agriculture-related em
ployment would be reduced by an estimated nine addi
tional jobs relative to Alternative I because ofthe con
version of an additional 1,120 acres of agricultural land 
on Holland Tract Recreation-related employment would 
increase by approximately one FTE job compared with 
employment under Alternatives 1 and 2. Operation and 
maintenance of water storage and recreation facilities 
under Alternative 3 would generate a projected 36 more 
direct and secondary jobs than would be generated by 
operation and maintenance activities under Alternative I. 

Under Alternative 3, construction of water storage 
facilities would generate a projected 732 direct and 
secondary FfE jobs over the 1.5- to 2.5-year construction 
period, compared with 344 FTE jobs under Alterna
tives 1 and 2. Employment generated by construction of 
recreation facilities would be slightly less than employ
ment generated under Alternatives I and 2 if all recrea
tion facilities planned under Alternative 3 are con
structed. 

Income Effectl 

Regional income generated by recreation spending 
and construction, operation, and maintenance of water 
storage facilities would be greater under Alternative 3 
than under Alternative I, more than offsetting reduced 
agriculture-related income. Regional income associated 
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with operation and maintenance of water storage and 
recreation facilities would total approximately $1.1 
millim moce than under Alternative l. Regional income 
generated by cmstructioo of water storage facilities under 
Alternative 3 would total approximately $16.1 million 
more than under Alternative I (Table 3K-6). 

Because water storage would be increased under 
Alternative 3, revenue generated for OW by sales of 
project water would increase under this alternative. 
Based on an average annual yield of 356 T AF of deliv
ered water and water prices of $200-$250 per acre-foot, 
annual revenue from water sales would range from $71 
million to $89 million, compared with $44-$55 million 
under Alternative 1. 

Fiscal Effects 

Under Alternative 3, higber project construction 
costs would generate a higher assessed value and in
creased property tax revenue for local agencies. Based 
oo DWs estimated construction cost for this alternative, 
Alternative 3 would generate $3.6 million in property tax 
payments at buildout of all facilities, compared with a 
projected $1.9 million in property tax revenue under 
Alternative I. 

Public costs generated by Alternative 3 would likely 
be similar to those described for Alternative I. 

Indirect Eft'eds 

The potential indirect effects of Alternative 3 on 
adjacent landowners and other waterfowl clubs in the 
Delta region would be similar to those described for 
Alternative 1. 

Under Alternative 3, OW would likely be required 
to mitigate habitat losses on project islands by leasing or 
purchasing offsite lands for habitat creation or protection. 
This offsite mitigatioo could result in the conversion of an 
unknown amount of agricultural land, resulting in addi
tional agricultural economic effects. 

Summary of Economic Eft'eds 
of Alternative 3 

Alternative 3 would have a beneficial effect on the 
regional eoonomy at buildout of the project. Net employ-
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ment and income benefits would be greater than those 
described for Alternative I. As under Alternative I, the 
cooversioo oflands currently farmed on the OW islands, 
and the potential conversion of offsite agricultural lands, 
would result in adverse effects on agriculture-related 
employment and income; however, project-related recre
ation expenditures and project construction, operation, 
and maintenance activities would generate a net increase 
in employment and income within the two-county region. 
The cmstruction and operation of the project would also 
generate additional property tax revenue within Contra 
Costa and San Joaquin Counties. 

ECONOMIC EFFECfS OF THE 
NO-PROJECf ALTERNATIVE 

Employment and income impacts generated by inten
sified agricultural use of the project islands under the No
Project Alternative were evaluated based on the cropping 
patterns and agricultural production projections described 
in Chapter 3L "Land Use and Agriculture". The method
ology used to evaluate direct and secondary economic 
effects associated with agricultural use of the OW islands 
was similar to the methodology used to determine exist
ing employment and income. 

The methodology used to evaluate recreation-related 
employment and income changes under the No-Project 
Alternative was identical to the methodology used for the 
evaluatioo of Alternative l. The recreational usage of the 
project islands would increase from existing levels be
cause of the expansion of for-fee hunting (day use only) 
to the four islands (refer to Chapter 3J, "Recreation and 
Visual Resources"). 

The economic effects resulting from the intensified 
agricultural use of the project islands should be con
sidered short-term effects because of erosion and subsi
dence problems associated with agricultural production 
on the islands described in Chapter 31, "Land Use and 
Agriculture". Over the long term, continued agricultural 
use of the OW islands may be infeasible because of 
increased costs of soil management and levee main
tenance. (No information is available concerning the 
length of time agriculture will remain physically and . 
economically feasible on the project islands; however, 
intensified agricultural use of the islands will likely 
increase existing erosion and subsidence problems.) 
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Employment Effects 

As described in Chapter 31, "Land Use and Agri
culture", implementation of the No-Project Alternative 
would result in more land being brought into production 
on all islands, generating increased production of vege
table aops oo Bacon and Bouldin Islands and grain crops 
on Holland and Webb Tracts (Table 3K-7). The in
a-eased production would require additional labor inputs, 
which in turn would increase the total direct and secon
dary employment generated by agricultural use of the 
islands. 

Agricultural production under the No-Project Alter
native would generate a projected 828 direct and secon
dary jobs in San Joaquin and Contra Costa Counties, 
representing an almost 2000/o increase over existing 
island-related agricultural employment (Table 3K-8). 
Approximately 91% of total dirc;ct and secondary em
ployment would be generated by the agricultural output 
of Bacon and Bouldin Islands. 

Under the No-Project Alternative, recreational use 
of the project island by nonlocal recreationists would in
crease from an ·estimated existing 3,852 visitor days to a 
projected 13,455 visitor use-days (refer to Chapter 3J, 
"Recreation and Visual Resources", for a description of 
recreational use effects), generating increased visitor 
expenditures within the region by a projected $372,300 
(Table 3K-3). This increase in visitor expenditures 
would inciease direct and secondary employment cur
rently generated by the recreational use of the project 
islands from approximately four to 15 FTE jobs (Table 
3K-4). 

A projected 843 permanent direct and secondary 
jobs would be generated within the region under the No
Project Alternative (Table3K-5). This projected em
ployment level represents a net increase of 550 regional 
jobs over the estimated existing level of employment 
generated by use of the islands. The net increase in re
gional employment under the No-Project Alternative is 
considered a beneficial economic effect. 

Income Effedl 

Under the No-Project Alternative, the value of the 
agricultural output generated by the islands and the resul
ting income would increase substantially over existing 
levels. The gross value of the agricultural output ofthe 
four islands would increase from an existing $11.6 
millioo to a projected $31.1 million under the No-Project 
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Alternative (Table 3K-7). The projected increase in 
production on Bouldin Island would account for a large 
percentage of the overall increase. The average gross 
value of Bouldin Island's output would increase from an 
existing $1.9 million to a projected $13.4 million as 
production shifts from grain crops to vegetable crops. 

The direct and secondary income generated within 
San Joaquin and Contra Costa Counties by the agri
cultural output of the four islands would increase from an 
existing $6.7 million to a projected S 19.1 million under 
the No-Project Alternative (Table 3K-8). Production on 
Bacon and Bouldin Islands would generate approximately 
91% of total income under this alternative. 

Under the No-Project Alternative, the increase in 
recreational spending would lead to a slight increase in 
the regional income generated by the recreational use of 
the project islands. Direct and secondary income gener
ated by the expenditures of visitors to the islands would 
increase from an estimated $68,000 to a projected 
$270,000 (Table 3K-4). 

A projected $19.3 million in annual direct and 
secondary income would be generated under the No
Project Alternative (Table 3K-6). This projected income 
level represents a net increase of $12.6 million in 
regional income over the estimated existing level of 
income generated by use of the islands. The net increase 
in regional income under the No-Project Alternative is 
considered a beneficial economic effect. 

Fiscal Effects 

Property values on the DW islands may increase as 
improvements are made to drainage systems and more 
land is brought into production, resulting in higher pro
perty tax revenue. Based on the increased agricultural 
production under the intensified use of the islands, pro
perty tax revenue could increase from approximately 
$267,000 to $71 5,000 under the No-Project Alternative. 

Sales tax revenue may also increase relative to 
existing levels because of increased purchases of agri
cultural goods and services in the local area. Road main
tenance costs also may rise with increased road wear 
caused by the transportation of agricultural products to 
and from the DW islands. 

Public costs for levee maintenance and emergency 
repair would continue at existing levels or would increase 
because of further subsidence under the No-Project Alter
native. Also, federal commodity crop deficiency pay-
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meots may increase if crops produced wtder this alterna
tive qualify for price supports. 

Implementation of the No-Project Alternative would 
likely hasten erosioo and subsidence problems associated 
with agricultural use of the project islands. This may 
ultimately reduce the fiscal benefits of the No-Project 
Alternative as agricultural production declines and levee 
maintenance and repair costs increase. 

CUMULATIVE ECONOMIC EFFECI'S 
OF TilE ALTERNATIVES 

EfJecta on Agricultural Employment 
and Income 

Implementation of any of~DW project alternatives 
(except the No-Project Alternative) would contribute to 
the regional conversion of agricultural land. The DW 
project alternatives, in conjunction with other projects 
that convert agricultural land to other uses, would reduce 
employment and income for fannworkers and agriculture
dependent industries within the region. 

As discussed in Chapter 3I, "Land Use and Agri
culture", several projects in planning stages could convert 
agricultural lands to nonagricultural uses in the Delta 
region. These projects include DWR's North Delta and 
West Delta Programs and CCWD's Los Vaqueros 
Project. In addition, agricultural land conversions could 
occur through the development of new recreational uses 
on Delta islands and through addition& habitat restora
tion and water storage projects on Delta islands encour
aged by the DW project. The cumulative amount of 
agricultural land ultimately converted by related projects 
is not known but is expected to be relatively large. 

Similar to the DW project alternatives, these projects 
would likely generate some employment and income from 
recreational uses and from project construction, opera
tion, and maintenance activities. Employment and in
come in agricultural sectors, however, would be reduced 
by these projects. 

The cmnulative loss of agricultural land would result 
in the loss of substantial direct and secondary agricultural 
employment and the loss of income generated by agri
cultural production; however, CWTent public expenditures 
on commodity crop deficiency payments could decline. 
The cumulative loss of agricultural employment and in
come is considered an adverse economic effect resulting 
from the cumulative conversion of agricultural land. 
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EfJec:ta on Recreation-Related 
Employment and Income 

As described in Chapter 3J, "Recreation and Visual 
Resources", a number of projects are being planned 
(mostly by public agencies) in the Delta that would 
involve management of wetland habitat. Many of these 
projects would presumably result in increased recrea
tional opportunities for activities such as hunting, bird 
watching, and hiking. Although it is unknown whether 
hunting programs would be implemented on publicly 
acquired land in the Delta, regional hunter success on 
privately held land would be expected to increase as 
waterfowl are provided with better foraging in areas 
managed for wetland values. 

Under all DW project alternatives, employment and 
income related to recreational use of the DW islands 
would increase. Enhanced recreational use of other 
private and public lands in the Delta would also lead to 
increased recreational spending in the region, generating 
increased regional employment and income. The cumu
lative effects on recreation generated by planned projects 
in conjunction with the DW project are expected to be 
beneficial because of the cumulative increase in recrea
tional spending and related employment and income. The 
cumulative effects on recreation-related employment and 
income are therefore considered beneficial. 
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Tahlo Jl:-1. Estimated Av.:rage Gross Value of Crops Grown oo the DW Islands 

Bacon Island WebbTrac1 Bouldin Island Holland T roc1' All Islands 

-
Total Total Total Total Total 

Total Price Gross Total Price Gross Total Price Gross Total Price o.- Total Price Groa 
Crops Yield per Unit Value Yield per Unit Value Yield perUn~ Value Yield per Unit Value Yield per Unit Value 

Wheat 8S2tons Ill 96,276 l,l89tons Ill l60,lS7 1,670tons Ill 188,710 S,7llt0111 Ill 64S,l4l 

Com(field) 1,280 tons #08 lS4,240 l,446tons 108 172,168 ll,l66tons 108 1,227,S28 ll9tons 108 16,612 18,41 I lOIII 108 1,990,548 

Sunflower 167tons 400 66,800 770tons 400 :108,000 91710111 400 174,800 

Asparagus (fresh) 1,56S tons 1,288 2,015,720 601 tons 1,288 776,664 2,168tons 1,288 2,792,184 

Potato, 
Commereial 22,290tons 198 4,41J,420 22,29010111 198 4,41J,420 
Seed 4,2001005 204 8S6,800 4,20010111 204 856,800 

Wine grape (crushed) 1,904tons 26S S04,S60 1,9041005 265 504,560 

Pasture -- S8 acres 96/acre ~ 33 acres 96/acre ],168 542 acres 96/af..Te 52.012 6ll acres 96/acre 60,768 

Total 8,2ll,S40 474,012 1,899,0SJ 1,054,018 11,618,621 

·----

Crop yield and produc1ion value includ.:s productioo from 1,120 acres excluded from the project under Alternatives I and 2. 

Notes: Prices and produc1ion values are shown in 1991 dollars. 

Estimated tolal yields based oo acreage planted in 1987. Refer to Chapter ll, "Land Use and Agricuhure". 

Prices represent 5-year (198R· 1992) averages for San Joaquin County modified by information provided by farmers on the islands (Forkel pers. conun.). 



Table 3K-1. Estimated Exiltq (1988) Emp&oymeul and lm:ome <knenled in San JOIQUin and Conlrl C01la Counties ~ Apiculhnl U.C oflhe OW ldandl 

BKonl•laud WehbTntel Bouldin bL&nd Holland TrKI' Allllonds 

Mulliplien' E>citlq E ...... Existirc Exioq Exioq 
Value of Value of Value of Vllueof v .... or 

Frocluctioft "-"" Employmall Frocluctioft "-"" Employmcnl l'roduotioo "-"" Empioymall - "-"" EmfJioymcnl -- Income EmfJioymcnl 
Crop "-"" Employmcnl ($1,000) ($1,000) (Fm ($1,000) ($1,000) (FTE) ($1,000) ($1,000) (FTEJ ($1,000) ($1,000) (Fn) ($1,1100) ($1,000) (FTE) 

Wheal 0.~161 18.0 96) ~.I 1.7 l6U ll02 6.5 1a.1 71.6 l4 ~5.4 261.9 11.6 

Com 0.39113 17.1 l5U 141.1 6.1 ln.2 1482 u 1,217.5 •. 9 21.0 36.6 1~.6 0.6 1,990.5 792.1 ~.I 

Sunllowa 0.~55 19.9 66.1 )1.1 I.) lOI.O 10.~ 6.1 m.1 174.5 7.4 

~ 0.635) 17.6 2,015.7 1,210.6 55.6 'n6.7 ~H 21.4 2,792.~ 1,774.0 77.0 - 0.6353 27.6 5,270.2 I 3,)411.2 1~55 5,270.2 3,)4112 IU5 

Wineppe 0.5936 256 ~.6 299.5 12.9 ~.6 299.5 12.9 - 0.~55 19.9 - - - _u __l§ JJ _.u _u JJ _ag _lU _il .JU __111 _u 

T- 1,211.5 5,1005 221.~ ., •. 0 190.9 82 1,199.1 7140 ll7 1,014.0 6101 26.4 11,631.7 6,616.2 219.7 

Noles: lllC'()fM Mel production values au shown in 1991 cSoa.n. 

Refer lo Tabk JK-1 for esl:imated •vcntt arou value of crops. 

Fn: • lUI-time cqwvalent 

IR:o1~ndtiplacn reptncnl the dired, lildirect, and i.lwtuccd dwcc in income raultinl6om each additional doUar of output dQvaed lo final demand Income inclucks mlployec compau.~tion and proprielon' ~~. minu.s proprielor coobibutiont lo welWe lnd pc:nsion fundi Employmenlmldtiptim l'qlftiCIIIIhe dircd. Plirect.lftd induced d\Uwe in lhe number arm 
jobs~tcTaled byachaddibonal Sl millionofoutpuldcliverediOfinaldemand. (U.S. Buteau of Economic Anll)'lill987.) 

lnctudes tstimaled production nlue, employment, and income amented by production of 1,120 ICI'el exdudcd 6om the projcd under Allanalivts I and 1. 
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Table 3K-3. Predicted Expenditures in San Joaquin and Contra Costa 
Counties by RecreationistsVisiting the DW Project Islands 

Visitor Expenditures ($) 

Eating and Retail 
Nonlocal Drinking Places Lodging Places Establishments 
Visitors 
to Site Total 

(visitor days Spending Total Spending Total Spending Total Spending 
Project Alternative per year)" per Day" Spending per Day" Spending perDayb Spending by Island 

Existing Conditions (1988) 
Bacon Island 2,576 $7.99 $20,582 $5.32 $13,704 $17.74 $45,698 $79,984 
Webb Tract 584 7.99 4,666 5.32 3,107 17.74 10,360 18,133 
Bouldin Island 456 7.99 3,643 5.32 2,426 17.74 8,089 14,158 
Holland Tract __lJQ_ 7.99 1,886 5.32 1,256 17.74 4,187 7,329 
Total 3,852 30,777 20,493 68,334 119,604 

Alternative 1 
Bacon Island 34,326 5.84 200,464 0.00 0 18.94 650,134 850,598 
Webb Tract 34,383 5.84 200,797 0.00 0 18.94 651,214 852,011 
Bouldin Island 35,329 5.84 206,321 0.00 0 18.94 669,131 875,452 
Holland Tract 20,381 5.84 119,025 0.00 ___Q_ 18.94 386,016 505,041 
Total 124,419 726,607 0 2,356,495 3,083,102 

Alternative 2 
Bacon Island 34,353 5.84 200,622 0.00 0 18.94 650,646 851,268 
Webb Tract 34,406 5.84 200,931 0.00 0 18.94 651,650 852,581 
Bouldin Island 35,329 5.84 206,321 0.00 0 18.94 669,131 875,452 
Holland Tract 20,381 5.84 119,025 0.00 ___Q_ 18.94 386,016 505,041 
Total 124,469 726,899 0 2,357,443 3,084,342 

Alternative 3 
Bacon Island 34,351 5.84 200,610 0.00 0 18.94 650,608 851,218 
Webb Tract 34,410 5.84 200,954 0.00 0 18.94 651,725 852,679 
Bouldin Island 31,918 5.84 186,401 0.00 0 18.94 604,527 790,928 
Holland Tract 24,993 5.84 145,959 0.00 ___Q_ 18.94 473,367 619,326 
Total 125,672 733,924 0 2,380,227 3, 114,151 



Project Alternative 
1 

No-Project Alternative 
Bacon Island 
Webb Tract 
Bouldin Island 
Holland Tract 
Total 

Nonlocal 
Visitors 
to Site 

(visitor days 
per year)" 

5,219 
2,769 
3,234 
2.233 

13,455 

Notes: Expenditures are in 1993 dollars. 

Table 3K-3. Continued 

Eating and 
Drinking Places 

Spending 
per Day" 

10.77 
10.77 
10.77 
10.77 

Total 
Spending 

56,209 
29,822 
34,830 
24.049 

144,910 

Visitor Expenditures ($) 

Lodging Places 

Spending 
perDayb 

3.15 
3.15 
3.15 
3.15 

Total 
Spending 

16,440 
8,722 

10,187 
7,034 

42,383 

Retail 
Establishments 

Spending 
per Day" 

22.64 
22.64 
22.64 
22.64 

Total 
Spending 

118,158 
62,690 
73,218 
50.555 

304,621 

Total 
Spending 
by Island 

190,807 
101,234 
118,235 
81.638 

491,914 

• See Table 3J-8. Excludes the visitor days of residents of the two-county area (20% of total recreation user days) for all alternatives and existing conditions. Local 
recreationists visit and spend in the local area, but these expenditures do not result in changes in final demand for services in the two-county area. Recreation user days 
include days spent hunting, boating, and participating in other recreation activities. 

b Spending-per-day estimates are based on studies of daily spending by recreationists in California (USFWS and U.S. Bureau of the Census 1993) and nationwide (Propst 
et al. 1992), updated to 1993 dollars and revised for application to the industrial classes in this table. These spending estimates represent average expenditures per visitor 
day. Because not all recreationists would use lodging places during a trip, the estimated average daily expenditures for lodging represent only a portion of the daily cost 
of a lodging place and therefore are lower than may be expected. Visitors to the DW project islands are assumed to use onsite lodging facilities under Alternatives 1, 
2, and 3. 
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Expendihtre Type 

EdtdqC-(Im) 
Eolinl ond drinl<ina ploca ........ 
Rcloil purchueo 
Toool 

......_ .. 
Eolinl ond drinl<ina p1oca ........ 
Rctoilpurchueo 
Toool 

-~ Ellinl ond drinl<ina p1oca ........ 
Rcloilpurchueo 
Toool 

... -J 
Eolinl onddrinJ<ina ploca 
l.oofPII 
Rctoilpurchueo 
To<ol 

N•PnjoctA-
F.•bnc!ondclrinkinoploca 
l.odcOnl 
R<toolpuodwel 
To<ol 

---

Multiplier:s• 

Income Emptoymml 

O . .sl6 lS.I 
o.sooo )7,7 

0."21 21.0 

o.m6 lSI 
o.sooo )7.7 
0.6417 21.0 

O.sl6 ls.J 
o.sooo )7,7 
0.~7 liD 

O . .sl6 lSI 
o.sooo 37.7 
0.6427 21.0 

04~26 lSI 
osooo 377 
Oo417 18.0 

Noh~· Income and apendinB are lhown in 1993 dollan. 

fTE •lioll·lime cquivolmt 

Projecll!d 
Spendine 
(SI,OOOf 

20.6 
13.7 

ru .... 
200.S 

0.0 

~ 
ISD.6 

I 
200.6 

0.0 
jl!!J 
ISI.l 

200.6 
0.0 

j.l!!j 
8SU 

!16.1 
164 

lll1 
190.1 

.r_,'"·\ 

Table JK-4. Proj«led Income and Employmmllienenlcd in San Joaquin and Contra t'osla Counties by RecreatiOILIII. Use of the Islands under the OW Projecl Allematives 

Bacon Island Webb Tract Rouldin Island 

Projcc::lcd Prnja:ted Projecled 
lncorne Emp&oymaJ.I SpmdU'I! Income Emplo)1nenl SI"'Kiina Income Employment Spmdina 
(SI,OOO) (~TE) (SI,OOOf ($1,000) (FI'E) ISI,OOOf (SI,OOO) ln'E) (SI,OOOf 

9.3 0,7 4.7 2.1 0.2 3.6 16 0.1 1.9 
6.9 o.s ),1 1.6 0.1 ,. 1.2 0.1 1l 
ru u llU t1 ll.l u 11 IIJ il 
0.6 l.S 11.2 10.4 06 14.1 80 u 7.3 

90.7 7,0 IOU 90.9 7.0 206.3 934 7.1 119.0 
0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 

.lli.l JU .illl .!llJ JU ~ .mJ! lU JH.t 
SOB.S 2S.2 IS2.0 SOH lS.2 17H Sll.4 25.9 sou 

90.8 7.0 2009 90.9 7.1 2063 9U 7.1 119.0 
0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 

.!Ill JU Jill .!llJ JU ~ .mJ! . lU JH.t 
309.0 IS.! 1Sl.6 309.7 IU 17H SIU 2S.9 sos.o 

90.8 7.0 200.9 909 7.1 18U U4 u IU9 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

.1J!J JU jllJ .!llJ lll ~ .J!!U ill .!1M 
S08.9 lS.2 1Sl.6 309.7 IU 790.9 472.9 2l.4 619.3 

2S4 20 291 IH 1.0 34.8 U.1 1.1 240 
16 06 R7 44 0.) 102 1.7 04 70 

IU u ill !U u lU ill! 1JI ~ 
103.0 S.9 IOU SB.I ).I 111.2 "·4 ),6 11.6 

lloiLondToact AD Islands 

Prujcdcd 
Income Employment Spendine Income Employmonl 
(SI,OOO) (n'E) (SI,OOOf (SI,OOO) (n'E) 

0.9 0.1 30.1 139 u 
0.6 0.1 20.4 10.3 01 
ZJ Ill IU gJ u 
u 0.3 119.6 611 ll 

Sl9 u nu 321.9 IU 
0.0 00 00 0.0 00 

lAI JU .wu .L1l.U J1! 
301.0 U.O l,cno 1,10.3 913 

Sl9 u nu 3290 2S.S 
0.0 0.0 0.0 0.0 00 

lAI JU l.lliJ .uw ill 
lOl.O u.o l,OIU l,UU 9U 

66.0 S1 7lll lll.l IU 
0.0 0.0 0.0 0.0 00 

.l2U ill JJ!!'U J.m.Z itt 
370.) IU ],114.0 1,161.1 923 

109 0.1 1441 6H so 
II 0.) 423 1.9 16 

m u :liM1 1!11 u 
44.6 lS 491.1 170.1 lSI 

Jna>n,.n..,..._. ........ hiOott.• .. itdo«d<Jwoce in in<omc rnulline &<Hn eodl roddirWnoldollor oroutpuo ddivercd 1o lino1 danond (nd ,......tire). Income aldudeo employee """l"""lion ond proprieron' ........ minus propriel«c:onrributionslo wd!Orc ..t penoion !'undo. Em!>l<>ymenl muleiplicn- tbo dRd, indiroo:l. ..t induoed<hqe intbo nurnbor 
orFTE jobs l"""'ed by eodl oddilional Sl million or ourpulddiwred 10 linol danond (nd spcndina) 

' Rcpresents~bynonlocal:vilitonlothei:;lands SeeTabaclK·l 

--------·- -------



Tahl< JK-~. Comparison of Employm<nt Estimat.:d to lk G<o..,.ated under the DW Project Alternatives WI' E) 

1988 Existing Conditions Altematives I and 2' Alternative 3' N<>-Project Alt<mative 

Entploym<nl 8ac'OR Webb Bouldin Holland All BIL"'O'' W<hh Bouldin llolland All Bacon W<hh Bouldin Holland All llacon Wehh Bouldin Holland All 
G<norator Island Tract Island Tract Islands Island Tract Island Tract Islands Island Tract Island Tract Islands Island Tract Island Troct IJlands 

Annual Employnomt 

Agriculture 221 8 34 26 289 0 0 0 9 9 0 0 0 0 0 368 33 391 36 828 

Recreation 3 I 0 0 4 2~ 2~ 26 " 91 25 2~ 24 18 92 6 3 4 2 " Operations and 
maintetwJce' J! J!t J! J! J! ~ ...12 ...§1 ...ll 315 ~ ...12 ...m ...ll ill J! J! J! J! J! 

Tollll onnual 
employment 224 9 34 26 293 120 114 89 92 41~ 120 114 104 10~ 443 374 36 39, 38 843 

Tnnponry Entploymont 

Wat<r project 
construdionc 0 0 0 0 0 134 121 74 " 344 134 121 368 109 732 0 0 0 0 0 

R<creation facilities 
construction• 0 0 0 0 0 10 10 10 7 37 10 8 8 10 36 0 0 0 0 0 

Notes: ~ fqpa""""""'"' the nurnllll' of......t FTE dina lltd .........lory jells go:n<roted within Son Joaquin and Contra Costa Counties. Estimates and projedions ore based on employment multipliers from the Regionollnpot-Output Modelins System (U.S. Bureau of Economic Anolysil 
1987). 

Agricultural employment includ<s estimated employm<nt generated by production of 1,120 acTes on Holland Tract exclud.:d from the project under Alternatives I and 2, but includ.:d in the project under Ahanative 3. 

• R.,.,....... dina IIJd IICClOIIdary employm<nt g<n<roted by the operation and maintenonco of wat<r and rocreotion faoiliti<s. n.. ... <ntployrncnt estimates r<present the number of FTE direct and secondary jobs senerated by operation and maintenance of facilities located on the DW project islands; 
dtese <ntployment tolllls do not ne=sarily represent the number of penons who would ac1ually be hired to wort< on the islands and within the region. 

Repr......ts direct and secondary FTE <ntploynk.'lll g<n<rot.:d per year by construction ofwat<r project facilities. Employnl<nl gonerated hy the construction of water fadlities is expected to lost I.~ yean (2.~ years for construction of facilities on Bouldin Island under Alternative 3). 

• Repr<Sftlls direct and s.ooondary FTE enoplo)ment B<JJ<r•ted per year by construction of rocreation facilities. Employment g<.'llerated by construction of recreation facilities is expected to lost 20 years. 
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Tahle 3K.6. C••nrarison oflncome Estimat.:d to lk Gen<rot.:d undor tho DW VrojL'CI Altomatives ($1,000) 

Employm<nl 
Genenlor 

Annuli-

Agriculture 

R.:creation 

Operations and 
maintenance' 

Total armual income 

T•noporary Income 

Water project 
construdion( 

Rt\.Teation facilities 
construction' 

5,100.5 

45.6 

_QJ! 

5,146.1 

0.0 

0.0 

Bacon 
Island 

190.9 

10.4 

_QJ! 

201.3 

0.0 

0.0 

1988 Existing Conditions 

Webb 
Tract 

784.0 

8.0 

I 

_QJ! 

792.0 

0.0 

0.0 

Bouldin 
Island 

Holland 
Tract 

All 
Islands 

610.8 6,686.2 

4.2 68.2 

_QJ! _QJ! 

615.0 6,754.4 

0.0 0.0 

0.0 0.0 

Notes: Income is shown in thousands of 1993 dollan. 

Bacon 
Island 

0.0 

508.5 

3 446.8 

3,955.3 

5,549.9 

414.2 

Webb 
Tract 

0.0 

509.4 

3.229.1 

3,738.5 

5,011.5 

414.2 

Alternatives I and 2• 

llouldin 
Island 

0.0 

523.4 

2.285.8 

2,809.2 

3,064.9 

414.2 

Holland 
Tract 

217.6 

302.0 

2.467.2 

2,986.8 

621.2 

289.9 

Income ligures r<prcsenlthe omual direct and secondary income generated within San Joaquin and Contra Cosla Counties. 

All 
Islands 

217.6 

1,843.3 

l.!.ill,2 

13,489.8 

14,247.5 

1,532.S 

Estimates and projections are based on income multiplicra from the Regional Input-Output Modeling System (U.S. Bureau of Economic Analysis 1987). 

Bacon 
Island 

0.0 

508.9 

3 446.8 

3,955.7 

5,549.9 

414.2 

Webb 
Tract 

0.0 

509.7 

3.229.1 

3,738.8 

5,011.5 

331.3 

A!tr.:malive 3' 

Bouldin 
Island 

0.0 

472.9 

2.902.6 

3,375.5 

15,241.5 

331.3 

Holland 
Tract 

0.0 

370.3 

J.lliJ. 

3,526.8 

4,514.4 

414.2 

All 
lalands 

0.0 

1,861.8 

12 73S.O 

14,596.8 

30,317.3 

1,491.0 

Bacon 
Island 

8,475.3 

103.0 

_M 

8,578.3 

0.0 

0.0 

No-Vroj<ct Alternative 

Webb 
Tract 

769.4 

58.2 

_M 

827.6 

0.0 

0.0 

Bouldin 
Island 

9,010.3 

64.4 

_M 

9,074.7 

0.0 

0.0 

Holland 
Tract 

838.7 

44.6 

_M 

883.3 

0.0 

0.0 

All 
Islands 

19,093.7 

270.2 

_M 

19,363.9 

0.0 

0.0 

' lnoome gonnted by recreation would be slightly higher undor Alternative 2 than undor Altemative I. Agricultural income includ<S estimaiL-d income g"""'ated by production of I, 120 acres on I tolland Tract excluded ftom the project under Alternatives I and 2, but included in the project under 
Alternative 3. 

• Represents direct and secondary income g"""'aled by the operation and maintenance of water and recreation facilities. 

R<presenls direct and secondary in.'Oill< general«! per year during the construelion of water project facilities. Construction of water facilities is expe.1.:d to requir< I.S years (2.5 years for construction of facilities on Bouldin Island under Alternative 3). 

• Rqw&:nts direct and ~«ondary iRL"'0\4: ~atOO (k"f' y.:ar during the construction ofr.:creation facilitit:~. Co11strudion of all recrcatioo facilities is expa..1ed to lut 20 years. 



Table 3K-7. l'roj.,.,1«1 Av<rage Gross Value ofCrors Grown on d1e OW Islands under d1e No-Project Alternative 

Dacon Island Wo:bb Tract Douldin Island Holland Tra•1 All Islands 

--
Total Tolal · Total Tolal Total 

Total Price Gross Tolal Price Gross Total Price Gross Tolal Price Grou Total Price Grou 
Crop Yield per Unit Value Yield per Unit Value Yield per Unit Value Yield per Unit Value Yield per Unit Value 

Wheat 4,368tons 113 493,584 3,948tons 113 446,124 8,316tons Ill 919,708 

Corn(field) 13,040tons 108 1,408,320 3,200tons 108 345,600 16,240 10111 108 1,751,920 

Onion 14,400tons 182 
I 

2,620,800 15,120tons 182 2,751,840 29,520tona 182 5,172,640 

Asparagus (fresh) 2,475tons 1,288 3,187,800 2,595tons 1,288 3,142,160 600tons 1,288 772,800 5,670 tona 1,288 7,102,960 

Polato 
Commercial 31,150 tons 198 6,207,300 38,400tons 198 7,601,200 69,750tona 198 IJ,810,500 
Se.:d 4,200tona 204 856,800 4,200tona 204 856,800 

Wine grape (crushed) 1,890tons 265 500,850 1,960tons 265 519,400 1,710 tons 7,560tons 135 1,020,250 

Pasture 60 acres $96/acre 5,760 540acres $96/acre 51,840 600 acres $96/acre 57,600 

Tolal 11,373,550 1,907,664 14,216,800 1,616,364 31,114,178 

----
Notes: Gross values are shown in 1991 dollars. 

l'rojecled tolal yidds are based on assumptions for cropping under inh:nsified agriculturo under die No-Project Alt<rnative. Refer to Chapter Jl, "Land Use and Agricuhure". 

Prices represent 5-year ( 1988-1992) averages for San Joaquin County, modified by infornl81ion provided by farrnen on die DW islands (forl<el pers. cornrn.). 

:: 
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Bacon Island 

Multipliers' Project«! 
Value of 

Production Income 
Crops Income Employmenl ($1,000). ($1,000) 

Wheat $0.4168 18.0 
I 

Com 0.3983 17.1 

Onions 0.6353 27.6 $2,620.8 $1,665.0 

Asparagus 0.6353 27.6 3,187.8 2,025.2 

Potatoo:s 0.6353 27.6 7,064.1 4,487.8 

Wine grapes 0.5936 25.6 500.8 297.3 

Pasture 0.4655 19.9 

Total $13,373.5 $8,475.3 

Not<S: Income and production values are shown in 1993 dollars. 

~TE = full-time equivalo:nt 

Table 3K-8. l'roja.1<d lncon"' and F.mployn~<nt Utn.,.at<d in San Joa~uin and C<Mtlra Costa Counties by Agricultural Use 
orthe DW Islands und.:r the No-l'roject i\Jto:rnative 

Wehb Tract llouldin Island 

Project«! Projected Projected 
Value of Value of Value of 

Employment Production Income Employment Production I"""""' Employment Production 
(ITE) ($1,000). ($1,000) (FTE) (SI,OOOf ($1,000) (ITE) ($1,000). 

$493.6 $205.7 8.9 $446.1 

1,408.3 560.9 24.1 345.6 

72.3 $2,751.8 $1,748.2 75.9 

88.0 3,342.4 2,123.4 92.3 772.8 

195.0 7,603.2 4,830.3 209.8 

12.8 519.4 308.3 13.3 

H 2.7 0.1 51.8 

368.1 $1,907.7 $769.4 33.1 $14,216.8 $9,010.3 39LJ $1,616.3 

Holland Tract All Islands 

Projected 
Value of 

Income Employment Production IDL"'flle Employment 
($1,000) (FfE) ($1,000}' ($1,000) (FfE) 

$185.9 8.0 $939.7 $391.7 16.9 

137.7 5.9 1,753.9 698.6 30.0 

5,372.6 3,413.2 148.3 

491.0 21.3 7,303.0 4,639.6 201.6 

14,667.3 9,318.1 404.8 

1,020.2 605.6 26.1 

24.1 LO 57.6 26.8 L1 

$838.7 36.3 $31,114.3 $19,093.6 828.8 

lnoon>< nathipli<ts '''!"'-''""~ d10 direct, indiro.1, and"""""" dtang< in inooltiO n:suhing &urn <adl additional dollar of output d<liwr,-d to linal d<mand. IIM.-ont< includ<s employ« compo:nsation and proprietors' o:aming<, minus proprietor contributions to welfare and pension funds. Employmenl multiplie 
r<presentth< dire•1, indirect, and indue«! change in the number ofFfE gt~k:fat<d by each additi<M13l Sl million of output d<livered to final d<mand. (U.S. Bureau of Economic Analysis 1987.) 

• Refer to Table 3K-7 for projected average gross value of crops. 





Chapter 3L. Affected Environment and Environmental 
Consequences - Traffic 

SUMMARY 

This chapter assesses the impacts of the DW project alternatives on traffic congestion, traffic circulation and access, 
and safety on roads and waterways in the project area during construction and operation of the DW project alternatives. 
Impacts of the DW project alternatives on the physical roadway structure are assessed in Chapter 3E, "Utilities and 
Highways". 

Implementation of Alternative 1, 2, or 3 would result in significant and unavoidable impacts on vehicle and boat 
traffic and congestion during project operation. The primary source of vehicle and boat traffic during project operation 
would be summer recreation' use of the DW project facilities. Increased boat-traffic congestion would contribute to 
waterway safoty problems in Delta channels. Clear posting of waterway intersections, speed zones, and potential boating 
hazard areas, as well as enforcement of boating regulations, would reduce potential safety problems near proposed 
recreation facilities to a less-than-significant level. 

Project construction under Alternative 1, 2, or 3 could also result in the creation of significant safety conflicts on 
Delta roadways and waterways. The addition of construction vehicles to roadway traffic levels and the use of large 
barges in Delta waterways would affect vehicle and boat safety. Clearly marking roadway intersections with poor 
visibility in the DW project vicinity, marking and lighting barges at the DW project islands, and notifying the U.S. Coast 
Guard of construction activities would mitigate these construction-related impacts to less-than-significant levels. 

Reducing agricultural vehicle traffic on Delta roadways during DW project operation would reduce safety conflicts 
between agricultural vehicles and other traffic. This is considered a beneficial impact of Alternatives 1, 2, and 3. 
Additionally, implementation of Alternative 1, 2, or 3 would result in Jess-than-significant impacts on peak-hour traffic 
and circulation during project construction and on waterway navigation conditions and traffic circulation during project 
operations. 

In combination with future traffic increases from other sources, the increase in traffic generated by Alternative 1, 
2, or 3 would contribute. to a significant and unavoidable cumulative impact on traffic congestion on Delta roadways. 
Although implementing Caltrans' route concepts for SR 4 and SR I 2 would reduce this impact to a Jess-than-significant 
level, no fUnding sources have been identified by Caltrans to implement this measure. Increased safety problems on Delta 
waterways as a result of increasing recreation use, combined with recent funding cutbacks for marine patrol services in 
the Delta, would constitute a significant and unavoidable cumulative impact. 

Under the No-Project Alternative, peak-hour traffic volumes would slightly increase because of increased agricultural 
production. Agricultural-vehicle traffic on Delta roadways would also increase, creating potential safety conflicts on 
roads in the DW project vicinity. Clearly marking intersections with poor visibility in the vicinity of agricultural 
operations would not be required, but could reduce this effect. Circulation on Delta roadways could be decreased by the 
addition of more slow-moving agricultural vehicles. Restricting agricultural vehicles from using Delta highways during 
peak hours would reduce this effect of the No-Project Alternative, but implementation of this measure would not be 
required. 
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AFFECI'ED ENVIRONMENT 

This section describes the existing roadway and 
waterway system and traffic conditions on and in the 
vicinity of the DW project islands. Information on the 
roadway system and traffic conditions is based, in part, on 
information collected for the 1990 draft EIRIEIS. Where 
conditions have not changed, this information has been 
used to describe current conditions. The description of 
the roadway and waterway system and traffic conditions 
has been updated, however, to reflect changes in traffic 
access. 

Sourcea of Information 

Infonnation on the current traffic environment in the 
DW project vicinity was compiled from various sources. 
1be main source of information Used for roadway traffic 
is Caltrans. Information on waterway traffic and safety 
comes from data, reports, and conversations with the 
California Department of Boating and Waterways, the 
State Lands Commission, San Francisco Estuary Project, 
SWRCB, the Delta Protection Commission, and Delta 
marina operators. 

Existing Roadway System 

The Delta is served by a network of COWlty roads, 
private roads, and state highways. SR 12, Interstate 5 
(1-5), SR 4, and SR 160 serve the project vicinity. In 
additio~ ferries provide transportation between islands 
that do not have bridges. Transportation facilities in the 
DW project area are described below and are shown in 
Figure 3L-1. 

Bacon Island 

Bacon Island Road, the only public road to Bacon 
Island, provides access from SR 4 to Bacon Island from 
the east. As it approaches Bacon Island, Bacon Island 
Road is a narrow, two-lane, east-west road with no 
shoulder and speeds posted at 15-30 nliles per hour 
(mph) at sharp turns. Access to Bacon Island via Bacon 
Island Road is provided by the Bacon Island bridge over 
Middle River. The bridge is a one-lane facility with 
signals on the east and west approaches and carries very 
little traffic. San Joaquin CoWlty has obtained fwlding 
and necessary approvals to construct a new Bacon Island 
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bridge; coostruction began in April 1994 and is expected 
to be completed in 1997 (Vidad pers. comm.). 

On Bacon Island, Bacon Island Road is a narrow, 
winding. north-south levee road with a posted speed limit 
of 25 mph. Bacon Island Road provides access to the 
Bullfrog Landing Marina and agricultural properties on 
the island The public portion of Bacon Island Road ends 
at the north end of Bacon Island at a bridge to Mandeville 
Island. Beyond the bridge, a private dirt/gravel road 
extends to the western edge of Bacon Island. 

SR 4 provides access between Bacon Island Road, 
Stockton, and the Sierra Nevada foothills to the east, and 
Brentwood and Antioch to the west. SR 4 is a two-lane, 
east-west highway with wide shoulders and a two-way 
left-tum lane east of the San Joaquin River but without a 
two-way left-tum lane across most of the Delta. SR 4 is 
a levee-top road at its intersection with Bacon Island 
Road. 

Webb Tract 

There are no roads providing access to Webb Tract; 
the Jersey-Bradford-Webb ferry, operated by the Delta 
Ferry Authority, provides ferry service to Webb Tract and 
Bradford Island from Jersey Island. Jersey Island Road 
provides access to the ferry on Jersey Island. Jersey 
Island Road is mostly Wlpaved and winds along the levee 
with scarcely enough room for two vehicles to pass in 
some areas. 

The Delta Ferry Authority operates the Jersey
Bradford-Webb ferry each hour from 8:00a.m. to 5:00 
p.m., Monday through Friday during fall, winter, and 
spring, and Friday through Tuesday during summer. 
During fiscal year 1991-1992, the total number of pass
engers using the ferry was I 0,440 (California Office of 
the Controller 1993). Based on this figure, average use 
for that year is estimated to have been approximately 40 
trips per day. The ferry system is fwlded through a reso
lution involving Contra Costa CoWlty, Webb Tract 
Reclamation District, and the Bradford Island Reclama
tion District, with each participant bearing one-third of 
the cost. 

Although there are no roads providing access to 
Webb Tract, private interior roads exist on Webb Tract 
to provide a way for vehicles to circulate once they are on 
the island. 
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Bouldin bland 

SR 12 crosses the north side of Bouldin Island from 
east to west, providing access to Fairfield and Napa to the 
west and extending to Lodi and the foothills to the east. 
On the island, SR 12 is a narrow-shouldered, two-lane 
highway across the island bottom, at 1 0-1 5 feet below 
water level in the exterior channels. In addition to SR 12, 
several narrow private interior roads provide access to 
agricultural operations on the island. 

At the east end of Bouldin Island, SR 12 crosses 
Little Potato Slough on a two-lane swing bridge that bas 
an approximately 35-foot clearance for boats. The speed 
limit is 55 mph on this segment of SR 12 (Simon pers. 
comm.). Access to the private dirt levee roads on 
Bouldin Island north and south of SR 12 is available 
approximately 0.25 mile west of the bridge. At the west 
end of the island, SR 12 crosses the Mokelumne River on 
a swing bridge. 

HoUand Tract 

Just north of the town of Brentwood in Contra Costa 
County, the east-west Delta Road turns north; crosses 
Rock Slough on a narrow, one-lane wooden bridge; and 
becomes Holland Tract Road. Holland Tract Road is a 
narrow, two-lane levee road that enters the southwest 
corner of Holland Tract. Since 1991, access northward 
on the west levee bas been blocked by a locked gate. To 
the east, the county road runs along the southern levee to 
the Holland Tract Marina, located at the southeast corner 
of the island. At the marina, the county road ends at a 
locked gate. In 1993, the Contra Costa County Depart
ment ofPublic Works abandoned responsibility for those 
sections of Holland Tract Road along the east and west 
perimeter levees beyond the locked gates; these are now 
private roads (Figure 3L-l ). The posted speed limit is 35 
mph on the public access portion of Holland Tract Road 
on the southern perimeter levee and is 25 mph at the 
marina. Additionally, private interior roads provide 
access to agricultural operations on the island. 

Existing Trafr~«: Conditions 

Traffic level of service (LOS) was evaluated along 
four two-lane highway segments in the DW project vicin
ity. Three of these segments are on SR 4 and one is on 
SR 12. These roadway segments were chosen for evalua
tion because they are located at the major access points to 
each island. · 
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LOS aiteria for two-lane highways address mobility 
and accessibility concerns. The primaxy measures of 
LOS are amount of delay, speed, and capacity utilization. 
Two-lane highway capacities vaxy depending on terrain 
and the degree of passing restrictions. The LOS ranges 
for two-lane highways, shown in Table 3L-l, are given in 
temls of a constant ideal capacity of 2,800 total passenger 
cars per hour. 

Existing traffic volumes (Table 3L-2) and LOS 
ranges (Table 3L-l) were used to determine existing LOS 
on these project vicinity roadways (Table 3L-3). The 
roadway segments evaluated are on flat terrain and have 
no-passing zones on 200/o of the roadway lengths, as 
determined during field observations. SR 12 on Bouldin 
Island currently operates at LOS D, indicating some delay 
in traffic operations. Narrow shoulders, passing restric
tions, and heavy truck traffic (14%) all contribute to the 
LOS on SR 12. SR 4 in the project vicinity operates in 
the LOS C-D range. Caltrans considers LOS D, E, and 
F to be unacceptable. Therefore, existing LOS is accept
able on SR 4 east of Tracy Boulevard and is unacceptable 
on all other roadway segments analyzed. 

Waterway TrafrK: and Safety 

Boat-related recreational activity in the Delta bas 
increased over recent years. The number of registered 
boats in California is approximately 841,300 (California 
Department of Motor Vehicles 1995). Of these, approx
imately 38,330, or 4.6%, are registered in Contra Costa 
County, and 22,780, or 2.7%, are registered in San 
Joaquin County. The Delta supports approximately 140 
commercial and public recreation facilities (see Figure 
3J-l in Chapter 3J, "Recreation and Visual Resources"). 
There are more than 80 public and private marinas in 
Contra Costa and San Joaquin Counties. Because of 
population growth in the Sacramento and Stockton areas 
and the Bay Area, the number of recreational boat users 
bas grown considerably. Boating is the primaxy recrea
tional activity in the Delta and makes up approximately 
17% of the Delta's total recreational use (see Chapter 3J, 
"Recreation and Visual Resources"). 

Boat traffic congestion is found along Delta water
ways and is often found at and around launch ramps and 
boat berthing areas. The California Department of 
Boating and Waterways requires that boats traveling 
within 200 yards upstream or downstream of boat docks 
maintain speeds of less than 5 mph. Restricted speeds, 
combined with boats moving into and out of waterways, 
create boat congestion on days of heavy recreational use 
(e.g., summer and holiday weekends). 
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A study of boating safety in the Delta shows that 
most safety problems on waterways are a result of: 

• boaters having limited knowledge and experi-
ence, 

• boats traveling at excessive speeds that create 
large wakes, and 

• a lack of uniformity existing in signs regulating 
boat speeds and other boater information. 

Boaters and enforcement agencies also agree that ob
scured visibility at intersecting waterways and the opera
tion of vessels by boaters under the influence of alcohol 
and/or drugs contribute to unsafe waterway conditions 
and boating accidents. In 1993,743 boating accidents 
occurred on California waterways. Of these, 36 and 34 
boating accidents occurred in Contra Costa County and 
San Joaquin County, respectively. ~igure 3L-2 shows the 
locations of accidents reported in the Delta between 1981 
and 1985. (California Department of Boating and Water
ways 1986.) 

Air Trafrac from Bouldin Island 

A small private airstrip is located on the east side of 
Bouldin Island, south of SR 12, and runs generally east
west. The airstrip is currently used for agricultural 
activities on Bouldin Island, Holland Tract, and Webb 
Tract. The airstrip is currently used primarily for aerial 
application of wheat and com seed, urea fertilizer, and 
herbicides. Some aerial observation flights are also made 
from the airstrip. Most of the agricultural flights are 
made :from mid-November through mid-March. 
However, com herbicide is applied in late spring or early 
summer, so a few flights are made during that time. 
Approximately 750 landings and takeoffs (a landing and 
a takoff in combination are counted as one) occur 
annually :from the airstrip, with more than 80% of those 
flights occurring during the period of mid-November to 
mid-March. 
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IMPACT ASSESSMENT 
METHODOLOGY 

Analytical Approach and 
Impact Mechanisms 

In this analysis, impacts on roadway traffic and 
waterway traffic were assessed. The methods and as
sumptions used are described below. 

Roadway Traft"ac 

Impacts related to congestion, circulation, and access 
were analyzed for this chapter; they are the major indi
cators of traffic conditions in a given area. Safety impacts 
were also analyzed because of the potentially dangerous 
conditions associated with the addition of large construc
tion or agricultural vehicles to semirural roadways. 

There are two periods of impact assessed in this 
chapter: construction, which is temporary, and operation, 
which is long term. In both cases, impacts were analyzed 
through comparison between LOS for each DW project 
alternative and future (2010) without-project LOS. It 
should be noted that the No-Project Alternative includes 
intensified agricultural activities and is not the same as 
future without-project conditions. Future without-project 
conditions represent traffic levels that would exist in 
2010 if the DW project were not implemented and the 
intensified agricultural activities associated with the No
Project Alternative did not occur. Future without-project 
conditions are used as a basis for comparison in order to 
determine the increment of change directly related to 
implementation of the DW project. If, for example, 
traffic levels related to an earlier year were used for 
comparison, it would not be possible to determine which 
portions of estimated changes in traffic levels under a 
DW project alternative were attributable to the DW 
project and which were attributable to other unrelated 
activities. 

Construction Impacts. Construction impacts con
sist of impacts related to traffic congestion, safety, circu
lation, and access occurring during the approximately 
1.5-year project construction period (the construction 
period would be approximately 2.5 years long under 
Alternative 3 on Bouldin Island). Although existing 
fanning activities would gradually be phased out over the 
period of construction, under the worst-case scenario, it 
is assumed that some of the existing farming activities 
would still be conducted throughout the construction 
period. Because construction-related impacts would 
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occur only during the period of construction, they are 
ooosidered sbort-tenn impacts. Construction-related con
gestion impacts were analyzed through comparison be
tween LOS foc the period of OW project construction and 
future without-project LOS. Construction-related safety, 
circulation, and access impacts were analyzed quali
tatively. 

Operation lmpadl. Operation-related impacts 
consist of impacts on traffic congestion, safety, and cir
culation during the life of the OW project (access to the 
OW project islands is expected to be a potential issue 
only during construction). Congestion was analyzed 
through canparisoo. between LOS during operation of the 
OW project and future without-project LOS. Operation
related safety and circulation impacts were analyzed 
qualitatively. 

Future without-project LOS was determined in two 
different ways. For the segment of SR 12 west ofT enni
nous and the segment of SR 4 e8st of Tracy Boulevard, 
LOS was supplied by Caltrans (Chalk pers. comm.). For 
all other roadway segments, LOS was calculated using 
future without-project volumes and an asswned capacity 
of2,800 cars per hour to determine the volume-to-capa
city (V/C) ratio (Transportation Research Board 1985). 
The V/C ratio is defined as the ratio of the volume of cars 
traveling on a roadway to the maximum capacity of that 
roadway. Table 3L-l was then used to determine LOS 
based on the calculated V/C ratio. It was asswned that 
roadways analyzed are on flat terrain and that no passing 
is allowed on 200/o of the length of the roadways. 

LOS W1der the OW project was calculated the same 
way that future without-project LOS was calculated. 
However, the volumes used were the totals of the future
year without-project volumes supplied by Caltrans plus 
the number of trips that would be generated by the OW 
project alternatives. 

Trip Generation and Distribution. Trips gener
ated by the OW project alternatives are shown in Table 
3L-4. Sources of traffic under existing conditions and the 
No-Project Alternative are recreationists and agricultural 
~oos. Sources of traffic Wider Alternatives I, 2, and 
3 are recreationists, agricultural operations, and project 
maintenance activities. Vehicle travel between recreation 
facilities and the Bouldin Island airstrip was not included 
in the sources of traffic. Although agricultural and recre
ation-related traffic would not peak during the same 
mooths, all sources of traffic were combined to make this 
a worst-case analysis. Peak-hour trips are vehicle trips 
made during the hour of the day with the greatest traffic 
volume. Conunonly, an approximately 10:1 relationship 
exists between daily traffic and peak-hour volumes. 
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Therefore, it was asswned that 10% of dmly trips would 
operate during the peak hour. For a more detailed break
down of trip generation, see Appendix L 1, "Estimated 
Trip Generation". 

Agricultme- and conslruetion-related trip generation 
estimates were provided by the project proponent, and 
recreation-related trip generation was calculated for 
existing conditions and Alternative 1 and 3 and the No
Project Alternative as described below. Recreation
related trip generation for Alternative 2 would be almost 
identical to recreation-related trip generation for Alter
native I. 

Vehicle and boat trip generation was estimated for 
recreation-related use for all seasons of recreational 
activity (Table 3L-5). These estimates, described in the 
following sections, were used to determine the season 
with the greatest amount of recreational trip generation. 

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, trips generated by recreational 
activities under existing conditions and the No-Project 
Alternative were estimated based on estimates of hunting 
activities during the hunting season. Under Alterna
tives I and 3, summer would be the peak recreation 
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 traffic analysis for 
Alternatives 1 and 3, hunting is not included as a source 
of recreation-related trips for the peak use impact assess
ment for these alternatives beause 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 annual hunter use-days expected 
on the OW 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 pation of a 24-hour period. The follow
ing assmnptions were used to determine annual hunting
related vehicle trips: 

• Hunters would not stay overnight; therefore, 
each hunter use-day represents one hunter. 

• Vehicle occupancy would be two people per 
vehicle. 
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• 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 hWlting 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. 

Alternatives 1 and 3. HWlting-related vehicle 
trip generation for Alternatives I and 3 was estimated in 
the same manner as for existing conditions. However, the 
DW project alternatives would include lodging facilities 
for hWlters; therefore, the number of hWlters was esti
mated based on the following assumptions: an overnight 
hWlter accoWlts for two hWlter use-days, 700/o of the 
hwtters would stay overnight at the project facilities, and 
the remaining 30% of the hwtters would come for day use 
only. Also, it was aswned that 10% of the hWlters using 
Webb Tract would travel by private boats and would not 
use the ferry. 

Estimates of annual hwtter 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 amoWlt of hWlting that would occur 
during the approximately 5- to 1 5-year period following 
project start-up. After this initial period, hwtting 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 hWlting would be 
allowed in future years Wlder 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 Wlder consideration, days on which hm1ting 
would be allowed varied from 4 7 to 86. 

Hwtting also would result in boating on the interior 
of the project islands Wlder Alternatives 1 and 3. Trip 
generation for hWlting-related boating was estimated 
based on the number of hWlters expected to use the 
project islands each day, assuming an occupancy of two 
people per boat. This activity-is not considered a part of 
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 hm1ting 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 
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Alternatives I and 3 was estimated for each season using 
peak-use estimates for each season. Boating activity is 
the largest source of vehicle trip generation Wlder Alter
natives I and 3 during the swnmer. Boat berths that 
would be constructed Wider the OW project alternatives 
are projected to have an average boat occupancy rate of 
70% (see Chapter 3J, wRecreation and Visual Re
sourcesw). Estimates of the percentage of docked boats 
that are used on a peak day were used to estimate the total 
number of boats that would be used per peak day for each 
season under Alternatives I and 3. Estimates were based 
on the assumptions that each boat would complete two 
trips each day, and that the occupancy rate would be three 
people per boat. 

The numbers of boating-related vehicle trips Wlder 
Alternatives 1 and 3 were calculated based on the 
numbers ofboaters (assuming three boaters per boat), the 
number 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 hm1ting season. 
Because 5% of the hWiters are assumed to engage in 
pleasure boating, 5% of the hm1ting-related vehicle trips 
were subtracted from the boating-related vehicle trips 
during the hm1ting season. 

Generation of vehicle trips related to other recrea
tional activities wtder 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 
number was estimated in relation to the number of boat
ers expected to Use the islands. See Chapter 3J, wRecre
ation and Visual Resources", for further explanation of 
this estimate. It was assumed that 90% of these recrea
tionists would drive to the islands or, in the case of Webb 
Tract, to the ferry. A vehicle occupancy of two people 
per car was assumed. 

It should be noted that all trips referred to in this 
chapter and in Chapter 30, "Air Quality", are one-way 
trips. It should also be noted that the vehicle-to-boat trips 
included in this analysis are not vehicle trips made to the 
ferry, but are vehicle trips made to private boats. How
ever, all vehicle trips made wdirectly" to Webb Tract are 
actually vehicle trips made to the Jersey-Bradford-Webb 
feny, which would transport the vehicles and passengers 
to Webb Tract. These vehicle trips should not be con
fused with vehicle trips made to private boats going to 
Webb Tract. 

Also, harvest vehicle trips are distinguished from 
nonharvest agricultural trips by the fact that harvest trips 
are made to deliver harvested crops. Nonharvest agricul
tural trips include all other agricultural trips. 
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Table 3L-4 shows peak-hour trip generation for 
existing conditions; Alternatives 1, 2, and 3; and the No
Project Alternative. Trips generated by the DW project 
were assigned to roadway segments based on the follow
ing trip distribution asswnptions: 

• 50% of all trips generated by the DW project 
approach the project area from the west, and the 
other half approach it from the east; 

• 100% of all DW project trips generated by 
Bacon Island use Bacon Island Road; 

• 100% of all DW project trips generated by 
Bouldin Island use SR 12 west ofTerrninous; 
and 

• 50% of all DW project trips generated by 
Bacon Island, Webb Tract, and Holland Tract 
use SR 4 east of Tracy Boulevard, SR 4 south 
of Cypress Road, and SR. 4 south of Delta Road. 

The first asswnption listed above is based on the 
understanding that there are population centers and 
appropriate work forces located to both the east and west 
of the DW project site and the asswnption that it is 
equally likely that recreationists and DW workers would 
cane from one direction as from the other. All the other 
assumptions listed above follow from the first assump
tion. 

Waterway TraffiC and Safety 

The number of boat trips expected to occur per day 
during construction and operation of the DW project are 
shown in Table Ll-2 of Appendix Ll, "Estimated Trip 
Generation". The numbers of boat trips expected to 
occur per day under existing conditions and the No
ProjectAltemativeareshownin TablesLl-1 andLI-3 of 
Appendix L1, respectively. Boat trip estimates are based 
m the proposed recreation facility design (see Figures 2-
7 and 2-8 in Appendix 2, "Supplemental Description of 
the Delta Wetlands Project Alternatives") and projected 
use of the facilities (see Chapter 3J, "Recreation and 
Visual Resources"). The analysis addresses project 
effects on waterway traffic.. safety, and navigability in 
Delta waterways during construction and operation. 
Waterway traffic and safety would be affected by changes 
in boat use in the Delta and changes in the condition of 
channels adjacent to the DW project islands. 
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Criteria for Determining 
Impact SignlfiC&Ilce 

Trafi"IC Congution 

An alternative is considered to have a significant 
impact if it would cause a roadway segment to go from 
one LOS under future without-project conditions to a 
lower LOS during construction or operation of the project 
(e.g., from LOS B to LOS C). Additionally, an alterna
tive is considered to have a significant impact if it would 
add 25 or more vehicle trips to the peak-hour volume on 
a roadway segment with an already unacceptable LOS 
(estimated for future without-project conditions). This 
25-trip threshold is based on the San Joaquin County 
Congestion Management Plan (San Joaquin County 
Council of Governments 1991 ), which states that a 
project would have a significant impact if it would result 
in the addition of 250 or more trips to the daily traffic 
volume. Using the 10: 1 ratio for daily to peak-hour traf
fic volume, a 25-trip peak-hour volume threshold was 
derived from the daily threshold. Although this criterion 
is designed for use with general plans and general plan 
amendments, it is appropriate for use on other types of 
projects as well (VanDenburgh pers. cornrn.). Although 
not all roadways assessed in this analysis are located in 
San Joaquin County, this criterion was considered 
appropriate for use on all the roadways analyzed. Ac
cording to the San Joaquin County Congestion Manage
ment Plan, an LOS ofE or F is an unacceptable LOS on 
all roadways in San Joaquin County (Chalk pers. cornrn.). 
According to the Contra Costa County Transportation 
Authority, unacceptable LOS on non-freeway segments 
of SR 4 in Contra Costa County is LOS F (Engelmann 
pers. cornrn.). All roadway segments located in Contra 
Costa County analyzed in this chapter are non-freeway 
segments of SR 4. 

Conversely, an alternative is considered to have a 
beneficial impact if it would cause a roadway segment to 
go from one LOS Wlder future without-project conditions 
to a higher LOS during construction or operation of the 
project Additionally, an alternative is considered to have 
a beneficial impact if it would remove 25 or more vehicle 
trips from the peak-hour volume on a roadway segment 
with an already unacceptable LOS. 

Traft'"IC Safety 

An alternative is considered to have a significant 
impact if it would result in the operation of any additional 
large trucks or other equipment on Delta roadways during 
constructim or operation, compared with future without-
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project conditions. Conversely, an alternative is consid
ered to have a beneficial impact if it would result in the 
removal of any large trucks or other equipment from 
operatioo on Delta roadways during construction or oper
ation, compared with future without-project conditions. 

Trafl'"te Circulation and Aceea• 

An alternative is considered to have a significant 
impact if it would limit access to the project site or along 
haul routes during construction. An alternative is also 
considered to have a significant impact if it would alter 
circulation patterns on highways in the project vicinity 
during construction or operation. 

W atenvay Traft"'te and Safety 

An alternative is considered to have a significant 
impact on waterway traffic or safety if it would: 

• substantially increase boat traffic on waterways 
in the DW project vicinity during construction 
or operation, 

• adversely affect boat navigation in Delta water
ways by altering physical conditions in a 
channel, 

• involve the permanent placement of an obstruc
tion greater than one-third the width of the 
channel in waterways surrounding the DW 
project islands dwing construction or operation, 
or 

• increase the potential for boating accidents to 
occur in waterways swrounding the DW project 
islands dwing project construction or operation. 

IMPACTS AND MffiGATION 
MEASURES OF 

ALTERNATIVE 1 

Alternative 1 involves storage of water on Bacon 
Island and Webb Tract (reservoir islands) and manage
ment of Bouldin Island and Holland Tract (habitat 
islands) primarily for wildlife habitat Reservoir islands 
would be managed primarily for water storage, with 
wildlife habitat and recreation constituting secondary 
uses. The impacts of Alternative 1 on traffic conditions 
in the DW project area are described below. In cases in 
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which an impact is designated as significant, appropriate 
mitigation is recommended. 

Level of Sen'ice on 
Delta Roadways 

Traffic generated during construction under Alterna
tive 1 would consist of vehicles canying workers to the 
project sites and trucks bringing materials to the project 
sites. The sources of traffic generated during operation of 
Alternative 1 are recreation, agriculture, and project 
maintenance activities. See Table Ll-2 in Appendix L1 
for estimates of the number of trips that would be gener
ated on each island during construction and operation of 
Alternative 1. 

Alternative 1 involves the potential sale of water 
stored on the reservoir islands. If water sales do occur, 
water would be transferred through existing pipelines and 
aqueducts to the purchaser. Therefore, implementation 
of Alternative 1 would not generate traffic associated with 
transport of water. 

Bacon Island 

Construction. As shown in Table 3L-6, the esti
mated peak-hour volume on Bacon Island Road at the 
Bacon Island bridge during construction under Alter
native 1 is 241 and under future without-project condi
tions is 234. As shown in Table 3L-7, this roadway 
would operate at LOS A under future without-project 
conditions and during construction under Alternative 1. 

As shown in Table 3L-6, the estimated peak-hour 
volmne on SR 4 east ofTracy Boulevard during construc
tion under Alternative 1 is 1,1 09 and under future with
out-projectconditions is 1,100. As shown in Table 3L-7, 
the LOS on this roadway segment would be D under 
future without-project conditions and during construction 
under Alternative 1. 

Operation. As shown in Table 3L-6, the estimated 
peak-hour volume on Bacon Island Road at the Bacon 
Island bridge during operation of Alternative 1 is 290 and 
underfuturewithout-projectconditions is 234. As shown 
in Table 3L-7, the LOS on this roadway segment would 
be A under future conditions with and without Alterna
tive 1. 

As shown in Table 3L-6, the estimated peak-hour 
volmne on SR 4 east ofT racy Boulevard during operation 
of Alternative 1 is 1,171 and under future without-project 
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conditions is 1,100. As shown in Table 3L-7, the LOS 
on this roadway segment would be D under future 
conditions with and without Alternative 1. 

Webb Tract 

Conatruction. As shown in Table 3L-6, the esti
mated peak-hour volwne on SR 4 south of Cypress Road 
during construction under Alternative 1 is 2, 7 41 and 
under future without-project conditions is 2,732. As 
shown in Table 3L-7, the LOS on this roadway segment 
would be E under future without-project conditions and 
during construction under Alternative 1. 

Opentioo. As shown in Table 3L-6, the estimated 
peak-hour volmne on SR 4 south of Cypress Road during 
operation of Alternative l is 2,803 and under future with
out-project conditions is2,732. As shown in Table 3L-7, 
the LOS on this roadway segment would be E under 
future without-project conditions and F under Alterna
tive 1 conditions. 

Bouldin Island 

Conatruction. As shown in Table 3L-6, the esti
mated peak-hour volwne on SR 12 west of Terminous 
during construction under Alternative 1 is 2,903 and 
under future without-project conditions is 2,900. As 
shown in Table 3L-7, the LOS on this roadway segment 
would be F under future without-project conditions and 
during construction under Alternative 1. 

Operation. As shown in Table 3L-6, the estimated 
peak-hour volwne on SR 12 west ofTerminous during 
operation of Alternative 1 is 2,949 and under future with
out-project conditions is 2,900. As shown in Table 3L-7, 
the LOS on this roadway segment would be F under 
future conditions with and without Alternative 1. 

HoUand Tract 

Construction. As shown in Table 3L-6, the esti
mated peak-hour volwne on SR 4 south of Delta Road 
during construction under Alternative 1 is 2,847 and 
under future without-project conditions is 2,838. As 
shown in Table 3L-7, the LOS on this roadway segment 
would be F under future without-project conditions and 
during construction under Alternative l. 

Operation. As shown in Table 3L-6, the estimated 
peak-hour volwne on SR 4 south of Delta Road during 
operation of Alternative l is 2,909 and under future with-
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out-project conditions is 2,838. As shown in Table 3L-7, 
the LOS on this roadway segment would be F under 
future conditions with and without Alternative 1. 

Summary of Project Impacta and Recommended 
Mitigation Meuurea 

Impact L-1: Increase in Traffic on Delta Road
way• during Project Construction. Implementation of 
Alternative 1 would slightly increase peak-hour volwnes 
during project construction. However, the increase in 
volmne would be less than 25 trips on all roadways anal
yzed. Furthermore, the LOS letter grade would not be 
affected on any of the roadways analyzed. Therefore, this 
impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact L-2: Increase in Traffic on Delta 
Roadways during Project Operation. Implementation 
of Alternative 1 would increase peak-hour volwnes 
during project operation. As shown in Table Ll-2, the 
majority of trips generated under Alternative 1 would be 
generated by swnmer recreationists (e.g., boaters). The 
increase in peak-hour volwne would be more than 25 
trips on all roadways analyzed. Of these roadways, two 
have unacceptable LOS under future without-project 
conditions, including SR 12 west ofT erminous and SR 4 
south ofDelta Road (see Table 3L-7). Therefore, imple
mentation of Alternative 1 would result in the addition of 
more than 25 peak-hour trips to roadway segments with 
already unacceptable LOS under future without-project 
conditions. Additionally, LOS would be reduced by a 
letter grade, from E to F, on SR 4 south of Cypress Road. 
For these reasons, this impact is considered significant 
and unavoidable. 

Mitigation. No mitigation is available to 
reduce this impact. However, if the project description 
were modified to reduce the nwnber of recreation 
facilities built on the OW project islands, this impact 
could be reduced to a less-than-significant level. 

Safety on Delta Roadways 

Under Alternative 1, traffic safety on Delta roadways 
would be adversely affected by the addition of large, 
slow-moving vehicles. Large vehicle traffic generated 
during construction under Alternative 1 would consist of 
trucks carrying materials to the project sites as well as 
agricultural vehicle traffic associated with concurrent 
agricultural activities. Large vehicle traffic generated 
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during operation of Alternative 1 would consist solely of 
agricultural vehicle traffic. The issue of safety on Delta 
roadways was assessed qualitatively for this chapter. See 
Table L'-2 in Appendix Ll for the number of large 
vehicle trips generated on each island during construction 
and operation of Alternative 1. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact :1,3: Creation of Safety Conflicts on 
Delta Roadways during Project Construction. Imple
mentation of Alternative 1 would slightly increase traffic 
during project construction (Table 3L-6). A portion of 
this increase would consist of large trucks transporting 
materials to the OW project islands. As explained above 
under "Criteria for Determining Impact Significance", an 
alternative is considered to have a significant impact if it 
would result in the addition of any large trucks or other 
equipment to Delta roadways. This criterion is quite 
stringent because of the great potential for safety conflicts 
on these roadways. Although agricultural activities 
would taper off from current levels throughout the con
struction period, under the worst-case scenario, it is 
assumed that all existing agricultural traffic levels would 
continue throughout the construction period. Therefore, 
because construction vehicles would be added to traffic 
on Delta roadways, this impact is considered significant. 

Implementing Mitigation Measure L-1 would reduce 
Impact L-3 to a less-than-significant level. 

Mitigation Measure :1,1: Clearly Mark 
Intenections with Poor Visibility in the DW Project 
Vicinity. Before beginning construction at any of the 
OW project sites, visibility at intersections in the project 
vicinity shall be visually assessed. If visibility is poor at 
any intersection, highly visible signs shall be posted at all 
approaches to the intersection stating that construction 
activity is taking place and that drivers should be aware 
of construction vehicles traveling on roads in the area. 

The construction contractor and a representative of 
the San Joaquin County Department of Public Works 
shall visually assess visibility at intersections along 
Bacon Island Road, SR 4 from I-5 to Bacon Island Road, 
SR 4 from Bacon Island Road to the San Joaquin County 
line, and SR 12 from I-5 to the west end of Bouldin 
Island. 

The construction contractor and a representative of 
the Contra Costa County Department of Public Works 
shall visually assess visibility at intersections along SR 4 
from the Contra Costa County line to SR 160, Jersey 
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Island Road from Cypress Road to the Jersey-Bradford
Webb feny, Cypress Road from SR 4 to Jersey Island 
Road, Delta Road from SR 4 to Holland Tract Road, 
Holland Tract Road from Delta Road to its end, Byron 
Highway from SR 4 to Delta Road, and SR I2 from the 
west end of Bouldin Island to SR 160. 

Impact L-4: Reduction in Safety Conflicts on 
Delta Roadways during Project Operation. Farm 
vehicles and trucks transporting agricultural products 
occasionally cause traffic congestion on Delta roadways. 
The congestion is most apparent when these relatively 
slow-moving vehicles operate on high-speed roadways. 
The congestion is most frequent during harvest season, 
when the number of farm vehicles and transport trucks 
operating on public roads reaches a peak. For example, 
in 1 988, more than 400 truckloads of com left Bouldin 
Island on SR I2 during the com harvest (Wilkerson pers. 
comm.). Additionally, operation of these vehicles on 
public roadways can increase the frequency of traffic 
accidents. 

Implementation of Alternative 1 would result in a 
reduction in agricultural vehicle traffic on Delta roadways 
during project operation (see Tables Ll-I and LI-2 in 
AppendixLl, "Estimated Trip Generation"). Therefore, 
this impact is considered beneficial. 

Mitigation. No mitigation is required. 

Circulation on and Access to 
Delta Roadways 

During construction of Alternative I, circulation on 
and access to Delta roadways could be adversely affected 
by road closures or detours. During operation of 
Alternative I, circulation and access could be adversely 
affected by increased peak-hour traffic volumes, as dis
cussed above under "Level of Service on Delta Road
ways". The issues of circulation on and access to Delta 
roadways are assessed qualitatively in this chapter. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact :1,5: Decrease in Circulation on or 
Access to Delta Roadways during Project Construc
tion. Because most of the construction activity would 
take place on the interior side of the levees, implemen
tation of Alternative 1 would not cause traffic conflicts, 
detours, or lane closures during construction on the OW 
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project islands. Therefore, this impact is considered less 
than significant. 

Mitigation. No mitigation is required. 

Impact L-6: Change in Circulation on Delta 
Roadways during DW Project Operation. Implemen
tation of Alternative 1 would not involve any alterations 
to the existing roadway network in the project vicinity. 
Therefore, implementation of this alternative would not 
change circulation patterns on Delta roadways. This 
impact is considered less than significant. 

Mitigation. No mitigation is required. 

Waterway Trafl"'~e and Safety 

Waterway Trafi"'IC and Circulation .. 

During operation of Alternative 1, waterway traffic 
would increase and could adversely affect boat circulation 
on Delta waterways. Under Alternative 1 , an estimated 
560 boats would originate from the DW project recrea
tion facilities on a peak summer day. Assuming two trips 
per boat, implementation of Alternative 1 would increase 
peak boating use by I, 116 boat trips. Bacon Island and 
Webb Tract would each generate 323 boat trips; Bouldin 
Island and Holland Tract would generate 294 and 176 
boat trips, respectively (Table 3L-5). There are no 
current "studies to document boat-trip generation for the 
entire Delta (Delta Protection Commission 1995). How
ever, as described in Chapter 3J, "Recreation and Visual 
Resources", implementing Alternative 1 is projected to 
increase average annual boating in the Delta by 5%. 
Therefore, the increase in peak-day boat trips under 
Alternative I is assumed to be proportional to the esti
mated increase in annual boating recreation use. 

Construction of new boat facilities would increase 
restrictions on existing boat use on waterways adjacent to 
the DW project islands. As described in the "Affected 
Environment" section, boat speeds are restricted to 5 mph 
within 200 yards upstream or downstream of boat docks. 
If all DW recreation facilities were constructed in water
ways that do not have existing speed restrictions, the 
facilities would require restrictions on over 8 miles of 
Delta waterways. Restricted speeds, combined with 
boats moving into and out of waterways, create boat 
congestion on days of heavy recreation use. Therefore, 
implementing the DW project would contribute to boat 
traffic congestion adjacent to the DW project islands. 
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Navigation 

During construction under Alternative 1, large 
barges loaded with rock would be transported to the DW 
project islands. Additionally, a barge would be perma
nently moored at the DW project islands to assist off
loading and placement of rock. Because of their size, 
barges could obstruct more than one-thrid the width of a 
channel. Therefore, use of barges would contribute to 
navigation and safety issues on Delta waterways during 
construction. 

The proposed design of the recreation facilities 
includes a 36-berth floating boat dock and a gangway that 
extends 40 feet into the adjacent channels (see Appendix 
2, Figures 2-7 and 2-8). To minimize effects on naviga
bility of these waterways, DW would design and con
struct all floating boat docks and gangways in accordance 
with the recommended standards of the 1991 Department 
of Boating and Waterways' Layout, Design and Con
struction Handbook for Small Craft Boat Launching 
Facilities. In compliance with Corps recommendations 
for boat facilities, floating boat docks would not extend 
more than one-third the horizontal distance across the 
channel and a navigation channel of not less than 100 feet 
would be maintained at all times. 

Water discharged from the reservoir islands into 
adjacent channels would not adversely affect navigation 
in those locations. Pumps would include an expansion 
chamber to slow the speed of water entering the Delta 
channels. The cross-sectional area at the point of dis
charge would be 30 square feet, resulting in an exit velo
city of3.33 feet per second By the time water has moved 
a few feet past the pump exit, the velocity would slow to 
well below scour velocity (see Chapter 3B, "Hydrody
namics"), and with a pump spacing of 25 feet and a 
channel water depth of approximately 12 feet, the water 
velocity would slow to 0.33 feet per second by the time it 
reaches the surface. At this speed, water entering the 
Delta channels would not affect navigation of even small 
boats on the water surface. Appendix 2 describes the 
pump design in more detail. 

Safety 

Implementation of Alternative 1 would adversely 
affect boating safety on Delta waterways by increasing 
boat traffic, contributing to congestion, and adversely 
affecting navigation during project construction. The 
introduction of more boats to waterways surrounding the 
DW project islands would increase the potential for 
accidents. As described above, excessive speeds, large 
wakes, boaters with limited knowledge and experience, 
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and a lack of uniformity in signs regulating boat speeds 
and other boating information contribute to safety prob
lems on Delta watetways. As shown in Figure 3L-2, 
areas most prone to accidents include Little Potato 
Slough near Terminous, the southern end of Holland 
Tract near Palm Tract, areas along the southern portion 
ofBacoo Island, and areas in the vicinity of Franks Tract 
along the Piper Slough. 

Summary of Project Impacts and Recommended 
Mitigation Meaaura 

Impact L-7: Increase in Boat Tratrac: and Con
geation on Delta Waterways during DW Project 
Operation. Implementation of Alternative I would 
result in the addition of 1,116 boat trips on a peak 
swnmer day to waterways in the DW project vicinity. 
Based on estimated recreation use, it is estimated that 
boat trips would increase by approximately 5% over 
existing conditions. Also, construction of the recreation 
facilities would restrict boat speeds on up to approxi
mately 8 miles of Delta waterways. Restricted speeds, 
combined with boats moving into and out of waterways 
at the DW facilities, would create boat congestion on 
days of heavy recreational use. Therefore, this impact is 
considered significant and unavoidable. 

Mitigation. No mitigation is available to 
reduce this impact. 

Impact L-8: Change in Navigation Conditions on 
Delta Waterways Surrounding the DW Project 
Islands during Project Operation. Implementation of 
Alternative 1 would result in the construction of recrea
tion facilities with floating boat docks and gangways that 
would extend into the channels. However, the floating 
boat docks and gangways would not extend more than 
one-third the horizontal distance across the channel and 
a navigation channel of not"less than 100 feet would be 
maintained at all times. Additionally, the boat docks and 
gangways would be constructed in accordance with 
recommended standards of the 1991 Department of Boat
ing and Waterways' Layout, Design and Construction 
Handbook for Small Craft Boat Launching Facilities. 
Therefore, this impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact L-9: Creation of Safety Conflicts on 
Delta Waterways during Project Construction. 
Implementation of Alternative 1 would result in a barge 
being permanently moored at the DW project island 
where construction is occurring. This barge would have 
a crane on it and would be moored using long pilings that 
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fit through openings in the base of the barge and are sunk 
into the riverbed (Stewart pers. comm. ). Tugboats would 
transport barges loaded with rock to the permanently 
moored barge for oftloading and placement. Because of 
its size and permanence, the barge is considered an ob
struction and is a cause for safety concerns during con
struction. Therefore, this impact is considered signifi
cant. 

Implementing Mitigation Measure L-2 would reduce 
Impact L-9 to a less-than-significant level. 

Mitigation Measure L-2: Clearly Mark the 
Barge and Notify the U.S. Coast Guard of Construc
tion Activities. The construction contractor shall ensure 
that the barge is well marked and lit. Additionally, the 
construction contractor shall contact the U.S. Coast 
Guard 2 weeks before consbuction begins so that a notice 
to mariners may be issued by the U.S. Coast Guard 
alerting boaters to the presence of the barge and to con
slruction activities occurring in the area. The contractor 
must inform the Coast Guard of the location and type of 
activity, whether night operations will be taking place, 
and whether there will be lights and buoys (Pisel pers. 
connn.). 'These safety measures are common practice for 
contractors performing work in marine environments 
(Stewart pers. comm.). 

Impact L-10: Increase in the Potential for Safety 
Problem on Waterways Surrounding the DW Project 
Islands. Implementation of Alternative 1 would adverse
ly affect boating safety on Delta waterways by increasing 
boat traffic, contributing to congestion, and adversely 
effecting navigation during project construction. There
fore, this impact is considered significant. 

Implementing Mitigation L-3 would reduce Impact 
L-1 0 to a less-than-significant level. 

Mitigation L-3: Clearly Post Waterway 
Intersections, Speed Zones, and Potential Hazards In 
the DW Project Vicinity. Prior to operation of the DW 
recreation facilities, intersections shall be assessed for 
speed requirements, poor visibility, and any unposted 
areas or potential hazards with respect to boating. If poor 
visibility conditions or any potential boating hazards 
exist, these areas shall be marked with buoys, waterway 
markers, and information signs in accordance with the 
California uniform waterway marking system or federal 
lateral watetway system. Speed requirements shall be 
posted and enforced in accordance with local and state 
laws and ordinances. 
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Air Traf'I"IC from Bouldin Island 

Under Alternative 1, the Bouldin Island airstrip 
would be available for maintenance and recreational 
activity on the DW project islands. Hunters and other 
recreationists could fly to the island, and DW would use 
the airstrip for habitat maintenance (e.g., seed dispersal 
and application of herbicide and pesticide). The HMP 
places restrictions on timing and frequency of takeoffs 
and landings from the airstrip during the waterfowl 
season (September 1 to March 31) to reduce disturbances 
to wildlife (see Appendix G3, "Habitat Management Plan 
for the Delta Wetlands Habitat Islands"). During other 
times of the year, no restrictions would be placed on use 
of the airstrip. However, DW anticipates that the use of 
the airstrip would average up to 300 takeoffs and 
landings throughout the rest of the year, with 
approximately 500/o of those flights occurring during 
summer. Combined with the limit of 100 takeoffs and 
landings during the hunt seasan, the number of flights 
generated from the airstrip under Alternative 1 would be 
less than current levels for agricultural activities. 
Although the season of peak airstrip use may change from 
existing conditions, implementing the DW project would 
not substantially change operation of the airstrip. 
'Therefore, no adverse effects on existing air traffic would 
occur. 

IMPACI'S AND MmGATION 
MEASURES OF 

ALTERNATIVE 2 

'The impacts and mitigation measures of Altern11tive 
2 are the same as those described for Alternative 1. 

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 Bouldin Island airstrip would not 
be operated under this alternative. 

The peak-hour volumes for some roadways under 
Alternative 3 vary slightly from those estimated for 
Alternative I. 'These variations would not affect LOS for 
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any roadway. Impacts and mitigation measures relating 
to roadway safety, circulation and access, and waterway 
traffic and safety under this alternative are the same as 
under Alternative 1. 

Level of Service on 
Delta Roadways 

Traffic sources during construction and operation of 
Alternative 3 would be the same as those described for 
Alternative 1. Trip generation under Alternative 3 was 
estimated in the same manner and using the same 
assumptions as trip generation under Alternative 1. 

Bacon Island 

Construction. As shown in Table 3L-6, the esti
mated peak-hour volume on Bacon Island Road at the 
Bacon Island bridge during construction under Alterna
tive 3 is 241 and under future without-project conditions 
is 234. As shown in Table 3L-7, the LOS on this road
way segment would be A under future without-project 
conditions and during construction under Alternative 3. 

As shown in Table 3L-6, the estimated peak-hour 
volume on SR 4 east ofT racy Boulevard during construc
tion under Alternative 3 is 1 , 114 and under future with
out-projectconditionsis 1,100. As shown in Table 3L-7, 
the LOS on this roadway segment would be D under 
future without-project conditions and during construction 
under Alternative 3. 

Operation. As shown in Table 3L-6, the estimated 
peak-hour volume on Bacon Island Road at the Bacon 
Island bridge during operation of Alternative 3 is 290 and 
under future without-project conditions is 234. As shown 
in Table 3L-7, the LOS on this roadway segment would 
be A under future conditions with and without Alterna
tive 3. 

As shown in Table 3L-6, the estimated peak-hour 
volwne on SR 4 east ofT racy Boulevard during operation 
of Alternative 3 is 1,177 and under future without-project 
conditions is 1,100. As shown in Table 3L-7, the LOS 
on this roadway segment would be D under future con
ditions with and without Alternative 3. 

Webb Tract 

Construction. As shown in Table 3L-6, the esti
mated peak-hour volume on SR 4 south of Cypress Road 
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during construction under Alternative 3 is 2,746 and 
under future without-project conditions is 2,732. As 
shown in Table 3L-7, the LOS on this roadway segment 
would be E under future without-project conditions and 
during construction under Alternative 3. 

Operation. As shown in Table 3L-6, the estimated 
peak-hour volume on SR 4 south of Cypress Road during 
operation of Alternative 3 is 2,809 and under future with
out-project conditions is 2,732. As shown in Table 3L-7, 
the LOS on this roadway segment would be E under 
future without-project conditions and F under Alterna
tive 3 conditions. 

Bouldin Island 

Construction. As shown in Table 3L-6, the esti
mated peak-hour volume on SR 12 west of Tenninous 
during construction under Alternative 3 is 2,916 and 
under future without-project conditions is 2,900. As 
shown in Table 3L-7, the LOS on this roadway segment 
would be F under future without-project conditions and 
during construction under Alternative 3. 

Operation. As shown in Table 3L-6, the estimated 
peak-hour volume on SR 12 west ofTenninous during 
operation of Alternative 3 is 2,950 and under future with
out-project conditions is 2,900. As shown in Table 3L-7, 
the LOS on this roadway segment would be F under 
future conditions with and without Alternative 3. 

Holland Tract 

Construction. As shown in Table 3L-6, the esti
mated peak-hour volume on SR 4 south of Delta Road 
during construction under Alternative 3 is 2,852 and 
under future without-project conditions is 2,838. As 
shown in Table 3L-7, the LOS on this roadway segment 
would be F under future without-project conditions and 
during construction under Alternative 3. 

Operation. As shown in Table 3L-6, the estimated 
peak-hour volume on SR 4 south of Delta Road during 
operation of Alternative 3 is 2,9-15 and under future with
out-project conditions is 2,838. As shown in Table 3L-7, 
the LOS on this roadway segment would be F under 
future conditions with and without Alternative 3. 
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Summary of Project Impacts and Recommended 
Mitigation Meuures 

Impact L-11: Increase in Traft"ac on Delta Road
ways during Project Construction. Implementation of 
Alternative 3 would slightly increase peak-hour volumes 
during project construction. However, the increase in 
volume would be less than 25 trips on all roadways 
analyzed. Furthennore, the LOS letter grade would not 
be affected on any of the roadways analyzed. Therefore, 
this impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact L-12: Increase in Traffic on Delta Road
ways duriilg Project Operation. Implementation of 
Alternative 3 would increase peak-hour volumes during 
project operation. As shown in Table Ll-2, sununer 
recreationists would generate the majority of the vehicle 
trips estimated for Alternative 3. The increase in peak
hour volume would be more than 25 trips on all roadways 
analyzed. Of these roadways, two have unacceptable 
LOS under future without-project conditions, including 
SR 12 west ofTenninous and SR 4 south of Delta Road 
(see Table 3L-7). Therefore, implementation of Alterna
tive 3 would result in the addition of more than 25 peak
hour trips to roadway segments with already unacceptable 
LOS wtder future without-project conditions. Addition
ally, LOS would be reduced by a letter grade, from E to 
F, on SR 4 south of Cypress Road. This impact is 
considered significant and unavoidable. 

Mitigation. No mitigation is available to 
reduce this impact. 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. 

Safety on Delta Roadways 

The roadway safety impacts and mitigation measures 
of Alternative 3 are the same as those described for 
Alternative I. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact L-13: Creation of Safety Conflicts on 
Delta Roadways during Project Construction. This 
impact is described above under Impact L-3. This impact 
is considered significant. Implementing Mitigation Mea-
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sure L-1 would reduce Impact L-1 0 to a less-than-signi
ficant level. 

Mitigation Measure L-1: Clearly Mark 
Inteneetion• with Poor Vilibllity in the DW Project 
Vicinity. This mitigation measure is described above 
under wlmpacts and Mitigation Measures of Alterna
tive 1 w. 

Impact L-14: Reduction in Safety Conflict• on 
Delta Roadway• during Project Operation. This 
impact is described above Wldcr Impact L-4. This impact 
is considered beneficial. 

Mitigation. No mitigation is required. 

Circulation on and Access 
to Delta Roadways 

The circulation impacts and mitigation measures of 
Alternative 3 are the same as those described for Alter
native I. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Impact L-15: Decrease in Circulation on or 
Acce11 to Delta Roadways during Project Con
struction. This impact is described above under Impact 
L-5. This impact is considered less than significant. 

Mitigation. No mitigation is required. 

Impact L-16: Change in Circulation on Delta 
Roadways during Project Operation. This impact is 
described above under Impact L-6. This impact is con
sidered less than significant. 

Mitigation. No mitigation is required. 

Waterway Trafl"ac and Safety 

The waterway traffic and safety impacts and mitiga
tion measures of Alternative 3 are the same as those 
described for Alternative 1. 
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Summary of Project Impacts and Recommended 
Mitigation Meuures 

Impact L-17: Increase in Boat Trafl"ac and 
Congation on Delta Waterways during DW Project 
Operation. Implementation of Alternative 3 would 
result in addition of 1,17 5 boat trips on a peak summer 
day to waterways in the DW project vicinity. This impact 
is described above under Impact L-7 and is considered 
significant and unavoidable. 

Mitigation. No mitigation is available to reduce 
this impact. 

Impact L-18: Change in Navigation Conditions 
on Delta Waterway• Surrounding the DW Project 
lllands during Project Operation. This impact is 
described above under Impact L-8. This impact is 
considered less than significant. 

Mitigation. No mitigation is required. 

Impact L-19: Creation of Safety Conflicts on 
Delta Waterways during Project Construction. This 
impact is described above under Impact L-9. This impact 
is considered significant. Implementing Mitigation Mea
sure L-2 would reduce Impact L-19 to a less-than-signi
ficant level. 

Mitigation Measure L-2: Clearly Mark the 
Barge and Notify the U.S. Coast Guard of Con
struction A~ivities. This mitigation measure is de
scribed above under "Impacts and Mitigation Measures 
of Alternative 1 ". 

Impact L-20: Increase in the Potential for Safety 
Problem on Waterways Surrounding the DW Project 
Islands. This impact is described above under Impact 
L-1 0. This impact is considered significant. Implemen
ting Mitigation L-3 would reduce Impact L-20 to a less
than-significant level. 

Mitigation. L-3: Clearly Post Waterway 
Intersections, Speed Zones, and Potential Hazards in 
the DW Project Vicinity. This mitigation measure is 
described above under "Impacts and Mitigation Measures 
of Alternative 1 ". 
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IMPACI'S AND MITIGATION 
MEASURES OF THE 

NO-PROJECI' ALTERNATIVE 

Operation of the No-Project Alternative consists of 
intensified agricultural activity with some increase in 
recreational use compared with existing conditions. 
Because implementation of the No-Project Alternative 
would not include development of recreation facilities 
and boat docks and would not require construction 
activities, traffic and safety on Delta waterways would not 
change from existing conditions. Therefore, waterway 
traffic and safety are not discussed for 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, mi
tigation 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 
infonnation would allow the reviewing agencies to make 
a more realistic comparison ofDW project alternatives, 
including implementation of recommended mitigation 
measures, with the No-Project Alternative. 

Level of Service on 
Delta Roadways 

Traffic sources during operation of the No-Project 
Alternative would include increased agricultural and 
recreational activity compared with future without-project 
conditions. Trip generation under the No-Project Alter
native was estimated in the same manner and using the 
same asswnptions as trip generation under Alternative 1. 

Bacon Island 

As shown in Table 3L-6, the estimated peak-hour 
volwne on Bacon Island Road .at the Bacon Island bridge 
dwing operation of the No-Project Alternative is 257 and 
under future without-project conditions is 234. As shown 
in Table 3L-7, the LOS on this roadway segment would 
be A under future conditions with and without the No
Project Alternative. 

As shown in Table 3L-6, the estimated peak-hour 
volwne on SR 4 east ofT racy Boulevard during operation 
of the No-Project Alternative is 1,127 and under future 
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without-project conditions is 1,100. As shown in Table 
3L-7, the LOS on this roadway segment would be C/D 
under future conditions with and without the No-Project 
Alternative. 

Webb Tract 

As shown in Table 3L-6, the estimated peak-hour 
volwne on SR 4 south of Cypress Road during operation 
of the No-Project Alternative is 2,759 and under future 
without-project conditions is 2,732. As shown in Table 
3L-7, the LOS on this roadway segment would be E 
under future conditions with and without the No-Project 
Alternative. 

Bouldin Island 

As shown in Table 3L-6, the estimated peak-hour 
volwne on SR 12 west of Terminous during operation of 
the No-Project Alternative is 2,920 and under future 
without-project conditions is 2,900. As shown in Table 
3L-7, the LOS on this roadway segment would be F 
under future conditions with and without the No-Project 
Alternative. 

Holland Tract 

As shown in Table 3L-6, the estimated peak-hour 
volwne on SR 4 south of Delta Road during operation of 
the No-Project" Alternative is 2,865 and under future 
without-project conditions is 2,838. As shown in Table 
3L-7, the LOS on this roadway segment would be F 
under future conditions with and without the No-Project 
Alternative. 

Summary of Project Impacts and Recommended 
Mitigation Measures 

Increase in Traff"tc on Delta Roadways. Imple
mentation of the No-Project Alternative would increase 
peak-hour volumes during project operation. As shown 
in Table Ll-2, the majority of trips generated by Alterna
tive 1 are recreation related. The increase in peak-hour 
volume would be slightly more than 25 trips on three of 
the roadways analyzed: SR 4 east of Tracy Boulevard, 
SR 4 south of Cypress Road, and SR 4 south of Delta 
Road Of these roadways, only SR 4 south of Delta Road 
has an unacceptable LOS under future without-project 
conditions (see Table 3L-7). Therefore, implementation 
of the No-Project Alternative would result in the addition 
of more than 25 peak-hour trips to a roadway segment 
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with an already W18CCeptable LOS under future without
project conditions. However, LOS would not be reduced 
by a letter grade on any roadway. 

Safety on Delta Roadway• 

Under the No-Project Alternative, traffic safety on 
Delta roadways would be adversely affected by the 
addition of agricultural vehicle traffic, which tends to be 
large and slow moving. See Table Ll-2 in Appendix Ll 
foc the number of agricultural vehicle trips expected to be 
genecated on each island during operations under the No
Project Alternative. The issue of safety on Delta road
ways is assessed qualitatively in this chapter. 

Summary of Project Impact• and Recommended 
Mitigation Measurea 

Creation of Safety Conructs on Delta Roadwaya. 
Implementation of the No-Project Alternative would 
result in an increase in agricultural vehicle traffic on 
Delta roadways (see Tables L l-1 and Ll-3 in Appendix 
Ll, "Estimated Trip Generation"). Implementing the 
following measure would reduce this effect of the No
Project Alternative. 

Clearly Mark Intenections with Poor Visi
bility in the Vicinity of Agricultural Operationa. 
Visibility at intersections in the vicinity of intensified 
agricultural operations shall be assessed. If visibility is 
poor at any intersection, highly visible signs shall be 
posted at all approaches to the intersection stating that 
drivers should be aware of agricultural vehicles traveling 
on roads in the area. 

A rqnesentative of the San Joaquin County Depart
ment of Public Works should visually assess visibility at 
intersections along Bacon Island Road, SR 4 from I-5 to 
Bacon Island Road, SR 4 from Bacon Island Road to the 
San Joaquin County line, and SR 12 from I -5 to the west 
end of Bouldin Island. 

A Iepiesentative of the ~ontra Costa County Depart
ment of Public Works should visually assess visibility at 
intersections along SR 4 from the Contra Costa County 
line to SR 160, Jersey Island Road from Cypress Road to 
the Jersey-Bradford-Webb feny, Cypress Road from 
SR 4 to Jersey Island Road, Delta Road from SR 4 to 
Holland Tract Road, Holland Tract Road from Delta 
Road to its end, Byron Highway from SR 4 to Delta 
Road, and SR 12 from the west end of'Bouldin Island to 
SR 160. 
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Cin:ulatioa on and Ac:ceaa to 
Delta Roadway• 

Circulation on and access to Delta roadways could 
be adversely affected by increased agricultural traffic 
volumes under the No-Project Alternative. See Table 
Ll-2 in Appendix Ll for the number of agricultural 
vehicle trips generated on each island during operations 
under the No-Project Alternative. The issues of circu
lation on and access to Delta roadways are assessed 
qualitatively in this chapter. 

Summary of Project Impacts and Recommended 
Mitigation Meaaures 

Decreue in Cireulation on Delta Roadwayl. 
Implementation of the No-Project Alternative would 
slightly affect peak-hour volumes on Delta roadways. 
Although the overall number of trips added to Delta road
ways is small, many of these trips would be made by 
agricultural vehicles, which tend to be large and slow 
moving. Therefore, it is possible that implementation of 
this alternative could negatively affect circulation on 
Delta roadways, although access to project islands is not 
expected to be affected. Implementing the following 
measure would reduce this effect of the No-Project 
Alternative. 

Restrict Agricultural Vehicle Operaton 
from Using Delta Highways during Peak Houn. 
Drivers of agricultural vehicles associated with agri
cultural activities on the DW islands operating at speeds 
lower than the posted speed limit on Delta highways 
should be restricted from using Delta highways during 
peak hours, from approximately 7:00 a.m. to 9:00 a.m. 
and 4:00 p.in. to 6:00 p.m. on weekdays. 

CUMULATIVE IMPACTS 

Cumulative impacts are defined as the impacts of all 
reasonably foreseeable future projects; this means that all 
traffic growth occurring between the present and a future 
period is included in the impact assessment. Cumulative 
traffic growth is represented by the change in traffic 
levels from existing conditions to future with-project 
conditions. This is different from the previous assess
ment of "direct" impacts (construction- and operation
related impacts of the DW project alternatives), which 
was based on a comparison between future without
project and future with-project conditions. 

··.•. >; 
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For the cumulative impact assessment, future with
project traffic volumes and LOS were compared with 
existing traffic volwnes and LOS. The increment of 
growth in traffic volwnes from existing conditions to 
future without-project volumes represents the contribu
tim of all reasonably f<xeseeable future projects, whereas 
the increment of growth from future without-project 
vohunes to future with-project volumes represents only 
the contribution of the project. Future traffic conditions 
are based on information from Caltrans district and 
county transportation planners and engineers. 

In the assessment of direct impacts of the OW 
project alternatives, congestion. and circulation were 
addressed separately. Under cumulative conditions, 
including operation of any DW project alternative, traffic 
volumes would increase and assessment of circulation 
problems would be encompassed by the analysis of con
gestion. Therefore, there is no separate assessment of 
circulation in the cumulative impact analysis. Further
more, safety on Delta waterways· during construction is 
not an issue because construction is not assessed as part 
of cumulative conditions. As in the direct impact 
analysis, although agricultural and recreation-related 
traffic would not be present during the same months, all 
souroes of traffic were combined to make the cumulative 
impact analysis a worst-case analysis. 

Cumulative Impacts, Including 
Impacts of Alternative 1 

Level of Sen'ice on Delta Roadways 

Bacon Island. As shown in Table 3L-6, the esti
mated peak-hour volume on SR 4 east of Tracy Boule
vard during operation of Alternative 1 is 1, 109. As 
shown in Table 3L-2, the peak-hour volume under exist
ing conditions is 725. 

As shown in Table 3L-7, the LOS on this roadway 
segment would be D under Alternative 1. As shown in 
Table 3L-3, existing LOS on this segment is C. 

Webb Tract. As shown in Table 3L-6, the esti
mated peak-hour volume on SR 4 south of Cypress Road 
dwing operation of Alternative 1 is 2, 7 41. As shown in 
Table 3L-2, the peak-hour volume on SR 4 south of 
Cypress Road under existing conditions is 1 ,400. 

As shown in Table 3L-7, the LOS on this roadway 
segment would be E under Alternative 1 .. As shown in 
Table 3L-3, existing LOS on this segment is D. 
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Bouldin bland. As shown in Table 3L-6, the esti
mated peak-hour volume on SR 12 west ofTenninous 
dwing operation of Alternative 1 is 2,949. As shown in 
Table 3L-2, the peak-hour volume on SR 12 west of 
T enninous tmder existing conditions is 1 ,300. 

As shown in Table 3L-7, the LOS on this roadway 
segment would be F under Alternative 1. As shown in 
Table 3L-3, existing LOS on this segment is D. 

HollaDd Tract. As shown in Table 3L-6, the esti
mated peak-hour volume on SR 4 south of Delta Road 
chning operation of Alternative 1 is 2,909. As shown in 
Table 3L-2, thepeak-hourvolumeon SR 4 south ofDelta 
Road under existing conditions is 1 ,600. 

As shown in Table 3L-7, the LOS on this roadway 
segment would be F under Alternative 1. As shown in · 
Table 3L-3, existing LOS on this segment is D. 

Impact L-21: Increase in Traft'"ac on Delta Road
ways during Operation of Future Projects, Including 
the DW Project. Peak-hour volumes would increase 
during operation of future projects, including Alterna
tive 1. The increase in volumes would be enough to 
degrade LOS on each of the roadways analyzed. Alterna
tive 1 would contribute approximately 3% of the cumula
tive traffic increase on SR 4 east of Tracy Boulevard and 
approximately 1% ofthe cumulative traffic increases on 
the other roadways. 

On three of the segments, SR 4 south of Cypress 
Road, SR 12 westofTenninous, and SR 4 south ofDelta 
Road, LOS is reduced by at least one full letter grade. 
Therefore, this impact is considered significant. 

Implementing Mitigation Measure L-4 could reduce 
Impact L-21 tO a less-than-significant level. However, as 
described below, there is no funding for implementation 
of this mitigation measure; therefore, this impact is con
sidered significant and unavoidable. 

Mitigation Measure L-4: Implement Cal
trans' Route Concepts for SR 4 and SR 12. Although 
it is not currently programmed (i.e., funded), Caltrans' 
route concepts for SR 12 across Bouldin Island and SR 4 
in Contra Costa County are for four-lane highways in 
2010 (Cowell and Johnson pers. corruns. ). This widening 
would include the sections of SR 4 south of Cypress Road 
and south of Delta Road and SR 12 west of Tenninous. 
The portion of SR 4 between the San Joaquin County line 
and 1-5 would remain a two-lane highway because of the 
narrow bridges along that portion of the route. Table 
3L-8 describes improvements in V /C ratio and LOS that 
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would result from implementation of Caltrans' route 
concepts. 

Although implementation of this mitigation would 
reduce this impact to a less-than-significant level, no 
funding sources have been identified by Caltrans to 
implement the concept plans for SR 4 and SR 12. This 
impact is therefore considered significant and unavoid
able. 

Safety on Delta Roadway• 

Impact L-22: Reduction in Safety Contlictl on 
Delta Roadway• during Operation of Future 
Projecta, Including the DW Project. Operation of 
reasonably foreseeable future projects, including 
Alternative 1, would result in a reduction in agricultural 
vehicle traffic on Delta roadways compared with existing 
conditions (Tables L1-1 and Ll-2 in Appendix Ll, 
"Estimated Trip Generation"). "therefore, this impact is 
considered beneficial. 

Mitigation. No mitigation is required. 

Waterway Traffic and Safety 

Impact L-23: Cumulative Increase in Safety 
Problema on Delta Waterwaya. Speeding, unsafe 
vessel operation, lack of proper safety equipment (life 
jackets), and alcohol-related incidents continue to be 
major problems on Delta waterways. Additionally, recent 
cutbacks in funding for marine patrol services provided 
by the five Delta counties have limited enforcement of 
safety regulations in the Delta (Delta Protection Com
mission 1995). Implementation of Alternative 1, com
bined with increasing recreational use of the Delta by 
residents of growing regional population centers and 
limited resomces for safety improvements in the Delta, 
could adversely affect boating safety on Delta waterways. 
This impact is considered significant and unavoidable. 

Implementing Mitigation Measw-e L-5 would reduce 
this impact, but not to a less-than-significant level. 

Mitigation Measure L-5: Develop and 
Enforce a Boater Safety Program for DW Private 
Boat Usen. Working with the Coast Guard and local 
government marine patrols, DW should develop and 
enforce boater safety rules for private boat users on the 
DW project islands. These rules could include requiring 
that all boaters attend a boater education and safety 
course, restricting open alcohol containerS from the boat 
docks, and rigidly enforcing boat speed restrictions near 
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the DW recreation facilities. To support this program, 
DW should sponsor boater education and safety courses 
for private boaters and post all safety rules. 

Cumulative lmpacta, Including 
lmpactl of Alternative 2 

Although there may be a slight variation in traffic 
estimates for Alternatives 1 and 2, cumulative impacts of 
future projects including Alternative 2 would be the same 
as cwnulative impacts of future projects including Alter
native 1. 

Cumulative Impact., Including 
Impact. of Alternative 3 

The methods and rationale used to assess cumulative 
impacts of future projects including Alternative 3 are the 
same as those used to assess cumulative impacts of future 
projects including Alternative I. 

Level of Service on Delta Roadways 

Bacon bland. As shown in Table 3L-6, the esti
mated peak-hom volume on SR 4 east of Tracy Boule
vard dw-ing operation of Alternative 3 is 1,177. As 
shown in Table 3L-2, the peak-hom volume on SR 4 east 
of Tracy Boulevard under existing conditions is 725. 

As shown in Table 3L-7, the LOS on this roadway 
segment would be D under Alternative 3 conditions. As 
shown in Table 3L-3, existing LOS on this segment is C. 

Webb Tract. As shown in Table 3L-6, the esti
mated peak-hour volume on SR 4 south of Cypress Road 
during operation of Alternative 3 is 2,909 As shown in 
Table 3L-2, the peak-hom volume on SR 4 south of 
Cypress Road under existing conditions is 1 ,400. 

As shown in Table 3L-7, the LOS on this roadway 
segment would be F under Alternative 3 conditions. As 
shown in Table 3L-3, existing LOS on this segment is D. 

Bouldin bland. As shown in Table 3L-6, the 
estimated peak-hour volwne on SR 12 west ofTerminous 
during operation of Alternative 3 is 2,950. As shown in 
Table 3L-2, the peak-hom volume on SR 12 west of 
T erminous under existing conditions is I ,300. 
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As shown in Table 3L-7, the LOS on this roadway 
segment would be F under Alternative 3 conditions. As 
shown in Table 3L-3, existing LOS on this segment is D. 

Holland Tract. As shown in Table 3L-6, the 
estimated peak-hour vollDDC oo SR 4 south of Delta Road 
during operation of Alternative 3 is 2,915. As shown in 
Table 3L-2, the peak-hour volume oo SR 4 south of Delta 
Road under existing conditions is 1,600. 

As shown in Table 3L-7, the LOS on this roadway 
segment would be F under Alternative 3 conditions. As 
shown in Table 3L-3, existing LOS on this segment is D. 

Summary of Increase in Traf'f"ac. Peak-hour vol
umes would increase during operation of reasonably 
foceseeable future projects, including Alternative 3. The 
increase in volumes is enough to degrade LOS on each of 
the roadways analyzed. Alternative 3 would contribute 
3% of the traffic increase on SR 4 east of Tracy, I% of 
the traffic increase on SR 4 south of Cypress Road, 0.5% 
of the traffic increase on SR 12 west ofT erminous, and 
I% of the traffic increase on SR 4 south of Delta Road. 

On four of the segments, SR 4 east of Tracy 
Boulevard, SR 4 south of Cypress Road, SR 12 west of 
Terminous, and SR 4 south of Delta Road, LOS is 
reduced by at least one letter grade. 

The cumulative impact on level of service under 
Alternative 3 would be the same as under Alternative I. 
The same mitigation measure would apply (but would not 
reduce the impact to a less-than-significant level). 

Safety on Delta Roadways 

The cumulative impact on Delta roadway safety 
under Alternative 3 would be the same as under Alterna
tive I. 

Waterway Traft"ac and Safety 

The cumulative impact on waterway traffic and 
safety under Alternative 3 would be the same as under 
Alternative I. 

Cumulative Impact•, Including Impacts 
of the No-Project Alternative 

The methods and rationale used to assess cumulative 
effects of future projects including the No-Project Alter-
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native are the same as those used to assess cumulative 
impacts of future projects including Alternative I. 

Level of Sen-ice on Delta Roadway• 

Bacon bland. As shown in Table 3L-6, the esti
mated peak-hour volume on SR 4 east of Tracy Boule
vard during operation of the No-Project Alternative is 
1,127. As shown in Table 3L-2, the peak-hour volume 
on SR 4 east of Tracy Boulevard under existing condi
tions is 725. 

As shown in Table 3L-7, the LOS on this roadway 
segment would be D under the No-Project Alternative. 
As shown in Table 3L-3, existing LOS on this segment is 
C. 

Webb Tract. As shown in Table 3L-6, the esti
mated peak-hour volume on SR 4 south of Cypress Road 
during operation of the No-Project Alternative is 2,759. 
As shown in Table 3L-2, the peak-hour volume on SR 4 
south of Cypress Road under existing conditions is 1,400. 

As shown in Table 3L-7, the LOS on this roadway 
segment would be E under the No-Project Alternative. 
As shown in Table 3L-3, existing LOS on this segment is 
D. 

Bouldin bland. As shown in Table 3L-6, the 
estimated peak-hour volwne on SR I2 west ofTerminous 
during operation of the No-Project Alternative is 2,920. 
As shown in Table 3L-2, the peak-hour volume on SR 12 
west ofTerminous under existing conditions is 1,300. 

As shown in Table 3L-7, the LOS on this roadway 
segment would be F under the No-Project Alternative. 
As shown in Table 3L-3, existing LOS on this segment is 
D. 

Holland Tract. As shown in Table 3L-6, the esti
mated peak-hour volume on SR 4 south of Delta Road 
during operation of the No-Project Alternative is 2,865. 
As shown in Table 3L-2, the peak-hour volume on SR 4 
south of Delta Road under existing conditions is 1,600. 

As shown in Table 3L-7, the LOS on this roadway 
segment would be F under the No-Project Alternative. 
As shown in Table 3L-3, existing LOS on this segment is 
D. 

Increue in Traffic on Delta Roadway• during 
Operation of Future Project•, Including the No
Project Alternative. Peak-hour volumes would increase 
during operation of reasonably foreseeable future pro-
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jects, including the No-Project Alternative. The increase 
in volumes is enough to degrade LOS on each of the 
roadways analyzed. The No-Project Alternative would 
contribute 5% of the traffic increase on SR 4 east of 
Tracy, 1.5% of the traffic increase on SR 4 south of 
Cypress Road. 1% of the traffic increase on SR 12 west 
of Terminous, and 2% of the traffic increase on SR 4 
south of Delta Road. 

On four of the segments, SR 4 east of Tracy Boule
vard, SR 4 south of Cypress Road. SR 12 west of 
Tenninous, and SR 4 south ofDelta Road. LOS would be 
reduced by at least one letter grade. 

Implementing the following measure would reduce 
this effect of the No-Project Alternative. As described 
above, however, funding does not exist for implemen
tation of this measure. 

Implement Caltran~' Route Concepts for 
SR 4 and SR 12. This measure is described above under 
Mitigation Measure L-4. 

Safety on Delta Roadways 

Creation of Safety Conflids on Delta Roadways 
during Operation of Future Projects, Including the 
No-Project Alternative. Operation of reasonably fore
seeable futw"e projects, including the No-Project Alter
native, would cause an increase in agricultural vehicle 
traffic on Delta roadways during operation, compared 
with existing conditions (Tables Ll-1 and Ll-2 in 
Appendix Ll, "Estimated Trip Generation"). Implement
ing the following measure would reduce this effect of the 
No-Project Alternative. 

Clearly Mark Intersections with Poor Visi
bility in the Vicinity of Agricultural Operations. This 
measure is described above under "Impacts and Mitiga
tion Measures of the No-Project Alternative". 
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Department of Public Works, Bridge Engineering 
Division, Stockton, CA. March 31, 1995 -
telephone conversation. 
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Wagner, Jeff. Owner. The Anchor Marina, Bethel 
Island, CA July 11, 1995 - telephone conversation. 

Wilkerson, Clyde. Manager. Bouldin Farming Com
pany, Isleton, CA. October 5 and 13 and Novem
ber 18, 1988 - telephone conversations. 

Williams, Ann. Owner. Ann and Chuck's Boat Harbor, 
Bethel Island, CA. July 10, 1995 - telephone 
conversation. 

Winther, John. President Delta Wetlands, Lafayette, 
CA JWle 21, 1995 - letter, July 7, 1995 - facsimile 
transmittal; July 11, 1995 - telephone conversation. 
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September 1995 
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Table 3L-1. Level of Service Criteria for General Two-Lane Highway Segments (Volume-to-Capacity Ratio) 

Volume-to-Capacity Ratiob by Percentage of Roadway with No-Passing Zones 

:-.; Percentage Average Speed 
LOS Time Delay (mph)" 0% 20% 40% 60% 80% 100% 

I 

Level Terrain 

A :s; 30 ~58 0.15 0.12 0.09 0.07 0.05 0.04 
B :s; 45 ~55 0.27 0.24 0.21 0.19 0.17 0.16 
c :s; 60 ~52 0.43 0.39 0.36 0.34 0.33 0.32 
D :s; 75 ~50 0.64 0.62 0.60 0.59 0.58 0.51 
E >15 >45 1.00 1.00 1.00 1.00 1.00 1.00 
F >1.00 >1.00 >1.00 >1.00 >1.00 >1.00 

Rolling Terrain 

A :s; 30 ~51 0.15 0.10 0.01 0.05 0.04 0.03 
B :s; 45 ~54 0.26 0.23 0.19 0.17 0.15 0.13 
c :s; 60 ~52 0.42 0.39 0.35 0.32 0.30 0.28 
D :s; 75 ~ 49 0.62 0.51 0.52 0.48 0.46 0.43 
E >75 >40 0.97 0.94 0.92 ·o.91 0.90 0.90 
F >0.97 >0.94 >0.92 >0.91 >0.90 >0.90 

Mountainous Terrain 

A :s; 30 ~56 0.14 0.09 0.01 0.04 0.02 O.Ql 
B :s; 45 ~54 0.25 0.20 0.16 0.13 0.12 0.10 
c :s; 60 ~ 49 0.39 0.33 0.28 0.23 0.20 0.16 
D :s; 75 ~ 45 0.58 0.50 0.45 0.40 0.37 0.33 
E >15 > 35 0.91 0.87 0.84 0.82 0.80 0.78 
F >0.91 >0.87 >0.84 >0.82 >0.80 >0.78 

Notes: LOS A: Represents unrestricted operation. 
LOS B: Generally may be described as smooth and stable. 
LOS C: Although still stable, approaches the range where instability can occur because of small changes in traffic flow. 
LOS D: Vehicles must frequently change speeds to avoid conflicts. 
LOS E: Represents capacity operation; considerable delay is experienced and speeds are greatly reduced. 
LOS F: Represents over-capacity flows with heavy congestion and considerable reductions in speed. 
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Table 3L-l. Continued 

• Average travel speed of all vehicles for highways with design speed ~ 60 mph; for highways with lower design speeds, reduce speed by 4 mph for each l 0-mph reduction 
in design speed below 60 mph; assumes that speed is not restricted to lower values by regulation. 

b Ratio of flow rate to an ideal capacity of 2,800 passenger cars per hour in both directions. 

Source: Transportation Research Board 1985. 
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Table 3L-2. Existing Traffic Volumes on Roadways in the Project Vicinity 

Location 

Bacon Island 
Bacon Island Road at the Bacon Island Road bridge 

Lower Jones Road north of Cook Road 
SR 4 east of Tracy Boulevard 

Webb Tract 
Cypress Road west of Jersey Island Road 
SR 4 south of Cypress Road 

Bouldin Island 
SR 12 west of Terminous 

Holland Tract 
Delta Road east of Byron Highway 
SR 4 south of Delta Road 

Average Daily 
Traffic 

550 
300 

5,900 

6,917 
11,800 

12,200 

537 
13,000 

Note: These are actual volumes supplied by the sources listed below. 

Sources: Caltrans 1988; Chalk, Redic, and Chahal pers. comms. 

Peak-Hour 
Volume 

55 
30 

725 

591 
1,400 

1,300 

60 
1,600 



Table 3L-3. Existing Levels of Service on Major Roadway 
Segments in the Project Vicinity 

Volume-to-
Capacity Peak-Hour 

Location Ratio LOS 

SR 4 east of Tracy Boulevard 0.36 c 
SR 4 south of Cypress Road 0.50 D 

SR 12 west of Terminous 0.61 D 

SR 4 south ofDelta Road 0.57 D 

Source: Information on. SR 4 east of Tracy Boulevard and SR 12 from Chalk pers. comm. 
Information on other segments taken from the range of volume-to-capacity ratios and 
LOS shoWn. in Table 3L-1 for roadways with level terrain and having no-passing zones 
on 20% of the roadway length. 
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Table 3L-4. Trip Generation for the DW Project Islands (Peak Hour) 

Condition 
and Location 

Construction 

Bacon Island 

Webb Tract 

Bouldin Island 

Holland Tract 

Total 

Existing 
Conditions 

N/A 

N/A 

N/A 

N/A 

Operation and Maintenance 

Bacon Island 4 

Webb Tract 4 

Bouldin Island 3 

Holland Tract _l 

Total 12 

Alternative 
1 or 2 

7 

9 

3 

~ 

20 

56 

55 

49 

_11 

191 

Alternative 
3 

7 

9 

16 

..ll 
43 

56 

55 

50 

42 

203 

Notes: Numbers have been rounded to the nearest number of trips. 

N/ A = not applicable. 

No-Project 
Alternative 

N/A 

N/A 

N/A 

N/A 

23 

19 

20 

_ll 

74 

Peak-hour trip generation is based on daily vehicle trip generation shown in Appendix L 1. 
Peak-hour trip generation is generally equal to approximately 10% of daily trip generation. 
Therefore, the peak-hour trip generation shown in this table is equal to the daily vehicle trip 
generation shown in Appendix L1 divided by 10. 

Sources: Construction trip generation: Stewart and Forkel pers. comms.; other trip generation: 
Forkel pers. comm. 



Table 3L-S. Tri(! Generation Estimtes for Recreational Vehicles and Boats !!x Season Q:ril?! I!!:! Dal:l for Alternatives 1 and 3 

Bacon Island Webb Tract Bouldin Island Holland Tract 

Vehicle or Boat Type Season Alternative 1 Alternative 3 Alternative 1 Alternative) Alternative 1 Alternative 3 Alternative 1 Alternative 3 

Hunting-related vehicles Nov-Jan IS IS 17 17 93 22 43 14 
Feb-May 0 0 0 0 0 0 0 0 
Jun-Aug 0 0 0 0 0 0 0 0 
Sep-Oct 0 0 0 0 0 0 0 0 

Boating-related vehicles Nov-Jan 6S 6S 6S 6S SS 62 36 so 
Feb-May 277 277 277 277 2S2 2S2 lSI 202 
Jun-Aug 4SS 4SS 4SS 48S 441 441 26S 3S3 
Sep-Oct 347 347 347 347 31S 31S 189 2S2 

I 

Other recreation-related vehicles Nov-Jan 2 2 2 2. 2 2 I 2 
Feb-May s s s s s s s 6 
Jun-Aug 36 36 36 36 33 33 20 26 
Sep-Oct 16 16 16 16 14 14 9 11 

Total recreation-related vehicles Nov-Jan ss 8S S7 87 IS3 SS so 6S 
Feb-May 286 286 2S6 2S6 260 260 IS6 20S 
Jun-Aug S21 S21 S21 S21 474 474 2S4 379 
Sep-Oct 362 362 362 362 329 329 19S 263 

Hunting-related boats Nov-Jan IS IS IS IS 93 22 43 14 
Feb-May 0 0 0 0 0 0 0 0 
Jun-Aug 0 0 0 0 0 0 0 0 
Sep-Oct 0 0 0 0 0 0 0 0 

Boating-related boats Nov-Jan 46 46 46 46 42 42 2S 34 
Feb-May ISS ISS ISS ISS 16S 16S 101 134 
Jun-Aug 323 323 323 323 294 294 176 23S 
Sep-Oct 231 231 231 231 210 210 126 16S 

Other recreation-related boats Nov-Jan 0 0 0 0 0 0 0 0 
Feb-May 0 0 0 0 0 0 0 0 
Jun-Aug 0 0 0 0 0 0 0 0 
Sep-Oct 0 0 0 0 0 0 0 0 

Total recreation-related boats Nov-Jan 64 64 6S 6S 13S 64 6S 47 
Feb-May ISS ISS ISS ISS 16S 16S 101 134 
Jun-Aug 323 323 323 323 294 294 176 23S 
Sep-Oct 231 231 231 231 210 210 126 168 

Notes: Although 10% of other recreationists would boat to the project islands, these boat trips are not included in this analysis because their origin is unknown. 

Hunting-f'elated boat trips would be on the interior ofthe project islands and would be of much shorter duration than boating-related boat trips, which would be taken on the exterior of the islands. Hunting-related boat 
trips would be taken in small outboard-engine fishing boats, whereas boating-related boat trips would be taken in larger inboard-engine boats. 

Sources: Anderson, 8oyce, Camper, Cochrell, Holmes, Ruth, Wagner, Williams, and Winther pen. conuns. 
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Location 

Bacon Island 

,?i'~ .. 

Table 3L-6. Projected 2010 Traffic Volumes on Roadways near the OW Project 
Islands with and without the Project 

Future without 
Project 

Average 
Daily 
Traffic 

Peak
Hour 

Volume 

Construction 

Alternative 
I or 2 

Alternative 
3 

Future with Project 

Alternative 
I or2 

Bacon Island Road at the Bacon Island Road bridge 2,336 234 241 241 290 

Lower Jones Road north of Cook Road N/A N/A N/A N/A N/A 

SR 4 east of Tracy Boulevard 9,000 1,100 1,109 l, 114 1,171 

Webb Tract 

Cypress Road west of Jersey Island Road N/A N/A N/A N/A N/A 

SR 4 south of Cypress Road 24,164 2,732 2,741 2,746 2,803 

Bouldin Island 

SR 12 west of Terrninous 24,000 2,900 2,903 2,916 2,949 

Holland Tract 

Delta Road east of Byron Highway N/A N/A N/A N/A NIA 

SR 4 south of Delta Road 21,013 2,838 2,847 2,852 2,909 

Operation 

Alternative 
3 

290 

N/A 

l ,177 

N/A 

2,809 

2,950 

N/A 

2,915 

No-Project 
Alternative• 

257 

N/A 

1,127 

N/A 

2,759 

2,920 

N/A 

2,865 
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Notes: 

Table JL-6. Continued 

N/ A = not available. 

Operational volwnes are equal to without-project volwnes plus the estimated nwnber of trips generated by the proposed project under the worst-case assumption 
that recreation, operations and maintenance, and agricultural traffic would all travel during the same peak hour. 

• The No-Project Alternative includes increased agricultural and recreational activities compared with existing conditions. 

Source: Holland Tract anJ Webb Tract future without-project volwnes from Johnson pers. comm.; Bacon and Bouldin Island future without-project volwnes from Reed 
and Chalk pers. comms. 
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Table 3L-7. Projected Volwne-to-Capacity Ratios and Levels of Service on Roadways near the DW Project Islands, 
with Existing Roadway Configuration, with and without the Project 

Location 

Bacon Island 

Bacon Island Road at the Bacon Island Road bridge 

Lower Jones Road north of Cook Road 

SR 4 east of Tracy Boulevard 

Webb Tract 

Cypress Road west of Jersey Island Road 

SR 4 south of Cypress Road 

Bouldin Island 

SR 12 west ofTenninous 

Holland Tract 

Delta Road east of Byron Highway 

SR 4 south of Delta Road 

Construction 

Future without Alternative 
Project l or 2 

0.08 (A) 0.09 (A) 

N/A N/A 

0.56 (D) 0.57 (D) 

N/A N/A 

0.98 (E) 0.98 (E) 

1.29 (F) 1.29 (F) 

N/A N/A 

1.01 (F) 1.02 (F) 

Alternative 
3 

0.09 (A) 

N/A 

0.57(D) 

N/A 

0.98 (E) 

1.30 (F) 

N/A 

1.02 (F) 

Future with Project 

Alternative 
l or2 

0.10 (A) 

N/A 

0.60 (D) 

N/A 

1.00 (F) 

1.31 (F) 

N/A 

1.04 (F) 

Operation 

Alternative 
3 

0.10 (A) 

N/A 

0.60 (D) 

N/A 

1.00 (F) 

1.31 (F) 

N/A 

1.04 (F) 

""'>-;>.. 

No-Project 
Alternative 

0.09 (A) 

N/A 

0.57(D) 

N/A 

0.99 (E) 

1.30 (F) 

N/A 

1.02 (F) 



Table 3L-7. Continued 

Notes: N/ A = not available. 

Numbers in table represent volume-to-capacity ratio. Letters in parentheses represent the corresponding level of service. 

These estimates are based on the future traffic volumes with and without the proposed project shown in Table 3L-5 using the existing road facilities. 

Source: Information on SR 4 east of Tracy Boulevard and SR 12 from Chalk pers. comm. Information on other segments estimated based on Tables 3L-5 and 3L-3. 
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Table 3L-8. Projected Volume-to-Capacity Ratios and Levels of Service on Roadways near the DW Project Islands, 
with Improved Roadway Configuration, with and without the Project 

Location 

Bacon Island 

Bacon Island Road at the Bacon Island Road bridge 

Lower Jones Road north of Cook Road 

SR 4 east of Tracy Boulevard 

Webb Tract 

Cypress Road west of Jersey Island Road 

SR 4 south of Cypress Road 

Bouldin Island 

SR 12 west ofTenninous 

Holland Tract 

Delta Road east of Byron Highway 

SR 4 south of Delta Road 

Construction 

Future without Alternative 
Project 1 or 2 

0.08 (A) 0.09 (A) 

N/A N/A 

0.54 (C/D) 0.54 (C/D) 

N/A N/A 

0.49 (D) 0.49 (D) 

0.48 (B) 0.48 (B) 

N/A N/A 

0.51 (D) 0.51 (D) 

Alternative 
3 

0.09 (A) 

N/A 

0.55 (C/D) 

N/A 

0.49 (D) 

0.49 (B) 

N/A 

0.51 (D) 

Future with Project 

Alternative 
lor2 

0.10 (A) 

N/A 

0.57 (C/D) 

N/A 

0.50 (D) 

0.49 (B) 

N/A 

0.52 (D) 

Operation 

Alternative 
3 

0.10 (A) 

N/A 

0.58 (C/D) 

N/A 

0.50 (D) 

0.49 (B) 

N/A 

0.52 (D) 

No-Project 
Alternative 

0.09(A) 

N/A 

0.55 (C/D) 

N/A 

0.50 (D) 

0.49 (B) 

N/A 

0.51 (D) 



Table 3L-8. Continued 

Notes: N/A =not available. 

Numbers in table represent volume-to-capacity ratio. Letters in parentheses represent the corresponding level of service. 

These estimates are based on the future traffic volumes with and without the proposed project shown in Table 3L-S using the improved roadway configuration. 

Improvement to fqur lanes on SR 12 west ofT enninous, SR 4 south of Delta Road, and SR 4 south of Cypress Road are Cal trans concepts but are not currently 
programmed or funded. 

Full widening has not been planned for SR 4 east of Tracy Boulevard; however, Caltrans has proposed constructing passing lanes at selected locations and new 
bridges at Old and Middle Rivers (west of Tracy Boulevard). 

Source: Infonnation on SR 4 east of Tracy Boulevard and SR 12 from Chalk pers. comm. Infonnation on other segments estimated based on Tables 3L-S and 3L-3. 



:~ 

~' 
\ 

~ • I 

ICALE .. Ml.ES / 

. / \ 
/ '( ,· .~r~ ,...·<~(.~' ,. 

.o'(" v"' I 

_/c,<l'.(> (""" ,~) ; // .. ....____ . 

-~' 

/_,/· 

......... 

~f? 
·~.tit()"' ((·,... 

Tyler 
l'!lland 

.~·"'-. 

.).~, _ _... 
~-' _,-;./ / 

~rack Tred ~y )''I 
.,.•.'.' 11 _ •. p-

.,. ... 'j;;;~~' .. -. / --'. /::-.. __ ~~ 
•••'c? -~~/,·c/ ~-- "'"11 

._,,__ ., ,, ----------~\\ """" _., 12 • ~o ~--_!/ hdftnd ~.:. ·>-. , "';:-~c _ __. · --··l 

·.; • ....__\~ ~. \ Mo~ot~~ l.. ·:.' ---------

lr~'c~=~,~~\1__ __ ~~J~1;~~~f~~::~:::·· (~ 

ii.(S;J 
I\ 

LOOI • 

/

")) T7!l~~~J ___ _.- -~;:,.::--,'.J .. \: · ... ·. /: ~/:.·:<.· .. ~·>·:.··:>:o.-:1\/·>~'--<:·--\ ,--_:::.'::~--/! -~\ RlotrBalcotc" // ( - - --~~- ..... ··-~. . -.. " / . ./ //1 I c· .. . ~.· .. ·.·.,.·.,,...-1 j ·~>'0,r--;:i I, \\ '/ =- -
\ .-----... .. , j I:',, 1 • .·, o·, ,.- \~'/ '.1/j/ • 'Lrl -/ .-' 

I 

/ ---- I .... ' '', ' . - '• . '·'·.·I '~ • --
• • _.-, / -' . .· . . . ' • ,,.,_ , . • '~' I "'''' / / 
.•J ~ > ~ .-<'{ 0 ... ; fflt; '• ~; C''""' ) \ ·~:::- il '"'""' jll Tract j _./ _/ 

1

) \~~;:;" li•·:·~~·;,'::<i;'J J- \ ) /ii \~_\( .~ .. -, .. .r-·-·"C·.-\~ 
\, ' I • i I '-'~<.Ll.J_,- -,, r' , ____ \ 1) ''('-·<!!: . I r / '' '--~--/·---,11 (:::\ " 

. . . '•, ·, y .... I ' c ~ 1\ '"c L.~c ) \ ..J I ··./,·...-:,1/r•:-:~- 1 ~~ :;_,, h, /,_. -,,, \ '· ---~·- ""''· < ' ' , •. -r. -~-- .,, ''"" --- •.---·--- ''/--;'.:.... Fronk• {''- \ \""''•"Ji'('"(<:)J '"" ~'-:; ('~·L -· Tract. j, \'' '1 ' """'~"" ' J "'""' }0~'--·' l_ ""'<' 1_\., __ _ 
. I, ......... " ""lW ~{!_ •)\ I ll ....... ,, ,•/ ---~ '·' "'"' '--~ • ·-~- \\. ' . • . ,,', c:~;;--- ".",, // 

·-) ,. · '' ' - I • ' , o 
.., ' Bethel -, I\ •. : .. ' ·, 1 \ 1 ;:...., '. ·· , l 1 {' '-.. ';::,-) ( r h t -'t1 

-· ~ '"· '"'""' ''-'' .· . ' :- --'., \ ., '_. .. ,, , ' "::...<:c<,___, 

// I =<d';~~~/-;),~~~;~~-\-?/i!k;~J:~~; ~~~> ·~~"")9C:::cc,~~;;~~,j~~ ~h---. • ..... ,_( \1 L Hotdtkis•\f..-: .. ,.-T·~:··.f_ r.· ... ,i.'_i_..-_ .... i/,ii_ (_} ~-(.. rr Roi>tort• ··l---... :::::>~c<>l'·" 
·\ Tract. \ '1' • , '• " ' ' '""'"'-' , • _.) ', I '''""' ~r-. ", ~ . ~",-~~~--

LEGEND 

as.~ec~ec~ 
county 
1'08da 

r-=-1 Jerley
L.:..J Brlldford-

Webb 
F_, 

(!Jirtdgll 

/ 

--~~ . . . ' ', .,.,....., •··- • \ ', -~w. """'--= ~!!Jl!!:!!·~... ~~~•v:~p~ '\0. \;_· ... ~s-=-~ 
-.,;?~~1$~\f ~·~::. -' 1,,~~<~ 

J ...... 

I --"""~\::, 
.__ ~~~ 

Middle Roi>torh 
!Aland 

i/ ·~~--. 

v 

I 

,....,.--... 

Figure 3L-1. 
Highways and County Roads in the DW Project Vicinity 

DELTA WETLANDS 
P R 0 J B C T B I R/B I S 
Prepared by: Jones & Stokes Associates 
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Figure 3L-2. 
Reported Accidents in the Sacramento-San Joaquin 
Delta, 1981-1985 
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Chapter 3M. Affected Environment and Environmental 
Consequences - Cultural Resources 

SUMMARY 

This chapter discusses laws and regulations applicable to protection of cultural resources on the DW project islands, 
presents the results of research of the prehistory and history of the DW project vicinity, and describes cultural resources 
identified or potentially present on the DW project islands. 

Several cultural resource issues are associated with the DW project islands. Bacon Island contains historic-period 
archaeological sites and architectural properties, most of which represent early 20th century agricultural development 
and use. Bacon Island resources appear to represent a cohesive record of agricultural development in the Delta and may 
be eligible for listing in the National Register of Historic Places (NRHP) as a historic district. Webb Tract contains 
several areas of Piper soils, where prehistoric burials may be present; therefore, the sites may be important to Native 
Americans. One of the historic sites identified on Bouldin Island appears to be eligible for NRHP listing. Three of the 
prehistoric archaeological sites identified on Holland Tract may be eligible for NRHP listing and may have importance 
to Native Americans as prehistoric burial sites; additional archaeological resources may also be present in the Piper soils 
on the island. 

Implementation of the DW project alternatives could result in several significant impacts: demolition of the historic 
district on Bacon Island and disturbance of prehistoric buried resources that may be present on Webb Tract, the 
archaeological site on Bouldin Island that may be eligible for NRHP listing, and intact burials and buried prehistoric 
resources possibly present on Holland Tract. Implementation of Alternative 3 would result in the additional significant 
impact of damage or destruction of prehistoric resources on Holland Tract as a result of inundation. 

Although measures to document and preserve information about the resources are recommended to reduce the impact 
on the NRHP-eligible district on Bacon Island, this impact would remain significant and unavoidable. Impacts on Webb 
Tract prehistoric resources and Bouldin Island historic-period resources can be reduced to a less-than-significant level 
through preparation of a historic properties management plan (HPMP) providing for treatment and monitoring of these 
resources, and preparation of a data recovery plan for resources on Bouldin Island. Disturbance of intact burials and 
buried resources on Holland Tract under Alternatives 1 and 2 could be avoided with design of habitat management and 
enhancement activities to prevent such disturbance and preparation of an HPMP. Mitigation measures are available to 
recover or protect some of the Holland Tract cultural values that would be lost as a result of implementation of Alterna
tive 3, but this impact would remain significant and unavoidable. 

Implementation of the DW project alternatives would result in cumulative impacts on historic-period resources. 
Destruction of the resources on Bacon Island that may be eligible for NRHP listing as a historic district would add to the 
loss of this historic resource type in the Delta. This impact is considered significant and unavoidable. Effects of the DW 
project would not significantly contribute to the overall loss of prehistoric resources in the Delta and are considered to 
be less than significant. 

Under the No-Project Alternative, damage to known and unknown prehistoric sites could result from continued 
agricultural activities on the DW islands. The adverse effects of continued agricultural activities on historic and 
prehistoric resources on the DW project islands is typical of the effects of land management in the region. Therefore, 
implementing the No-Project Alternative would contribute to cumulative effects on cultural resources in the Delta. 

Delta Wetlands Draft EIRIEIS 

87-119AAICH3M 3M-I 
Ch 3M. Cultural Resources 

September 1995 



AFFECI'ED ENVIRONMENT 

For purposes of the cultural resource analysis of this 
EIRIEIS, the area of potential effect (APE) for Alterna
tives l and 2 is the entire project site, except the south
west quarter ofHolland Tract (Figure 2-1 ). The APE for 
Alternative 3 consists of all four islands, including the 
southwest quarter of Holland Tract. This section de
scribes the results of research of the prehistory and 
history of the DW project islands and discusses present 
conditions on the islands. For a more detailed discussion 
of the prehistory and history of the project area, see 
Appendix Ml, "Cultural Context of the Delta Wetlands 
Project Islands". 

Applicable Laws and Regulations 

In addition to meeting CEQA and NEPA require
ments, the DW project is required to comply with Section 
106 of the NHP A of 1966, as amended, and with its 
implementing regulations, 36 CFR 800. Section 106 
requires that federal agencies take into account the effects 
of their actions on properties that may be eligible for 
listing in or that are already listed in the NRHP. The DW 
project is considered a federal undertaking because of the 
necessity for a federal pennit (Department of the Army 
permit, issued by the Corps under Section 404 of the 
Clean Water Act). To determine whether an undertaking 
could affect properties eligible for NRHP listing, cultural 
sites (including archaeological, historical, and architec
tural properties) must first be inventoried and evaluated 
for eligibility for NRHP listing. 

The Section 1 06 review process is implemented 
using a five-step procedure: identifying and evaluating 
historic properties, assessing the effects of the under
taking on properties that are eligible for NRHP listing, 
consulting with the State Historic Preservation Officer 
(SHPO) and other agencies for the development of an 
agreement document that addresses the treatment of 
historic properties, receiving Advisory Council on His
toric Preservation (ACHP) comments on the agreement 
or results of consultation, and pr-eceeding with the project 
according to the conditions of the agreement. 

Evidence of compliance with the process will be 
included in the fmal EIRIEIS. The steps necessary to 
comply with Section 1 06 usually are adequate to satisfy 
the requirements ofNEPA and CEQA regarding cultural 
resources. 

Delta Wetlands Draft EIRIEIS 
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Section 7052 of the California Public Health and 
Safety Code and Section 5097 of the Public Resources 
Code provide for the protection of Native American 
remains and identify special procedures to be followed 
when Native American burials are found. When remains 
are found, the Native American Heritage Commission 
(NAHC) and the county coroner must be notified. The 
NAHC provides guidance concerning the most likely 
Native American descendants and the treatment of human 
remains and associated artifacts. Compliance with the 
provisions of these laws is separate from the require
ments of CEQA and NEP A. 

Previous Research 

Before research was conducted for the DW project, 
cultural resource investigations in the project area were 
limited. In 1943, two prehistoric archaeological sites 
(assigned the numbers CA-CCo-146 and -147 by the 
California Archaeological Inventory) were recorded in 
the southwest portion of Holland Tract. CA-CCo-146 
was partially excavated by Elsasser in 1954 after burials 
were uncovered (Elsasser 1954). In the early 1970s, a 
site believed to be CA-CCo-146 was excavated by the 
University of California, Davis, after burials were inad
vertently discovered by the landowner. In 1985, a small 
portion of the southern part of Holland Tract was sur
veyed, but no additional resources were discovered 
(Hampson 1985). 

Previous historic research within the project area 
was also limited. In the late 1970s, a study of the Delta 
waterways, which included some resources in the project 
area, was conducted (Paterson et al. 1978). In 1980, 
resources in the project area were discussed in an ethnic 
survey project conducted by the State Office of Historic 
Preservation (Fujita 1980). This study identified the 
resources on Bacon Island as being of historic and ethnic 
importance. 

In 1989, cultural resource inventories were initiated 
for the DW project for compliance with CEQA, NEPA, 
and NHP A by PAR Environmental Services (PAR) under 
contract to JSA. PAR conducted archival research and 
reconnaissance-level field surveys, recorded architectural 
properties and archaeological resources for all four 
islands, and made preliminary recommendations regar
ding the significance of the resources identified (Maniery 
and Syda 1989). 

In 1992, JSA retained PAR to evaluate the historic
period archaeological and architectural resources within 
the project area for their eligibility for listing in the 
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NRHP. BioSystems Analysis was requested to evaluate 
the prehistoric resources for NRHP eligibility. These 
evaluative studies were completed in 1993. The result of 
this work will be a determination of eligibility and effect 
from the SHPO and the development of a programmatic 
agreement (P A). The finding of eligibility and effect and 
the draft PA will be included in the final EIRIEIS. 

Cultural Context 

The following is a summary of the cultural context of 
the DW project area. This information is extracted from 
a more complete discussion provided in Appendix MI. 

Prehistory 

In the Delta, among areas of greatest prehistoric 
archaeological sensitivity are th~se where Piper soils are 
located. Piper soils represent relic sand hills that once 
stood above the level of the surrmmding tule marshes. 
Because of their elevation above the frequently inundated 
peat soils, these sand mounds were often used by prehis
toric peoples for village and burial sites. Surface evi
dence of prehistoric sites in this setting is scarce because 
Piper soils are often covered with peat. Many more sites 
probably exist on the islands than have been discovered 
to date. 

The earliest recognized use of the Delta region dates 
from approximately 2500 B.C. to 1000 B.C. and is 
known as the Early Horizon. Burials from this period 
have been found in the lower levels of indurated Piper 
sand mounds. 

Middle Horizon sites, dating from approximately 
1000 B.C. to A.D. 500, have also been found in the 
Delta. Sites dating to this period often contain substantial 
living refuse (midden). Middle Horizon burials are found 
primarily in flexed positions. 

The period between A.D. 500 and the arrival of the 
Spanish in central California has been named the Late 
Horizon. This period is characterized by large village 
sites, increasing evidence of acorn and nut processing, the 
introduction and use of the bow and arrow, and the use of 
clam shell disc beads as the primary medium of ex
change. During the last part of the period, cremation 
became a common mortuary practice. 
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Ethnography 

The DW project area is situated at the interface of 
three different ethnolinguistic groups that used the region 
before European contact: the Plains Miwok, the Bay 
Miwok, and the Northern Valley Yokuts. Levy (1978) 
places Holland Tract within the boundaries of the Plains 
Miwok; however, settlement and territorial boundaries of 
the Plains Miwok have long been the subject of contro
versy in California ethnography. The following summar
izes ethnographic information for the three groups. 

The tribelet was the largest political unit of the 
· Miwok. The Plains Miwok had about 28 such divisions 
(Bennyhoff 1977). Within each tribelet were several 
more or less permanently inhabited settlements and a 
larger number of seasonal campsites (Levy 1978). The 
Plains Miwok are thought to have numbered about 
11 ,000; their population density was probably the highest 
of any group in aboriginal California, averaging over 1 0 
persons per square mile (Baumhoff 1963). The Plains 
Miwok were subject to missionization in the early part of 
the nineteenth century, and converts from the western
most Delta began appearing in baptismal records of 
Mission San Jose in 1811. 

The Bay Miwok were the first of the Eastern Miwok 
peoples to be missionized, with converts coming from the 
Saclan tribelet to Mission San Francisco in 1794 (Levy 
1978). The Bay Miwok aboriginal population is esti
mated to have been about 1,700. 

The Yokuts had miniature tribes of approximately 
300 people, with most of the members of a tribe con
gregated in one principal settlement with a headman. No 
precise idea of the size of the aboriginal population of the 
Northern Yokuts can be arrived at from Spanish ac
counts; however, two estimates place the total at 25, I 00 
(Cook 1955) and 31,404 (Baumhoff 1963). The native 
population was not evenly distributed but was clustered 
in a narrow strip ofland bordering the San Joaquin River 
and its main tributaries (Wallace 1978). The Yokuts 
were profoundly affected by diseases brought by Euro
americans and by being removed to the missions on the 
coast. 

All three groups occupied large multiple-family 
villages. The preferred location for settlement was on 
elevated terraces near streams. Most settlements were 
inhabited permanently, except during a period of several 
weeks each year during the fall acorn harvest. Acorns 
were a staple augmented by various seeds, nuts, roots, 
berries, and greens. Fishing was very important in both 
the Miwok and Northern Valley Yokuts economies 
(Bennyhoff 1977, Levy 1978). 
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History 

Until the Gold Rush of the 1840s and 1850s, the 
Delta was a network of waterways and natural islands of 
sand and peat. The Swamp and Overflow Land Act of 
1850 opened the Delta for speculation by land developers 
(Thompson and West 1879). Land ownership of the 
Delta islands and development of reclamation districts 
began in the 1850s; however, it was not until the late 
1860s that massive efforts were initiated to seriously 
reclaim the land for farming. 

The initiation of reclamation of Bouldin Island in the 
1870s brought recognition of the richness of the peat 
soils and their value for agricultural purposes. Reclama
tion efforts went hand in hand with extensive construction 
of ditch systems and pump stations around the islands as 
a means of draining water, leading to even more acres 
being planted in crops. Agriculture on Bouldin Island 
was successful in the 1880s and gr~w in importance into 
the 1900s. 

The first attempts to commercially grow asparagus 
were made on Bouldin Island in 1892, and the venture led 
to the fame of the Delta as the "asparagus capital" of the 
world. Asparagus, potatoes, beans, and grains were the 
primary crops grown on the islands before 1900 (Chan 
1986). In 1910, farming on the islands focused on pota
toes and onions (Sierra Art and Engineering Company 
1910). 

In the 1880s and early 1890s, most farming was con
ducted by Chinese laborers. By the late 1890s, Japanese 
immigrants were steadily arriving in America and joining 
the Chinese work force. They were aided in their endeav
or to find work by George Shima, a fellow immigrant 
who anived in America in 1889 and began working as a 
laborer at a potato farm along the coast (Fujita 1980, 
Hata and Hata 1986). By 1894, Shima had begun to 
experiment with potato growing in the Delta on land he 
leased at Staten Island, and by 1909, Shima was known 
as the Potato King (Yoshimura 1981 ). 

As early as 1900, Delta farmers devised a series of 
camps to facilitate cultivation of vast fields on the islands, 
and Shima's holdings were ne exception. The camps 
functioned as autonomous units. Each had its own hous
ing, cooking facilities, barn, sheds, horses, and farm 
implements. In addition, large warehouses used for pack
ing, storing, and processing crops were located on tops of 
levees near the landing or wharf (Chan 1986, Paterson 
et al. 1978). 

By 1917, Shima had 17 camps on Webb Tract, 12 
on Holland Tract, and 12 on Bacon Island, as well as 
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headquarters on Webb Tract and Bacon Island (Widdows 
1917). Shima operated the camps under a lease with the 
California Delta Farms Company, of which he was a 
shareholder. In addition, Shima maintained a residence 
at camp no. 1 on Bacon Island, and his headquarters 
office for the Delta was located in camp no. 3 on Bacon 
Island (Fujita 1980). Following completion of reclama
tion of Bouldin Island in 1918, 3 7 camps were also built 
around the perimeter of that island (Budd and Widdows 
1926). 

Today, Bacon Island, Bouldin Island, and Webb 
Tract are still used primarily for agriculture. Portions of 
Holland and Webb Tracts and Bouldin Island are used for 
grazing sheep and cattle, and there are hunting clubs and 
two marinas on Holland Tract. 

Research Methods 

The inventory phase of the cultural resources inves
tigation consisted of archival research, field surveys, site 
recordation, and preliminary assessments of resource 
significance. 

Prefleld research was conducted at the following 
repositories: 

• the Northwest Information Center at Sonoma 
State University and the Central Information 
Center at California State University, Stanis
laus; · 

• the State Office of Historic Preservation; 

• theNAHC; 

• California State Library; and 

• Reclamation's Sacramento office. 

Census materials, maps, and written histories were 
checked to identify landing sites, agricultural operations 
and camps, and other activity sites on the islands. County 
offices were also contacted for information they might 
have on cultural resources in the project area. In addi
tion, several Japanese American organizations, including 
the National Japanese American Historical Society, Japa
nese American Historical Museum, Japanese American 
Citizens League, and Haggin Pioneer Museum were con
tacted for information. 

Following the archival research, a reconnaissance
level field survey of the project area was conducted. In 
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consultation with the lead state and federal agencies, a 
sampling strategy was developed for the inventory. Areas 
believed to have little potential for archaeological re
sources because they would have been seasonally inwt
dated were subjected to a 200/o sample survey. Areas 
with high potential for prehistoric archaeological mater
ials, such as the Piper sand mowtds, were subjected to a 
1 000/o survey. Areas identified during archival research 
as having potential for historic or prehistoric remains 
were also surveyed completely. 

Areas to be sample surveyed were selected to pro
vide representative coverage of the entire project area. 
Researchers walked transects 20-30 meters apart (20 
meters on Piper soils) across each of the areas selected 
for survey. Approximately 100 acres of Piper sand 
mounds on Holland Tract could not be surveyed because 
they are not owned by or wtder control ofDW. 

An architectural survey was also conducted by PAR. 
This work included identifying· and recording all poten
tially historic structures .on the four islands. For each 
structure built before 1946, the structure was photo
graphed and mnnbered, its physical location was mapped, 
and a California Historic Site Inventory form was com
pleted Because many of the structures had the potential 
for archaeological deposits, California Archaeological 
Inventory forms were also completed for some of these 
resources. 

Following the inventory, PAR conducted signifi
cance evaluations, including archival and oral history 
research and archaeological test excavations of the 
historic-period resources. BioSystems Analysis con
ducted test excavations and evaluated the significance of 
prehistoric resources. Determination of eligibility and 
effect reports were prepared and have been submitted to 
the SHPO for concurrence. Documentation of this con
sultation will be included in the final EIRIEIS. 

Inventory Findings 

The archival research and field surveys of the DW 
project islands revealed the presence of many cultural 
resources. The following section summarizes PAR's 
report (Maniery and Syda 1989) and describes the 
resources identified and recorded on the four islands. 
The following discussion does not include descriptions of 
isolated artifacts and features. For a complete listing of 
resources identified on each island, see Tables M2-l 
through M2-4 in Appendix M2, "Cul.tural Resource 
Survey Information for the Delta Wetlands Project 
Islands". 
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Resources with archaeological deposits or the poten
tial for archaeological deposits were assigned trinomials 
by the California Archaeological Inventory. Locations 
where only architectural remains were fowtd are identi
fied with numbers assigned during the survey. Enumer
ation of isolated artifacts varies for different Information 
Centers of the California Archaeological Inventory. 
Isolated artifacts found on Bacon and Bouldin Islands 
were assigned isolated artifact numbers by the Central 
California Information Center. These resources are 
denoted with an "I" in Tables M2-3 and M2-4 in Appen
dix M2. Isolated artifacts are not numbered by the 
Northwest Information Center, so the numbers assigned 
during the survey are used. 

Bacon Island 

Resources on Bacon Island consist of historic-period 
archaeological sites and architectural properties; no 
records or evidence of prehistoric sites have been found. 
The resources identified on Bacon Island are listed in 
TableM2-l inAppendixM2. 

Most of the historic resources on Bacon Island are 
related to agricultural development and use. Bacon 
Island once had 12 main work camps, at least two auxil
iary camps, a headquarters, and associated landings all 
builtbyGeorgeShimabetween 1915and 1918. Stand
ing historic structures were identified at 1 0 of the main 
work camps, one of the auxiliary camps, and the bridge 
tender's residence. Identified buildings included bunk, 
boarding, and foremen's houses; kitchens; sheds; wash 
houses; lavatory facilities; offices; and barns. The major
ity of the structures are of Craftsman design, charac
terized by steep- or low-pitched, end- and side-gabled 
roofs, exposed rafters, porches supported by square 
columns, multipane or single-pane windows, and paneled 
doors. 

The remains of the 1870-1910 site of Day's Landing 
is also present on the island. This site is also the location 
of Shima's labor camp no. 5. 

Webb Tract 

Five of the seven resources identified on Webb Tract 
are isolated historic-period features or artifacts. Two 
resources are architectural/archaeological sites. No 
prehistoric resources have been found on the tract. Table 
M2-2 in Appendix M2lists the resources on Webb Tract. 

Site mnnber CA-CCo-584H on Webb Tract consists 
of a large one-story, Craftsman-style house with a low-
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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. 

Delta Wetlands Draft EIRIE/S 

87-1 19AA!CHJM 3M-10 

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. 
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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. 

Delta Wetlands Draft EIR!EIS 

87-1 19AAICH3M 3M-ll 

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. 

Delta Wetlands Draft EIRJEIS 

87-119AAICH3M 3M-17 

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 

Ch 3N. Mosquitos and Public Heallh 
September 1995 



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 
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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. 

,..-,-_,, .. ,., 
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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. 
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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 

~""'~.-,'\ 
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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 

Chapter 30. Air Quality 

September 1995 



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). 

Delta Wetlands Draft EIRIEIS 

87-119GG\CH4 4-1 

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 
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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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