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SUMMARY

DESCRIPTION OF PROPOSED ACTION

Pursuant to contracts to deliver State
Water Project (SWP) water to Napa and
Solano Counties, the Department of Water
Resources (DWR) has proposed construc-
tion of Phase IT1 facilities of the North
Bay Aqueduct, which would supply up to
61,400 acre-feet annually. The aqueduct
would divert Delta water from one of
three locations in eastern Solano County
overland approximately 28 miles to near
Cordelia where it would tie into pre-
viously constructed Phase 1 aqueduct
facilities in Napa County (see map,
Figure i, next page). The City of
Vallejo has contracted separately for an
additional 5,600 acre~feet of water
through its existing intake and transport
system on Cache Slough. The Department
is also proposing that conservation
measures be implemented to reduce water
demand.

Background and History

The construction of the North Bay Aque-
duct was originally planned for comple-
tion in 1966 to ensure delivery to Napa
County. Since construction of the Solano
County portion of the facility was not
deemed necessary until after 1975, an
interim supply was provided for Napa
County by the Bureau of Reclamation (now
Water and Power Resources Service)
through the Putah South Canal originating
at Lake Berryessa., This supply is
delivered to Napa County from the term-
inus of the Putah South Canal via Phase 1
facilities of the North Bay Aqueduct,
built in 1968.

xiii

Construction and Operational
Characteristics

Phase 1 facilities consist of a res-
ervoir and pumping plant near Cordelia
in Solano County and an underground
pipeline extending about 4% miles from
there to the Napa Turnout Reservoir.
The maximum capacity of the Phase 1
facilities is 46 cubic feet per second
(cfs).

The proposed Phase II facilities would
be built entirely in Solano County,
connecting directly to the existing
Phase I facilities. The proposed
capacity of the Phase II facilities
wculd permit a maximum flow of 115 cfs
during peak water demand periods. The
existing Vallejo pumping and transport
facilities are capable of a maximum
flow of approximately 32 cfs. The pro-
posed Phase II facilities consist of
intake pumping plants with fish screens,
an open concrete-lined canal, and/or a
buried pipeline, and a terminal
reservoir.

ALTERNATIVES CONSIDERED

The environmental evaluation of the pro-
posed action to construct and operate
the North Bay Aqueduct requires two
distinct levels of alternative analysis.
Alternative water supply sources for
Napa and Solano Counties are first
investigated to determine their relative
feasibility and likelihood to provide
either a complete or partial substitute



for the Delta water supply that would be
conveyed by the North Bay Aqueduct.

The second level of evaluation focuses

on various alignments of the proposed
aqueduct itself. 1In this report, the
seven alternative alignments, which
include three possible intake points,

are investigated to determine their
impacts on cultural resources, particu-
larly the presence of archaeological
sites near historic waterways; endangered
species and unusual plant associations;
vernal pools and the Jepson Prairie, a
unique natural feature of eastern Solano
County; Suisun Marsh, emphasizing the
possible cumulative effect of additional
Delta water diversion on salt water
intrusion; farmland encroachment; and
economic implications, particularly water
user costs. The relationship between
water supply and population growth in the
areas that would be served by the aque-
duct is also a special concern in this
analysis.

Alternative Supplies

Alternative water supply sources for the
two counties include ground water,
reanalysis of the Solano Project, desali~
nation of Suisun Slough water, the West
Sacramento Valley Canal, conservation

and waste water reclamation. In the near
future only water conservation and, to a
more limited extent, waste water recla-
mat ion appear to be feasible alterna-
tives, at least partially, to the pro-
posed North Aqueduct supply. A mixed
plan, water conservation with the North
Bay Aqueduct and waste water reclamation,
is selected as NWR's preferred alterna-
tive.* The mixed plan also encompasses
any other sources of water supply that
may become feasible.

Alternative Alignments

Seven basic alternative alignments
were selected for evaluation. Consid-
erations in locating these routes in-
cluded different intake locations,
avoidance of the Jepson Prairie and
Suisun Marsh, maximizing the effic-
iency of secondary water transport
systems, and minimizing the disruption
of urban areas.

The alternative alignments would divert
Delta water from either Cache Slough
(Routes 1 and 3), Calhoun Cut (Routes 2
and 2A), or Lindsey Slough (Routes 4, 5,
6, and 7)(see Figure 4-1, page 52).
Alternative routes 2 through 7 would
have the additional option of terminat-
ing at either a North or a South
Cordelia Forebay (reservoir). Alterna-
tive alignments 2 and 6 propose a seg-
ment of open concrete~lined canal with
an intermediate pumping station south of
Travis AFB. From this pumping plant,
Routes 2 and 6 would become a buried
60~inch diameter pipe. All other
alternative alignments (1, 2A, 3, 4, 5,
and 7) would have a buried 60-inch
diameter pipe for the entire length of
the aqueduct.

SUMMARY OF SIGNIFICANT BENEFICTAL AND
ADVERSE ENVIRONMENTAI. EFFECTS OF
ALTERNATIVE ALIGNMENTS

Since many of the direct environmental
consequences typically associated with
construction and operation of water
transport facilities are relatively
minor, of short duration, and/or largely
alleviated by some standard construction
measures, the focus is on those impacts
which would be relatively significant or
distinctly characteristic of a particu-
lar alignment.** These include:

* Designation of this alternative as 'preferred" is not intended to implv anv
endorsement by the U. S. Army Corps of Engineers. (See note, p. 37)

**Nothing in the table or elsewhere in this report should be taken as implving
that some factor or impact has not been considered by the Department of Water
Resources in planning the North Bay Aqueduct.

-
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Provision of supplemental water

supplies to Solano and Napa Counties
(A1l Routes).

Encumbrance and/or encroachment of
prime farmland (All Routes).

Possible disruption of biological habi-
tats in the Jepson Prairie and Suisun
Marsh that support threatened and
endangered plant and animal species
(Routes 2, 2A, 3, 4, 5, 6, and 7).

Intersect ion and disruption of numerous
roadways, railroads, and major utility
and service lines (All Routes).

Temporary disruption with the first
phase and possibly phases II and III[ of
the Fairfield linear park system along
the abandoned Sacramento Northern Rail-
road right of way (Route 1 only).

levels, par-
(All Routes).

Increased noise and dust
ticularly in urban areas

Generation of substantial amounts of
material from maintenance dredging of
intake channels (Routes 1, 2, 2A, and
3).

Consumption of a significant amount of
energv for construction, operation, and
maintenance of the aqueduct (All
Routes).

The pre-treatment water quality of
existing domestic supplies in Solano
and Napa Counties would be compromised
by the supplemental North Bay Aqueduct
supplv (All Routes).

Since the proposed capacity of the North
Bay Aqueduct would be 115 cfs for all
alignments, the indirect impacts asso-
ciated with population growth would be

*The Ul. S. Army Corps of Fngineers taxes an impartial position as to whether to
issue or deny a regulatory permit until public review is complete,
in the

the "preferred" alignments referred to
Corps desipnatinn,

essentially the same for each alignment.,
The population growth expected in Solano
and Napa Counties may be considered to
result from or necessitate the North Bay
Aqueduct, depending on one's point of
view. This growth will result in
generally more congested roadwavs,
lowered air quality, elevated noise
levels, strains on some public

services, diminished open space and
wildlife resources, and other cco-
logical effects.

Based on the environmental analysis pre-
sented in this report, Routes 1 and %
(to the North Cordelia Forebay) have
been selected as preferred for the con-
struction of the North Bay Aqueduct.¥*
The major advantages of Route 1, with an
intake on Cache Slough, would include
possible maintenance coordination with
the City of Vallejo's existing intake
and avoidance of a potential conflict
with the proposed relocation of the City
of Vacaville's sewage discharge, rela- 1
tively low construction and operation
costs of secondary water transport sys-—
tems, avoidance of the Suisun Marsh, and
expected lower sensitivity with regard
to cultural resources and anadromous
fish. Significant disadvantages o

Route 1 would include encumbrance ot
prime farmland and temporary disruption
of the social environment through a long
stretch of Fairfield. Available data ‘
also indicate that water quality in |
Cache Slough is lower than in lLindsey
Slough.

»d

Route 4, with the alternative routing
around Cordelta Hill to the North
Cordelia Forebay, would have the
advantage of utilizing the Creed/
Robinson Road right of wav, therchy
minimizing the need for encumbrance of
surrounding farmland, mininizing con-
flicts with utilities along the right of

Therefore
»

joint FIR/ES do not represent a




TASLE »

IMPACT OVERVIEMW

C AQUEDUCT ROUTES
I 2 S Y S S

, IMPACTS . e e °
1. Potential seismic events could damage or disrupt the aqueduc®. L oL L L L L L L
2. Soils may cause problems by shrinking and swellinq. - L - - - - L -
3. Dust and other particulate matter would be generated during excavation
activities and could adversely affect urban areas. M M M M M M M
4. Farmland would be encumbered and/or encroached. M H M M L M H
5. Construction of the aqueduct would intersect numerous streams and drainage
channels and could also disturb subsurface irriqation and drainage systems. ML L M L L L M
6. Construction across existing levees could affect their stability and
consequently increase the local flooding hazard. Lot L L L L L L
7. Initial and maintenance dredqgina for the aqueduct intake, where required,
would temporarily increase turbidity and disrupt riparian veaetation. M H H 4 L L L L
8. Disposal of dredged material would reaquire additional land acquisition
and/or transport to landfill. MM o M L L L L
9. Fish and other aquatic organisms would be entrained/impinqged at the
diversion intake. L M M L M M M [
10. Construction activities could disrupt native grasslands by removing
vegetation and altering the soil strata. M H H M L L L M
1. Construction activities would encroach in the primary manaanement zone of . . - . . . .
the Suisun Marsh. - M- M- M- M- M- M- M
12. Construction in the Jepson Prairie and surrounding grasslands would be a
potential disturbance to sheep during lambing season. - L L - L L L L
13. Areas of relatively nigh archaeoloaical sensitivity could be revealed
durina construction of the aqueduct. L M M M M M M M
14, Numerous roadways and railroads would have to be traversed during 1
construction of the aqueduct and temporary congestion and rerouting of
traffic would result. H M M M M M M “
15. Increased noise levels would be associated with construction of the
aqueduct, adversely affecting urban areas. H M M M M M M M
16. JConstruction of the aqueduct alonqg Route 1 through Fairfield would
temporarily disrupt the first phase of the city's linear park. H - - - - - - -
17. Major utility and service lines in Suisun City would be crossed - H H H H H H H
18. Supplemental water supplies would be made available to Solano and Napa
Counties. H H H H H H H H .
19. Although open canal segments of the aqueduct would be fenced along their §
~-~tire length, some public access to the canal would still occur, >
endaniering the safety of these individuals. - M - - - - M - i

20. Popultation arowth (particularly around Suisun City and Fairfield) enabled
by the additional water supply would result in more congested roadways,
Tower air quality, elevated noise levels, strains on some public services,

diminished open space, wildlife resources, and other ecological effects. H H H H H H H H .
1
21. Prime agricultural land in Solanc County would be displaced by urban i
development to accommodate population qrowth enabled by additional water }
supply. H H H H H H H H i
22. Oevelopment in Suisun City enabled by the aqueduct water supply could put
additional pressure on the adjacent Suisun Marsh. H H H H H H H [
23. Intake on Calhoun Cut would conflict with designation as “siqnificant
natural resource area” in 1975 Delta Plan, - H H - - - - -
24. Pre-treatment water quality of existing domestic supplies would be lowered
by suppliemental North Bay Agqueduct water supply. H M M H L L L L
2%, Aqueduct ttself or the urban development it allows could cause conflicts
with Gavernor's Urban Strateqy. M H H M M M M M

NOTE: Relative maanitude of environmenta) impact is indicated as appropriate: W = Hiah, M = Moderate, L : low,
- : No Impact, * : Urique to alternative routing around Cordelia Hil) to North Cordelia forebay (Routes .-7)
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way, avoiding Suisun Marsh, and reducing
poteatial impacts to the Jepson Prairie,
endangered species, and cultural
resources. The Lindsey Slough intake for
Route 4 would also require minimal ini-
tial and maintenance dredging and dredge
spoils disposal. The major disadvantages
of Route 4 would be the higher construc-
tion and operating costs of secondary
water transport systems, disruption of
the social environment and several major

utilities through Suisun City, and a
potential conflict with Vacaville's
future waste water discharge.

Through public review of this draft
environmental document and more detailed
analysis of several environmental factors
suggested by this study, one preferred
route will be selected for inclusion in
the final EIR/ES.




1.0 PURPOSE OF, AND NEED FOR PROPOSAL/INTRODUCTION

1.1 PURPOSE AND NFED FOR PROPOSAL

1.1.1 The Department of Water Resources
(DWR) is proposing to construct the Phase
11 facilities of the North Bay Aqueduct
to meet the requests of Solano and Napa
Counties for additional water supply.
DWR's purpose in building the aqueduct
would be to fulfill contractual commit-~
ments and to satisfy developing needs for
supplemental municipal and industrial
water in the North Bay region. Various
agencies have estimated the amount of
supplemental water that the proposed
service area will require by the year
2000, and all the estimates indicate a
need for some new source of water.
/1,2,3/ The aqueduct would convey Delta
(State Water Project) water across Solano
County, supplying Vacaville, Fairfield,
Suisun City, and Benicia. It would also
supply Napa by connection to the existing
Phase I facilities. The City of Vallejo
would also receive a State Water Project
supply through its existing pipeline to
Cache Slough,

1.1.2 The National Environmental Policy
Act of 1969 (NEPA) is the basic national
charter for the protection, enhancement,
and restoration of the environment. NEPA
procedures generally insure that relevant
environmental information is made avail-
able to public officials and interested
citizens before decisions are made and
before actions are taken. /4/ Since the
North Bay Aqueduct involves construction
of an intake structure in 'navigable
waters of the United States', it requires
a permit from the U. S. Army Corps of
Engineers (see Section 2.1.1), and
thereby is subject to the statutory
authority of NEPA. An Environmental
Statement (ES) is required.

1.1.3 The California Environmenta'
Quality Act (CEQA) of 1970 (as amended)
mandates that all agencies of the State
government which regulate activities of
private individuals, corporations, and
public agencies which are found to sig-
nificantly affect the quality of the
environment shall regulate such activi-
ties so that major consideration is
given to preventing environmental
damage. /5/ Amendments to CEQA Guide-
lines in 1976 encourage the use of a
Not ice of Preparation, similar to that
already used in federal environmental
review procedure. A Notice of Prepara-
tion for Phase II of the North Bay Aque-
duct was distributed on October 8, 1979.

1.1.4 The preparation and review of an
Environmental Impact Report (EIR) is the
cornerstone of CEQA. The EIR 1is
considered a full disclosure public docu-
ment, objectively evaluating all signifi-
cant environmental implications of a
proposed action. EIR Guidelines (Section
15063) specifically encourage the use of
a joint EIR/ES where both State and
Federal requirements would require prep-
aration of environmental documents.

1.2 BACKGROUND AND HISTORY

1.2.1 The Department of Water Resources
(DWR) has contracted with Madrone Asso-
ciates to conduct an environmental
analysis of its proposed action to con-
struct Phase IT facilities of the North
Bay Aqueduct. The construction of the
Phase TI facilities would fulfill con-
tractual obligations dating to the
1960's between DWR and the Counties of
Napa and Solano. The proposed aqueduct,
which would divert Delta water at either




Lindsey Slough or Cache Slough in eastern
Solano County, would provide up to 61,400

acte—feat/vr of the total of 67,000 acre-
tv. ( /ve contracted for by the two coun-
tic .. [l remdinder, 5,600 ac-ft/yr,
will be delivered through the existing

agneduct owned by the City of Vallejo,
whicth diverts from Cache Slough.

1.7.2 Plans for supplying water from the
Sa. ramento-San Joaquin Delta to northerly
po.+ tons of the San Francisco Bay area
Jdare back to the 1920s. Although a
Yotano-Napa County conduit was proposed

in 1932, it was not included as an ele-
rent of the State Water Plan at that
northern Bay area. The Legislature for-
villv adopted this recommendation in 1957
and included the North Bay Aqueduct as a
feature of the State Water Project.

l.2.3 A lack of interest in the aqueduct
by Marin and Sonoma Counties, which had
alternative sources of water available
(e.¢., Russian River), induced a reevalu-
ati1on of the project which concluded that
the focus of the aqueduct should be on
Napa and Solano Counties, with construc-~
ti.n of the facility to be completed in
time to ensure delivery to Napa County by
1966. Since construction of the Solano
County portion of the facility was not
cons idered necessary until after 1975, an
interim water supply source had to be
provided to Napa County. This interim
supply was made available by the Bureau
of Reclamation (now Water and Power

Re ources Service) through its Solano
Priject facilities originating at Lake
Berivessa,

1.7.4. Existing Phase T facilities .-
the North Bay Aqueduct in Napa County
consist of a surge tank near Cordelia
with approximately 4 miles of underground
36~inch diameter pipeline extending west-
erly and terminating at Napa Turnout
Reservoir (see Figure 4-1). The maximum
capacity of the Phase 1 facilities is 46
cubic feet per second (cfs). An interim
pumping plant near Cordelia currently
lifts water from the terminal reservoir
of the Solano Project to a surge tank.

e it e S+ =t s £ o

1.3 RELATIONSHIP TO STATE WATER PROJECT

1.3.1 1In 1951, the California Legis~
lature authorized construction of what
is now the State Water Project, a system
designed to provide additional water
supply, storage, and distribution
throughout California (Figure 1-1).
Although the Project has been providing
water to portions of California since
1962, the primary facilities of the
Project were not completed until 1973,
By this time, 18 reservoirs, 15 pumping
plants, 5 power plants, and 540 miles of
aqueduct were operating in the system.
The key feature of the Project is the
770 foot Oroville Dam, which has the
capacity to impound over 3.5 million
acre-feet of water on the Feather River
in Butte County.

1.3.2 The Project, administered by DWR,
is scheduled to reach its full delivery
capacity of approximately 4.23 million
acre-feet sometime after the year 2010.
/6/ To enable delivery of this full
capacity, DWR has proposed additional
reservoirs, ground water storage, a
peripheral canal around the Sacramento-
San Joaquin Delta, and several water
transportation facilities. The North
Bay Aqueduct has been proposed to
satisfy one of these latter require-
ments. DWR has also been emphasizing
water conservation and waste water rec-
lamation as a means to reduce future
water demand and, hence, indirectly sup-
plement more traditional water supply
sources.

1.4 GENERAL DESCRIPTION OF REGIONAL
AREA

1.4.1 Solano and Napa Counties encom-
pass approximately 1,700 square miles
between the San Francisco Bay area and
the Sacramento Valley (Figure 1-2). Napa
County and northeastern Solano County are
characterized by the mountainous terrain
and narrow valleys of the California

R . ke,
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inner Coastal Range. The south and
southeastern portions of Solano County
consist of gently rolling hills which
grade into the flat landscape of the
Central vallev. The Sacramento River
forms the eastern boundary of the two
county area, with the Suisun Marsh and
San Pablo Bay to the south and southwest,
Sonoma County to the west, and Lake and
Yolo Counties to the north.

1.4.2 The population of Solano County,
approximately 233,000, is distributed
among seven cities and scattered rural
locations. /7/ An estimated 95,000
persons currently reside in Napa County,
where a large number of these individuals
work outside their counties of residence,
commut ing to work in places as far as San
Francisco and Sacramento. /8/ The major-
ity of the population in both counties
resides in the incorporated cities where
industry is also concentrated, while the
sparsely populated unincorporated regions
include agriculture and open space.

1.4.3 Napa and Solano Counties have the
mild Mediterranean climate characteristic
of central California. A warm, dry
season typically extends from May through
October while a cool, wet season usually
occurs from November to April. Periods
of relatively high daytime temperatures
frequently occur in the summer, particu-
larly in Solano County, but nights are
generally cool. Total annual precipita-
ion varies considerably with the eastern
port ions of Solano County receiving as
little as 17 inches of rainfall each
vear, while higher elevation locations 1in
eastern Napa Countyv receive up to 40
inches. /9/

1.5 PROBLEM DEFINITION

1.5.1 The environmental evaluation of
the proposed action to construct and
operate the North Bay Aqueduct requires
that two distinct levels of alternatives
be analvzed. Alternative water supply
sources for Napa and Solano Counties
(e.g., water conservation, waste water

reclamat ion, other surface and ground
water supplies) must first be
investigated to assess their relative
feasibility and likelihood of providing
either a complete or partial substitute
to the Delta water supply that would be
conveyed by the North Bay Aqueduct.
Section 3.0 in this report addresses
alternative water supply sources both
individually and as a composite using
existing information and quantitative
data where they are available and
appropriate to support findings.

1.5.2 The second level of the evalua-
tion focuses on various possible align-
ments of the proposed aqueduct itself.
In this report seven alternative align-
ments, which include three possible
intake points, are investigated to
assess and compare theilr primarv
(direct) environmental effects in Solano
County.

1.5.3 Areas of special concern in the
analvsis of alternative aqueduct routes
were identified in a preliminary assess-
ment of the project. They include:
cultural resources, particularly the
presence of archaeological sites near
historic waterways; endangered plant and
animal species and unusual plant associ-
ations; vernal pools, a distinctive
natural feature of eastern Solano
County; Sulsun Marsh, with respect to
direct encroachment into the Marsh and
for the possible cumulative effect of
diverting additional Delta water on the
quant ity of Delta outflow, with resul-~
tant salt water intrusion into the
Marsh; farmland encroachment; and eco-
nomic implications, particularlv costs
to water users,

1.5.% The relationship between water
supplyv and papulation growth is an tssue
which has cvoked considerable contro-
versv in several other Bav area coun-
ties. In conjunction with the analvsis
of alternative sources of supplv, the
report evaluates this relationship
between new supply and population growth
in both Solanv and Napa Counties and the
secondary effects of growth that might

e e e




be attributed to supplemental water
supply.

1.6 PURPOSE AND NEED OF EIR/ES

1.6.1 State and Federal law requires
that environmental concerns be given

ma jor consideration in the review and
analysis of proposed public projects and
actions. Specifically, the environmental
review process requires that all govern-
ment agencies which have jurisdiction
over all or a portion of a proposed proj-

ect fully consider the environmental
implications of the proposed action prior
to the issuance of any necessary permits.
Agencies with jurisdiction over a project
fall into two general categories: those
which have actual permit authority, and
those which can review and make
recommendat ions only (see Section 2.0).
The Environmental Quality Act (CEQA) of
1970 (as amended) and the National
Environmental Policy Act (NEPA) of 1969
(as amended) are the two principal pieces
of legislation establishing the
environmental review process for the
proposed North Bay Aqueduct project.
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2.0 PLANNING AND REGULATORY CONTEXT

This chapter briefly discusses the agen-
cies having some authority or responsi-
bilitv in regard to the proposed Phase II
facilities of the North Bay Aqueduct.

2.1 FEDERAL

2.1.1 U. S. Corps of Engineers /1/

2.1.1.1 A Corps of Engineers (COE) per-
mit 1is required for the subject activity
pursuant to the provisions of Section 10
of the River and Harbor Act of 1899 (33
U.S.C. 403), and Section 404 of the Clean
Water Act (CWA)(33 U.S.C. 1344). Section
10 pertains to the construction of any
structure in or over any navigable water
of the United States, the excavation from
or depositing of material in such waters,
the accomplishment of any other work
affecting the course location, condition,
or capacity of such waters. Section 404
of the CWA pertains to the discharge of
dredged or fill material into the waters
of the United States at specified dis-
posal sites,

2.1.1.2 The procedures for issuing such
permits are governed by Corps of
Engineers regulations (33 CFR 320 et
seq.) and by directives requiring
consultation with the U. S, Fish and
Wildlife Service, the National Marine
Fisheries Service, the Environmental
Protection Agency, the California
Department of Fish and Game, and other
appropriate Federal and State agencies.
The decision whether to issue a permit
for the North Bay Aqueduct will be based
on an evaluation of the probable impact
of the proposed project and its intended
use on the public interest. The National

Environmental Policy Act requires that
the Corps prepare an Environmental

Impact Statement 1if it is determined that
the issuance of a permit would have a
significant effect on the quality of the
human environment., In accordance with
Corps of Engineers regulations, the
evaluation by Section 404 (b)(1) of the
CWA has also been integrated into the

text of this EIR/ES.

2.1.2 U. S. Fish and Wildlife Service

/2/

2.1.2.1 The U. S. Fish and Wildlife
Service (UISFWS), a division of the
Department of the Interior, is respon-
sible for protecting, preserving, and
enhancing fish and wildlife resources as
specified in the Fish and Wildlife
Coordination Act of 1956, Major con-
cerns of this agencv for the North Bayv
Aqueduct include endangered species,
associated primarilv with the Jepson
Prairie vernal pools; migratory birds;
and anadromous fish in the intake
sloughs. USFWS acts in an advisory
role, reviewing permit applications
received by the U. S. Army of Engineers
(COE). USFWS provides comments and
recommendations to COE regarding impacts
of proposed projects on fish and wild-
life resources and measures considered
necessary to prevent and mitigate
project-related losses of fish and wild-
life resources.

The Endangered Species Act of 1973, as
amended, 1s also administered by USFWS.
The Act requires the Corps of Enginecrs,
in consultation with the USFWS, ta
insure that proposed projects are not
likely to jeopardize the continued
existence of any endangered or threat-
ened species or result in the
tion of adverse modification of
habitat for such species, unless

destrue-
critical
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exempt ion of the project has been granted
by the Endangered Species Committee
established by the Act.

2.1.3 National Marine Fisheries Service
/3/
2.1.3.1 The National Marine Fisheries

Service (NMFS), within the U. S.
Department of Commerce, is primarily
concerned with the preservation and
management of marine, estuarine, and
anadromous fish, as specified by the Fish
and Wildlife Coordination Act. NMFS
functions in an advisory role (similar to
the USFWS), reviewing and commenting on
permit applications submitted to the
Army Corps of Engineers. Regarding

the North Bay Aqueduct project, NMFS has
expressed particular concern over the
cumulative impacts of water diversions
from the Delta on the biota of the Delta,
Suisun Marsh, San Francisco Bay, and the
continental shelf.

2.1.4 U. S. Environmental Protection
Agency /4/

2.1.4.1 The U. S. Environmental Protec-
tion Agency (EPA) is the agency respon~
sible for establishing the guidelines
that must be met Ly Corps of Engineers
permits under Section 404, EPA concerns
are focused on the protection of water
quality, wetlands, fisheries, and wild~
life habitat. They are also interested
in the investigation of alternative water
supply sources in Napa and Solano
Counties.

2.1.5 U, 8. Air Force (Travis Air
Force Base) /5/

2.1.5.1 1f any part of the North Bay

Aqueduct were to be located on Air Force
Base property, an easement would be

required. If the aqueduct passed through
a government-owned easement, then a con-
sent agreement would be required. The
only current restriction on siting of the
North Bay Aqueduct on Air Force Base
property requires that any aqueduct
facilities crossing the Air Force Base
would have to be placed underground.

2.1.5.2 The Air Force base has estab-
Vished a restricted zone around its
runwavs which governs the height of
buildings and other structures. The
restrictions prohibit any above-ground
structures for a 50-foot parallel and
1,000-foot perpendicular distance from
the end of the runways. Beyond this
area the height of above-ground struc-
tures can increase at the rate of one
foot per 50-feet parallel and one foot
per 7 feet perpendicular to the end of
the runway.

2.1.6 Department of Energy /6/

2.1.6.1 The U. S. Department of Energy
will require a permit for crossing over-~
head electrical transmission lines
located in the eastern portion of the
project site,

2.2 STATE

2.2.1 Department of Water Resources

2.2.1.1 The Department of Water
Resources (DWR is proposing the con-
struction of the Phase I[I facilities of
the North Bav Aqueduct to fulfill exist-
ing water supply agreements with Solano
and Napa Counties. The Department is
coordinating the environmental review
process and obtaining all necessary per-
mits. DWR is acting as a lead agency
and is responsihble for making sure that
all applicable provisions of the
California Environmental Quality Act are
met .




2.2.2 San Francisco Bay Conservation
and Development Commission /7/

2.2.2.1 A Bay Conservation and Develop-
ment Commission (BCDC) permit would be
required for any North Bay Aqueduct
alignment falling within the primary
management zone of the Suisun Marsh,

BCDC has requested the U. S. Army Corps
of Engineers to hold its permit in abey-
ance until a BCDC permit is issued. The
Commission would allow a buried pipeline
to cross the primary management zone of
the marsh, provided that complete resto-
ration of disturbed areas occurs, unless
a feasible alternative routing is avail-
able. BCNDC has delegated its authority
in the secondary management zone of
Suisun Marsh to Solano County and would
have direct involvement only upon appeal.
BCDC is concerned with losses in wildlife
habitat, effects on endangered species,
cutting the marsh off from upland areas,
and interfering with terrestrial migra-
tions of wildlife during the construction
phase.

2.2.3 California Department of Fish
and Game /8/

2.2.3.1 The California Department of
Fish and Game (DFG) has responsibility
for protecting and managing fish and
wildlife species. Since all of the pro-~
posed alignments of the North Bay Aque-
duct would cross several streams, DFG
permits would have to be acquired under
the stream alteration agreement of the
Fish and Game Code. 1In addition State
law mandates that new water diversion
must have a screened intake point,
requiring a DFG permit.

2.2.4 California Health Services /9/

2.2.4.1 The California Health Services
agency has jurisdiction which includes
all domestic water utilities. Therefore,
the North Bay Aqueduct project would be
subject to its rules and regulations.
Although no permits are required by
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Health Services, they would be respon-
sible for setting standards for treat-
ment of the water. Their primary
concern with the North Bay Aqueduct
project is that the City of Vallejo
receives an improved water source.

2.2.5 State Parks and Recreation /10/

2.2.5.1 The State Parks c<nd Recreation
Department does not have any permit or
regulatory authority over the North Bay
Aqueduct project; however, it has noti-
fied DWR that part of the Jepson Prairie
that would be crossed by some of the
alternative aqueduct alignments is
included in its future acquisition
program.

2.2.5.2 The Department has indicated a
preference for the Route 1 alignment
which would completely avoid the Jepson
Prairie. It has further stipulated that
mitigation land purchases of up to 3,000
acres of the Jepson Prairie (the maximum
required if Route 2 or 2A were selected)
would be requested to offset potential
impacts to the sensitive region. If
Route 4, 5 or 6 is selected, the Parks
and Recreation Department has suggested
that geology test borings be drilled
along Creed Road prior to construction
to determine the possible effects of
aqueduct construction on ground water
movement .

2.2.6 State Water Resources Control
Board /11/

2.2.6.1 State Water Resources Control
Board (SWRCB) permits for appropriative
water rights were obtained bv Department
of Water Resources in 1967 for the
entire North Bay Aqueduct project;
however, not all of the terms and

condit ions of the permit have been
finalized.

2.2.6.2 SWRCB is primarily concerned
with possible conflicts in Cache Slough
if Vacaville continues to discharge
waste water into a tributary creek and
North Bay Aqueduct selects an intak.

.



point downstream. It has indicated
support of a North Bay Aqueduct alterna-
tive that intakes on Cache Slough, since
Vallejo currently has an intake there.

2.2.7 Regional Water Quality Control
Board /12/

2.2.7.1 Although a discharge permit
would not be required for the North Bay
Aqueduct project, the Central Valley
Regional Water Quality Control Board will
review the Draft EIR/ES through the State
Clearinghouse and comment on the possible
impact of other projects and their alter-
natives on the North Bay Aqueduct and on
the impact the North Bay Aqueduct might
have on other projects in the area. The
Regional Board's principal concern is the
possible conflict between the City of
Vacaville, which discharges waste water
into Alamo Creek (a tributary of Cache
Slough), and the placement of the North
Bay Aqueduct intake downstream.

2.2.8 California Department of
Transportation /13/

2.2.8.1 The California Department of
Transportation (CALTRANS) has respon-
sibility for the design, construction and
maintenance of the State highway system,
District 10 is responsible for the State
highway system in Solano County and is
therefore interested in the portions of
State Highway 12, Interstate 80, and
Interstate 680 that may be affected by
the North Bayv Aqueduct project. For
crossing an Interstate of State highway,
an encroachment permit would be neces-
sary, setting forth the requirements of
the facility within the highway right

of way.

2.2.9 The Reclamation Board /l4/

2.2.9.1 The Reclamation Board, a divi-
sion of the State Resources Agency,

has jurisdiction with respect to levee
maintenance on Cache and Lindsey Sloughs.
A permit to alter existing levees on
these sloughs would be required for the
construction of the North Bay Aqueduct.

2.2.10 State Lands Commission /15/

2.2.10.1 For the North Bay Aqueduct,
DWR must submit to the State Lands
Commission (SLC) a 'Notice of Proposed
Use of State Lands". The SLC will
review DWR's notices and advise DWR of
any known, existing, or proposed facili-
ties which may be in conflict with DWR's
planned use. SLC will also reccmmend to
DWR any restrictions or limitations on
DWR's use of the State lands which it
deems necessary for the health and
safety of the public trust or preserva-
tion of natural resource values and pro-
tection of the environment.

2.3 LOCAL

2.3.1 Although State activities super-
sede local agency jurisdictions, exempt-
ing them from obtaining regularly
required permits, State agencies gener-
ally attempt to comply with local regu-
lations as much as possible. The local
agencies whose jurisdictions would be
affected by construction and operation
of the North Bay Aqueduct include the
Planning, Public Health and Public Works
Departments of Solano County, Napa
County, City of Fairfield, City of
Vacaville, Suisun City, City of Benicia,
City of Vallejo, City of Napa, as well
as various special districts (e.g., Napa
and Solano County Flood Control and
Water Conservation Districts, Solano
County Mosquito Abatement, Solano Irri-
gation District). 1In the event that a
proposed alignment crossed through a
secondary management zone of Suisun
Marsh, the Solano County Board of Super-
visors would have to grant approval.
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3.0 WATER NEEDS AND AL TERNATIVES

3.0.1 This chapter examines the broad
range of reasonable water supply alterna-
tives (including the North Bay Aqueduct
Delta water supply alternative) which
could meet the future supplemental water
needs of Solano and Napa Counties. The
principal components of each water supply
alternative are described along with each
alternative's general environmental,
technical, and economic considerations
and implications. Table 3-1 presents a
summary evaluation of water supply alter-
natives., Also discussed are a mixed pro-
gram of water supply alternatives and the
"No Project” alternative,

3.0.2 Section 3.1 compares existing and
future water supply sources with pro-
jected water demand in Solano and Napa
Counties over the next 20 years. Section
3.2 provides a description and evaluation
of various water supply alternatives
having the potential to satisfy future
water demands. Section 3.3 presents a
discussion of the "No Project” alterna-
tive, as required by both State and
Federal environmental regulations. Sec-
tion 3.4 gives the selection of a pre-
ferred alternative.

3.0.3. U. S. Army Corps of FEngineers'
regulations require that all alterna-
tives considered in an environmental
report be identified under four possible
categories. The categories are: 1)
within the capability of the applicant
(DWR) and within the jurisdiction of the
Corps; 2) within the capability of the
applicant but outside the jurisdiction
of the Corps; 3) reasonably foreseeable,
beyond the capability of the applicant
but within the jurisdiction of the
Corps, and 4) reasonably toresceable,
and both beyvond the capability of the

applicant and outside the jurisdiction
of the Corps. These categories of
alternatives are indicated by the
number in parentheses following each
alternative title in this chapter.

3.1 SUPPLEMENTAL WATER NEEDS*

Municipal and industrial demand for
water is expected to exceed supply in
both Solano and Napa Counties before
1990, as Table 3-2 indicates. By 2000,
shortages could be considerably more
severe. The imbalance between demand
and supply could be corrected by mea-
sures to increase supply or reduce
demand. Several such measures are out-
lined in the remainder of this chapter.

3.2 WATER SUPPLY ALTERNATIVES
3.2.1 DELTA WATER SUPPLY ALTERNATIVES

3.2.1.1 North Bay Aqueduct (Proposed
Project) (1)

3.2.1.1.1 A Delta water supply alterna-
tive involves the construction of an
overland transport system using
Sacramento-San Joaquin Delta (State
Water Project) waters as the basic
source of supply. This alternative is
exemplified by the proposed North Ray
Aqueduct project (see Chapter 4).

3.2.1.1.2 The environmental, cost and
technical implications of the North Bay

*The demand forecasts in this chapter are based partly on Department of Finance
E-150 series population projections. Both higher and lower projections are
available. The latest projections for Solano and Napa Counties, which take
into account the 1980 Census, total somewhat higher than the E-150's, but the
difference was not considered significant for estimating water demand.
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TABLE 3-2

FUTURE DEMAND AND SUPPLY
FOR MUNICIPAL AND INDUSTRIAL WATER IN SOLANO AMD NAPA COUNTIES

Supplemental Water

1/ 1/ A
1) Demand - (2) Supply! Requirement, (1)-(2)
%ac-ft/yri (ac-ft/yr; T Tac- ft/yﬂf_'
Solano County:
1990 66,270 55,940 10,330
2000 77,350 55,940 21,410
Napa County:
1990 24,000 18,240 5,760
2000 28,200 18,240 9,960
Total, Both Counties:
1990 90,270 74,180 16,090
2000 105,550 74,180 31,370
/SOurce Department of Water Resources, "Water Action Plan for the

80uthwest Sacramento Valley Service Area," 1980.

at "“conservation" rates.

Per capita water use

For underlying assgmpt1ons, see Appendix_G.
Figures converted from cubic dekametres (damS)

(ac-ft=.8107 dam3).

Aqueduct Delta Supply alternative are
examined in later chapters. General
environmental concerns include possible
adverse impacts resulting from construc-
tion activities (particularly in
environmentally sensitive areas),
encroachment on farmland, and possible
growth inducement. A recent study con-
cluded that the present State Water
Project (SWP) yield would be insufficient
to satisfy all its contractual commit-
ments. Therefore, the completion of the

North Bay Aqueduct would increase the
stregs on the State Water Project. /1/
In the event of a water shortage, the
SWP's agricultural customers may receive

up to a 50 percent cut in entitlement
deliveries before M&T customers receive
any cut. If further cuts are required,
deliveries to all contractors are reduced
in equal proportions.

3.2.1.1.3 The water supply capability
and estimated delivery schedule for the
North Bay Aqueduct are found in Section
4,1. At maximum capacity the project
would deliver 42,000 acre~feet/year of
Delta water to Solano County (5,600
acre-feet /year through Vallejo's exist-
ing system) and 25,000 acre-feet/year to
Napa County. Since Napa County is
currently receiving an interim supply of




7,500 acre-feet/year from Lake Berryessa,
the North Bay aqueduct project would
actually provide Napa County 17,500
acre-feet/vear of additional water over
existing supply, at maximum delivery.

3.2.1.2 Enlarged North Bay Aqueduct
Project (1)
3.2.1.2.1 A variation on the North Bay

Aqueduct project would be an enlarged
North Bay Aqueduct concept. This alter-
native would provide a combined convey-
ance system with sufficient capacity to
convey Delta water supplies for both the
contracted Napa and Solano County amounts
as well as additional capacity to provide
water for salinity control in Suisun
Marsh. The concept more specifically
involves combining the 550 cfs capacity
of the proposed Denverton Channel (a
diversion which would convey Delta water
from Lindsey Slough to Denverton Creek, a
tributary to Montezuma Slough) and the
projected 115 cfs capacity of the North
Bay Aqueduct into a single conveyance
system as far as the terminus of the
Denverton Channel. /2/ The combined
facilities would eliminate the need for a
pump lift and reduce right of way
requirements as well as construction and
operation costs.

3.2.1.2.2 This alternative would not
increase delivery of North Bay Aqueduct
water to Napa and Solano County water
contractors but would combine domestic
and agricultural water supply with water
supply for water quality control in
Suisun Marsh. Thus, it would have the
same effect on the future M&l water
supply-demand balance as the currently
proposed North Bay Aqueduct project.
Development of this alternative is still
under study and will depend both on a
proven need for additional water quality
control in Suisun Marsh as well as on
final determination of an alignment for
the North Bay Aqueduct.

3.2.2 OTHER SUPPLY SOURCES: SURFACE
AND GROUND WATER
3.2.2.1 Other than the Delta supply

concept exemplified by the North Bay 1
Aqueduct, sources of supplemental water '
supply for Napa and Solano Counties

include ground water, Lake Berryessa, )
Suisun Slough (with desalination), and 4
the West Sacramento Valley Canal.

3.2.2.2 Ground Water Supply Development
(2)*

3.2.2.2.1 Solano County. Solano County
has two major hydrogeologically

separated ground water reservoirs -~ the
Suisun-Fairfield Valley and the Putah
Plain aquifers. Current safe ground
water supply estimates in the County
range from 106,000 to 159,700 acre-feet/
year. /5,6/ On the basis of ground water
pumpage records for 1963~1975, approxi-
mately 143,700 acre-feet of ground water
are used in an average year. This indi-
cates that, at best, only about 16,000
acre-feet per year is presently available
for use. The safe ground water supply
could be expected to increase beyond the
year 2000 due to the growth of agricul-
tural, municipal, and industrial use,
with a corresponding increase in ground
water recharge.

3.2.2.2.2 1In Solano County, ground
water supplies are primarily used for
agricultural irrigation, although some
local wmunicipalities (e.g., Vacaville,
Dixon, and Rio Vista also rely on ground
water for domestic supply). Ground
water is used primarily during the
summer months when water demand is high
and surface supplies (i.e., Solano
Project) are reduced. As demand for
ground water increases, conflicts
between peak domestic (M&I) use and
agricultural requirements will become
more apparent,

*This alternative could be developed by DWR and/or local agencies.




3.2.2.2.3 A major constraint to the use
of ground water supplies for M&I use is
the variable quality of ground water in
the Suisun-Fairfield area, where most
water demand would occur. Ground water
salinity levels in the Suisun-Fairfield
area typically range from 300 to

6,000 mg/1 Total Dissolved Solids (TDS),
with average values generaly exceeding
900 mg/1 TDS. /7/ Putah Plain ground
water is of somewhat better quality, with
average TDS levels generally under

600 mg/1. However, the Putah Plain aqui-
fer 1s distant from M&I water demand
centers in central and southern Solano
Countv, so water transport facilities
would have to be incorporated into any
project developing ground water on a

ma jor scale. Although the Putah South
Canal apparently has the capacity to
accommodate additional water flows, down-
stream water quality agreement would
prohibit the use of the Canal for
transporting ground water,

3.2.2.2.4 Consequently, even though 1977
costs for pumping ground water locally
were $15.50/acre~foot in the Putah Plain
area, the additional costs of a water
transport system would be expected to be
substantial, reducing the overall attrac-
tiveness of ground water supplies for M&I
use. /8/ Although ground water pumping
costs 1in the Suisun-Fairfield area are
higher ($20/acre~foot in 1977), distribu-
tion costs would be lower than in the
Putah Plain because of the proximity to
the Fairfield population center. How-
ever, the typically poor water quality
reduces the desirability of this possible
source of M&[ water.

3.2.2.2.5 1t has been ectimated that the
use of ground water in conjunction with
surface supplies (e.g., the Solano Proj-
ect) could increase average ground water
vield by 20,000 acre-feet/ year. /9/

This would be achieved by drawing more
heavily on surface supplies in the wet
months and switching over to ground water
in dry months. However, the costs asso-
ciated with the required system to dis-
tribute ground water to the same area as
the surface water could be so high as to

make such a plan economically infeasible.
/10/ In addition, ground water resources

are largely under the control of private

interests and enforcement of any conjunc-
tive use plan would be difficult.

3.2.2.2.6 Although knowledge of Solano
County's ground water basins is incom-
plete, it appears from current informa-
tion that a maximum of 16,000 acre-feet
per vear 1is available for use. However,
most of this additional ground water
would not be available for domestic use
because of water quality limitations,
institutional constraints, and collec-
tion system costs. Even though future
increases 1in importation of surface
water could lead to increases in ground
water basin recharge, and hence the safe
water supply of this resource, increased
agricultural efficiency could also
reduce basin recharge.

3.2.2.2.7 Napa County. In Napa Countv
usable ground water storage capacity is
restricted to the area between Napa and
St. Helena, with an estimated range in
safe yield of 5,500-28,150 acre-feet per
year. /11,12/ North of St. Helena
ground water quality is generally poor.
South of Napa ground water is fre-
quently degraded by brackish water from
San Francisco Bay. Safe supply is
generally restricted to low-yield wells,
Between 1966-75, ground water pumpage,
primarily for agricultural irrigation,
was estimated at 10,000 acre-feet
annually, resulting in a net overdraft ‘
of 91 acre-feet a yvear. Computed cost
of ground water pumping for irrigation
in Napa Valley in 1976 was $38/acre-foot
without sprinkler systems. /13/

3.2.2.2.8 As in Solano County, know- ‘
ledge of Napa County ground water con-
ditions is incomplete. The increase 1In
total water demand for Napa Countv is
projected at onlyv about 4,600 acre-feet
by the year 2000. An 11,000 acre-foot
increase in M&T demand 1s projected to
offset declining agricultural demand.
Thus, even a small increment of ground
water supply development has the poten-
tial for satisfying a significant portion
of any supplemental water needed. Most




of the additional demand would be for M&I
use, however, so water quality as well as
quantity considerations could be crucial
to determining the role of ground water
supplies in meeting future M&I water
demand. In addition, the expense for a

system to widely collect and distribute a

relatively small amount of ground water
for M&I use would be considerable.
Consequently, ground water supplies in
Napa County are expected to continue to
be used as a supplemental local source,
principally for agricultural use rather
than M&TI use.

3.2.2.3 Solano Project Reanalysis (4)

3.2.2.3.1 The Federal Solano Project,
built in the 1950s, includes Monticello
Dam, Lake Berryessa, Putah South Canal,
and other related facilities. The U. S.
Water and Power Resources Service (for-
merly U, S. Bureau of Reclamation) sup-
plies water to Solano County through the
Solano County Flood Control and Water
Conservation District, which sells the
water to member agencies such as the
cities of Fairfield, Vacaville, and
Vallejo, and agricultural water users
such as the Solano Irrigation District.
At present, minimum contract entitlements
are 14,200 acre~feet/year for municipal
water use and 161,200 acre-feet/year for
agricultural use. /14/ However, in the
water year ending on February 29, 1980,
municipal water use in the County was
28,536 acre-feet while agricultural use
was 167,462 acre-feet.

3.2.2.3.2 A recent study has concluded
that the present operation of the Solano
Project could be modified to increase the
average annual water supply. /15/ This
could be done by increasing the firm
project yield, at the risk of slightly
greater chance that the yield could not
be fully met during a dry period. For
example, the present firm vield of the
Solano Project to the Putah South Canal
service area of 201,000 acre-feet

carries with it 93 percent certainty
that this yield can be met throughout
the next 70 years. If the yield were
increased to 214,000 acre-feet, the
certainty of meeting this yield with no
deficiencies in the next 70 years is
about 86 percent. In other words,
increasing the annual yield during
normal periods increases the chance of
minor cutbacks in dry periods. However,
a major difficulty with the assumption
of a reanalysis is that in the 1980
water year Solano County Flood Control
and Water Conservation District
scheduled and received advance payment
from its member agencies for the
delivery of 216,367 acre-feet. /16/

3.2.2.3.3 The final outcome of the
Solano Project reanalysis 1s uncertain
at this time. Review of the reanalysis
concept 1s currently in process by the
Water and Power Resources Service.

3.2.2.4 Desalination of Suisun Slough
Water (1)%

3.2.2.4.1 Desalination (desalting) of
Suisun Slough water is another potential
source of supplemental water supply for
the project area. Suisun Slough is close
to the areas of water need in central
Solano County, and the brackish water it
contains may be suitable for desalting to
provide municipal and industrial water
supply. Other than a brackish water
source, the principal requirements for
desalting are a source of electrical
power and a way to dispose of waste
brine.

3.2.2.4.2 DWR is now in the process of
building a pilot plant to desalt brack-
ish agricultural drainage water in the
San Joaquin Valley by reverse osmosis.
The total concentration of mineral con-
stituents in the San Joaquin Valley
agricultural drainage water (5,000 to
10,000 ppm TDS) is comparable to the
concentration in Suisun Slough, but
individual constituents vary. The

*This alternative is within DWR's capability as long as local agencies contract for
repayment of the facility.
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pilot plant will have capacity to produce
one million gallons a day of desalted
water. Once procedures have been refined
in the pilot project, DWR plans to build
a commercial scale 25-million~gallons-a-
day plant that could provide an increment
to SWP vield. /17/ Cost of the product
water is expected to be about $300/acre-
foot in 1981 dollars. /18/ About 40
percent of this cost would be for elec-
trical power; the larger plant would
require an estimated 80 million kWh per
vear, which is equal to the electrical
power needs of about 15,000 average
California residences.

3.2.2.4.3 Waste brine from a desalting
plant on Suisun Slough (approximately

1 to 1-1/2 gallons of it for each 10 gal-
lons of desalted water the plant pro-
duces) might be disposed of by a pipeline
to the Carquinez Strait (about 16

miles).

3.2.2.4.4 Special studies, requiring
several vears, would be required to
evaluate the feasibility of desalting as
a source of significant water supply to
the proposed North Bay Aqueduct service
area. High costs and energy requirements
make this supply unlikely.

3.2.2.5 West Sacramento Valley
Canal (3)

3.2.2.5.1 The Water and Power Resources
Service is studying the feasibility of a
West Sacramento Valley Canal Unit which
could deliver additional water directly
to both Solano and Yolo Counties and, by
exchange, to lLake and Napa Counties. The
proposed 3N-mile-long canal would connect
the Tehama~Colusa Canal -- now under con-
struction and planned to end at Bird
Creek in Yolo County -- to the Putah
South Canal. /19/

The allocated supply of the Tehama-Colusa
canal to the service area, primarily in
Yolo and Solano Counties, is 148,000

acre-feet a year. To meet peak demand,
the Tehama-Colusa Canal would have to be
extended 3.2 miles to Nat Creek, where a
reservoir would be constructed. A study
of the 1976-77 drought may result in
reduction of the allocation. /20/ An
addit ional yield of 155,000 acre-feet
could be available with the construction
of an off-stream reservoir near Sites to
store surplus Sacramento River
floodflows.

3.2.2.5.2 The West Sacramento Valley
Canal 1is not likely to be built before
the year 2000. /21/ A new feasibility
study on the project is scheduled for
completion in 1981.

3.2.3 CONSERVATION AND WASTE WATER AS
SUPPLEMENTAL SUPPLY SOURCES

3.2.3.1 Water Conservation (2)*

3.2.3.1.1 Steps to increase water
conservation act to directly reduce
water demand, thereby making existing
supplies last longer or serve more
people. Water conservation offers the
greatest potential for increasing
effective water supplv of any nonstruc-
tural alternative and is therefore dis-
cussed in somewhat greater detail than
other alternatives.

3.2.3.1.2 To be a useful alternative
for meeting water demand 1n Napa and
Solano Counties, a water conservation
plan must address the shortages which
could occur by 1985 because of redistri-
bution of current water supplies and
future growth in the two-countv service
area. The following water conservation
program identifies elements that would
reduce water consumption significantly
bv 1985. Further water conservation
which could be achieved bv the vear 2000
is also projected.

3.2.3.1.3 This plan descrihes onlv
ma jor water conservation elements which

*The discussion of this alternative was prepared by DWR's Office of Water Conserva-
tion. Some of the measures suggested may be within the capabilityv of DWR, but
implementation would bhe primarily by local agencies.
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can be quantified in a reasonably depend-
able manner based on existing data and
research. These elements include (1)
installation of water conservation
devices to reduce consumption in existing
toilets, showers and faucets, (2) modifi-
cation of current landscape maintenance
and future landscape design to reduce
exterior urban use, (3) regulation of
water pressure, and (4) detection and
repair of system leaks. These elements
could be employed either individually or
in concert in various localities accord-
ing to water needs, financial con-
straints, and local conditions. The
conservation potential of the relatively
high water use commercial and industrial
sector is not discussed in this plan.
While the conservation potentials within
this sector might be significant, more
research would be necessary to quantify
any possible water savings.

WATFR CONSERVATION DEVICE
DISTRIBUTION PROGRAMS

3.2.3.1.4 The Department of Water
Resources (DWR) has direct experience
with several types of water conservation
device distribution programs. /22/ Two
of these programs would be applicable to
communities in Napa and Solano Counties:
(1) direct mail distribution of kits and
(2) free installation of individual
devices. The direct mail alternative is
less costly but would result in consider-
ably less water saved. Conversely, the
free installation program is more costly
but would achieve higher installation
rates and use devices save more water.

3.2.3.1.5 Direct Mail Distribution:
Under a direct mail program, kits would
be purchased from a manufacturer who
would mail them directly to households by
using bulk rate mailing. Each kit would
contain two toilet devices (plastic
bags), shower flow restrictors sufficient
for one shower, a pair of dye tablets to
check for toilet leaks, and an informa-
tional brochure which would encourage
installation of the devices and would

provide information on other ways to save
water. The program would be accompanied
by a promotional campaign managed bv a
professional advertising agency and

would include paid advertising using
newspaper, radio, and possibly television
advertisements. The program could also
be promoted through the use of low-cost
promot ional methods such as bhill stuffers
and press conferences. Cost estimates
for such a program are indicated in Table
3-3. Previous programs conducted bv DWR
have shown that 40 percent of the
households install and retain the toilet
devices and that 10 percent of the
households install and retain the shower
devices. /23/

3.2.3.1.6 Estimated 1980 water and
energy savings for the direct mail
distribution program are included in
Table 3-4. Projections for vearly
savings in 1985 and 2000 are presented
in Table 3-5. A 1'% percent reduction
of base 1980 savings bv 1985 and a 6
percent reduction by 2000 due to the
demolition of older housing units are
reflected in these projections. /24/

3.2.3.1.7 Free Installation Program:
DWR conducted a program of installing
free water-conservation devices in the
Community of 0Oak Park in Ventura County
during 1977. /25/ During that program,
all households in the community were
contacted to see if thev would allow
free water-conservation devices to be
installed in their homes. Of the 753
households in the community, 667 (88.6
percent) allowed devices to be
installed. After 22 months a survey was
conducted which found that 50.5 percent
of the communitv's toilets still had
devices installed and 56.9 percent of
the showers still had devices in place.
A promotional campaign using no paid
media was conducted along with the
installation., Although this was appro-
priate for the small number of homes in
the Oak Park program area, a promotional
program similar to that discussed under
Direct Mail Distribution would be more
appropriate in Napa and Solano
Counties,

Said




TABLE

TABLE

3-3 COST ESTIMATE FOR DIRECT MAIL DISTRIBUTION OF WATER CONSERVATION DEVICES
Napa Solano Total

Kits $31,000 $ 64,000 $ 95,000

Promotion 15,000 35,000 50,000

Management 12,000 28,000 40,000

TOTAL $58,000 $127,000 $185,000

3-4 ESTIMATED 1980 WATER AND ENERGY SAVINGS FOR DIRECT MAIL DISTRIBUTION PROGRAM
Water Napa Solano Total

Toilets (af/yr) 145 320 465

Showers (af/yr) 126 278 404

TOTAL 271 598 869

Energy (in equivalent barrels of oil at a cost of $35 per barrel)

0i1 Equivalent 4,100 bbl 9,000 bb1 13,100 bbl
Value $143,500 $315,000 $458,500

TABLE 3-5 PROJECTED WATER AND ENERGY SAVINGS FOR DIRECT MAIL DISTRIBUTION PROGRAM

1985 2000
Napa Solano Napa Solano
Water Saved (af/yr) 267 589 255 562
Value (based on current
retail price of
water) $65,100 $115,400 $62,200 $110,200
Annual Energy Savings
(for hot water
distribution) 4,000 bb1 8,000 bb1 3,800 bbl 8,400 bbl
Value ($35/bbl) $140,000 $280,000 $133,000 $294,400
Total Annual Value
Saved $205,100 $395,400 $195,200 $404,600
Benefit/Cost Ratio
Discount Rate Napa Solano Total
5% 47.27 44.76 45.55
% 40.80 38.48 39.21

10% 33.59 34.84 34.45




3.2.3.1.8 The Oak Park program was con-
ducted during the 1976-77 drought and
even though that community was not
directly impacted by the drought, the
fact that the drought was a frequent
story on local news probably had some
effect on public acceptance of the
devices. Therefore, other factors being
equal, a lower installation rate would be
likely for a non-drought year. A reason-
ably intensive promotional campaign
should be able to overcome this problem
and increase the installation rates to
the levels of the 1977 program.

Therefore, installation rates are assumed
to be the same as for the Qak Park pro-
gram. Although faucet restrictors were
not used in the Oak Park program, they
are recommended for use in this installa-
tion program. It is assumed that they
would have a similar installation and
retent ion rate to showers. Their water
savings are calculated at 1 percent of
interior water use. /26/

3.2.3.1.9 Devices used in an installa-
tion program would be more expensive than
those used for a mailout program and
would include double-edged dams for
toilets, shower flow restrictors, and new
showerheads where restrictors produced an
inadequate shower spray. Faucet flow
restrictors would also be installed. The
program could be managed by local govern-
ments with assistance from DWR. Costs of
the program are estimated at $841,000 for
Napa County, $1,671,000 for Solano
County; for a total of $2,512,000. Esti-
mated water and energy savings for the
free installation program are presented
in Table 3~6. A 1-1/2 percent reduction
of base 1980 savings by 1985 and a 6 per-
cent reduction by 2000 due to demoliltion
of older housing units are reflected in
these projections. /27/ The program
would have a benefit/cost ratio of from
12 to more than 17 to one, depending on
the rate assumed for the time value of
money (10 percent gives 12, 5 percent
gives 17).

LANDSCAPE WATER CONSERVATION

3.2.3.1.10 An effective water conserva-
tion plan would reduce exterior urban
water use in existing and new land-
scapes. Water use in existing land-
scapes would be reduced by increasing
the efficiency of irrigation and mainte-—
nance practices through the adoption of
"water waste" ordinances, possibly
supported by an educational program and
a restructuring of water rates. Water
use in new landscapes would be reduced
through institutional measures designed
to encourage or require low water-using
landscapes. Such landscapes cost no
more to install or maintain than other
landscapes.

3.2.3.1.11 Existing Landscapes: Water
use could be reduced in most landscapes
by 20 percent without harm by using more
efficient irrigation practices. A 20
percent reduction is a reasonable esti-
mate based on reported water savings of
25 to 90 percent by governmental agen-
cies and various landscaping firms
during the dronght due to efficient
irrigation and maintenance practices.
/28,29/ This reduction could be
achieved by adoption of a "water waste"
ordinance in both counties. A simple,
equitable, and effective '"water waste"
ordinance focusing on large water users
such as multiresidential and commercial
establishments is in effect in
Albuquerque, New Mexico. Cooperation
with the ordinance has been so good that
no fines or service suspensions have
been required. Such an ordinance in
Solano and Napa Counties would eliminate
excess landscape water, fugitive water,
and water waste through an enforcement
process focused primarily on large water
users. After several warnings, viola-
tions such as unrepaired irrigation
leaks and gutter flooding would be mis-
demeanors punishable by fines., 1If a
violation continued and became a hazard
to the health and welfare of the com-
munity, suspension of service could
result.
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3.2.3.1.12
would be administered by the appropriate
county or city department, such as the
water department or environmental health
department. Enforcement would be accom-
plished by existing field staff, such as
meter readers. Additional staff may be
required to work with large water users
(parks, schools, etc.) to assist in
designing efficient irrigation systems
and schedules. The estimated yearly cost
for enforcement in Napa County would be
approximately $50,000 for one additional
person, and in Solano County approxi-
mately $50,000 for one additional person.
It is anticipated that the four major
cities in the two-county area (Napa,
Fairfield, Vacaville, and Vallejo) would
each require a half-time staff person at
$25,000 per year. The total cost for
Napa County, including City of Napa would
be $75,000 per year. The total cost for
Solano County including the three large
cities would be $125,000 per year.

A "water waste" ordinance

3.2.3.1.13 Landscape water conservation
could also be promoted through revision
of rate structures. Uniform rates and
declining block rates which are currently
employed could be replaced with increas-
ing block rates or peak load rates which
encourage conservation. In addition,
improvement of current landscape irriga-
tion and maintenance practices could be
hastened with a program of public infor-
mat ion and education describing tech-
niques such as mulching and watering
during periods of low evaporation. Based
on promotional costs of previous conser-
vation efforts undertaken by DWR, a
vearly expenditure of $100,000 is esti-
mated for such a program.

3.2.3.1.14 New Landscapes: Water use
could be reduced substantially in new
landscaping through adoption of ordi-
nances, general plan modifications, and
building code specifications. An ordi-
nance to require low water-using land-
scapes in all new commercial, industrial
and multifamily residential developments
could be adopted. Also, model homes in
new subdivisions could be required to
install low water-using landscapes as
demonstrations. To administer and

enforce this ordinance, each city and

county planning department should have a
qualified landscape specialist to review
all lanlscape plans as part of the design
review process. Building permits should
not be approved until landscape plans are
approved. As part of the landscape plan
review, the staff landscape specialist
would recommend low water-using design
ideas, which might include low water-use
plants; drip irrigation systems, auto-
matic irrigation systems, permeable
paving and on-site catchment basins. The
grading plan, and removal or protection
of existing vegetation would also be
reviewed, with revisions made if neces-
sary. The degree of water-conserving
features required in a landscape would be
flexible in order to suit the variety of

landscape uses anticipated in each
project.
3.2.3.1.15 Specific landscaping

measures which should be reflected in
city and county policy to encourage
water conservation would include:

Landscaping with low water-consuming
plants wherever feasible.

Minimizing use of lawn in commercial,
governmental, and industrial facili-
ties and multifamily residential units
by limiting it to lawn-dependent

uses.

Use of mulch extensivelv in all land-
scape areas. Mulch applied on top of
soil will improve the water-holding
capacity of the soil by reducing
evaporation and soil compaction.

Preserving and protecting existing
trees and shrubs. Established plants
are often adapted to low water condi-
tions, and their use saves water
needed to establish replacement
vegetation.
Installing efficient irripation svs-
tems which minimize runoff and evapo-
ration and maximize water to the plant
roots. Drip irrigation, soil moisture
sensors and automatic irrigation svs=-
tems are a few methods of iacreasing
irrigat ion efficiency.




° Using pervious paving material whenever
feasible to increase penetration of
rainfall into the soil, thereby reduc-
ing the need to irvigate artificially.

Grading slopes to maximize penetration
of water into the soil to reduce water
waste and the need for additional
irrigation.

Investigating the feasibility of uti-~
lizing reclaimed waste water, stored
rainwater, or household gray water for
irrigation.

3.2.3.1.16 Projected 1985 and 2000
exterior water savings in the two-county
service area are presented in Table 3-7.
A 20 percent reduction in exterior water
demand is assumed in new single-family
homes in Napa and Solano Counties.
Approximately 5 percent of this reduction
will be due to installation of low
water-using landscapes prompted by the
required low water-use landscapes
installed in all subdivision model homes.
A low figure of 5 percent is estimated
because the actual water savings are not
available. The remaining 15 percent
reduct ion in water demand from new
single-family homes would result from
adoption of water waste ordinances as
previously described; 15 percent reduc-
tion is exrected in new single-family
landscapes rather than 20 percent esti-
mated for existing landscapes because
newer irrigation systems typically apply
water more efficiently than older sys-
tems, so there is less wasted water from
tunof f and leaks.

3.2.3.1.17 A 40 percent reduction in
exterior water demand is estimated for
new multifamily homes and commercial and
public developments, with 15 percent of
the total reduction resulting from the
water waste ordinance. The remaining

25 percent reduction in water demand
would result from adoption of the land-
scape water conservation ordinance. Only
a 25 percent reduction is estimated
because the actual water savings which
will result are not available. Potential

water savings from a water-conserving

landscape versus a traditional landscape
can be as high as 65 percent. /30/

3.2.3.1.18 1Implementation of measures
to reduce exterior water use could be
achieved with existing city and county
staff, but some additional staffing
would be helpful at the county level and
in the larger cities. The yearly cost
in Napa County would be $75,000, and the
yearly cost in Solano County would be
$125,000. The yearly cost for Napa
County includes $50,000 for one full-
time person in the county and one part-
time person at $25,000 in the City of
Napa. The yearly cost in Solano County
includes $50,000 for one full-time
person in the County, and three part-time
people at $25,000 each in Vallejo,
Vacaville and Fairfield.

LEAK DETECTION AND REPAIR

3.2.3.1.19 Increasing attention has
been paid in recent years to the water-
saving potential of leak detection and
repair. As the price and scarcity of
water increase, and as detection tech-
nology advances, more water agencies are
finding that leak detection is economi-
cal and feasible. On a nationwide
average, 12 percent of distributed water
is lost through leaks, and 9 percent
could be saved. Because water systems
in California tend to be newer than
average and better-maintained, 4 percent
repairahle leakage will be used for
estimation in this report. /31/ At this
rate, yearly loss through repairable
leaks is estimated to be 3,300 acre-feet
in the two-county service areas. It
should be recognized that some communi-
ties with very new water systems or sys-—
tems in good repair will have very
little capacity for conservation through
leak detection. On the other hand, some
communities will verv likely exceed a 4
percent repairable leakage. A leak-
detection and repair program is being
implemented by the Fast Bay Municipal
Ntility District (EBMUD) in Contra Costa
and Alameda Counties. Leak detection in




TABLE 3-7

POTENTIAL EXTERIOR MUNICIPAL WATER CONSERVATION
IN SOLANO AND NAPA COUNTIES

Napa Solano Total
Reduction in Existing Landscapes
(20%/yr)(af/yr) 1,674 3,490 5,
Yearly Savings 1980 $408, 500 $684,000 $1,092,
Increase in Demand by 1985
{af/yr) 686 1,441 2,

Reduction in Water Use, New Single-
Family Home Landscapes, 1985

(205 /yr)(af/yr) 62 130
Reduction in Water Use, New Multi-

Family Home, Commercial, Govern-

ment Landscepes 151 317
Total Water Reduction 1985 (af/yr) 1,887 3,937 5,
Yearly Savings 1985 $460,400 $771,600 $1,232,

Increase in Demand, 1980 to 2000
(af/yr) 2,706 4,850 7,

Reduction in Water Use, New Single-
Family Home Landscapes, 2000

(20%/yr){af/yr) 244 436
Reduction in Water Use, New Multi-
Family Home, Commercial,
Government Landscapes, 2000
(40%/yr)(af/yr) 595 1,067 1,
Total Yearly Reduction 2000 2,513 4,993 7,
Yearly Savings 2000 $613,200 $978,600 $1,591,
Benefit/Cost Ratio
Discount Rate Napa Solano Total
5% 2.738 2.517 2.596
7% 2.702 2.487 2.564
10% 2.652 2.245 2.391

164
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000
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the EBMUD program is carried out by two
crews, each consisting of two persons
that survey the water system with
electronic leak-detection equipment.
These two crews can survey the entire
EBMUD system in & years. /32,33/

Estimated costs and benefits for programs
in Napa and Solano Counties, presented in
Table 3-8, are based on one similar crew
working in each county, surveying all
systems within 5 years.

TABLE 3-8

POTENTIAL RESULTS OF LEAK DETECTION AND REPAIR
IN SOLANO AND NAPA COUNTIES

Napa Solano Total
Water Saved {ac-ft/yr)
1985 928 2,368 3,296
2000 1,228 3,200 4,428
Total Yearly Cost
1985 $12,600 $32,100 $44,700
2000 $16,700 $43,000 $59,700
Dollars_Saved
1985 $226,400 $464,100 $690,500
2000 $299,600 $627,200 $926,800
Benefit/Cost Ratio
Discount Rate
5 14.60 11.78 12.57
7¢ 14.09 11.37 12.13
10. 13.31 ‘n.74 11.46

PRESSURE REGULATION

3.2.3.1.20 The maximum pressures in
larger municipal water systems of Napa
and Solano Counties range from 65 to 135

psi. /34/ This is generally higher pres-

gure than is required for water delivery.
The California Public Utilities Commis-—
sion, for example, allows normal water
pressure of 40 psi and pressure at times
of maximum demand of 30 psi.

Installation of pressure regulators on
interior residential systems to reduce
the pressure to 50 psi would reduce
interior consumption by an average of 5
percent. /35/ By 1985, a retrofit
program could be saving 574 acre-feet per
year in the two-county area. Year 2000
savings could be 663 acre-feet per vear.
Installed pressure regulator costs of $50
for retrofit and $30 for new construction
have been used to develop Table 3-9.
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TABLE 3-9

POTENTIAL RESULTS OF WATER PRESSURE REGULATION
IN SOLANO AND NAPA COUNTIES

Napa Solano Total
Water Saved (af/yr)
1980 177 369 546
1985 191 377 568
2000 234 394 628
Total Yearly Cost
1980 $1,840,000 $3,785,000 $5,625,000
1985 33,450 95,100 128,550
2000 33,450 95,100 128,550
Dollars Saved (Water)
1980 43,200 72,300 115,500
1985 46,600 73,900 120,500
2000 57,100 77,200 134,300
Dollars Saved (Energy)
1980 179,500 373,300 552,800
1985 193,700 382,400 576,100
2000 237,300 399,600 636,900
Total Dollars Saved
(Water and Energy)
1980 222,700 445,600 668,300
1985 240,300 456,300 696,600
2000 294,400 476,800 771,200
Benefit/Cost Ratio
5% 1.505 1.242 1.324
7% 1.321 1.107 1.174
10% 1.105 .944 .995




ADDITIONAL WATER CONSERVATION MEASURES

3.2.3.1.21 1In addition to the water-
conservation measures discussed in pre-
ceding sections, there are a number of
other measures which could bring about
water savings. These measures have not
been examined in detall because costs and
water savings could not be quantified
without additional specific research in
the service area. Some of these are:

Requiring the insulation of hot water
supply lines.

Prohibiting the sale of nonwater-saving
clothes washers and dishwashers.

Developing a water-conservation educa-
tion program for classroom use.

Prohibiting service of water to restau-
rant customers except on request.

Requiring recycling systems for decora-
tive fountains,

Prohibiting water softeners where they
are not needed.

Requiring central recharging of water
softeners,

AGRICULTURAL WATER CONSERVATION

3.2.3.1.22 Agricultural water conserva-
tion encompasses saving water on an indi-
vidual farm through increasing '"basin
efficiency". 1In both instances, effi-
ciency is measured as the proportion of
the prime water supply that is used to
fulfill the primary purpose of irriga-
tion, which is to supply the evapotrans-
piration (ET) needs of the crops. Only
three things can happen to applied irri-
gation water: (1) it can be consumed in
ET: (2) it can run off the land to which
it is applied, becoming drainage water;
and (3) it can percolate into the soil
below the root zone. On-farm efficiency
is increased by reducing the proportion

of the applied water that becomes drain-
age water or deep percolates. Basin
efficiency is increased when drainage
water is captured and reused and when
vater that deep percolates recharges
aqulfers that are pumped for irrigation
water supply.

3.2.3.1.23 The methods of increasing
on-farm irrigation efficiency are cur-
rently an active field for research.
Among these methods, some of which are
already in common use, are the
following:

® drip irrigation,

using shorter furrows,

dead-level basin irrigation,
furrow irrigation by surging head,

sprinkler irrigation (especially at
night),

tailwater recycling,

improved irrigation scheduling (sched-
uling irrigation in closer correlation
with ET requirements as dictated by
climatic conditions),

weed control, and

lining or enclosing on-farm ditches
and canals.

3.2.3.1.24 Although irrigation water 1is
applied mainly to meet ET requirements,
some water may also be required to main-
tain salt balance in the root zone. The
additional water required for this pur-
pose 1is called the leaching requirement,
and it varies with annual precipitation,
soil characteristics, salt concentration
in the irrigation water, and other fac-
tors. Because of higher-quality irriga-
tion water and more rainfall, leaching
requirements in Solano County are low
compared to those of other areas of
California such as the San Joaquin Vallev
and the Coachella Valley.
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3.2.3.1.25 Going beyond irrigation
efficiency in the usual sense, water
savings can be achieved by reducing ET
demands. ET is the sum of water consumed
by evaporation from the soil surface and
transpiration through the leaves. Since
evaporation from the soil surface does
not contribute to growth of the plants,
this component of ET represents an oppor-
tunity for water saving. The opportunity
can be best exploited in young orchards
and vineyards when the plants are small
and the leaves shade only a small propor-
tion of the soil surface. Drip irriga-
tion can be used in this situation to
apply water only to the immediate sur-
roundings of each individual plant.
Researchers have also experimented with
reducing the transpiration component of
ET. This has been accomplished by apply-
ing certain chemicals to the leaves, but
the technique has not yet been suggested
for general agricultural use.

3.2.3.1.26 There are several other means
of reducing ET that are currently in
common use. Farmers reduce ET when they
stop irrigating near the end of the
growing season, as is done with grapes
and sugarbeets to attain a higher sugar
content. They also reduce ET when they
apply a chemical to force ripening all at
once to accommodate machine harvesting.
The two foregoing reductions in ET, how-
ever, are considered in the determination
of normal ET rates. Changing the crop-
ping pattern is another way to reduce
overall ET, since different crops have
different ET requirements. Farmers'
decisions on which crops to grow are
influenced by economics, soil-crop suita-
bility, climate, and other factors.
Experience has shown that farmers will
switch to crops with lower ET require-
ments when a water shortage 1s
anticipated.

3.2.3.1.27 A true measure of agricul-
tural water conservation must consider
basin efficiency as well as on-farm effi-
ciency. Frequently, excess water applied
to one farm runs off and becomes water
supply to another farm downslope. Thus,
basin efficiency may be quite high even

S0

though the on-farm efficiency of any
individual farm in the basin may be well
below the maximum achievable. According
to a recent DWR study, the farms that

use surface water from the Solano

Project produce about 37,000 acre-feet
per year of reusable agricultural
drainage water. /36/ The same DWR study,
relying in part on data supplied by the
Solano Irrigation District (SID), indi-
cates that about twothirds of this drain-
age water is already being reused, mainly
in the Maine Prairie Water District,
which lies downslope from SID. 1In 1980
only about 4,000 acre-feet of the total
37,000 acre-feet of drainage water in
both Districts was not reused during the
irrigation season. /37/ This reuse
figure represents the maximum potential
water saving or increased water supply
realizable by increasing irrigation effi-
ciency in the Solano Project service
area. Since 1980 was regarded as an
above-average rainfall year, the reuse
figure for normal years would be presumed
to be lower. Since it is projected that
an increase of 26,700 acre-feet in
applied water demand between 1980 and
2000 will occur (assuming no increase in
the prime water supply}), the 3,000 to
4,000 acre-foot potential will be
required to meet agricultural demands.
This potential might be realized by
increased on-farm efficiency that would
conserve and extend the prime supply or
by increased basin efficiency through
increased capture and reuse of drainage
water. 1In either case, the water could
not be considered to be available in any
form for transfer or exchange to supple-
ment urban water supplies,

3.2.3.1.28 Although the Solano Project
agricultural service area provides the
physical means (Putah South Canal) to
transpor: agricultural water savings
achieved within its boundaries into
water supplies for the cities served by
the same project, any water savings
achieved in the other scattered agricul-
tural areas would be difficult and costly
to collect and transport for municipal
use. In addition, transport of any
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"surplus' agricultural water through the
Putah South Canal could also be prohib-
ited because of existing downstream water
quality commitments. Consequentlv, agri-
cultural water conservation would not
appear to be a promising method of devel-
oping new urban water supplies in the
proposed North Bay Aqueduct service

area.

CONSERVATION MEASURES CURRENTLY
IN EFFECT

3.2.3.1.29 Napa and Solano Counties were
among the most severely affected in the
State during the recent drought. Most,
i1f not all, of the communities in these
counties initiated some sort of conserva-
tion program at that time. Although
water use 1s once again increasing, there
is certainly some residual effect on
local water consumption. Preliminary
studies indicate that adjusted per capita
water use in various communities in these
two counties has been reduced 2 to 32
percent from 1975 levels. Based on this
limited investigation, an areawide reduc-
tion of up to 14 percent may still be
taking place. Greater emphasis would
have to be placed on maintaining existing
conservation levels as well as encourag-
ing new conservation efforts.

SUMMARY

3.2.3.1.30 This discussion of water con-
servation includes many specific sugges-
tions. Not all of these techniques would
be practical or useful in every locality.
Some of these procedures have already
been put into effect in some areas,
largely in response to the recent
drought. However, most of the elements
quantified in this plan would be useful
in both counties, and the ideas which are
not quantified would increase the overall
attract iveness of water conservation.

3.2.3.1.31 The domestic water conserva-
tion figures in this plan reflect a

conservation program which would be
ambitious but would not raise insurmount-
able social, economic, or institutional
problems. Most elements of the plan
could be applied in most communities, and
other conservation techniques could
undoubtedly be applied in each community
as well. Therefore, these figures should
be viewed as reasonable, achievable con-
servation levels. Table 3-10 summarizes
the results of an urban water conserva-
tion program.  Use of the more expensive
but more effective 'free installation"
device distribution program rather than
the "direct mail" method has been assumed
for these totals. The water conservation
program could significantly reduce water
demand in Solano and Napa Counties. This
reduction is particularly advantageous
because it would be accompanied by a net
dollar savings rather than an expendi~
ture, and because it would save energy
too. The benefit/cost ratio for the
entire program would be 4.634 at a 5 per-
cent discount rate, 4.281 at 7 percent,
and 3.777 at 10 percent.

3.2.3.2 Waste Water Reclamation (2)%

3.2.3.2.1 Waste water, a water supply
source that will become more important

in California as demands on limited
fresh-water supplies increase, already
contributes to meeting some water demands
in contral Solano County. Some potential
exists to expand the role of waste water
reclamation in the area in response to
increasing water demands. While such
potential is promising, it must be con-
sidered in light of a variety of eco-
nomic, environmental, and institutional
constraints.

3.2.3.2.2 Waste water reclamation means
making beneficial use of water that
otherwise would be discharged as waste.
Improved treatment has made reuse (i.e.,
reclamat ion) of sewape treatment plant
effluent more attractive in recent
years. Treated effluent may be used in
agricultural and landscape irrigation;
limited industrial applications, such as
for cooling water; and wildlife habitat

*The discussion of this alternative was prepared by DWR's Central District staff,
Implementation would be by local agencies and/or DWR,
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TABLE 3-10

SUMMARY OF WATER CONSERVATION PLAN, YEAR 2000
(Water Savings and Demand in Ac-Ft/Yr)

Solano Napa Both
County County Counties
Base Demand 1/ (at historical use rate) 87,800 34,000 121,800
Water Savings from Mandated Measures 2/ 3,300 1,100 4,400
Water Savings from Recommended Measures:
Free Device Installation Program 2,453 1,116 3,569
(Table 3-8)
Exterior (Table 3-9) 4,993 2,513 7,506
Leak Detection and Repair (Table 3-10) 3,200 1,228 4,428
Pressure Regulation (Table 3-11) 394 234 628
TOTAL SAVINGS 14,340 6,191 20,531
Net Demand with Conservation (Base 73,460 27,809 101,269
Minus Total Savings)
Total Yearly Cost 3/ ($) 688,250
Total Dollars Saved 3/ (%) 6,443,800
Net Yearly Savings 3/ ($) 5,755,550
T/ Department of Water Resources, "Water Action Plan for the Southwest
~ Sacramento Valley Service Area", 1980.
2/ Health and Safety Code, Section 17921.3, January 1, 1978, reguires low-
~ flush toilets in new buildings. California Administrative Code, Title 20,

Chapter 2, sub. 4, art. 4, December 22, 1978, requires water-conserving
faucets and shower heads.

3/ Recommended measures only.
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enhancement ; but not for drinking water.
/38/ The North Bay Aqueduct would be
constructed to augment municipal water
supplies iIn its service area. Thus,
waste water reclamation is an alternative
to the extent that it could: (1) pos-
sibly replace fresh water in uses where
treated waste water is an allowable sub-
stitute, or (2) provide new sources of
fresh water through exchange
arrangements.

3.2.3.2.3 The local water supply proj-
ects program of the State Water Project
(SWP) applies to waste water reclamation
projects, as well as to dams, reservolrs,
and ground water storage. The water can
be delivered directly to a project con-
tractor or indirectly through exchange
agreements. The program can provide
technical, economic, and financial feasi-
bilitv studies, plus SWP financing
through Central Vallev Project revenue
bonds.  The projects can be operated by
the SWP, or jointlv bv the SWP and a
local agencey.,

31.2.3.2.4 Under an existing contract,
the Solano Irrigation District (SIND) may
receive up to H,000 acre-feet of treated
waste water annually from the Fairfield-
Suisun Sewer District plant about 3 miles
southwest of central Fairfield. In
exchange, SID supplies an equal amount of
potahle Salane Project water to the City
of Fairfield, thus augmenting the City's
water supplv. In this arrangement, the
waste water (s primarilv used to irrigate
a turf nursery near the treatment plant.
The turf nursery uses about 3,000 acre-
feet per vear. Waste water is also used
to seasonally flood duck club hunting
areas east of the treatment facility.
Currently, the capacity of the treatment
plant is being increased and the level of
treatment is being improved. When the
improvements are completed in 1981, the
plant effluent will meet public health
requirements for spray irrigating food
crops, and SID may take more waste water
to irrigate orchards west and southwest
of Fairfield. SID expects to begin
taking the full contract amount bv 1981,

although the District Manager is con-
cerned that agricultural demand in the
area may not support full utilization of
the water supply in wetter vears. /39/

3.2.3.2.5 Most opportunities to employv
waste water reclamation to increase
municipal water supplies in the North
Bav Aqueduct service area lie within the
areas of Solano County (Fairfield-
Vacaville area) where exchange with SID
for Solano Project water from Lake
Berryessa are possible. A current esti-
mate of the amount of waste water that
could be produced in this area annually
bv 2000 is 23,000 to 30,000 acre-feet.
/40 Although use of this waste water
to indirectly augment municipal and
industrial water supplies through
exchange is theoretically possible, a
variety of problems may limit its full
utilization, including:

Fnvironmental and Quality Considera-
tions. Treated waste water often
contains salts and heavy metals in
concentrations high enough to cause
concern regarding long-term effects on
agricultural productivity, since these
constituents mav accumulate 1in the
soil. Degradation of the underlving
ground water is another concern.

These concerns notwithstanding, use of
treated waste water for irrigation is
widespread in California, and few
problems have been reported.

Institutional Constraints. SID has
officially expressed pessimism con-
cerning the possibility of anv future
exchange agreements., /41/ The SID
board has not ruled out new exchange
agreements, but it no longer enter-
tains proposals for exchange on a
one-for-one basis. Board members are
concerned that salt buildup from waste
water irrigation could eventuallv
damage productivity or cost District
landowners money for remedial measures
such as tile drainage. Also, SID has
found its existing exchange contract
troublesome due to the requirements ot
regulatory agencies. /42/




Seasonal Availability. Waste water is
generated year-round, while most
irrigation water is needed in Solano
County during a 5-month irrigation
season from May through September.
Thus, only a fraction of total waste
water supplies can be made available to
irrigators unless large reservoirs are
constructed. Vacaville considered
building a reservoir but could not find
a suitable site,.

Cost. To increase water exchange
between Fairfield-Suisun Sewer District
and SID in excess of the present con-
tract, expensive new conveyance facili-
ties would be required to transport
treated waste water to parts of SID
that are much farther from the treat-
ment plant than existing conveyance
facilities can reach.

3.2.3.2.6 Faced with an increasing
volume of treated waste water and a
Regional Water Quality Control Board
prohibition against discharging to the
Suisun Marsh during the dry months of the
vear, the Fairfield-Suisun Sewer District
has proposed building an 11.7-mile pipe-
line to deliver some of its treated waste
water to SID's Dally Service Area. This
would allow exchange of waste water not
committed by the existing contract.

3.2.3.2.7 The Dally Service Area is east
of Fairfield and north of Travis AFB.

The Regional Board estimates that
Fairfield-Suisun could deliver 4,000
acre-feet there in 2000 during the irri-
gation season, and twice that amount in
2020.

3.2.3.2.8 A 1980 engineering feasibility
study concluded that the Dally pipeline
project was the most economic remaining
option for agricultural reuse of
Fairfield-Suisun treated waste water.
/43/ The cost of the pipeline system was
estimated at $18 million. /44/ The sewer
district applied for Clean Water Grant
Program Funding for the project, but the
application was denied.

3.2.3.2.9 A current proposal for
implementing the Dally pipeline project
would involve the SWP local water supply
projects program. SID would give
Fairfield 1.5 to 2.0 gallons of fresh
water for every gallon of treated waste
water received at Dally, and Fairfield
would release back to the SWP an amount
of its North Bay Aqueduct entitlement
equal to the amount of new fresh water it
obtains from SID. For providing partial
financing, SWP would obtain an increase
in uncommitted yield that would count
toward realizing its authorized yield of
4.23 million acre-feet a year.

3.2.3.2.10 The Regional Water Quality
Control Board is advocating the Dally
pipeline proposal, but this is only one
of several alternatives being considered
as solutions to Fairfield-Suisun's waste
water disposal problem.

3.2.3.2.11 Prior to consideration of an
exchange contract between SID and the
City of Vacaville, Vacaville would have
to upgrade its treatment facilities to
produce reusable effluent that would
meet current public health standards.
The City considers this too expensive to
undertake on its own, and grant funds
are not available for this purpose. /45/
Such an upgrading would at least raise
the possibility that supplemental muni-
cipal and industrial water supplv for
Vacaville could be obtained in an
exchange with SID.

3.2.3.2.12 A study published by DWR in
1980 recognizes that urban reclamation
could be increased in Solano County by
the year 2000. /46/ However, the study
assumes that no additional waste water
reuse will occur by the year 2000, pri-
marily due to the problems discussed
above. If an increase should occur, the
study assumes the full amount will be
used to meet agricultural demands
expected to develop during the next 20
years. Since these will be new demands,
the study does not foresee transference
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of any of the existing agricultural
supplies to municipal and industrial
use,

3.2.3.2.13 Some potential exists in the
North Bay Aqueduct service area for non-
agricultural uses of waste water, but
these uses represent only a small frac-
tion of total municipal and industrial
demand. Since no industrial plants exist
within the service area that can use
large amounts of water of below-drinking
standard, direct nonagricultural uses of
waste water in the area would be limited
to landscape irrigation in turf areas
such as parks and cemeteries. Separate
plumbing would be required to get the
effluent from the treatment plant to the
place of use. The City of Fairfield pro-
poses to lirrigate all its major parks
plus a cemetery and a high school grounds
with treated waste water if the Dally
pipeline project is implemented. In
addition, future industrial parks located
in Fairfield are required to have dual
water systems to accommodate reclaimed
waste water.

3.2.4 Mixed Water Supply Alternative
(D

3.2.4.1 A balance between water demand
and supplv might be achieved by imple-
ment ing not just one, but rather a combi-
nation of the alternatives heretofore
discussed. Such a combination might
effect a decrease in SWP costs with an
increase in long-term reliability.

3.2.4.2 As indicated in Table 3-2, the
combined excess of demand over supply
(supplemental water requirement) in
Solano and Napa Counties 1s projected to
be around 31,000 acre-feet in the year
2000 -- 21,000 acre-feet in Solano,
10,000 in Napa. This projection assumes
adoption of legally mandated water con-
servation plus some additional measures
described in Appendix G.

3.2.4.3 As Table 3—*8 indicates, a more
active water conservation program can

save about 20,500 acre-feet of water in
2000 (compared to historical '"base"
rates). This would reduce the supple-
mental water requirement to about 27,000
acre-feet in 2000 -- 17,500 in Solano,
9,500 in Napa -- or about 4,000 acre-
feet less than the amount indicated in
Table 3~2.

3.2.4.4 1t should be pointed out that,
in assessing total water supply poten-
tial, there is interdependence among
conservat ion, waste water reclamation,
and ground water development. Reduced
domestic and agricultural use of water
through conservation would also reduce
both waste water production and ground
water recharge.

3.2.4.5 Too little information is
available to draw reliable conclusions
about how much additional M&I supply
could be obtained from ground water.
Even though the most recent estimate
places ground water supply at about
16,000 acre-feet, various physical
(e.g., collection and distribution) and
institutional constraints will prevent
most of this supply from being used in
municipal and industrial applications.
The conjunctive use concept, which has
the theoretical potential to stretch
existing surface supplies, also requires
further study to develop a realistic
management plan.

3.2.4.6 The West Sacramento Valleyv
Canal could provide a large new water
supplyv for both agriculture and M&l use,
but construction is unlikely before the
year 2000.

3.2.4.7 Reanalvsis of the Solano
Project supnply could vield some addi-
tional water for M&I use or
agriculture.

3.2.4.8 Desalination of Suisun Slough
water would be expensive and energy-
intensive, and the technology must be
considered somewhat uncertain. However,
the basic physical requirements for
large-scale desalting might be met at
Suisun Slough and perhaps other places
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in the region, provided sufficient
electrical power is available.

3.2.4.9 Waste water reclamation beyond
that already taking place or contracted
for is also somewhat uncertain, but a
current reclamation proposal has the
potential to produce 2,000 to 3,000 acre-
feet of fresh water for M&I use in Solano
County annually by the year 2000. This
could increase the vield of the State
Water Project.

3.2.4.10 The North Bay Aqueduct is the
most certain solution to the water supply
problem. It could provide (with the
associated contract with the City of
Vellejo) up to 67,000 acre-feet of M&I
water annually if built to ful! size.
With a full-sized aqueduct, local enti-
ties would lose some of their incentive
to conserve water and develop local water
projects. Building a smaller aqueduct
would maintain the incentive to conserve
and utilize local resources such as waste

water. However, aqueduct construction
costs are not directly proportional to
size -- reducing aqueduct capacity by

half, for example, would cut costs less
than 30 percent. /47/

3.3 NO PROJECT ALTERNATIVE (2)

3.3.1 This alternative assumes that the
proposed North Bav Aqueduct project would
not be constructed. The existing Napa
County segment of the aqueduct, con-
structed in 1967 and now carrying 7,500
acre-feet/vear of tederal Solano Project
(L.ake Berryessa) water to Napa County,
would be assumed to continue its present
operation at least until 1984, Also
assumed is a continuation of the status
quo in the areas of water conservation
and waste water reclamation; that 1is,
water conservation resulting from new
construction would be acehived, the
current exchange contracts of the Solano
Irrigation District would be implemented,
and other current waste water reuse proj-—
ects would continue. Finally, it is
assumed in this alternative that no new
sources of water would bhe available.

The effects of the No Project Alternative
are summarized below:

° In the absence of implementation of
other water supply alternatives, a
continuation of the present type and
rate of growth in Solano and Napa
County would eventually cause various
areas, especially Fairfield,
Vacaville, and Napa Valley to begin
running short of M&l water supplies
prior to 1990. The risk of serious
water shortages during drought years
would also increase, although short-
ages for urban uses might be allevi-
ated by transferring water out of
agricultural use.

The adverse environmental effects
assoclated with construction of the
North Bav Aqueduct through Solano
County would be avoided.

Impending shortages of water supply
would probably force actions in the
early-to-mid 1980s to increase or
extend water supplies, such as:

a) Increased ground water pumping,
leading to possible overdrafting of
ground water aquifers, particularly
in the Suisun-Fairfield Vallev, and
the problems associated with over-
drafting (e.g., land subsidence,
salt water intrusion).

b) Increases in land use densities as
a requirement for enabling develop-
ment, or a reduction in the rate of
growth of the present detached,
single-family residential
development.

¢) Vigorous water conservation pro-
grams, voluntary and perhaps manda-
tory. Extensive water conservation
would have positive effects in the
areas of reduced energyv consumption
and attendant energy-related pollu-
tion emissions.

d) Increased efforts to reclaim waste
water and pressures to arrange
exchanges for additional Solano
Project water.
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e) Increasing pressure to implement a
Solano Project Reanalysis, conse-
quently elevating the probability of
water deficiencies in dry periods.

f) Increased efforts to secure water
supplies from other alternative nzw
water supply sources (e.g., West
Sacramento Valley Canal).

3.4 SELECTION OF PREFERRED ALTERNATIVE

3.4.1 The mixed water supply concept,
combining water conservation and reclama-
tion with the North Bay Aqueduct and any
other supplemental water sources that may
become feasible, is selected as the pre-
ferred alternative., Conservation and
reclamation are selected because they
make efficient use of water and energy
resources, saving money in the process.
The North Bay Aqueduct is selected
because it can assure enough water to
meet future demand.

* The "preferred alternative" is the alternative which the applicant (DWR)
believes is most desirable based on the environmental analysis presented
in this report. For regulatory permit actions such as the subject North
Bay Aqueduct, Phase 11, project, the Corps takes an impartial position
about whether to issue or deny the permit until the public interest revicw
is complete. At no time is the Corps a proponent of any permit action.
It simply determines whether or not projects proposed by applicants are
in the public interest and under what circumstances such proposals, if
modified, would be in the public interest (33 CFR 230). Therefore, the
preferred alternative discussed in this report is not designated as such
by the Corps of Engineers. If this report was a Corps of Engincers
document only, and not a joint Federal/State report, the preferred
alternative would not have been included.
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4.0 DESCRIPTION OF THE PROPOSED ACTION

4.1 GENERAL DESCRIPTION

4.1.1 The proposed Phase 11 facilities
of the North Bay Aqueduct would divert up
to 61,400 acre-feet annually from the
Delta to Napa and Solano County through
an open canal and/or a buried pipeline.
The Phase II facilities, constructed
entirely within Solano County, would
connect directly to the existing Phase I
facilities of the North Bay Aqueduct now
serving Napa County with an interim water
supply from Lake Berryessa (via the
Solano Project)(Figure 4-1). This
interim arrangement, which now supplies
7,540 acre-feet annually to Napa County,
could be discontinued in 1984. The City
of Vallejo would receive an additional
entitlement of up to 5,600 acre-feet of
Delta water annually through its existing
Cache Slough intake and transport system.
The proposed capacity of the Phase 11
facilities would permit a maximum flow of
115 cubic feet per second (cfs) during
peak water demand periods. The existing
Vallejo pumping and transport facilities
are capable of a maximum flow of approxi-
mately 32 cfs. The proposed water deliv-
ery schedules for the primary contracting
agencies, the Napa and Solano County
Flood Control and Water Conservation
Districts, are presented in Table 4-1.

4.1.2 Seven basic alternative alignments
(routes) for Phase II of the North Bay
Aqueduct have been selected for detailed
analysis (see Figure 4-1). Six of these
alternative alignments {(Routes 2 through
7) would have the option of terminating
at either a North or South Cordelia
Forebay. Proposed turnout locations for
delivery of North Bay Aqueduct water to
Vacaville, Fairfield, and Suisun City
have also been identified. The general
criteria for selection of the alternative

alignments included provisions for
different intake locations, construction
and operation costs, avoidance of the
Jepson Prairie, avoidance of Suisun
Marsh, and minimizing disruption of the
urban areas. General construction
statistics associated with each alignment
are presented in Table 4-2.

4.2 AQUEDUCT ALIGNMENT ALTERNATIVES

4.2.1 The alternative alignments would
divert Delta water from either Cache
Slough (Routes 1 and 3), Calhoun Cut
(Routes 2 and 2A), or Lindsey Slough
(Routes 4, 5, 6, and 7). Fish screening
facilities would be provided for all
diversion pumping plant intakes. Alter-
native alignments 2 and 6 propose the use
of an open concrete-lined canal for water
transport from the intake pumping plant
westward to an intermediate pumping sta-
tion south of Travis Air Force Base.

From this Travis pumping station water
would be transported to a terminal reser-
voir (Cordelia Forebay) west of Fairfield
via a buried concrete pipe. All other
alternative alignments (1, 2A, 3, 4, 5,
and 7) would consist of a buried pipe for
the entire length of the aqueduct. As a
result, only two pumping plants (one at
the intake and one at the terminus) would
be required for each of these alterna-
tives. Figures illustrating the typical
pipeline cross-sections during construc-
tion (Figure 1) and after construction
(Figure 2), a typical open canal cross-
section (Figure 3), and a plan view of a
typical pumping plant and fish screening
facility (Figure 4) are presented in
Appendix B.

4.2.2 Right of way requirements for the
alternative alignments would generallv
include a 40-foot wide permanent easement




TABLE 4-1

NORTH BAY AQUEDUCT WATER DELIVERY SCHEDULE

(Per Contracts and Contractors' Requests)

Napa County
Flood Control

Solano County*
Flood Control

and Water and Water
Conservation Conservation
District District Total
Annual Entitlement (ac-ft)
1980 0 500 500
1990 25,000 42 ,000* 67,000
2000 25,000 42 ,000* 67,000
2020 25,000 42 ,000* 67,000
Estimated Requirement (ac-ft)
1980 0 0 0
1990 10,000 36,400 46,400
2000 16,500 36,400 52,900
2020 20,500 36,400 56,900
Peak Diversion Rate (cfs) 46 68 115
Average Annual Diversion Rate (cfs) 28 51 79

*Includes 5,600 acre-feet to the City of Vallejo that would not

be delivered through the North Bay Aqueduct.
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TABLE 4-2

CONSTRUCTION STATISTICS FQR THE PROPOSED
NORTH BAY AQUEDUCT ALTERNATIVE ALIGNMENTS

1 2 2A 3 4 5 6 7
ANNUAL DELIVERY (ac ft) 61,400 61,400 61,400 61,400 61,400 61,400 61,400 61,400
PIPELINES
Ist Pipe Size
Flow (cfs) 115 115 ns 115 115 115 115 115
Diameter {inches) 60 60 60 60 60 60 60 60
Length (ft)
N. Cordelia Forebay 122,800 60,000 95,200 134,500 121,400 121,500 88,400 124,790
S. Cordelia Forebay 54,100 89,900 128,600 115,500 115,600 76,700 118,800
2nd Pipe Size
Flow (cfs) 40 40 40 40 40 40 40 40
Diameter (inches) 36 36 36 36 36 36 36 36
Length (ft)
N. Cordelia Forebay 8,500 8,500 8,500 8,500 8,500 8,500 8,500 £,500
S. Cordelia Forebay 10,400 10,400 10,400 10,400 10,400 10,400 10,400
CANALS
Flow (cfs) 115 115
Length (ft) 35,800 38,900
Top Width (ft) 19 19
Bottom Width (ft) 4 4
Depth (ft) 5 5
PFRMANENT R/W EASEMENT AND FEF 120 193 134
TR PAsE G TErENT, 120 110 10 159 1o
TMPROVED CHANNEL
Flow (cfs) 105 105
Length (ft) 9,900 9,900
Top Width (ft)
Bottom Width (ft)
Depth (ft)
PUMPING PLANTS NUMBER 2 3 2 2 2 2 3 2
Ist Plant
Flow (cfs) 115 15 15 15 115 1% 14 115
Lift (ft)
N. Cordelia Forebay 204 172 218 203 203 206
S. Cordelia Forebay 121 167 151 152 155 o
2nd Pumping Plant 36 63
Energy (KWH/ac ft) 181 44 98 133 121 122 64 124 .
2nd Plant
Flow (cfs) a6 115 46 46 46 46 115 46
Lift (ft)
N. Cordelia Forebay 393 106 393 393 393 393 133 393
S. Cordelia Forebay 55 444 441 441 447 5 441
Energy (KWH/ac ft) 464 38 521 521 521 521 38 521 ;
3rd Plant |
Flow (cfs) a6 4¢ ;
Lift (ft) !
N. Cordelia Forebay 393 393
S. Cordelia Forebay 431 a4
Energy (KWH/ac ft) 521 521
ANNUAL ENERGY USED (MWH) 19,816 15,314 16,260 18,253 17,579 17,584 16,493 17,748
TURNOUTS
NUMBER 4 4 4 4 4 4 4 4
Ist Turnout (cfs) 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9
2nd Turnout (cfs) 23.7 23.7 23.7 23.7 23.7 23.7 23.7 23.7
3rd Turnout (cfs) 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4
4th Turnout (cfs) 31.4 31.4 31.4 c1.4 31.4 31.4 31.4 31.4
TERMINAL FOREBAY YES YES YES YES YES YES YES YES
NUMBER OF ROAD CROSSINGS 27 12 12 12 13 13 13 16
NUMBER OF RAITLROAD CROSSINGS 4 2 2 2 2 2 2 Z

LENGTH THROUGH URBAN AREA 17,400 4,000 4,000 4,000 4,000 4,000 4,000 4,000




for a buried pipeline and a 90-foot per-~
manent easement and fee title purchase
for an open canal. /1/ Where not cur-
rently available, an access road approxi-
mately 15 feet in width would have to be
constructed along the right of way. It
should be noted, however, that 20 feet
would be the minimum width requirement
for a permanent easement to place a short
section of buried pipe. An additional
40-foot wide (20 feet on each side)
temporary construction easement would be
required for both a buried pipeline and
an open canal.* Pump stations proposed
along the alternative alignments would be
above—-ground concrete structures requir-
ing a total area of approximately one
acre each,

4.2.3 For each buried pipeline alterna-
tive alignment, the above-ground surge
tank (a steel tower approximately 40 feet
high and 17 feet in diameter functioning
to equalize water pressure in the pipe)
would be constructed at the place of
highest elevation. 1In addition, above-
ground "blow-off" pipes (concrete struc-
tures approximately 3 feet high and &4
feet in diameter which would function as
emergency water release valves) would be
constructed at every location where a
buried pipeline would encounter an eleva-
tional low point or cross a stream,
Blow-off pipes in urban areas will be
fenced to screen them from children.

A diagram of a typical surge tank 1is pre-
sented in Appendix B (Figure 5).

4.2.4 There are two possible locations
for the terminal reservoir. The first
location (North Cordelia Forebay) would
place the reservoir north of Highway 80
near the existing interim terminal reser-
voir for the Solano Project (Figure 4-1).
The second location {South Cordelia Fore-
bay) would place the reservoir south of
Highway 80 and east of Highway 680 near
the boundary of Suisun Marsh. FEither
terminal reservoir location would be
adjoined by a pumping plant (Cordelia
pumping plant) which would deliver water

through a smaller pipeline to the exist-
ing Coirdelia surge tank. From the surge
tank, water would be delivered to Napa
County via the existing Phase I facili-
ties of the North Bay Aqueduct.

4.2.5. The possibility of two terminal
reservoir locations requires that all
alternative alignments except Route 1
have two possible legs diverging near
Cordelia Hill to reach either a North or
South Cordelia Forebay (Figure 4-1). The
northern leg option for Routes 2 through
7 was designed primarily to avoid tra-
versing the Suisun Marsh near Cordelia
Hill. Route 7 would still traverse the
eastern portion of the Marsh near
Denverton.

4.2.6 Both initial and maintenance
dredging would be required at all alter-
native intake locations. An intake and
pumping plant on Lindsey Slough would
require the dredging of approximately 300
cubic yards of material in the immediate
vicinity of the proposed intake structure
to provide for a channel depth of -12
feet Mean Sea Level (MSL). An intake and
pumping plant on Cache Slough would
require removal of approximately 30,000
cubic yards of material to provide for a
channel with a depth of -12 MSL. The
length of the channel which would be
required to '"clear" Cache Slough for the
intake would be approximately 0.5 miles.
/3/ An intake and pumping plant on
Calhoun Cut would necessitate the dredg-
ing of approximately 168,000 cubic vards
of material along its entire length
(approximately 3.5 miles) to create a
channel with a depth of -8 MSL. Side
slopes for channel dredging at all intake
locations would be designed for 3:1
(horizontal to vertical). Maintenance
dredging would be required approximately
once every 10 vears for a Lindsey Slough
intake with more frequent maintenance
dredging required on either Cache Slough
or Calhoun Cut (perhaps as frequently as
every 5 vears).

*Temporary construct ion of right of way requirements along some of the eastern
portions of Route 1l would require a slightly greater (50-foot) easement. /2/
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4.2.7 The construction period would be
comparable for all alignments, with an
estimated time for completion of two
vears. The construction activities would
take place in phases, with no more than
10 miles of the route under construction
in any one phase. The construction
period for the segment of alternative
Route 1 passing through Fairfield would
be about 9 months. Construction of the
North Bav Aqueduct is tentatively sched-
uled to commence in earlv 1982,

4.3 COST COMPARISON

4.3.1 The estimated costs for construc-
tion and operation of Phase I1 aqueduct
facilities are presented in Table 4-3.
All costs are in 1980 dollars. Estimated
costs for construction of the alternative
alignments for the proposed aqueduct
facilities range from $25.7 million to
$43.6 million.

Construction costs for those alignments
which would incorporate an open canal in
the eastern portion of the aqueduct are
substantially less than those routes
which would incorporate a pipeline for
the entire aqueduct length. However,
mitigation and secondary costs reduce
this difference considerably. Total
annual operation and maintenance costs in
1990 would range from $1.3 to S$1.5
million. /5/

4.3.2 The estimated costs for construc-
tion and operation of secondary water
transport systems, which would deliver
water from the aqueduct to the principal
water purveyors in Solano County (Fair-
field, Vacaville, and Suisun City),

would be paid for by the individual water
purveyors. As indicated in Table 4-~3,
the cost of delivery of aqueduct water
from the Route 1 alignment to the indi-
vidual water purveyors would be substan-
tially less than the cost of delivery
from an aqueduct along the Route 2
through 7 alignments. Fstimated opera-
tion and maintenance costs for the secon-

dary water transport systems would follow
a similar trend,

4,3.3 Based on estimated construction
costs, operation costs, and future proj-
ect interest rates, the annual fixed
costs of State Water Project water deliv-
ered through the North Bay Agqueduct 1in
year 2000 will be $3,531,000 for Solano
County and $3,187,000 for Napa County.
The cost, including the variable (pump-
ing) costs, for delivery of full entitle-
ment would be $3,966,000/year to Solano
or $109/acre-foot. For Napa, the cost of
full entitlement delivery would be
$4,222,000 or $169/acre-foot. At Napa's
currently estimated delivery of 13,750
acre-feet in 2000, total annual costs
would be $3,756,000 or $273/acre-foot.
/6/ These figures include estimated cost
increases due to Inflation. Possible
mitigation costs, other than fish screens
as mandated bv State law, are not
included.

4.4 SPECIFIC AL IGNMENT DESCRIPTIONS

Route No. 1

4.4.1 Delta water would be diverted from
Cache Slough near the City of Vallejo's
existing and currently operating intake
pumping station. A 60-inch diameter
buried pipe would transport the water
northwest, following property lines where
possible, to the intersection of Meridian
Road and the Sacramento~Northern Railroad
line. long this stretch the pipeline
would parallel the northern boundaryv of
the Jepson Prairie for an approximate
distance of 21,000 feet. The pipeline
would then turn and run southwest for
approximatelv 4,000 feet before turning
west to parallel the existing Sacramento-
Northern Railroad line. Upon reaching
the city limits of Fairfield, where the
abandoned Sacramento-Northern Railroad
tracks have been removed, the pipeline

would run southwest along the northerilv
edge of the former Sacramento-Northern
Railraad right of wav, now owned bv the
Citv of Fairfield., The pipeline would
pass under Interstate 80 (possibiv in
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TABLE 4-3
tSTIMATED CONSTRUCTION AND ANNUAL OPERATION/MAINTENANCE
COSTS FOR NORTH BAY ANUEOUCT ALTERNATIVE AL [GNMINTS
{Thousands of Dollars)

Alternative Alignments

! o A 3 A4 5 2
WETROUTION COSTS
“hSoreens 287 JuY o7 led g 27 L7 7
Turpinag Plants
Caone Slough 2,000 2,000
Calhoun Cut 624 700
Lindsey Slough 1100 RS €. 4
Travis 1,024 1,008
cardelia 850 1,055 1,055 1,055 1,085 1,054 1,055
trneiings 29,225 13,041 21,043 29,663 26,735 26,757 1o (i B
Lanals 2,23H R
rannel Improvements 482 462
vrdelia Discharge Line 1,160 1,521 1,521 1,521 1,521 1.521 IR ot
vesign (10 ) 3,352 2,027 2,509 3,453 3,072 5,074 s Ay R
Junstraction Supervision (15°) 5,028 3,040 3,763 5,179 4,608 4,01 3,73% 40004
Rignt of Way 422 330 288 412 370 370 4le r
42,324 25,666 31,648 3,570 38.76¢ 59,795 31,565 PRI e
MITAATION COSTS &/ 0 3,450 3,450 575 1,150 1,156 IR :

42,324 29,116 35,098 44,145  39.91%

36,45 30,70 4 a
T ONDARY CONSTRUCT [ON: D/ ' )
acavilie 2,830 4,480 4,480 4,480  4.480 &40 3 .GkC 4 3k,
Fairfield 4,000 9,500 9,500 9,500 9,500 9,500 3.0800 e
Suisun City 600 3,250 3,250 3,250 3,250 3,080 LU0
“arag:t/ 49,354 46,386 52,328 61,375 57,142 7175 49,945 5747
ANNUAL OPERATION AND MAINTENANCE:9/ 1,484 1,139 1,215 1,339 1,290 1.0an 1Lote 1w
SECONDARY POWER:
Vacaville a6 a8 A8 g8 o o R
Fairfield 0 100 100 100 170 100 100 Lo
Suisun City b 15 15 15 1% 15 16 R
TOTAL ANNUAL - 1,536 1,382 1,418 1,542 1,495 1,492 1.411 1.0

T yased on estimate by Department of Parks and Recreation of acreage that may be required tor mitiaation ot
adverse impacts. Cost estimated at $1150/acre.

“’a11 secondary costs (construction and power) based on letter from Stoddard & Associates to Georae Deatheran .
DWR, February 20, 1980. There would not be a material difference between - northern vs. a southern terring

reservoir as regards the cost and operation of a secondary transport syster or the City of Benicia.

© Add 57%0,000 to alignments 2-7 if pipeline cannot be constructed in BCDC's primarv marsh 7one and must b
realinned around Nelson Hill east of Cordelia Junction.
iy

Solano and Mapa County Flood Control and Water Conservation Districts. /7/ Does not include costy nt
3intenance dredqing or disposal of dredged material.

Baved on estimates of minimum variable operation, maintenance, power, and replacement charaes in 1990 tar tn
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the existing railroad tunnel) and con-
tinue scuthwesterly to a point where the
railroad right of wav swings north
towards Willota. At this point the
pipeline would continue approximately
7,200 feet southwest parallel to Inter-
state 80 and then west and northwest
(5,600 feet) to the North Cordelia
Forebay and pumping plant. From the
pumping plant, a 36-inch pipeline would
run southwest for 8,400 feet (from the
North Cordelia Forebay) to the Cordelia
Surge Tank. An extension of the existing
Fairfield linear park bikeway could be
constructed over the pipeline in the
urban Fairfield area.

Route No. 2 (2A)

7,

4.4.2 The diversion for Route 2 would
take place near the western end of
Calhoun Cut. From this point, water
would be transported throuch either an
open lined canal (Route 2) or a 60-inch
buried pineline (Route 2A) southwesterlvy
to Creed Road. The alignment would then
run alongside Creed Road, and in the

case of a canal, around the southern side

of a small hill over which Creed Road
passes and then proceed west to the pro-
posed Travis Pumping Plant site. Route
2A, the buried pipeline, would continue
along Creed Road until its intersection
with Meridian Road. For Route 2 the
water woild be lifted about 55 feet at
the Travis Pumping Plant and transported
through a 60-inch buried pipe westward
through Suisun City. The alignment would
then run southwest across the northern
boundarv of Suisun Marsh to the South
Cordelia Forebay and pumping plant site.
A 36-inch pipeline would run northwest-
erly 10,400 feet to the Cordelia Surge

Tank. Alternatively, the aligament would

bypass the northern boundary of Suisun
Marsh by transporting the water north at
Thomasson, travel under Interstate 80 and
terminate at the North Cordelia Forebay
and pumping plant site. From the North
Cordelia Forebay, the water would be
pumped through a 36-inch pipe southwest
8,400 feet to the Cordelia Surge Tank.

Ly

Route No. 3
4.4.3 The diversion point for Route 3
would be identical to that for Route
No. I (i.e., Cache Slough). Water would
be pumped through a 60-inch buried pipe-
line northwest to the intersection with
the Sacramento-~Northern Railroad line and
then west for approximately 11,400 feet
along the northern boundary of the Jepson
Prairie. The pipeline would then turn
southwest through the northwest corner of
the prairie until paralleling the castern
boundary of Travis AFB. The pipeline
would then turn south and run parallel to
Meridian Road to a point just south of
Creed Road. The pipeline would then turn
west, following the identical alternative
alignments as those proposed for Routes 2
and 2A.

Route No. 4

4.4.4  Delta water would be pumped from a
point on Lindsev Sloush immediatelv enst
of an existing irrigation channel on the
Peterson Ranch., The Lindsev Slouch
pumping plant would lift the water into a
60-inch diameter buried pipeline that
would run along the east side of the
irrigation channel, then paralleling
Robinson Road to the south. The pipeline
would then travel west under Creed Road
to its intersection with Scandia Road and
then turn southwest to the Travis pumping
plant site. From the Travis pumping
plant to either North or South Cordelia
Forebay, the Route &4 alignment would be
identical to those proposed for Routes 2,
2A, and 3.

Route No. 5

4.4.5 Route 5, a buried pipeline with a
diversion point on Lindsev Slough would
have an identical alignment as Route 4
except that it would parallel Creed Road
along the south rather than following
directly underneath the road. From tl
Travis pumping plant, the Route 5 align-

ment would become a buried pipeline and
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would be identical to that proposed for
Routes 2, 2A, 3, and 4.

Route No. 6

“.4.6 Delta water would be pumped from
rhe same diversion point on Lindsey
Slough as that proposed for Routes 4 and
5. The water, however, would be trans-
ported in an open, lined canal along the
s.ame alignment as Routes 4 and 5, paral-
t»1 to Creed Road up to a point approxi-—
matelv 16,800 feet from its intersection
with Scandia Road. At this point the
alignment would be routed around a hill
that Creed Road traverses and then travel
west to the Travis pumping plant. From
the Travis pumping plant, the alignment
for Route 6 would become a buried pipe-
line and would be identical to those pro-
pused for Routes 2, 2A, 3, 4, and 5.

Route NO;_Z .

4.4.7 Water would be pumped from Lindser
Slough at the same location as tor Routes
4, 5, and 6. The alignment of the 60~
inch buried pipeline would be identical
to Routes 4, 5, and &6 until the
intersection of Creed Road and Hizhwav
113. From Highway 113, the pipeline
would run southwest across the Jepson
Prairie to a point near the intersection
of Lambie and Goose Haven Roads, approxi-
mately two miles east of Denverton. From
this point, the pipeline would run west
along the southside of lLambie Road to 1its
intersection with Highway 12, then travel
northwest along Highwav 12 to Scandia
Road. The pipeline would then be routed
west to the Travis pumping plant. From
the pumping plant the alignment for Route
7 would be identical to those proposed
for Routes 2, 2A, 3, 4, 5, and 6.
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5.0 AFFECTED ENVIRONMENT

5.1 LAND RESOURCES
5.1.1 TOPOGRAPHY

5.1.1.1 The project area is generally
flat, with hilly areas to the west and
the south.* Between Lindsey Slough and
Deanverton, vernal ponds (see 5.2.1.1
Hydrology, Surface Water) are located in
swale topography. This topography 1is
characterized by a faintly billowing land
surface with low coalescent mounds 6 to
12 inches higher than the adjacent
depressions. /1/

5.1.1.2 North of Travis AFB, several
small hills range in elevation up to 180
feet above mean sea level. South of
Travis AFB, the topography is level, with
elevations of between 20 and 30 feet.
Further to the south, Suisun Marsh is at
or just above sea level, while the
Potrero Hills rise to an elevation of
about 400 feet with slopes of 30 percent
or more. Between Fairfield and Cordelia
the project area is generally level
except for Nelson Hill, which rises to
approximately 300 feet. West of Cordelia
elevations increase to about 200 feet.

5.1.2 GEOLOGY

5.1.2.1 Geomorphic Processes

5.1.2.1.1 The project area is located in
and just west of Sacramento Valley. The
Sacramento Valley and the San Joaquin
Valley to the south form the Great
Central Valley of California. 1In the
level, low-lying areas of the project
corridor, occasional flooding leads to
sedimentation of the floodplains by the
deposition of fine-grained material.

5.1.2.1.2 Erosion would be expected
primarily in the hilly portions of the
project area, although erosion would also
be expected in level areas when fields
are fallow and heavy rain falls.

Streams in the area erode material from
the western and southern hills and trans-
port the sediment downstream to the
sloughs and marsh. Deposition occurs in
stream channels or sloughs when the speed
of the water slows sufficiently to
deposit suspended material. Such a sedi-
mentation process has been increasingly
apparent in Cache Slough during the past
several years (see Section 5.2.1.3.4).

5.1.2.2 Surficial Deposits

5.1.2.2.1 Most of the project area is
covered by younger and older alluvium
with scattered outcrops of the Tehama and
related rock formations (Figure 5-1).

The younger alluvium consists predomi-
nantly of floodplain deposits, largely
composed of silt and fine sand, while
also including sand, silt, gravel, and
clay. The younger alluvium also contains
areas of stream channel deposits which
consists of sand and gravel deposited in
streams. The material is generally less
than 25 feet thick in most places and is
generally above the saturated zone. The
soils in the project area developed on
the younger alluvium are fine-grained
with poor surface drainage and low perco-
lation rates.

5.1.2.2.2 The older alluvium is a heter-
ogeneous sequence of stream-laid depos-
its., The material consists of silty
clay, gravel, and sand. The fine-grained
deposits predominate in most of the older
alluvium with gravel and sand occurring
as tongues and lenses. The materials are
loose to moderately compacted and hav

*The term 'project area', means the general vicinity of the proposed aqueduct

alignments in Solano County.
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developed a mature soil which contains a
layer of dense clay. The permeability of
the older alluvium varies considerably,
being high in the areas of sand and
gravel and low where fine-grained
materials predominate, such as in the
project area. O0Older alluvium covered by
well- developed soils tends to transmit
water slowly because of the clayey layers
in the soil (see Section 5.1.3).

5.1.2.2.3 The Tehama Formation is
located in scattered outcrops in the
project area. The material forms many of
the small hills in the area. The mate-
rial is moderately compacted silt, clay,
anl silty fine sand with lenses of sand
and gravel, silt and gravel, and conglom-
erate which has been cemented by calcium
carbonate. Minor amounts of other sedi-
montarv rocks occur in the project area.
These rocks are related to the Tehama
Formation and thus, are similar in
character.

5.1.2.2.4 Bay Mud, a silty clay, covers
the marsh areas. The Bay Mud is soft and
plastic when wet and tends to shrink,
harden, and become brittle when dry.

5.1.2.2.5 The Montezuma Formation con-
sists of unconsolidated deposits of sand,
silt, and gravel. 1t is mapped on the
northern edge of the Montezuma Hills
(Figure 5-1).

5.1.2.3 Water-Bearing Units

5.1.2.3.1 The most important aquifers
are the gravel and sand deposits within
the older alluvium and in the Tehama
Formation and related deposits. 1In the
older alluvium, permeability is greater
north of the project area. The water
derived from the older alluvium is
generally of excellent quality for
irrigation, but too hard (i.e., high
mineral content) to be desirable for
domestic use,

5.1.2.3.2 The gravel and sand aquifers
in the Tehama and related formations
less permeable than those in the older
alluvium. Locally, the aquifers yield
large quantities of water to irrigation
wells, The water in the shallow aquifers
is similar in quality to that in the
older alluvium, but some water in deeper
wells 1s found to have high sodium
concentrat ions.

are

5.1.3 SOILS
5.1.3.1 Soil Associations /3/
5.1.3.1.1 The soll associatilons in the

project area are mapped on Figure 5-2
and described below. Soll associations
are groups of similar soils occurring tn
the same topographic sequence and named
for the major soil of that group.

5.1.3.1.2 The majoritv of the project
area is covered by soils of either the
San Ysidro-Antioch association or the
Solano-Pescadero association. The soils
have a dense clav to clav loam subsoil
which restricts rooting depth and, in
some areas, limits drainage. Other soils
in the project area include mainlv the
prime agricultural soils of the Capav-
Clear Lake, Yole-Brentwood, and Yolo-
Sycamore assoclations. In general, these
soils are deep, moderatelv well-drained
soils that were formed in alluvium and
have fairly high clay contents.

5.1.3.1.3 The soils near the proposed
pumping station sites on Lindsev and
Cache Sloughs are mapped as the Capav-
Clear Lake association. These soils are
clay to clay loam in texture and have a
high shrink-swell potential throughout
the soil profile. Shrink-swell potential
refers to the expected volume change in
the soil that accompanies a change in
moisture content. The soils tend to
retain moisture and swell up when wet

In general,

and to shrink as they dryv.
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soils with a high percentage of clay have
a high shrink-swell potential.

5.1.3.1.4 A substantial portion of the
project area is covered with soils of the
moderately well-drained San Ysidro-
Antioch association. These soils have
dense clay or clay loam subsoils that
restrict rooting depth. The soil surface
horizons, to a depth of 12 to 20 inches,
have a low shrink-swell potential while
the dense clay subsoils have a high
shrink~swell potential.

5.1.3.1.5 The Solano-Pescadero soil
association is scattered throughout the
eastern two-thirds of the project area.
These soils are somewhat poorly drained,
have dense clay subsoils and, in some
areas, are saline (salt~affected). The
subsoil has a high shrink-swell potential
while the surface horizons have moderate
to high shrink-swell potentials,
depending on the clay content of a
specific site.

5.1.3.1.6 Directly north of Little
Honker Bay a small area of Corning asso-
ciation soils are located. These soils
have a loamy surface about 15 to 20
inches thick with a low shrink-swell
potential., However, the clay subsoil
about 15 inches thick, has a high shrink~
swell potential. Underlying this clay
layer, generally about 30 inches below
the soil surface, 1s dense, gravelly
sandy loam with a low shrink-swell
potential.

5.1.3.1.7 Altamont-Diablo soil associa-
tion is found in the Potrero Hills, near
Cement Hill, near Rio Vista Junction, and
southwest of the proposed pumping station
for Route 2. The soils are shallow to
bedrock, about 25-50 inches deep, and
have a high shrink-swell potential
because of their high clay content. The
Dibble-l,0s Osos association, found north
of Fairfield, is also found on terraces
and uplands and is shallow to bedrock.
The shrink-sweil potential of the soil is
moderate to high.

5.1.3.1.8 The Yolo-Brentwood and Yolo-
Sycamnre soil associations are found near
Fairfield. These soils are generally
very deep soils with moderate to high
shrink-swell potentials. Sycamore soils
are usually artificially drained to main-
tain the water table at a depth greater
than 60 inches.

5.1.3.2 Agricultural Capability

5.1.3.2.1 The majority of the project
area is covered by agricultural soils
requiring special management and crop
selection. Prime agricultural land is
found mainly near the Fairfield-Suisun
City area and in the eastern section of
the project area near Lindsey and Cache
Sloughs (Figure 5-2). /4/

5.1.3.2.2 The U. S. Soil Conservation
Service has established a land-capability
classification system to evaluate soils
by potential agricultural productivity.
Soils are placed in capability groupings
based on limitations of the soils when
used for field crops, the response of
soils to management practices, and poten-
tial damage to the soils if used for
field crops.

5.1.3.2.3 Class I and Class Il soils are
generally considered to be prime agricul-
tural land, because the soils have few
limitations which restrict their use or
require special agricultural and conser-
vation practices. As shown in Figure
5-2, Class 1 and II soils are found in
the project area near Fairfield-Suisun
City, near Travis AFB, and near Lindsey
and Cache Sloughs.

5.1.4 SEISMICITY

5.1.4.1 The San Francisco Bay region is
a seismically active area. A number of
faults, including two known active ones,
are located in the project area (Figure
5-1). Other faults in the San Francisco
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Bay area could affect the project area.
!5/

5.1.4.2 The Green Valley fault is
located in Green Valley approximately 6
miles west of Fairfield-Suisun City. The
fault trends northwesterly and exhibits
many features which indicate it is an
active fault, including offset fences and
power lines which indicate active fault
creep, disrupted drainage patterns, and a
number of small earthquake epicenters
mapped along the fault trace. The Green
Valley fault has a special study zone
designation under the Alquist-Priolo Act
of 1972, Detailed evaluation to locate
the fault trace prior to construction
activity and special construction
measures are required. /6/

5.1.4.3 The Concord fault is another
active fault, located about 12 miles
southwest of Fairfield~Suisun City and
south of the Carquinez Strait. The
largest known earthquake on the Concord
fault had a magnitude of 5.4 on the
Richter scale. The fault is also located
within an Alquist-Priolo Act special
studies zone. /7/ The Hayward,
Calaveras, and San Andreas faults are the
other active faults located in the
general vicinity which could seismically
affect the project area.

5.1.4.4 Faults of unknown activity are
also located in the Fairfield area.
These faults include the Midland fault,
which crosses Travis AFB, the Lagoon
Valley fault, the Vaca Valley fault and
an unnamed fault in the hills north of
Interstate 80 along Waterman Ranch Road.
Faults of questionable activity are also
found at Cement Hill and in the Potrero
Hills. /8/

5.1.5 OTHER GEOLOGICAL HAZARDS

5.1.5.1 Erosion

Erosion app-ars to be relatively limited
in most of the project area. 1In the

relatively flat portions of the project
area, erosion is probably limited to
sheet erosion (where the water flows in
sheets, rather than in well-defined chan-
nels) and to erosion of streambank chan-
nels in small rills and gullies. In the
western and southern hills erosion is
probably more extensive, particularly in
areas where vegetation is sparse or lack-
ing entirely. Streams in the hills also
erode the rock material downstream.

5.1.5.2 Landsliding

No mapped landslides are located in the
project area. Landslides are mapped in
the hills west of Green Valley, but they
do not appear to be in the proposed con-
struction area. /9/

5.1.5.3 Subsidence

Subsidence 1is a potential problem in the
eastern portions of the project area, but
that potential has not been studied. The
Pacific Gas and Electric Company operates
25 to 30 wells in the vicinity of Lindsey
Slough, Calhoun Cut, and Lambie Roads.
/10/

In addition, Pacific Gas and Electric
uses several depleted gas fields in the
Rio Vista area for storage.

5.1.5.4 Liquefaction

Liquefaction is ti. ans format ion of
granular wate - .at -..ed material from a
solid state o a l. 1la state as a
result of increased pressure within the
material and often as a result of
earthquake-induced shaking. The agricul-
tural land between Cordelia and Fairfield
is particularly susceptible to

liquefaction. /11/
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$.2 WATER RESOURCES

5.2.1 SURFACE WATERS

5.2.1.1 Hydrology

5.2.1.1.1 Hydrologic features in the
project area include perennial and inter-
mittent streams and lakes, sloughs, and
marshlands. The majority of streams in
the project area are intermittent, which
means they contain flowing water during
certain times of the year, usually during
the rainy winter and spring seasons. The
streams in the northern part of the proj-
ect area originate in the eastern hills
of the Coast Ranges and flow southeast
and south into the sloughs and eventually
into the Sacramento-San Joaquin Delta and
Suisun Bay. Several of the creeks, such
as Alamo Creek, are perennial (always
flowing) in their upper reaches, then
become intermittent as they cross the
level plain area. Others, such as
Sweeney Creek, are intermittent through-
out their course. Some of the creeks,
for example Gibson Canyon Creek, have
been modified by levee construction, or
channelization. In the southeastern por-
tion of the project area, intermittent
streams flow north and east from the
Montezuma Hills into the sloughs and
bays. The Big Ditch is a north-flowing
stream,

5.2.1.1.2 Tidal sloughs, which are
"swamp' waterways subject to ebb and
floodflows, are located along the east
central and south central portions of the
project area including Haas, Cache,
Lindsey, Nurse, Denverton, Suisun, and
Cordelia Sloughs. Levees have been
constructed around many of the sloughs.
Cache and Lindsey Sloughs are connected
by Hastings Cut. Lindsey Slough,
extended by Calhoun Cut and Barker
Slough, is generally considered to be a
deadend waterway. Cache Slough is
extended by Haas Slough and lUllatis Creek,
which drains a major portion of the

Northeast Solano County watershed area.
The City of Vallejo currently diverts
water for domestic use from Cache Slough,
and there are numerous private agricul-
tural withdrawals and returns from both
Cache and Lindsey Sloughs.

5.2.1.1.3 The general hydraulic charac-
teristics of Lindsey Slough are slightly
different from Cache Slough during the
periods of heavy precipitation and run-
off when high flows from Ulatis Creek
enter Cache Slough. However, during
periods when Ulatis Creek is dry, both
sloughs are essentially deadend water
channels. Flood and ebb flows in Lindsey
Slough are slightly smaller than Cache
Slough, probably reflecting variations in
agricultural and domestic withdrawals,
evaporation, and ground water seepage.

On November 27 and 28, 1979, the Depart-
ment of Water Resources conducted flow
measurements in Cache Slough that
revealed a net ebb flow of 98 cfs. /12/
During peak usage periods (summer
months), the net flow in both channels is
upstreanm.

5.2.1.1.4 Suisun Marsh is located south
of Fairfield-Suisun City. Permanent
marsh areas consist of many acres of con-
trolled marshes. These areas are diked,
but the dikes are opened to allow peri-
odic flooding. Seasonal marsh areas are
evident on the outer edges of Suisun
Marsh.

5.2.1.1.5 1In the area between Calhoun
Cut and Denverton Slough a number of
vernal or springtime bodies of water are
located. The term vernal pools applies
to a variety of intermittent bodies of
water which form in the winter and
spring, but dry up by summer. The
smallest of these are swales which fill
with water after each rain and hold water
for a few days. The swales have a
diameter of a few yards and a maximum
water depth of a few inches. Swales are
described as faintly billowing landforms
and characterized by many low, coalescent
or rounded mounds that are 8 to
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10 inches higher than the basin-shaped
1. 2as between them,

.2.1.1.6 Vernal lakes are the largest
sater bodies which fill with rainwater
luring the winter and hold water for a
vimber of weeks after the rainy season
‘uds. The lakes may have diameters of
6" to 250 feet and a water depth up to
two feet, The vernal water bodies are
separated by round mounds called mima
mounds. The mounds vary in basal diame-
ter from 10 feet to more than 100 feet
ind in height from about 12 inches to
ibout 7 feet. The origin of vernal pools
is not completely understood. The pools
“vid to dry up inwardly, and in the dry-
tng process they develop concentric cir-
cles of distinctive vegetation. /13/ See
Section 5.3.1.2.

5.2.1.1.7 Runoff in the winter months is
mainly a result of precipitation, while
runoff in the summer is mostly from irri-
gation drainage. Several streams in the
northern part of the project area, such
as Ulatis and Alamo Creeks, have been
improved or realigned for flood control.
f14/ Nearby farmers use creeks as a
source of irrigation water and also as
receptors for runoff. These creeks drain
southeastward, eventually joining one of
the sloughs of the Sacramento River sys-
tem. 1In the central and western section
of the project area, irrigation water
comes from natural creeks, such as Union
Creek. FExcess runoff drains into these
creeks and eventuallv into Suisun Marsh.

5.2.1.2 Flooding

Flood-prone areas 1in the project are
mostly located near the major creeks and
near the boundary of the sloughs. The
eastern segment of each route originates
in a flood hazard area. The southwestern
portion of the project area is also
flood-prone, including a large part of
the area west of Barker Slough. There
are flood—prone areas in Fairfield sur-
rounding streams such as Laurel Creek
which flow through the city. Most of the
other proposed route alignments cross

areas designated by the I, S. Department
of Housing and Urban Development as ''Zone
A" flood-prone areas. /15/ Actual flood-
water depths have not been determined in
the flood-prone areas. These areas have
a 1 percent probability of flooding in
any given vear, /16/

5.2.1.3 Water Quality

5.2.1.3.1 Considerable but limited water
quality data are available for Cache
Slough at the Citv of Vallejo intake,
dating back to the original placement of
the diversion in 1953. Weekly chloride
data are available in the Vallejo Water
Treatment Plant laboratorv r. cords from
1953 to the present. Total dissolved
solids (TDS) measurements began in 1975,
More comprehensive water qualityv sampling
in Cache Slough was begun in September
1979 by the City of Vallejo. These data
include a variety of important water
quality parameters such as mineral con-
tent and organic and inorganic chemical
concentrations. A summary of available
water quality data is presented 1in
Appendix C.

5.2.1.3.2 Analysis of the chloride data
for Cache Slough (at Vallejo intake) and
Lindsey Slough (above Liberty Island
Ferry) provides an indication of the gen-
eral water qualitv charcteristics in the
region. Chloride concentrations in Cache
Slough show a generally linear increase
over the 1960-65 and 1970-76 periods.
Since the quality of Sacramento River
water (at Rio Vista) has remained
relatively constant over the period,
these increases in chloride concentration
may reflect changes in agricultural
practices in the region over manv vears.
In the 1977-79 period, data indicate that
chloride and total dissolved solids (TDS)
values in Cache Slough have increased
significantly. TDS and chloride
concentrations are generallyv higher
during the spring runoff period and
decrease during the summer months when
better quality Sacramento River water is
being drawn into the upper reaches of the
slough, TS and chloride concentrations
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also generally increase in an upstream
direction.

5.2.1.3.3 Lindsey Slough water quality
data collected from 1953 to 1965 indi-
cates slightly better quality with
respect to TDS and chloride than found
for Cache Slough. Yearly average chlor-
ide and TDS values indicate a less rapid
rate of increase in concentration over
the same 1960-65 period than observed in
Cache Slough. Seasonal variations indi-
cate the highest TDS and chloride concen-
trations occur during the winter and
spring months when precipitation and
runoff are at peak levels. Mineral con-
centrations in Lindsey Slough are
reported to be higher than the Sacrmento
River (at Rio Vista) because of poor
quality ground water seepage and irriga-
tion return flows. /17/ A poor circula-
tion pattern also contributes to the
higher TDS and chloride concentrations
found in Lindsey Slough compared with the
Sacramento River.

5.2.1.3.4 Suspended solids are an
important water quality parameter since
many other pollutants (e.g., fecal coli-
form bacteria, heavy metals) are often
attached to these particles. 1In addition
to their role as carriers of other pol-
lutants, a high level of suspended solids
can create other problems such as elevat-
ing the turbidity of water and causing
siltation of waterways. Cache Slough in
the vicinity of the City of Vallejo's
existing water intake has experienced an
increasing degree of siltation in recent
years, although the increase has not been
quantified. Upstream agricultural
practices within the Vacaville and Dixon
watersheds have received some of the
blame for the increased siltation in
Cache Slough, although expanding urban
development in the Vacaville area is
undoubtedly contributing to the problem.
In recent years, the City of Vallejo has
had to do an increasing amount of
maintenance dredging around the Cache
Slough intake to keep it clear. /18/

5.2.1.3.5 Solano County has recently
completed a surface runoff management
plan for northern Solano County which

includes the watersheds draining into
Cache and Lindsey Sloughs. 1In the plan,
the County cited a number of existing and
potential problems in the Vacaville
watershed, includi, gz ineffective septic
systems, erosion, siltation, debris and
litter accumulations in streams, and
possible spills from t. ~ic chemical
operations (Figure 5-3). Only erosion
was cited as a potentiai problem in the
Rio Vista watershed, which drains largely
into Lindsey Slough. 1In addition, pro-
jections of future pollutant loadings in
the plan indicate that Cache Slough will
show greater increases than will Lindsey
Slough (Table 5-1).

5.2.1.3.6 Although no water quality datn
are available on Calhoun Cut, it would be
expected that TDS and chloride levels
would be somewhat higher than in Lindsey
Slough. This is due primarily to the
lower hydraulic capacity and upstream
location of the channel.

5.2.2 GROUND WATER /19/

5.2.2.1 Central Solano Countv has two
hydrogeologically separate ground water
basins-- the Putah Plain and the Suisun-
Fairfield basins. The movement of ground
water between these basins 1s restricted
by low rock ridges which extend from the
Montezuma Hills northwest to Vacaville.
The project area encompasses most of the
Fairfield-Suisun basin and the southern
part of the Putah Plain basin.

5.2.2.2 1In the Fairfield-Suisun basin
the older alluvium, which is up to 200
feet thick, is the source of most ground
water (see 5.1.2, Geology). Yield from
wells in the alluvium is generally less
than 200 gallons per minute. Yields from
wells in the Putah Plain are generally of
much higher capacity, with a range of 500
to 2,000 gallons per minute.

5.2.2.3 Ground water is replenished by
percolation of rainfall, percolation of
flow in Putah Creek and other streams,
subsurface inflow from the west and from
Yolo County, deep percolation of applied
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TABLE 5-1

SURFACE RUNOFF POLLUTANT LOADS
BY WATERSHEDS
(Thousands of Pounds Per Year)

Year Vacaville Dixon Rio Vista Totals
BOD 1975 670 397 285 1,352
1985 780 411 287 1,478
2000 913 437 291 1,641
7SS 1975 66,950 46,544 32,502 145,996
1985 66,558 46,494 32,501 145,553
2000 65,713 46,328 32,499 144,540
N 1975 298 191 135 624
1985 321 194 136 651
2000 347 199 137 683
TP 1975 70 47 33 150
1985 73 47 33 153
2000 74 48 34 156

SOURCE: Northern Solano County. June, 1379. Surface Runoff Manage- !
m: -t Plan, Appendices.

Key: BOD - Biological Oxygen Demand
TSS - Total Suspended Solids
TN - Total Nitrogen
TP - Total Phosphorus




irrigation waters, and losses from
distribution and drainage canals. The
younger alluvium and stream channel
deposits provide excellent ground water
recharge in areas where the soils are not
too clayey.

5.2.2.4 The total storage capacity of
the aquifer interval 20 to 200 feet is
1,952,000 acre-feet, with 1,712,000 acre-
feet in the Putah Plain basin and 226,000
acre-feet in the Suisun-Fairfield area.
However, only approximately one-half the
total storage capacity may be usable
because of water quality contaminants.
Both basins have an estimated safe pump-
ing yield that ranges from 106,000 to
159,700 acre-feet/year.

5.2.2.5 Ground water levels vary through
the project area. The ground water move-
ment is generally toward the sloughs and
marshes to the east and south. The high-
est ground water levels are found west
and south of Fairfield and Suisun City.
High ground water levels may also be
found in the northernmost portion of the
project area, which is part of the Putah
Plain ground water basin. High ground
water levels also occur near the

sloughs.

5.2.2.6 Ground water is used extensively
in the portions of Solano County where it
is available. The use of ground water in
Napa County is generally limited because
of small aquifers and low well yields.
/20/ (Also see Section 3.2.2.2.)

5.3 BIOLOGICAL RESOURCES

5.3.1 VEGETATION

5.3.1.1 General Characteristics

The dominant vegetation type in the
project area is grassland. Some of the
land has been leveled, while other por-
tions are unmodified. In both cases, the
land is used primarily to produce grasses

as forage for cattle and sheep. Vernal
pools are present in parts of the unmodi-
fied grassland in the eastern portions of
the project area. These pools support a
characteristic flora dominated by various
species of annual plants. Some land is
used for intensive agriculture, particu-
larly within the Cache Slough watershed
area. Corn and sugarbeets are the most
common crops, 'while orchards are also
present. The major sloughs within the
project area (Cache Slough, Lindsey
Slough, Calhoun Cut) have riparian vege-
tation (willows, alders, and shrubs)
growing along their banks. Riparian
vegetation can also be found along some
of the larger creeks. Eucalyptus trees
have been planted in various locations
throughout the area to serve as wind-
breaks. The northern portion of the
Suisun Marsh lies within the project
area, containing seasonally flooded
grasslands, riparian vegetation, fresh-
water marsh, and small areas of
pickleweed.

5.3.1.2 Distinctive Communites

5.3.1.2.1 Vernal Pools. Vernal pools
form in small, hardpan-floored depres-
sions in the valley grassland. The pools
fill with water during the winter, then
gradually dry up in the spring and
summer, As the pools dry, various spe-
cies of annual plants flower along the
margin, Vernal pools are common in the
Jepson Prairie area, forming in areas of
semi-rolling landscape with alternating
hummocks and depressions (see Plate 4a).
The areal extent and size of individual
pools vary considerably; pools as small
as 1-2 square metres are common. /21/
The location of the major vernal pools
within the project area is shown on map
segment Figures 6-1 to 6-11.

5.3.1.2.2 At least 200 plant species are
known to occur typically in vernal pools
-~ over 70 percent of which are native to
California. In addition, many of these
species appear to be entirely restricted
to vernal pools. /22/ Shallow pools are




usually dominated by plants such as
Limnanthes or Lasthenia spp., while
slightly deeper pools are dominated by
Downingia sp. Some of the deepest pools
support plants such as Neostapfia,
Orcuttia, Lagenere, and Orthocarpus. /23/
These and other vernal pool genera
include several rare, threatened, or
endangered plant species.

5.3.1.2.3 Riparian Vegetation. The most
significant areas of riparian vegetation
in the eastern portion of the project
area occur along Calhoun Cut, Lindsey
Slough, and to some extent, Cache Slough.
Willows and cottonwoods are a character-
istic vegetative feature along Calhoun
Cut (see Plate 3a). Tules and other
emergent vegetation are also present at
the upper end of Calhoun Cut. The small
islands in Lindsey Slough are heavily
vegetated with trees, such as alders,
willows, and cottonwoods, and other
native vegetation (Plate la). The highly
modified banks of Cache Slough are not as
extensively vegetated as those of Lindsey
Slough. Cache Slough has only some scat-
tered native and introduced shrubs and
trees (cottonwoods, alders, willows, and
eucalyptus)(Plate 2a).

5.3.1.2.4 The western portion of the
project area borders the northern margin
of Suisun Marsh. The major sloughs in
this portion of the Marsh support some
riparian vegetation. Willows and other
riparian trees are present along the
northern part of Cordelia Slough as well
as tules, dock, and cattails in areas of
standing water (Plate 9b). Significant
amounts of riparian vegetation also occrr
along Denverton Slough.

5.3.1.2.5 Jepson Prairie. The Jepson
Prairie generally encompasses the area
east of Travis AFB, south of Cache
Slough, and north of Highway 12 (Figure
5-4). A vegetation survey was conducted
during 1979 in a portion of the Jepson
Prairie area, along the proposed
alignments for Routes 2 and 2A of the
North Bay Aqueduct. /24/ The area is
dominated by native grassland and vernal
pool species (see Plate 3b). A total of

122 species of plants was recorded from
the area, including 40 vernal pool spe-
cies, 70 grassland species, and 12 marsh
and riparian species (in and near Calhoun
Cut). Two rare species were encountered
in this area: vernal pool dodder
(Cuscuta howelliana) and minature
downingia (Downingia humilis). Miniature
downingia is currently a candidate spe-
cies for listing as threatened on the
federal endangered species list. A more
recent survey was conducted in 1980 in
the vicinity of Routes 1 and 4. The
results of this survey are included in
Appendix D,

5.3.1.2.6 Grassland. Grasslands are the
dominant vegetation type found within the
project area. Most of the area east of
Fairfield is covered by grassland,
including the Jepson Prairie area. Some
of the areas are managed to provide
forage for livestock, while other grass-
lands are maintained in their natural
state.

5.3.1.2.7 Agriculture. Most of the
intensive agricultural activities are
concentrated in the northeastern portion
of the project area. Row crops, such as
corn and sugarbeets, are the most common
crops cultivated in this area. Orchards
are present in the western portion of the
project area (west of Fairfield and
Suisun City).

5.3.1.2.8 Suisun Marsh. Suilsun Marsh
contains approximatelv 10 percent of the
remaining wetlands in the State of
California. The Marsh has been admin-
istrativelyv divided into a primarv man-
agement area consisting of 84,000 acres
of brackish tidal marsh, managed wet-
lands, adjacent grasslands, and water-
ways, and a secondarv management area,
containing 22,500 acres of significant
buffer lands (Figure 5-~4). /25/ The
tidal marsh area is dominated by tule and
bulrush, plants which provide habitat for
waterfowl and other animals. The
northwestern portion of Suisun Marsh
which 1s crossed by several of the
propased alternative alignments consists
of a combination of managed marsh and
pasture lands (see Plate 9a),
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5.3.1.3 Threatened and Endangered
Species

5.3.1.3.1 Only one plant species that
occurs within the project area, Solano
grass (Orcuttia mucronata), is currently
listed by the U. S. Fish and Wildlife
Service (USFWS) as an endangered species.
However, several additional plant species
are regarded as candidate species for
listing by the USFWS, and have been
designated as threatened, endangered, or
species of concern. Most of the threat-
ened and endangered species occur in the
Jepson Prairie or Suisun Marsh area. The
actual locations of these plants within
rhe project area have been mapped on
segment maps (Figures 6-1 to 6-11).
Several of the plants are vernal pool
species, including Solano grass, Colusa
grass, and miniature downingia. Most of
the remaining species are also character-
istic of wet areas, occurring along the
banks of sloughs or in marshes and wet
meadows. A floristic survey of areas
along the proposed North Bay Aqueduct
alignments was conducted in 1980 to
determine potential impacts on threat-
ened, endangered, and unique species (see
Appendix D). The survey results indi-
cated the North Bay Aqueduct could be
built without disrupting any stands of
rare plants,

5.3.2 FISH AND WILDLIFFE

5.3.2.1 gilﬂ}ife and Domestic Animals

5.3.2.1.1 Suisun Marsh is located on the
Pacific Flyway, a major route followed by
migratory birds. The Marsh is not an
inportant breeding area, but does provide
critical feeding and resting areas for
wintering waterfowl. Common waterfow!
found in Suisun Marsh include pintail
ducks, mallards, green-winged teal,

wigeon, shovelers, whitefronted geese,
and American coots. Upland areas provide
habitat for many wildlife species includ-
ing shrews, bats, raccoons, skunks,
weasels, coyotes, foxes, mice, rabbits,
and deer. /26/ The main domestic animals
present on pasture lands are cattle.

5.3.2.1.2 Riparian woodland consists of
trees taller than 3 metres with a dense
understory of shrubs. This habitat is
present to varying degrees along the
sloughs in the project area. Wildlife is
abundant in this area, with 81 species of
birds recorded from nearby Delta riparian
woodlands. These include waterfowl,
songbirds, and raptors, Mammals expected
to occur in the riparian woodlands
include opossums, moles, and skunks. /27/
Riparian woodland provides wildlife food
and cover, and is more valuable wildlife
habitat than the adjacent grasslands and
cultivated land.

5.3.2.1.3 The Jepson Prairie provides
habitat for both wildlife and domestic
animals, since it includes areas of cul-
tivated fields, pasture land, and vernal
pools. Waterfowl and shorebirds are
attracted to vernal pools and flooded
fields during the winter. Ducks, swans,
geese, egrets, and cranes are commonly
found resting and feeding in this habi-
tat. Unflooded fields, especially corn-
field stubble and pasture lands, are also
valuable as a wintering habitat for
birds; they provide food for geese,
pheasants, quails, and doves. Many
raptorial birds, such as American
kestrels, while-tailed kites, red-tailed
hawks, and turkey vultures, require open
areas for hunting.

5.3.2.1.4 Mammals are also present
throughout the Jepson prairie area. The
common types include opossums, moles,
black-tailed jack rabbits, ground squir-
rels, pocket gophers, mice, voles,
coyotes, grey foxes, raccoons, weasels,
and skunks. While some species (ground
squirrels, pocket gophers, California
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voles) prefer open areas, mammal
diversity is increased where there is
cover provided by shrubs, windbreaks,
woodpiles, and so on. Domestic animals
are also common in the area. Cattle and
sheep are the principal livestock main-
tained on pasture lands. Horses are kept
in a few locations, and dogs and cats are
generally present around residences.

5.3.2.2 Fisheries

5.3.2.2.1 Lindsey Slough. Because
Lindsey Slough was the site originally
selected as the diversion point for the
North Bay Aqueduct, the California
Department of Fish and Game (DFG) period-
ically collected fish from the Slough
between 1975-1979. A total of 25 species
were collected, using otter trawls,
seines, and gill nets. /38/ Fish were
also collected from Lindsey Slough during
1979 by a private consultant. /29/ A
total of 21 species were collected with a
beach seine, 10 of which were not cap-
tured during the DFG surveys. While
these surveys are useful in determining
the type of fish likelv to occur in
Lindsey Slough, the results do not neces-
sarily reflect abundance.

5.3.2.2.2 Striped bass (Morone
saxatilis), an important introduced sport
fish in the San Francisco Bay area, was a
common species in the Lindsey Slough
sampling. Most of the fish collected
were young of the year. These larvae and
juveniles were captured primarily during
the months of June (1975, 1977, 1978) and
August (1975). King (chinook) salmon
(Oncorhynchus tshawytscha), which also
supports a sport and commercial fishery
in coastal waters and migrates into Delta
waters, were occasionally present in
Lindsey Slough. All of the specimens
collected were relatively large (the
smallest individual measured 54 cm).

5.3.2.2.3 Other anadromous fish col-
lected in Lindsey Slough were steelhead
and American shad. In addition to

anadromous fish, freshwater gamefish,
forage fish, and miscellaneous species
were periodically collected in Lindsey
Slough. The freshwater gamefish include
white catfish, channel catfish, bluegill,
white crappie, black crappie, and large-
mouth bass. These species were collected
in Lindsey Slough in low numbers at vari-
ous times of the year. Important forage
species present in Lindsey Slough inciude
threadfin shad, Delta smelt, and longfin
smelt.

5.3.2.2.4 No fish collections have been
made in either Cache Slough or Calhoun
Cut. Since Calhoun Cut is an extension
of Lindsey Slough, the species collected
in Lindsey Slough may also be present in
Calhoun Cut. Parts of Calhoun Cut have
been extensively modified, reducing the
habitat value and possiblv reducing fish
diversity, Much of Cache Slough has also
been channelized, reducing the riparian
vegetation along the dikes. The water
quality in Cache Slough has deteriorated
to a greater extent than in Lindsey due
to urban runoff from Vacaville and irri-
gation drainage of surrounding agricul-
tural lands. 1t 1is probable that fish
abundance and diversity is lower in Cache
Slough than in Lindsey Slough.

5.3.2.3 Threatened and Endangered
Species
».3.2.3.1 The distribution of the pgiant |

garter snake (Thamnophis couchi gigas), a
candidate species for protection bv the
U. S. Fish and Wildlife Service, is not
well known. This species is currently
considered rare by the California
Department of Fish and Game. Its range :
apparently extends from the vicinity of l
the Sacramento-San Joaquin NDelta south
through Kern County. The giant parter
snake is considered to be aquatic con-
fined to areas around permanent fresh
water. /30/ Tt prefers areas of open
water without extensive riparian vegeta-
tion. The giant garter snake has not
been recorded from Lindsev or Cache




Sloughs; this area of the Delta is appar-
ently west of its normal range. /31/ How-
ever, it is possible that the giant
garter snake could occur within the proj-
ect area.

5.3.2.3.2 The black rail (Laterallus
jamaicensis) has been recently observed
in freshwater marsh areas of Suisun
Marsh. This species has been designated
by both California Department of Fish and
Game and the U. S. Fish and Wildlife
Service as rare,

5.3.2.3.3 The salt marsh harvest mouse
(Reithrodontomys raviventris halicoetes),
designated by the U. S. Fish and Wildlife
Service and California Department of Fish
and Game as an endangered species, is
known to occur in Suisun Marsh. This
species is found only in salt marshes
supporting a continuous stand of pickle-
weed (salicornia). One area of known
habitat is along Cordelia Slough, south
of the proposed alignments for Routes 2
through 7. Probable habitat for the salt
marsh harvest mouse also occurs along
Suisun Slough, south of the alignment for
Routes 2-7, and around the tip of Denver-
ton Slough, south of Route 7. /32/

5.3.2.3.4 The Delta green ground beetle
(Flaphrus viridis) has been recently
listed by the U. S. Fish and Wildlife
Service as an endangered species. A
critical habitat area for the beetle has
also been defined and is generally
located between Barker Slough and Calhoun
Cut. This beetle is apparently
restricted to the edges of two vernal
pools in this area. The previous loss of
vernal pools due to stream conversion of
natural habitats to agricultural and
urban use may have limited the range of
the Delta green ground beetle. /33/ The
northern proposed NBA alignment passes
within half a mile of ground beetle habi-
tat (see Appendix D).

5.4 AIR RESOURCES

5.4.1 CLIMATE

5.4.1.1 While pollutant emissions are
fairly constant throughout the year,

pollutant concentrations in the air
fluctuate widely, depending on the
weather. /34/ Air quality is affected by
climatic conditions such as cloud covers,
wind directions and speed, and tempera-
ture inversions. Strong regional winds,
predominantly from the west and south-
west, bring pollutants from the San
Francisco Bay area to Solano County. /35/
Winds are strongest during the summer; in
winter the winds are more variahle. /36/

5.4.1.2 Meteorological conditions in
southwestern Solano County are typical of
the temperate San Francisco Bay area,
with cool rainy winters and warm dry
summers. The northeastern portion of the
County has weather conditions character-
istic of the Sacramento Valley, where
marine influence is minimal, summers are
hot and dry, and winter temperatures are
often near the freezing point. Illnob-
structed sunlight, present in greater
amounts during the dry summers, stimu-
lates production of secondary pollutant
oxidants.

5.4.2 AIR QUALITY - CURRENT TRENDS

5.4.2.1 The southwestern portion of
Solano County lies within the San
Francisco Bay Area Air Quality Management
District (BAAQMD), and the northeastern
portion of the County lies within the
Yolo-Solano County Air Pollution Control
District of the Sacramento Vallev Ailr
BRasin. The Solano County portion of the
BAAQMD is a nonattainment area (i.e.,
federal standards for these pollutants
are not currently achieved) for carbon
monoxide (CO) and oxidants. /37/ Carbon
monoxide, a toxic gas, is a localized
problem near busy strez=ts and hiphwavs.
Oxidants in Solano and Napa Counties
primarily consist of ozone, an area-wide
pollutant whose precursors are hydro-
carbons and oxides of nitrogen. /3I8/

5.4.2.2 The portion of Solano County in
the Sacramento Vallev Air Basin is also a
nonattainment area for CO, and oxidants,
and in addition is a nonattainment area
for suspended particunlates (primarily due
to dust and agricultural burnings). /39/
Sources of CO are similar to those in the
Bav area. Oxidant levels appear to be

sameonbe.
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high as a result of wind transport of
pollutants from the San Francisco Bay
area. The oxidant standard was exceeded
during the years whare oxidant was
measured in both Rio Vista and Fairfield.
However, more recent years show a smaller
number of standard excesses, which may be
indicative of a general trend of lower
ozone concentrations.

5.4.3 AIR QUALITY MANAGEMENT

5.4.3.1 Air quality plans for the Bay
area and Sacramento Valley basins have
been written by the Association of Bay
Area Governments (ABAG) and the
Sacramento Regional Area Planning Com-
mission, respectively. 1In the Bay Area
Basin, including Napa and Solano Coun-
ties, the emphasis is on attainment of
the oxidant standard through further
reduction of hydrocarbon emissions,
With respect to hydrocarbons emission
from mobile source, the Bay Area Air
Quality Plan suggests pollution control
equipment on new motor vehicles and on
trucks currently in use, and periodic
inspections of cars and trucks.

5.4.3.2 Additional NOx control measures
are not planned at this time with the
goal of leaving nitrogen oxides emissions
at a relatively constant level over the
next 20-25 years. [/41/ Carbon monoxide
control strategies in the Bay Area Basin
involve reducing CO levels in motor
vehicle-exhaust, improving traffic flow,
and improving alternative transportation
systems to the private automobile. The
Sacramento Regional Area Air Quality Plan
recommends a number of measures for pol-
lutant emissions control in Solano
County, including transportation improve-
ments, motor vehicle inspection and
maintenance programs, implementation of
existing land use plans, and land use
studies to determine the impacts of
increased densities and to reorder local
development priorities. /42/

5.4.4 FUTURE PROBLEMS AND CONSTRAINTS

Future housing and industrial development
in Solano and Napa Counties will
generally have an adverse effect on air
quality and make it more difficult to
meet and maintain air quality standards.
A possible large future source of
emissions in the project area vicinity
which could have a major impact on air
quality is the proposed Pacific Gas and
Electric (PGandE) Power Plant at
Collinsville. This plant would be
expected to emit large amounts of sulphur
dioxide, oxides of nitrogen, and carbon
monoxide,

5.5 CULTURAL RESOURCES

5.5.1 ARCHAEOLOGICAL SITES

5.5.1.1 Numerous prehistoric archaeo-
logical sites are recorded throughout the
central and southern Solano County
region., The existing records tend to
indicate that the greatest number of
known archaeological sites are concen-
trated around major drainage systems in
protected valleys which extend toward the
sloughs, marshes, rivers and bays that
characterize the southern end of Solano
County. The records also imply that the
immediate environs of the numerous inter-
mittent creeks and drainages situated
throughout the project are archaeologi-
cally sensitive.

5.5.1.2 Based on the known record, Green
Valley, Suisun Valley, Lagoon Valley, and
the Lindsey Slough-Calhoun Cut area have
been identified as particularly sensitive
regarding both the existence of known
archaeological sites and the potential
for encountering additional unrecorded
sites. The archaeological sensitivity of
these areas has been established by a
number of early academic archaeological
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investigations in Central Solano County
as well as more recent EIR generated
field investigations concentrated in
those areas. /43, 44, 45, 46/ However,
the majority of the terrain through which
the alternative alignments would pass has
not been subject to previous archaeologi-
cal field investigations. Extensive
archaeological work will be done on the
route chosen for the North Bay Aqueduct.

5.5.2 HISTORICAL STRUCTURES AND
FEATURES

5.5.2.1 Field surveys of selected align-
ments for the North Bay Aqueduct were
performed in early August 1980. Routes
1, 4, and 6 in the project area were sub-
jected to a surface field inspection, and
the potential for encountering archaeo-
logical resources in the various sensi-
tive locales was identified. The
findings of this field survey are summar-
ized in section 6.5 of this report and
attached in Appendix E.

5.5.2.2 Numerous structures and features
important to the history of Solano County
are documented in the vicinity of the
project area. /47, 48, 49/ However, a
review of the record suggests that no
known historic resources fall within any
of the alignment alternatives. It is
noted, however, that the Cement Hill
Historic Resources are situated imme-
diately north of Route 1. 1In addition,
Cordelia Junction has numerous histori-
cally significant structures which are
situated close to several alternative
alignments including a small redwood barn
(Ca. 1890) located in Green Valley,
northwest of Cordelia Junction, and the
Suisun-Fairfield Railroad Station (Ca.
1910) located in Suisun City.

5.6 POPULATION

5.6.1 The State Department of Finance
has projected that Solano County will

grow 23.2 percent in population between
1980 and 1985, to a total of approxi-
mately 270,000. The Association of Bay
Area Governments' projection for the
Solano County population in 1985 is in
agreement with the Department of Finance
figure of 268,000. By 1990 the popula-
tion is expected to reach 326,000,
Solano County is expected to experience
the third largest gain in population for
California counties which had 1980 popu-
lations of 100,000 or more.

5.6.2 The population of Solano County,
approximately 223,000, is distributed in
seven cities and scattered rural
locations. /50/ The unincorporated area
of the County contains only about 8
percent of the population. Dev:lopment
in the County 1is concentrated in three
areas: the southwest (Vallejo-Benicia),
north central (Vacaville), and the west
central (Suisun City, Fairfield-Travis
AFB). The Vallejo-Benicia area accounts
for approximately 93,000 residents; the
Vacaville area has a population of
44,000, and the remaining 66,000
residents occupy the urban areas and
fringes of the central county (Suisun
City, Fairfield-Travis AFB).

5.6.3 1In central Solano County the bulk
of the population is associated with the
Suisun City-Fairfield complex. Between
1950 and 1975 the City of Fairfield
increased twelve-fold in population (from
4,000 to 50,000). The annexation of the
7.5 square mile Travis AFB in 1966 con-
tributed to the almost 200 percent
increase in population between 1960 and
1970. Additionally, much of the growth
in the 1960s was the result of immigra-
tion to the area due to relatively low
housing costs and accessibility to Bay
area employment.

5.6.4 The population within the Fair-
field Sphere-of-Influence is expected to
increase by 34 percent bhetween 1980 and
1990. /51/ The population in the Sphere-
of=Inf luence of Suisun Citv is projected
to climb steadilv, rising a total ot 113
Fairfield-Travis area, is projected to




percent by 1990, The combined urban
growth in these two areas may bring the
total of central Solano County to over
92,000 by the year 2000.

5.6.5 The Green Valley area west and
southwest of Fairfield may be expected to
experience a great deal of growth due in
part to its proximity to San Francisco
Bay area transportation corridors. The
Association of Bay Area Governments
(ABAG) projects a 1985 population in this
area of 6,498, a five-fold increase over
the 1975 population. As many as 8,442
residents could be expected by 1990.
However, the present Solano County
General Plan designations in rural Green
Valley would only allow development to
accommodate 4,100 persons. /52/

5.6.6 The General Plan for Suisun City
(1979) projects a population holding
capacity of 21,000, revised downward from
earlier estimates that ranged up to
30,000. The current commitments to
development in Suisun City are expected
to increase the population to at least
15,000 in the mid-1980s. /53/ The Fair-
field General Plan projects a potential
increase of 82,000 residents in its
Sphere-of-Influence by the year 2000
(excluding population changes related
specifically to Travis AFB). The low
growth scenario estimates 113,750 resi-
dents by 2000, while with high growth the
population could reach 162,950. /54/

5.6.7 The population of Napa County in
1979 was approximately 95,000, over half
in the incorporated City of Napa, and the
remainder distributed among the Cities of
Calistoga, St. Helena, and Yountville,
and unincorporated areas. /55/ Urbaniza-
tion is concentrated in the southern
County and around the City of Napa. 1In
November 1980, Napa County voters
approved a measure which would institute
a growth management policy geared to a

1 percent annual growth rate. However,
residential development controls in the
City of Napa were recently rescinded.

5.7 LAND USE

5.7.1 LAND USE TRENDS

5.7.1.1 More than 90 percent of the land
area of central Solano County is in agri-
cultural use or is parks, marsh, or range
land. Agricultural products include
field crops, fruit and nut trees, corn,
ard tomatoes. The Suisun Marsh Resource
Conservation District covers 55,000 acres
in the southern county. A vast grassland
occupies the area east of Travis AFB,
known as Jepson Prairie (see Section
5.3.1). Approximately 10,000 acres of
developed urban area exist in Suisun City
and Fairfield-Travis. /56/

5.7.1.2 Most of the existing development
in Suisun City has taken place in the
confined area between Suisun Marsh and
Fairfield's southern boundary (West Texas
Street and the Southern Pacific right of
way). In 1965 Suisun City's developed
area covered approximately 130 acres.
/57/ Subdivision development in recent
years has converted the majority of land
adjacent to Suisun City east of Marina
Boulevard and north of State Route 12 to
residential land use.

5.7.1.3 The Suisun City General Plan
projects that by the mid-1980s the devel-
oped area will be 2,690 acres. The City
is currently proceeding on actions to
deannex large portions of those lands
within its boundaries which are also in
the Suisun Marsh. Residential develop-
ment is forecast to provide about 6,600
new dwelling units and consume 1,460
acres of land by 1985. The Suisun City
General Plan designates most residential
development as low to medium density,
with multi-family development limited to
40 percent of the total housing stock.
Industrial and commercial uses will
occupy over 900 acres according to the
General Plan, which will nearly double
the amount of land in commercial use.
Large open-space preserves are planned




in the eastern part of the Suisun City
Sphere-of-Influence, on the borders of
Travis AFB. The direction of city
expansion will be toward the northeast.
Attainment of a population of 21,000 is
based on the anticipated annexation and
development of land east of Walters Road
and south of East Tabor Avenue.

5.7.1.4 The City of Fairfield covered an
area of 1,800 acres in 1965 with approxi-
mately 70 percent in residential use.
/58/ The following year Travis AFB was
annexed adding nearly 5,000 acres to the
City's size. By 1975, the population was
50,497, and Fairfield-Travis had a devel-
oped area of about 8,000 acres. /59/
Fairfield's Sphere-of-Influence includes
a southwestern corridor stretching along
Highway I-80 to Cordelia, a small
unincorporated population center. The
Fairfield General Plan recommends that
two urban growth centers be established
in the planning area -- one including the
existing Fairfield urban area and the
other centered around Cordelia, where
population is projected to reach 37,000
with a developed area of 4,500 acres.
/60/ This contrasts with the present
development which covers fewer than 100
acres.

5.7.1.5 Major growth in Fairfield is
anticipated to be in two general areas:
1) southwest, absorbing the College, the
south end of Green Valley, and some of
the Cordelia area; and 2) along the
northern city boundaries from the east
side of Suisun Valley to Peabody Road.
The total urbanized land area will be
about 9,300 acres by 1985, including
residential expansion on over 525 acres.
Within the Fairfield Sphere-of-Influence
approximately 9,000 acres of undeveloped
land exists, much of it prime agricul-
tural soil which will be developed by the
year 2000, assuming implementation of the
Fairfield General Plan, The land use
element of the General Plan designates
over half (5,500 acres) of the undevel-
oped land for residential development and
the remainder for all types of commercial
and industrial uses. Most of the resi-
dential development is planned to be low

density (2.5 to 4.2 units per gross
acre). Future development on prime agri-
cultural land is also expected in Green
Valley, Paradise Valley, Cordelia, and
south of North Texas Street. However,
prime agricultural soils in Suisun Valley
and north and south of 1-80 are desig-
nated for protection under Fairfield's
General Plan.

5.7.1.6 Vallejo has a population of
approximately 80,000 (in 1980) and has a
developed area of about 13,000 acres
(including development at Mare Island
Naval Shipyard). The City is located
with the Carquinez Strait to the south,
the Napa River and marsh areas to the
west, the county line and steep hills to
the north, and the City of Benicia to the
east. These factors will limit
development to an ultimate population of
about 130,000. Most of the area
available for new development lies along
the eastern periphery ofthe City from
Carquinez Strait to I-80 on the north.
Development through 1985 is expected to
take place between Redwood and Tennessee
Streets east of I-80, and in the Glen
Cove area south of 1-780. Residential
development is projected to provide about
5,500 new dwelling units on 1,700 acres
by 1985.

5.7.1.7 Benicia is a City of 13,000 (in
1980) with about 3,000 acres of urbanized
area on the northern edge of Carquinez
Strait. The development of Benicia 1is
limited by physical comstraints:
Carquinez Strait to the south, Valleijo to
the west, Suisun Marsh to the east, and
steep terrain to the north. Most of the
area available for new development lies
north of I-780 toward l.ake Herman Road.
By 1985 residential development is fore-
cast to consume 710 acres of land, and
development from all land uses will
increase the total urbanized land area to
4,400 acres.

5.7.1.8 Vacaville has a population of
over 40,000 (in 1980) and a developed
land area exceeding 5,200 acres. DNue to
its location in Vaca Valley and the
absence of physical barriers to




development, the capacity of the City is
several times its current size. Develop-
ment through 1980 is expected to occur at
Browns Valley, northwest into Vaca
Valley, and in most open areas south of
T-80 and west of Leisure Town Road. The
Lotal urbanized land area by 1985 is
projected to be about 8,400 acres, with
2,100 acres designated for new residen-
tial development between 1975 and 1985.

5.7.1.9 1In the unincorporated areas of
Solano County that are not within the
sphere-of-influence of existing cities,
land uses are projected to remain largely
agricultural and recreational. The small
tcwns of Dixon and Rio Vista had a com-
syined deveioped area of about 1,800

acres in 1975. Dixon is surrounded by
land suitable for development, but

it is prime agricultural land. Develop-
ment through 1985 in Dixon is expected to
occur primarily toward I-80 to the west
and north, increasing urbanized land
areas to about 1,800 acres by 1985 (com-
pared to 1,000 acres in 1975); Rio Vista
has virtually unlimited growth area
toward the Montezuma Hills, ‘and would
most likely parallel State /Route 12 west~-
ward toward Church Road. /However, the
rate of development is dependent upon the
pace and extent of activities in the
nearby Collinsville-Montezuma Hills
industrial area. The frural sectors of
East Solano County are projected to grow
very slowly and land ' uses will remain
primarily rural residential, agricultural
and limited industfial.

5.8 PUBLIC SERVICES AND FACILITIES

5.8.1 POLICE AND FIRE PROTECTION

5.8.1.1 Police protection for the North
Bay Aqueduct project area is provided by
the Solano and Napa Cuunty Sheriff's
Departments and Police Departments for
the Cities of Fairfield, Vacaville,
Suisun, Vallejo and Benicia in Solano
County, and Napa and Calistoga Police

Departments in Napa County. Police pro-
tection is considered adequate in Fair-
field where the police department's fund-
ing is a percentage of the city budget
and is therefore tied to the growth in
the community. /61/ Benicia /62/ and
Suisun City are also providing adequate
service; however, Suisun City is at its
service limit. /63/ The Vacaville Police
Department considers itself understaffed
due to the increased population of recent
years. /64/ The City of Vallejo is faced
with similar constraints and plans to cut
back on services. /65/

5.8.1.2 The Solano County Sheriff's
Department, responsible for police pro-
tection for unincorporated areas, is
faced with similar service and budgetary
constraints. The eastern sparsely popu-
lated areas of the County are identified
as a problem area because of increased
gas, tool, and farm and construction
equipment thefts. With a shortage of
personnel, response times to these calls
have increased. /66/ The Napa County
Sheriff's Department currently considers
itself understaffed but it expects future
consolidation to provide better service
at considerable savings. /67/ The Napa
Police Department is severely under-
staffed and has not been able to replace
personnel. /68/ Calistoga Police Depart-
ment, although adequate now, expects
problems in keeping up with population
growth in the near future. /69/

5.8.1.3 Fire protection for the project
area is the responsibility of three city
fire departments (Fairfield, Benicia, and
Suisun City), and four fire districts in
Solano County, tw~ city departments (Napa
and Calistoga), one district in Napa
County, and the California Division of
Forestry. Most departments and districts
are feeling the pinch of reduced funding
levels following passage of Proposition
13 and consider themselves understaffed.
Isolated areas not iacorporated into any
organized fire protection district are
served by the California Division of
Forestry. The fire fighters are con-
cerned about not being able to keep up



with growth and they expect to be forced
to compromise on services during the next
several years.

5.8.2 PUBLIC SCHOOLS

5.8.2.1 Several school districts in
Solano County would likely be affected by
population growth related to the availa-
bility of North Bay Aqueduct water.

These districts, including the Benicia,
Vallejo, Fairfield-Suisun and Vacaville
Unified School Districts, have reported
current enrollment figures at or close to
capacity. Although all of these dis-
tricts are in the process of either
planning, acquiring, or constructing
additional permanent school facilities,
most rely on some sort of school impact
fee imposed on new residential develop-
ments to provide temporary portable
classrooms. 1In addition, a number of
elementary schools in the Vallejo and
Fairfield-Suisun Unified School Districts
have switched to a year-round school term
to meet the demands of a rapidly growing
population,

5.8.2.2 1In Napa County school districts,
there are no school impact fees. The
Calistoga Joint Unified School District
is currently at capacity with enrollments
increasing gradually. The Napa Valley
Unified School District 1s the only dis-
trict that is experiencing declining
enrollments.

5.8.3 PARKS AND RECREATION

5.8.3.1 The Federal, State, County and
local governments all provide recrea-
tional facilities in the project area.
The Federal Government maintains a number
of recreation facilities around Lake
Berryessa. State parks include Brannan
Island, Benicia Capital State Historic
Park, and Benicia State Recreation Area

in Solano County, and Bothe-Napa Valley
State Park and Robert Louis Stevenson
State Park in Napa County. The State
Parks and Recreation Department has
recently exiressed an interest in estab-
lishing a portion of the Jepson Prairie
in the project area as an ecological
reserve. /70/

5.8.3.2 local park departments in Solano
County, with the exception of Vallejo,
are facing problems of inadequate facili-
ties because existing sites are under-
developed and overused. The City of
Fairfield is embarking on a program to
develop its properties, including the
long~planned linear park system along the
abandoned Sacramento Northern Railroad
right of way. /71/ Phase I of the system
from the Solano Mall to the Community
College is currently under construction.
Suisun City is considering not building
any new parks due to lack of operation
and maintenance funds. /72/ The City of
Vacaville has also decided not to build
new parks until it has made firm arrange-
ments for operation and maintenance
funds. /73/ Although the City of Vallejo
is well served by park and recreation
facilities, it is reevaluating its
ability to operate and maintain them.
/74/ Local park and recreation
facilities in Napa County, provided by
Napa City, Calistoga, Yountville, and the
American Canyon Water District, are
feeling the general reduction in funding
levels.

5.8.4 WATER SUPPLY*

5.8.4.1 The City of Vallejo receives
water from the Solano Project (Lake
Berryessa), its Cache Slough Diversion
and, when necessary, from its Lake Curry
system. The Vallejo Water District
serves the City, Travis AFB, Green Vallev
Country Club, Rockville, and Cordelia.
The Travis Treatment Plant only treats
Delta water while Vallejo's two other

*This section briefly describes current sources of municipal and industrial water and

water treatment facilities for
service area. For additional

Alternatives.

jurisdiction within the proposed North Bav Aquednct
information sce Chapter 3.0, Water Needs and



AD-AIOIVHSS CORPS OF ENGINEERS SAN FRANCISCO CALIF SAN FRANCISCO-~ETC F/¢ 1372
DRAFT ENVIRONMENTAL STATEMENT/ENVIRONMENTAL IMPACT REPORT, NORT-=ETC(U)

UNCLASSIFIED

N 81 )
NL
ap A
- NI i ey | W~
i A




water treatment plants, at Lake Curry and
Green Valley, treat a blend of Berryessa
and Delta water. The District has
experienced siltation problems with its
Cache Slough intake, and maintenance
dredging is periodically required. /75/

5.8.4.2 The Benicia Water District
receives water primarily from the Solano
Project supplemented by emergency sup-
plies from Lake Herman. Operators of the
City's treatment plant, which is now
operating close to capacity, have
expressed concern over the impact the
Delta water quality (i.e., chlorides,
TDS, organic chemicals) could have on
their treatment system and the overall
quality of their drinking supply. /76/

5.8.4.3 Water for the Tairfield Water
Division also comes primarily from the
Solano Project with a minimal amount from
Vallejo's Lake Curry system. It has two
water treatment plants, Dickson Hill,
operating at about half capacity; and the
Waterman plant on the Putah South Canal,
which could easily be expanded to twice
its current capacity. Since the Dickson
Hill Water Treatment Plant does not have
adequate facilities for treating high
turbidity water, any North Bay Aqueduct
supply would probably be treated at the
Waterman Plant. /77/

5.8.4.4 Two-thirds of Suisun City's
water supply comes from the Solano Proj-
ect with the rest derived from local
wells. Only Solano Project water
receives treatment at the City's two
filter plants: Mat Hill and Gregory
Hill. City water officials are concerned
about North Bay Aqueduct water quality.
178/

5.8.4.5 Local wells supply the majority
of drinking water to the City of Vaca-
ville year-round, while Solano Project
water is only available during the sum-
mer. Vacaville has made a recommenda-
tion for a new treatment plant, including
provisions for settling ponds to treat
high-turbidity North Bay Aqueduct water,
if necessary. Vacaville's main concerns
about the North Bay Aqueduct are with

"t

the quality and quantity of water avail-
able as well as the cost incurred to pump
it into its system. /79/

5.8.4.6 The Napa City Water Department
receives water from Lake Hennessey,
Milliken Reservoir and temporary water
from the Solano Project through the
existing Phase 1 North Bay Aqueduct
facilities. The Jameson Canyon Treatment
Plant, which would treat North Bay Aque-
duct water, occasionally exceeds its
rated capacity by as much as 25 percent.
/80/ The American Canyon Water District,
currently receiving water from the Solano
Project, 1is particularly concerned about
the impact of North Bay Aqueduct water on
its treatment system. The District has
an agreement to receive Aqueduct water
from the City of Napa in water supply
emergencies. /8l/ The Cities of Yount-
ville and Calistoga are finalizing
agreements with the Napa County Flood
Control and Water Conservation District
to receive North Bay Aqueduct
allocations. /82/

5.8.5 SANITARY SERVICE

5.8.5.1 Sanitary service in Napas and
Solano Counties is provided by a number
of sanitary districts and city public
works departments. Those covering the
North Bay Aqueduct service area include
the Fairfield-Suisun Sewer District,
Vacaville Sanitary Service, Vallejo
Sanitation and Flood Control District,
and Benicia Public Works in Solano
County, and American Canyon Water
District and City services for Napa,
Calistoga, and Yountville in Napa
County.

5.8.5.2 The Fairfield~Suisun Sewer
District provides advanced waste water
treatment at its treatment plant cur-
rently operating at 9.5-10 mgd. Facili-
ties are being developed to increase the
design capacity from 10.35 to 15.7 mgd
and to improve treatment by mid-1981.
The Solano Irrigation District and duck
clubs in Suisun Marsa currently use



reclaimed water from the plant. When
construction is completed, there are
plans to increase the use of reclaimed
wacer to 12 mgd. The District is
investigating the beneficial application
of reclaimed water to the Marsh, and the
Department of Water Resources 1is
considering plans to flush Cordelia
Slough with reclaimed water. /83/

5.8.5.3 The Easterly treatment plant in
Vacaville provides secondary waste water
treatment before discharging into Alamo
Creek, a tributary to Cache Slough. The
Vacaville Sanitary Service is updating
the Easterly plant to increase its capac-
ity slightly. Vacaville has been inves-
tigating alternatives to its present
treatment and discharge system, including
improving existing treatment to a terti-
arv level and/or relocating its existing
discharge to Barker Slough, a tributary
of Lindsey Slough. /84/

5.8.6 UTILITIES*

Numerous major utilities and other quasi-
public or private concerns have transmis-
sion corridors through the project area
and could be affected by construction of
the North Bay Aqueduct. Pacific Gas and
Electric Companv (PGandE) has underground
gas mains ranging in diameter 8 inches to
36 inches at depths of 3 to 7 feet. It
also maintains overhead electrical trans-
mission lines that cross most of the pro-
posed aqueduct routes. /85/ Shell 0il
Company maintains and operates a 1l0-inch
gas pipeline approximately 2 to 3 feet
below ground surface that would be
crossed by the North Bay Aqueduct. /86/
The U. S. Department of Energy has its
Shasta-Tracy and Cottonwood~Tracy double-
circuit transmission lines, an integral
part of the Federal Central Valley Water
Project, located in the vicinity of the
project area. /87/ Pacific Telephone has
numerous facilities within the project
area, Fairfield has requested they bury
their lines along the Sacramento

Northern Railroad right of way when the
city's linear park is constructed. The
telephone company has crossings at every
major intersection in Fairfield and has
identified the area north of Highway 12
and east of Fairfield as being the
highest impact area. /88/

5.9 TRAFFIC AND CIRCULATION

5.9.1 AUTOMOBILE AND TRUCK
TRANSPORTATION
'5.9.1.1 Solano County is served by

‘major highway routes because of its

location between the San Francisco Bay
Area and the Sacramento Valley. These
include Interstate 80 connecting San
Francisco, the East Bay, Sacramento and
eastern California; Interstate 680,
connecting Interstate 80 near Fairfield
and Contra Costa and Santa Clara
Counties, and Interstate 505, providing
a direct link between Interstate 80 and
Interstate 5 to the north. State Route
113 is the major county north-south
route; State Highway 12 is a major
east-west corridor. Intracounty routes
include Elmira Road, Jepson Road, and
Fry Road near Vacaville; Air Base
Parkway, West Texas Street, and North
Texas Street, Rockville Road and Travis
Road in the Fairfield-Suisun City area,
and Pleasant Valley Road and Suisun
Valley Road in the western portion of
the county. /89/

5.9.1.2 Average daily traffic (ADT) on
major Solano County roads measured in
1975, and projections for 1985 and 2000,
are presented in Figure 5-5. Caltrans
data indicate that peak hour traffic in
Solano County (1978 figures) is about
270 on Route 113, ranges from 650 to
2,450 on the various sections of Route
12, and from 7,400 to 9,500 on Route 80.
/90/ The current routing of Highway 12
along West Texas Street has resulted in
heavy traffic, especially truck traffic,

*For specific locations of major facilities and utilities, refer to segment maps 1~11

(Figures 6~1 through 6-11).

Due to the extensive research and field work required

to do detailed, specific sitings, the maps represent approximate sitings.
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along this street. The Fairfield Bypass,
under construction, is designed to elim-
inate the heavy traffic on West Texas
Street. /91/

5.9.1.3 Within Fairfield, the major
arterials run in east-west and north-
south directions. The major local
thoroughfares in Fairfield are Air Base
Parkway, Travis Boulevard, North Texas
Street and West Texas Street. State
Route 12 coincides with West Texas
Street, thus passing through downtown
Fairfield. /92/ A major deficiency in
the Fairfield street system is an inade-
quate number of roadways oriented in an
cast~west direction., A few roads cross
Interstate 80, and few continuous east-
west roads are located east of this
interstate. According to the Fairfield
General Plan, the greatest deficiency in
east~west traffic routes exists between
Pennsylvania Avenue and North Texas
Street and in areas north of Travis
Boulevard. /93/ Insufficient capacity is
also a problem at two Interstate 80
interchanges in the Fairfield area: the
Travis Boulevard and Air Base Parkway
interchanges. The Texas Street-
Pennsylvania Avenue and Travis Boulevard-
Texas Street intersections are
approaching capacity. /94/ Street and
highway projects are planned for Solano
County through 1985. /95/ These proj-
ects, designed to correct safety defi-
ciencies and to provide needed capacity
increases, are part of the Short Range
Element of the Solano County Transporta-
tion Plan. The Long Range Element des-
cribes potential problems and solutions
for transportation to the year 2000.

5.9.2 RAILROAD TRANSPORTATION

5.9.2.1 Two railways cross portions of
Solano County the Sacramento Northern
Railroad and the Southern Pacific Rail-
road. These railways are shown in

e

Figure 4~1. An average of less than one
Southern Pacific train per week runs from
the junction near Canon Road to Vaca-
ville. Other sections of Sacramento
Northern track are used only occasion-
ally. The California Railway Museum has
its own track at Rio Vista Junction
operating every weekend. /96/ If the
PGandE-Collinsville power plant were
completed, approximately two trains per
day would run on the Sacramento Northern
tracks from the Southern Pacific-
Sacramento Northern junction near Canon
Road to the point where the Northern
track meets Highway 113, and then south
to Collinsville,

5.9.2.2 The Southern Pacific track is
used for both freight trains and Amtrak
trains. Southern Pacific runs approxi-
mately 20 freight trains per day between
Martinez and Sacramento. /97/ Addition-
ally, about five freights per day run
between Fairfield and Cordelia on a
Southern Pacific branch line. Amtrak
runs two passenger trains per day
through Fairfield on the Martinez-
Sacramento line, two in each direction.

/98/

5.10 PUBLIC HEALTH AND SAFETY

Neither the State nor Solano County
Department of Public Health has any
local regulations or policies regarding
open aqueducts as water-conveyance
systems. To determine the potential
risk of open aqueducts to public safety,
it is useful to examine the experiences
of other aqueducts in the State. Table
5~2 lists the records of drownings in
some of these systems. There does not
appear to be any pattern of drownings
with regard to location, age, or sex.
The velocity of water in the aqueduct is
considered an important factor in the
drownings. Several of the incidents

were attributed to drunkenness or

/99/

suicide.




TABLE 5-2

RECORD OF DROWNINGS IN CALIFORNIA OPEN AQUEDUCTS

Length
Years of Miles
Aqueduct Fences Record D-ownings  Approx. Remarks
Putah chain link  1960-80 16 34 Some attributed to drunkness
South wire mesh (19) or soicrde. Rural location -
Canal some urban.
Contra not 1940-79 50 42 Rural - urban location.
Costa entirely (38)
Canal fenced
California -- 1963-80 60 400 Rural Tocation. Access
Aqueduct (12) provided and encouraged.
Road along berm.
South Bay chain link  1964-30 0 13 Well fenced. Rural location.
Aqueduct barbed wire (16) No access.
Folsom chain link 1973-80 2 22 Some access - rural location.
South (7)
Canal
Tehama chain 1ink  1973-80 3 50 Rural location.
Colusa wire mesh (7)
Canal barbed wire
Delta wire mesh 1951-80 n 105 Some attributed to suicide.
Mendota barbed wire (29) Rural location.
Canal
Friant chain Tlink 1650-75 59 125 Some attributed to suicide
Kern wire mesh (25) or murder. Rural location.
Canal barbed wire
Proposed chain link -~ -- 10 3 mile urban- 7 mile rural,
North Bay barbed wire
Aqueduct
5.11 ENERGY 5.11.2 Energy use* per capita in the
State is outlined in Table 5-3. The
transportation, industrial, and residen-
5.11.1 Electrical energy is the princi-  tial sector represent 49, 21, and 16 per-

pal form of energy considered here. In
addition to electricity for pumping,
other "end uses" of energy, such as
diesel fuel for transportation, are
considered.

*Electrical energy 1s measured in kilowatt hours (Kwh).

cent of the energy economy, respectively.
Natural gas and gasoline account for 26
and 29 percent of the end uses of energy,
and 11 percent is used as electricity.
Electrical power is generated in

The energy content of fossil

fuels, or of other fuels which are principally converted to energy by combustion, is

measured in British thermal units (Btu).

A Btu is the amount of heat needed to
increase the temperature of one pound of water by one degree Fahrenheit.

The enery:

value of electricity can also be expressed in Btu; the conversion factor used here
(9,700 Btu/Kwh) reflects the thermal content of the fuel (coal, oil, nuclear)
required to generate and distribute electricity.

The use of this factor reflects

the extent to which new end uses of electricity deplete basic resources.
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TABLE 5-3

ANNUAL STATE ENERGY
USE PcR CAPITA*

{ Economic Sector Elec- Natural

f California tricity Gas Gasoline Other Total

| Residential 8 27 0 3 38 (16)
Commercial 9 10 0 2 21 (9)
Industrial 6 23 0 20%** 49  (21)
Agricul tural 1.7 0.2 1.4 0.9 4 (2)
Transportation -- 0 65 47# 112 (49) *
Other*** el == -= -= ___7 (3)

25 60 67 73 231 100% 1
State Water Project##
(1980 Water Year)
Hydroelectric generation 1.3 )
Puming power use 1.5 .
fiet Power Use: 0.2

*  Assumes 22 million population, in million Btu/capita.

** Principally consists of still gas, distillates, coal, residual oil, and biomass.
*** Non-fuel petroleum products.

# Principally consists of aviation fuel, distillates, and residual oil.

## Hydroelectric generation was about 2,856 million kilowatt hours and pumping
power use was about 3,354 million kilowatt hours. 1980 is considered a typical
year for hydroelectric generation.

SOURCES: Office of Planning and Research/Department of Water Resources, 1978, ]
California Water Atlas; California tnergy Commission, 1979, Energy
Choices for California: Looking Ahead. Introduction to the 1979 q
Biennial Report.




California from petroleum (46 percent),
natural gas (26 percent), coal (10 per-
cent), and nuclear, geothermal, or
hydropower (18 percent). /100/

5.11.3 Approximately 2,238 million kwh
of electricity were generated by the
Edward Hyatt and Thermalito power plants
during 1980 and were sold to three
California electric utilities. Hyatt-
Thermalito generation occurs primarily
during periods of maximum loads (on-peak
periods). The State Water Project
pumping plant energy requirement during
1980 was about 3,354 million kwh, which
was met by 618 million kwh from SWP
recovery plants and 2,736 million kwh
purchased from electric utilities. The
purchased energy was mainly obtained
from the utilities during periods of low
loads (off-peak periods).

5.11.4 Municipal and industrial water
use produces waste water which must be
treated before it can be released.

Energy use typical of activated sludge
treatment and tertiary treatment of muni-
cipal wastes are presented in Table 5-4.

Plant operations for both states of
treatment are energy-intensive, and the

dollar cost of total energy expenditures
-- direct and indirect -- is greater tha
25 percent of all operating costs. /102/

5.11.5 Agricultural use of water for
irrigation is also energy-intensive.

This is particularly true for nonlevel
lands where the water must be pumped
through sprinkler systems. Runoff from
irrigation is a small fraction of the
applied water and is not treated as waste
water. In contrast, most of the water
used by cities or industries becomes
waste water which must be treated. Table
5-4 compares energy cost of irrigation
with the energy cost of waste water
treatment. Agricultural, municipal, and
industrial use of water incur similar
energy costs upon discharge into the
environment .

*dBA:

decibels measured on the A-weighted scale which is sensitive to the frequency
response of the typical human ear at commonly encountered noise levels.

5.11.6 About 90 percent of the water

supply of Solano County is used for agri-

culture, and the remaining 10 percent for

municipal and industrial use. About one- 1
fourth of the supply is ground water

which must be pumped from wells. In Napa

County, the supply to municipal and E
industrial users is about 65 percent of
the total water supply and consists
almost entirely of surface water. Agri-
cultural water, about 35 percent of the
total supply, is almost entirely ground
water.

5.12 NOISE /103/

5.12.1 High noise levels exist in a
number of areas in Solano County. Com-
munity Noise Equivalent Levels (CNELs)
represent the average of all sound level
reached during a 24-hour day, with aver-
age figures adjusted to an equivalent
level that accounts for the greater

annoyance caused by nighttime noise. r

The densely developed urban areas in
Solano County may have CNELs about 65
dBA* (approximately the noise level of a
vacuum cleaner at 10 feet), while quieter
rural areas typically have CNELs in the
range of 45 dBA.

5.12.2 On a county-wide basis, noisy ;
corridors generally follow highway and
active railway routes and aircraft take-
off and landing patterns. Vehicular
traffic is a major producer of both day
and nighttime noise in most areas of the
county. Along highways, peak noise
levels are produced by truck traffic.
Noise levels are high along . S, Inter-
state Highway Routes 80, 305, 680, 141,
and 220. For these highway routes, CNELs
are 65 to 70 dBA on the road itself.
Along smaller State routes such as High-
way 113, CNELs drop to 50 dBA within
approximately 500 feet of the road.
ever, along the more heavily traveled

How-—




*Al "LOA ‘S34ning asf ABasul bulbuey) (°sp3) yalws °g 6Led]) pue 34eOAARY Y 0200y UI *34n3 | N2 1aby
po3eb LU4] UL UOLIBAUDSUO) 4B33BM 403 S9ALJRUARILY 40 S3Oedu] ABasu3 ‘6/6L Y ‘uebey pue °3 €u0s343q0Y

-eA4asSu0) Abuau3l

“(2-6 3Lqel 93s) autjoseb pue

ssey “abpraque) ‘buLrystiqnd a9but|leg ‘siaddad uoll

(*p3) SWELLLLK *H 349G0y I *1043U0D UOLIN|LO4 M0 spadN ABA2UI "g/6L "7V 72 UOSPLA®Q  :S3UN0S

*saplo13sad ‘UdZL[ L3434 40 3SN Y} Y}LM p3aJeLI0SSE St uo13duNSU0d ABABUS JURDLHLUDLS,

ve 0S¢ 1 [e30l WaysAg Jayutads
L'l 40 0L1 (30e3unS 03 ,001 WOJ3)
futdwund 433eMPUNOLY
UoLFeb LT
v°9 099 (lejol
9t 0Lt quBwIeaU] AaeLlaa)
8'2 062 abpn|S pa3eA LIy

Juajeos] Jo3emajsey [edidLuny

(*34-2408/n1g UOL[|lW) (*34-2400/n3g UOLLLIW) ('33-34D/n3g UOLLLW) ("34-34OR/4MY)

S[edtway)

sey |eanjey

A1101432313 ER)

3SN A9Y3INIT 0ILVI-Y3LYM AYYONOI3S

-9 318v1




routes such as I-80, CNELs do not drop
below 50 dBA for a distance of approxi-
mately 5,000 feet from the roadway.

5.12.3 Noise levels are high along
active railway lines, especially in areas
where these lines parallel nearby high-
ways. The CNELs near active railway
lines are similar to those described
above for interstate highways. Aviation
activity at Travis AFB is also a
principal noise source in Solano County.
Noise levels in affected areas are as
high as 80 dBA. The affected area
includes the Base itself and areas south
of Fairfield to Grizzly Bay.

5.12.4 The General Plans of Solano
County, Fairfield, and Suisun City have
policies regarding maximum allowble noise
from construction equipment. Since con-

struction activities are temporary and

difficult to avoid, the noise standards
are lenient relative to those for long-
term sources of noise.

5.13 VISUAL AESTHETICS

As previously discussed, there is a great
contrast between the eastern and western
sections of the North Bay Aqueduct align-
ments. Visually, although the terrain is
essentially level throughout the project
area, the eastern portion is character-
ized by few trees and unrestricted open
views. The view of the western portion
of the project site reveals urban devel-
opment and the associated transportation
and utility corridors (see Plates 1
through 10).

A " L " - B i




/1/

12/

/3/

/4/

/5/

/6/
/7]
/8/

/9/

/10/

/11/

/127

/13/

/14/

/15/

REFERENCES CITED:

Ford, Robert S. 1979. Geologic Appraisal of Vernal Pools - North Bay
Aqueduct.

This section 1s derived from Thomasson, H. G., Jr., Olmsted, F. H., and
LeRoux, E. F., 1960; Geology, Water Resources and Usable Ground Water
Storage Capacity of Part of Solano County, California; U. S. Geological
Survey Water Supply Paper 1464, 1960; and U. S. Department of Interior and
Bureau of Reclamation, Solano County Water Project-California, September
1979; A Report on the Feasibility of Water Supply Development, Preliminary
Draft. September 1979.

Most of the material in this section was derived from the U. S. Department
of Agriculture, Soil Conservation Service, 1977, Soil Survey of Solano
County, California.

U. S. Department of Agriculture, Soil Conservation Service. 1973, Land-
Capability Classification, Agriculture Handbook No. 210.

City of Fairfield. 1979. City of Fairfield General Plan, Environmental
Assessment, Environmental Impact Report; Borcherdt. 1974. Studies for
the Seismic Zonation of the San Francisco Bay Region, U. S. Geological
Survey Professional Paper, 141-A.

Ibid.
Ibid.
Sims, et al. 1973. Preliminary Geologic Map of Solano County and Parks

of Napa, Contra Costa, Marin and Yolo Counties, California, U. S. Geo-
logical Survey Miscellaneous Field Studies Map MF-484.

Sedway/Cooke. 1976. General Plan Revision Program, Health and Safety.
Prepared for County of Solano and the Cities of Fairfield, Vacaville, and
Suisun City.

Personal communication. Buck, Harold. Pacific Gas and Electric Company
(Rio Vista Substation). August 1980. i

San Francisco Bay Conservation and Development Commission. 1969. San
Francisco Bay Plan.

Personal communication. Whisman, Ed. Department of Water Resources,
Central District. December 1979.

Ford, Robert. 1979. Op. cit.

Personal communication. Plitt, Charles, Water Resources Manager. Solano
County Department of Public Works, Fairfield. February 1980.

U. S. Department of Housing and Urban Development, Flood Insurance Admin-
istration, Flood Hazard Boundary Map, Solano County, California, Unincor-
porated area. 1978.

Ho




. ~n;mv"
(]
i

/16/

/17/

/18/

/19/

/20/

/21/

122/

/23/

/24/

/25/

126/

127/

/28/

/29/

/30/

T o, e o

Personal communication. Lenaburg, Ray, Assistant Director for Engineering
Services. Federal Emergency Management Agency, Division of Insurance and
Mitigation, San Francisco. January 1980,

Department of Water Resources. 1967. Delta-Suisun Bay Pollution Investi-
gation, Bulletin 123.

Personal communication. Folland, Erwin, City of Vallejo Water
Department . June 1980.

Information in this section is taken from Solano County and U. S.
Department of the Interior, Bureau of Reclamation, 1979; Solano County
Water Project-California - A Report on the Feasibility of Water Supply
Development, and Thomasson, H. C., Jr., Olmsted, F. H., and LeRoux, E. F.,
1960; Geology, Water Resources and Usable Ground Water Storage Capacity of
Part of Solano County, California, U. S. Geological Survey Water Supply
Paper 1464,

U. S. Department of the Interior, Bureau of Reclamation, Mid-Pacific
Region. 1979. Four Counties Study, Water Management Opportunities for
Lake, Napa, Solano, and Yolo Counties, California.

Barbour, M. G., and Major, J. 1977. Terrestrial Vegetation of
California. John Wiley & Sons. New York. p. 515-533.
Jain, S. {(ed.). 1976. Vernal Pools - Their Ecology and Conservation.

Institute of Ecology Publication No. 9. University of California, Davis.
93 p.

Holland, R. F., and Griggs, F. T. 1976. A Unique Habitat - California's
Vernal Pools. Fremontia 4(3):3-6.

Griggs, F. T., and Whitlow, T. H. July 1979. A Floristic and Vegetation
Survey of the Proposed North Bay Aqueduct. Prepare for Department of
Water Resources.

Jones & Stokes Associates and EDAW. December 1975, Fish and Wildlife
Element - Suisun Marsh Protection Plan. Prepared for California Depart-
ment of Fish and Game.

Madrone Associates and Jones, B. E. March 1980. Sacramento-San Joaquin
Delta Habitat Protection and Restoration Plan (Draft). Prepared for

California Department of Fish and Game and U. S. Fish and Wildlife
Service,

Ibid.

Personal communication. Odenweller, Dan. Bay-Delta Fishery Project,
California Department of Fish and Game. January 7, 1980.

Personal communication. Wang, Johnson. Ecological Analysts, Inc..
February 11, 1980.

Jones and Stokes Associates and EDAW. December 1975. Op. cit.

. g acmiinanssidinshe . FRPRTT Ta—,

P - aadaosl “J




/31/

/32/

/33/

/34/

/35/

136/

/37/

/38/

/39/

140/
J41/
142/

f43/

145/

146/

/477

/48/

Personal Communication. Brode, John. 1Inland Fisheries, California
Department of Fish and Game. March 18, 1980.

Jones & Stokes Associates, Harvey & Stanley Associates, and John Blayney
Associates. August 1979. Protection and Restoration of San Francisco Bay
Fish and Wildlife Habitat. Prepared for U. S. Fish and Wildlife Service
and California Department of Fish and Game.

Federal Register. August 1978. Volume 43, No. 155.

Bay Area Air Pollution Control District. December 1973. Air Pollution
and the San Francisco Bay Area. Fighth edition.

Solano County Transportation Council. February 1979. Solanoc County
Transportation Plan, Final Environmental Impact Report.

Ibid.

Association of Bay Area Governments, Bay Area Air Quality Management Dis-
trict and Metropolitan Transportation Commission. 1979. Bay Area Air
Quality Plan, San Francisco Bay Area.

Ibid.

Sacramento Regional Area Planning Commission. October 1978. Draft Air
Quality Plan.

Association of Bay Area Governments, et al. 1979. Op. cit.
Ibid.
Sacramento Regional Area Planning Commission. October 1978, Op. cit.

Treganya, A. E., and Cook, S. F. 1948. The Quantitative Investigation of
Aboriginal Sites: Complete Excavation with Physical and Archaeological
Analysis of a Single Mound. American Antiquity 13(4): 287-297.

Greengo, R. E., and Arnett, A. A. n.d. Analysis of Artifacts from
Peterson 2 (4-Sol-~2), University of California Archaeological Survey Manu-
scripts, No. 105. Berkeley.

Personal communication. Weyand, Helen. January 1980.
McGonagle, Robert L. 1948. A Report on the Excavation of Peterson No. 1,
Solano County. University of California Archaeoclogical Survey Manu-

scripts, No. 8. Berkeley.

Department of the Interior, National Park Service. February 1978.
National Register of Historic Places, Federal Register, 43:26.

Department of Parks and Recreation, State of California. 1976.
California Inventory of Historic Resources.




149/

/50/
/51/
/52/

/53/
/54/
/55/

/56/

157/

/58/

/59/

/60/

/61/

/62/

/63/

/64/

/65/

166/

167/

168/

Solano County Planning Department, Central Solano County Cultural Heritage
Commission. 1977. Our Lasting Heritage: An Historic and Archaeological
Preservation Plan for Central Solano County.

Association of Bay Area Governments. 1979. Projections 79,
Ibid.
Munk, C. E., Solano County Planning Director, letter to Stan Hoffman,

Association of Bay Area Governments. June 6, 1979,
Suisun City. 1979. General Plan.
City of Fairfield. 1979. General Plan.

Napa County Conservation, Development and Planning Department., October
1979. Population update.

U. S. Department of the Interior, Bureau nf Reclamation. 1979. Four
Counties Study, Water Management Opportunities.

Solano County. 1979. Environmental Impact Report on the Solano County
Transportation Plan.

Simpson, et al. 1967. Fairfield-Suisun City and Green Valley-Cordelia
General Plan.

Solano County. 1979, Op. cit.

Fairfield Department of Environmental Affairs. 1979. Land Use Element of
the General Plan.

Personal communication. Paul, Wayne (Captain). Fairfield Department of
Public Safety. March 1980.

Personal communication, Bidou, Pierre. Benicia Police Department. March
1980.

Personal communication., West (Chief)., Suisun Police Department. March
1980.

Personal communication. Tatum, Gary. Vacaville Police Department. March
1980.

Personal communication. Dart, Roland (Chief). Vallejo Police Department.
March 1980.

Personal communication. Cardoza (Sheriff). Solano County Sheriff's
Department. April 1980.

Personal communication. Stewart, Phillip (Sheriff). Napa County
Sheriff's Department. March 1980.

Personal communication. Jarecki (Captain). Napa Police Department. March
1980.

39




169/

/70/

/71/

172/

/73/

174/

/75/

/76/

177/

178/

/79/

/80/

/81/

/82/

/83/

/84/

/85/

Personal communication. Autry, James (Chief). Calistoga Police
Department. March 1980.

Personal communication. Meyer, Fredrick. California Parks and Recreation
Department. March 1980.

Personal communication. Johnson, Ed. Fairfield Parks and Recreation
Department. March 1980.

Personal communication. Gepp, Sam. Suisun Parks and Recreation
Department. March 1980.

Personal communication. Nikalis, Ron. Vacaville Parks and Recreation
Department. March 1980.

Personal communication. Turner, Maxine. Vallejo Parks and Recretion
Department. March 1980.

Personal communication. Folland, Erwin. City of Vallejo Water
Department. February 1980.

Personal communication. Winfield, Chester. Benicia Water Department.
February 1980.

Personal communication. Beck, Charles, Water Superintendent. Fairfield
Water Division. March 1980.

Personal communication. Roberts, Mr. Suisun City Water Department.
March 1980.

Personal communication. MacLachlan, Norman. Vacaville Water Department,
and letter from Jan-Marie Whitley, Administrative Civil Engineer
Assistant, Vacaville Water Department, to Madrone Associates. April 9,
1980.

Madrone Associates. 1978. Final Environmental Impact Report, Hennessey
Water Treatment Plant. Prepared for the City of Napa.

Personal communication. Schmoldt, Gunter, Manager. American Canyon Water
District. February 1980.

Personal communication. Johanson, Ken. Napa County Flood Control and
Water Conservation District. May 1980.

Personal communication. Tsugita, Ron. Fairfield-Suisun Sewer District.
March 1980.

Personal communication. MacLachlan, Norman. Vacaville Sanitary Service.
March 1980.

Letter from Hornoff, E. C., Division Land Supervisor. Pacific Gas and
Electric Company to Madrone Associates., March 13, 1980.

90




!
i

-

/86/ Letter from Kerick, R. D. Products Organization/Operations/Pipelines,
West Coast Division, Shell 01l Company to Madrone Associates. April 2,
1980.

/87/ Letter from Anderson, John D., Assistant Area Manager for Engineering.
U. S. Department of Energy to Madrone Associates, April 17, 1980,

/88/ Personal communication. Orcher, John. Pacific Telephone. March 1980.

/89/ Transportation Council of Solano County. February 1979. Solano County
Transportation Plan.

/90/ CalTrans. 1978. Traffic Volumes on California State Highways.

/91/ Fairfield Department of Environmental Affairs. January 1979. Draft
Transportation and Circulation Element of the Fairfield General Plan.

/92/ Fairfield Department of Environmental Affairs. January 1979. Op. cit.
/93/ Ibid.

/94/ 1bid.

/95/ Transportation Council of Solano County. February 1979. Op. cit.

/96/ Personal communication. Ford, Glenn. California Railway Museum
Committee. June 1980.

/97/ Personal communication. Dorman, Tom, Office Engineer. Western Area,
Southern Pacific Railroad. November 1979 and January 1980.

/98/ Personal communication. Jonmes, Vicky. AMTRAK. February 1980.

/99/ Personal communication. Whisman, Ed. Department of Water Resources,
Central District. March 1980.

/100/ california Energy Commission. 1979. Energy Futures for California: Two
Scenarios 1978-2000.

/101/ Office of Planning and Research Department of Water Resources. 1978.
California Water Atlas.

/102/ Davidson, et al. 1976. Energy Needs for Pollution Control. In Robert
H. Williams (ed.) Energy Conservation Papers. Ballinger Publishing,
Cambridge, Mass.

/103/ This section was largely derived from Sedway/Cooke, 1977, Health and
Safety Element-Seismic Safety, Safety, Noise, A Part of the Solano Countv
General Plan,




6.0 ENVIRONMENTAL ANALYSIS OF ALTERNATIVE AQUEDUCT ALIGNMENTS

6.0.1 There are three general levels of
analysis in the environmental review of
the proposed action to construct the
Phase Il facilities of the North Bay
Aqueduct addressed in this chapter. The
first level of analysis is concerned with
the primary or direct environmental con-
sequences of the proposed action; in this
¢se, the construction and operation of
ajueduct facilities along alternative
alignments through Solano County. As
many impacts typically associated with
constructing and operating water trans-
port facilities are relatively minor, of
short duration, and/or largely control-
lable by some standard construction mea-
sures, the focus of Section 6.1 will be
on those impacts which would be rela-
tively significant or characteristic of a
particular alignment. To complement this
evaluation and reduce the length of dis-
cussion, segment maps (Figures 6-1
through 6-12) and photographic plates
(Plates 1 through 10) are included on the
following pages to illustrate site-
specific environmental information along
the proposed aqueduct alignment
corridors.

6.0.2 The second level of analysis
involves an evaluation of the secondary
or indirect environmental effects of the
proposed action, Secondary impacts
include the social, economic, and envi-
ronmental effects that would result from
the additional population growth enabled
by development of a new water supply
source. Since the proposed capacity of
the North Bay Aqueduct would be 115 cfs
for all alignments the secondary impacts
associated with population growth would
be essentially the same for each align-
ment. In some respects, the evaluation
in Section 6.2 of secondary environmental
impacts overlaps with and refers to the
analysis of water supply alternatives
included as Chapter 3.0 of this report.

6.0.3 Cumulative environmental effects
are the focus of the third level of
analysis. A cumulative effect is
defined in the State Guidelines for
Implementation of the California Environ-
mental Quality Act (Section 15023.5) as
"the change in the environment which
results from the incremental impact of
the project when added to other closely
related past, present, and reasonably
foreseeable future projects'". The dis-
cussion of cumulative effects in this
report is directed toward three major
public works projects either currently
under construction or proposed in the
project area that, when coupled with
North Bay Aqueduct construction, could
significantly compound a number of
environmental impacts.

6.1 PRIMARY ENVIRONMENTAL EFFECTS
6.1.1

CONSTRUCTION IMPACTS

6.1.1.1 Environmentally Sensitive Areas

6.1.1.1.1 There are several areas of
geological concern in constructing the
aqueduct along the various alignments.
All of the alignments would be suscep-
tible to seismic damage that could be
associated with the Green Valley fault
system west of Cordelia (Figure 5-1).
Seismic events could also disrupt the
aqueduct by causing liquefaction and
subsidence of underlying soils. The
liquefaction potential is particularly
high in the area west of Fairfield and
Suisun City (Routes 2-7) where a high
ground water table underlies sandy
agricultural soil (Figure 6-10).
Although buried pipelines generally
respond well under conditions of
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liquefaction, the pipeline could rise
toward the surface and require reburial.

6.1.1.1.2 Routes 2 through 7 to the
South Cordelia Forebay would cross the
Suisun Marsh near Thomasson and would be
constructed on bay mud, a soft, compress-
ible material that could cause differen-
tial settling of the pipeline structure
(Figure 6-5). Route 7 would also cross
bay mud in the northeastern portion of
the Marsh near Denverton (Figure 6-8).

6.1.1.1.3 1In the eastern portions of the
open canal Routes 2 and 6, the high clay
content of underlying soils could create
the potential for shrink-swell problems
during construction (Figure 6~6 and 6-7).
Soils with a relatively high content of
silt, and consequently higher potential
to generate dust and other particulate
matter during excavation of the pipeline
and/or canal are found along Route 1
northeast of Fairfield and along Routes 2
through 7 west of Suisun City (Figures
6-2 and 6-10).

6.1.1.1.4 Many of the alignments cross
areas of prime agricultural soils (Class
I and IT according to USDA Soil
Conservation Service ratings) and
construction of an aqueduct would disrupt
these resources (see Section 6.1.1,3).
The more significant stretches of prime
agricultural soils crnssed by the various
alternative alignments include the
eastern and western portions of Route 1
and Routes 2 through 7 west of Suisun
City (Figures 6-1, 6-4, and 6-10).

6.1.1.1.5 Each alignment would intersect
numerous streams and drainage channels.
Route 1 would cross the most waterways
(approximately 17), many of which are
intermittent. The alignments for Routes
2 through 7 to the South Cordelia Forebay
would cross Cordelia Creek (Plate 9b).
Pipelines would be located beneath
streambeds while canal alternatives would
be bridged over affected waterways in
most areas, confining the stream drainage
to a culvert. Construction of the
aqueduct also has the potential to
disturb subsurface irrigation and

drainage systems in agricultural areas.
This impact could be particularly evident
along the eastern portions of Route 1
near Cache Slough where land use is
primarily in irrigated agriculture
(Figure 6-1).

6.1.1.1.6 High ground water levele are
present in the eastern portions of the
Route 1 alignment near Cache Slough and
in the southwestern portions of all the
routes near Suisun City. In these areas
dewatering may be required during trench
excavation. Extensive dewatering could
cause some subsidence of surrounding
ground levels,.

6.1.1.1.7 Flood areas associated with a
100-year storm event occur along segments
of all of the alternative alignments.
Flooding during construction could dis-
rupt construction activity, flood
trenches, and deposit silt and other
material in the trenches. If construc-
tion across existing levees adversely

af fected their stability, local flooding
hazard would be increased.

6.1.1.1.8 Although none of the align-
ments would directly pass through any
vernal pools, it has been suggested that
aqueduct construction could indirectly
disrupt vernal pool hydrology by altering
the underlying soil strata. Recent test
borings taken along Route 2 have
indicated that because of the apparent
location, depth, and impermeability of
underlying clay layers in this area,
construction of the aqueduct would prob-
ably not affect surrounding vernal pools.
/1/ However, the extent and character-
istics of these subsurface clay layers
along the other alignments have not been
thoroughly investigated.

6.1.1.1.9 Dredging activities in the
vicinity of the three possible intake
points would cause a temporary siltation
of the affected sloughs. This impact
would be most severe along Calhoun Cut,
where nearly 170,000 cubic yards of
material would have to be dredged along
an approximately 3-mile reach. Cache

Slough would require about 30,000 cubic
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la. Lindsey Slough intake location looking east.
(See Figure 6-6)

1b. Lindsey Slough intake location looking south.

(See Figure 6-6)

PLATE 1




2a. Cache Slough intake location looking south.
(See Figure 6-1)

2b. City of Vallejo intake on Cache Slough looking south.

(See Figure 6-1)

PLATE
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3a. Calhoun Cut intake location looking east.
(See Figure 6-7)

3b. Jepson Prairie near Calhoun Cut looking west along
Routes 2 and 2A. (See Figure 6-7)

PLATE 3




4a. Vernal pool near aliynment for Routes 2 and 2A.
(See Figure 6-7)

4b. Site of proposed Travis nurping plint.
(See Figure 6-9)

PLATE 4




ba.

Creed Road louking west along alignments

for Routes 4, 2, and 6.

(See Figure 6-7)

5b.

Creed Road looking east along alignments

for Routes 4, 5, and 6.

(See Figure 6-7)

PLATE 5




6a. Denverton Creek along Route 7. (See Figure 6-8)

6b. Florida Street in Suisun City along common alignment
for Routes 2 through 7. (See Fiqure 6-10)

PLATE 6 |




7a. Common alignment for Routes 2 through 7 in Suisun City

near Main Street. (See Figure 6-10)

7b. Alignment for Route T through Fairfield.
(See Figure 6-4)

PLATE 7
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ga. Alignment for Route ! through Fairfield.
(See Figure 6-4)

gh. Common alignment for Routes 2 through 7 to
North Cordelia Forebay near Cordelia Hill.
(see Figure 6-10}

PLATE 8




9a. Common alignment for Routes 2 through 7 to
South Cordelia Forebay in Suisun Marsh.
(See Figure 6-5)

g9b. Common alignment for Routes 2 through 7 to
South Cordelia Forebay at Cordelia Slough.
(See Figure 6-5)

PLATE 9

PR




10a. South Cordelia Forebay location.
(See Figure 6-5)

10b. North Cordelia forebay location.
(See Figure 6-5)

PLATE 10




yards of dredging while Lindsey Slough
would require only about 300 cubic yards
of material removed.

6.1.1.1.10 A number of areas along the
alternative alignments are sensitive with
respect to biological resources. Con-
struction of intake pumping plants and
fish-screening structures on either
Calhoun Cut, Cache, or Lindsey Sloughs
would displace and/or disrupt roughly 4
acres of grassland and riparian habitat
(Plates la, 2a, and 3a). In general the
riparian habitat along Lindsey Slough is
now the least disturbed of the three
intake locations, although the levee on
which an intake structure would be
constructed is not characterized by
extensive riparian vegetation. Associ-
ated dredging activities to clear intake
channels would further disrupt existing
riparian habitat, particularly for a
Calhoun Cut intake (Figure 6-7). The
impact of dredging and construction on
anadromous fish species (e.g., striped
bass, king salmon) in the intake sloughs
is difficult to predict, since little is
known of the extent of these fisheries in
the area except for some limited informa-
tion in Lindsey Slough. It is suspected,
however, that Lindsey Slough, with its
more extensive shoreline riparian habi-
tat, would be a somewhat more sensitive
intake location in this regard.

6.1.1.1.11 It is important to note that
a portion of Lindsey Slough (Lindsey
Slough marshes) has been designated as
"significant natural resource areas'" in
the 1975 Delta Plan, prepared by the
NDelta Advisory Planning Council. /2/
Although the construction of an intake
and pumping plant on Lindsey Slough in
the vicinity of this designated area
(Routes 4, 5, 6, and 7) could conflict
with this designation, the actual loca-
tion proposed for the intake is west of
the designated area.

*Statewide significance means the area has

6.1.1.1.12 The Delta Master Recreation
Plan, prepared in 1976 by the State
Resources Agency, developed a ''Waterways
Use Program" that designated major Delta
waterways as either natural, scenic, or
multiple-use areas. /3/ Calhoun Cut,
Barker Slough and Lindsey Slough west of
the Peterson Ranch diversion were desig-
nated in the program as natural areas
which were defined as '"those waterways or
portions of waterways and abutting lands,
including levees, exhibiting scenic,
ecological, or natural values of state-
wide significance'.* The program directs
that "these areas should be preserved to
perpetuate the public trust; to protect
wildlife habitat, existing vegeta-
tion....; and may be used for noninten-
sive recreation'. A more recent Delta
Recreation Concept Plan indicated that
Liidsey Slough has recreation use of 47
persons a year. That plan gave no recre-
ation use figures for Calhoun Cut or
Barker Slough. /4/

6.1.1.1.13 Lindsey Slough, east of the
Peterson Ranch diversion, and Cache
Slough, west of its confluence with Haas
Slough, have been designated as scenic
areas in the program. Scenic areas are
defined as '"those waterways or portions
of waterways and abutting lands including
levees which are of lesser ecological or
natural value than natural areas or have
the potential for enhancement and which
can support a wider range of active
recreational activities without adverse
environmental impact'. Cache Slough east
of its confluence with Haas Slough has
been designated in the waterways program
as a multiple-use area which is foreseen
to accommodate an even higher intensity
of uses than scenic areas.

6.1.1.1.14 To avoid any potential policy
conflict arising from a North Bay Aque-
duct intake on Lindsey Slough or Calhoun
Cut, an alternative intake location has
been suggested on the Sacramento Deep

such a high environmental value that it

could be a candidate for acquisition as a State or Federal Park, preserve, reserve,

or wildlife management area. /7/.
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Water Ship Channel. /5/ However, the
construction of the aqueduct intake at
this location would add about 5 miles to
the length of the aqueduct, 1ncreasing
construction costs, energv requirements
for pumping, and operation and mainte-
nance. In addition, the confluence of
the Ship Channel, Cache Slough, and Miner
Slough 1is considered a prime location for
future water-dependent industrial
development. /5/ Development of this
tvpe near the aqueduct intake could have
adverse consequences for water quality.

6.1.1.1.15 Routes 2, 2A, 4, 5, 6, and 7
would cross the Jepson Prairie as defined
by the State Parks and Recreation Depart-
ment (Figures 5-4, 6-7 and 6-8 and Plate
3b). Although the Route 1 alignment
skirts the 'defined'" prairie along the
north, a recent vegetation survey indi-
cated that this route crosses areas of
relatively undisturbed grassland (see
Appendix D). The area contains a number
of species of plants and animals which
have been officially listed as threatened
and endangered, including Solano grass
and the Delta green ground beetle. Most
of these species are associated with the
many vernal pools that cover the area.
Construction of an aqueduct across anv of
these routes would at least temporarily
disrupt this existing habitat; however,
Route 4 would be less disruptive due to
its direct use of Creed Road as a partial
right of wav. Routes 2 and 2A would pass
through a more sensitive portion of the
Jepson Prairie (Plates 3a and 3b).

6.1.1.1.16 Another impact associated
with an aqueduct traversing the Jepson
Prairie and surrounding grasslands would
be the potential disturbance to existing
domestic grazing animals (i.e., sheep,
cattle). Sheep would be expected to be
most disturbed by construction activity,
particularly during the lambing season
{(March-April). 1In addition, construction
of an aqueduct along Routes 5 or 6 would
necessitate removal of a number of large

eucalyptus trees, many of which provide
the only significant shade for domestic
animals grazing on the surrounding
lands.

6.1.1.1.17 All of the alternative align-
ments to the South Cordelia Forebay, with
the exception of Route 1, cross the
Suisun Marsh (Plates 9a and 9b). Route 7
to the South Cordelia Forebay would cross
the Marsh at two locations. Several
threatened and endangered species,
including the salt marsh harvest mouse,
are either suspected or known to inhabit
the Marsh in these areas. Suisun Marsh
is also protected by State law, under the
jurisdiction of BCDC and the County of
Solano (see Section 2.2.2), and has been
categorized into primary and secondary
management areas. Routes 2 through 6 to
the North Cordelia Forebay would avoid
the Marsh altogether (see Figure 5-4).

6.1.1.1.18 The project area is prolific
with known and recorded cultural
resources, particularly archaeological
sites. General areas of relatively high
archaeological sensitivity that could
reveal additional archaeological sites
during construction of the aqueduct
include portions of the Lindsev Slough
shoreline near the proposed intake loca-
tion, along Route 7 near Denverton
Slough, in the Suisun Marsh area sur-
rounding Cordelia Hill, and in Green
Vallev (Figures 6-5, 6-6, 6-8, 6-10). A
possible archaeological site has also
been identified in the vicinity of

Route 2 north of Creed Road (Figure 6-7).
Several historically significant
structures are located in the project
area, including the Suisun-Fairfield
Railroad Station in Suisun Citv and a
small redwood barn in Green Valley
(Figures 6-5 and 6-10). Three specific
areas of potential conflict with proposed
aqueduct alignments and cultural
resources have been identified following
a detailed investigation (see Section
6.4.1 and Appendix E).




6.1.1.2 Disruption of Social
Environment

6.1.1.2.1 Numerous roadways and rail-
roads would have to be traversed during
construction of the aqueduct along any of
the alignments (Table 6-1). Although
many necessary crossings would occur in
rural areas or in locations with very low
traffic levels, portions of all alterna-
tive alignments would also pass through
some relatively congested urban areas.
Construction of the aqueduct along

Route 1 would require the highest number
of crossings and would pass through the
longest stretch of urban area (Fair-
field)(Plates 7b and 8a).

6.1.1.2.2 Even though the pipeline along
Route 1 would tunnel underneath major
arteries and intersections in Fairfield,
construction activities would create some
circulation problems requiring temporary
rerouting of traffic in gertain residen-
tial areas (Figures 6-3 and 6-4).
Depending on the duration and type of
construction, collector streets crossed
by the aqueduct would be narrowed to one
lane. Construction activity along

Route 1 adjacent to Interstate 80 south-
west of Fairfield would temporarily
affect access at Rockville, Green Valley,
and Suisun Valley Roads (Figure 6-4).

6.1.1.2.3 Serious traffic impacts would
also be associated with construction of
the aqueduct along the common alignment
for Route 2 through 7 in Suisun City
(Figure 6-10 and Plates 6b and 7a). East
of Suisun City, construction activity
would affect traffic on Highway 12 both
because of material and equipment trans-
port, and because this alignment is
parallel to Highway 12 west of Walters
Road. Scheduled widening of Highway 12
in this area may immediately precede the
period of aqueduct construction. Within
Suisun City, Florida Street would be dis-
rupted as would Mulberry, Alder, Cedar,
and Main Streets at aqueduct crossing
locations. Construction traffic on the
local streets in Suisun City would

present additional problems. The Highway
12 Fairfield bypass, if completed prior
to aqueduct construction, would provide
some relief in east-west congestion.

6.1.1.2.4 All alignments would require
crossing the Southern Pacific Railroad
mainline between the Bay Area and
Sacramento. All alignments would also
cross the Sacramento Northern line from
Sacramento to Collinsville at least once.
The Southern Pacific branch line through
Cordelia to Napa would be crossed by all
alignments to the South Cordelia Forebay.
However, construction activity would not
be expected to seriously disrupt train
traffic.

6.1.1.2.5 In addition to traffic disrup-
tion, noise and dust generation would be
assoclated with construction of the aque-
duct. The impacts on surrounding areas
would be greatest through urban areas,
particularly the stretch of Route 1
through Fairfield, where residential
neighborhoods, a hospital, rest homes,
and other sensitive receptors occur near
the proposed right of way (Figure 6-4).
People 1n residences closest to aqueduct
construction could be subjected to spo-
radically high noise levels (up to 78 dBA
with open windows). /8/ Construction of
the aqueduct along Route 1 through
Fairfield could coincide with the devel-
opment of the proposed linear park sys-
tem, compounding traffic, noilse, and dust
impacts (see Section 6.3, Cumulative
Environmental Effects). The first phase
of park development is currently under
construction and is scheduled for comple-
tion later this year. DWR plans call for
mitigation of any adverse effects on the
linear park project. The linear park
bikeway could logically be extended
easterly to Peabody Road over the buried
North Bay Aqueduct.

6.1.1.2.6 Noise and dust generated dur-
ing aqueduct construction would also dis-
rupt residents of Suisun City in the
vicinity of the common pipeline right of
way for Routes 2 through 7. However, the
length of disruption through this urban
area would be considerably less than
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that for Route 1. Construction activity
associated with the Highway 12 bypass
could add to the impact of aqueduct
construction and extend the degree of
impact on surrounding neighborhoods.
Construction near the Suisun Elementary
School mav cause temporary and sporadic
noise ilncreases and possible safety
problems to students walking to and from
school.

6.1.1.2.7 1In rural areas to the east of
Fairfield and Sutisun City, noise genera-
tion could disturb sheep and other
domestic animals in the vicinity of con-
struction work but would have little
additional effect on the sparsely popu-
lated area. Pile-driving activities
assocliated with the construction of pump
stations on Cache, Calhoun Cut, or
Lindsey Slough would be an especially
acute source of noise, with noise levels
reaching 106 dBA up to 50 feet from the
site. /9/ Dust generation would be most
severe along portions of Route 1 east of
Fairfield and the common alignment for
Routes 2 through 7 west of Suisun City,
where the soils contain a relativelyv high
amount of fineparticle silt (Figures 6-2
and 6-10). In addition to dust genera-
tion, local air quality would also be
temporarily degraded by construction
machinery exhaust. Although expected
emissions from the machinery would be
less than 1 percent of total Solano
Countv vehicular emissions, the diesel
fumes could be annoying, particularly
where residential areas are close to pro-
posed aqueduct corridors.

6.1.1.2.8 Construction of the aqueduct
along the alternative alignments would
also require the crossing of numerous
utility and service lines. Route 1 con-
struction, with its extensive segment
through Fairfield, would encounter a
number of minor water and sewer lines and
a few relatively major ones (Figure 6-4).
A problem with crossing some of these
utilities could arise due to the depths
they have been placed. /10/ Construction
along the common alignment through Suisun
City, however, would transect several

major utility corridors, 11cluding large
water and sewer mains, gas lines, and
fuel lines (Figure 6~10). There are only
limited times of the year when the major
gas lines can be shut down for reloca-
tion. /11/ 1In addition, Suisun City is
committed to relocate all of these utili-
ties in the near future to coordinate
with the construction of the Highwav 12
bypass. If this construction precedes
that of the aqueduct, these utilities mav
have to be relocated a second time.

6.1.1.2.9 Other portions of the align-
ments which could significantly conflict
with utility corridors include major gas
lines in the eastern portion of project
area as well as southeast of Cordelia
Hill along the common alignment for
Routes 2 through 7 to the North Cordelia
Forebay and two large electric towers
(230 and 500 KVa) which lie directly in
the proposed right of way for Route 6
along Creed Road (Figures 6-7, h-10 and
Plate 5). Paralleling Creed Road in this
vicinity are also telephone and electric
transmission lines.

6.1.1.3 Commitment of Resources

6.1.1.3.1 Energv and land would be the
principal resources committed during
construction of the aqueduct. The total
energy use required for aqueduct con-
struction along the alternative align-
ments would range from 1 to 2.5 trillion
BTH!. The estimate includes both the
amount of diesel fuel required to operate
construction machinery and the amount of
energy required to manufacture the
necessary steel and concrete. Construc-
tion of the aqueduct along Routes 1, 3,
and 7 would generallyv require more energy
due to the longer length of the pipeline
needed for this right »f wav.

6.1.1.3.2 Land would also be consumed
during construction of the aqueduct. For
pipeline routes, permanent changes in the
use of the land would occur only where
pump stations or other above-ground
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auxiliary facilities are required.
On-site disposal of dredged material also
consumes a substantial amount of land in
the vicinity of intake locations, par-
ticularly on Calhoun Cut and Cache
Slough. Temporary alteration of land use
would occur in an 80-foot wide right of
wav for a buried pipeline route.

6.1.1.3.3 A commitment of significant
resources would occur with an alignment
along Routes 2 and 2A. The Nature Con-
servancy has recently purchased 1,500
acres of the Jepson Prairie in the Dozier
area along the Sacramento Northern Rail-
road line with the intention of maintain-
ing it as an ecological preserve. The
property includes part of Calhoun Cut
east of the proposed diversion points for
Routes 2 an.’ 2A. /12/ Another area
immediatelv to the south and west of the
Nature Conservancy property has been
under consideration bv representatives of
the Natural Land and Water Reserve System
within the University of California.

6.1.1.3.4 For the open canal routes (2
and 6) a 60-foot wide right of way corri-
dor would constitute a permanent change
in existing land use. The presence of an
open canal would also permanently sep-
arate contiguous farmland and make it
more difficult to farm economicallv.
Prime agricultural soils cover extensive
areas that would be traversed by the
alternative alignments, particularly
northeast of Fairfield along Route 1 and
west of Suisun City along the common
alignment for Routes 2 through 7. To the
extent that orchards and vinevards are
disrupted during construction of the
aqueduct, the impact on agricultural land
would be more lasting since at least

5 years would be required for these crops
to resume full productivity.

6.1.1.4 Planned Mitigation Measures

6.1.1.4.1 Numerous mitigation measures
that could alleviate some of the poten-
tial problems discussed above are inher-
ent in or "built into" the construction

o

of an aqueduct. Some of the measures
performed as a standard of practice
during construction include provisions
for special support structures {(i.e.,
piles) for pipeline underlain by bay mud,
installation of flexible piping and
joints at known earthquake fault cross-
ings, provisions for "blow-off" valves at
all waterway crossings, treatment of
clayey soils to reduce shrink-swell
potential, geological testing of levee
stability prior to placement of intake
and pump structures, and watering of
exposed soils during periods of high
winds. Other mitigation features alreadv
incorporated into construction planning
include placing pipeline entirelv under-
neath streams and waterways and tunneling
the aqueduct under major roads and inter-
sections. Construction hours would be
modified within urban areas to meet anv
applicable local noise standards.

6.1.1.4.2 The State Parks and Recreation
Department has stipulated that compensa-
tion acreage along Routes 2 and 2A and
possibly along Routes 4, 5, and 6, 1f
selected, would have to be purchased by
the Department of Water Resources to
mitigate adverse impacts on the Jepson
Prairie (see Section 2.2.5). Were the
aqueduct to be built on Route 2 or 24,
Parks and Recreation would request the
purchase of at least 3,000 acres of the
surrounding Jepson Prairie. Were Route
4, 5, or 6 chosen, Parks and Recreation
would require test boriags to determine
the extent and nature of the underlviag
claypan layer and, depending on the
results of the borings, the purchase of
up to 1,000 acres of surrounding prairie
might be requested.

6.1.1.5 Possible Mitigation Measures

6.1.1.5.1 1In addition to those mitiga-
tion features described above and
included in current project planning,
several other mitigation measures should
be incorporated to further reduce the
adverse effects associated with
construction. Alignments to which the

aqueduct



mitigation measures would apply are
indicated in parentheses.

°

Construction activity in stream areas
should employ special erosion control
measures to lessen the possibility of
increased sedimentation in the streams
such as covering storage piles of mate-
rial, contro.ling truck movements near
creeks to avoid spilling material into
the streams, and revegetating graded
creek slopes before winter rainfalls.
(all)

Revegetate construction-disturbed areas
overlying pipelines or along canal
banks as quickly as possible to reduce
erosion potential and dust generation.
Native vegetation should be employed to
the maximum extent practicable. (all)

Continue to monitor ground water levels
in the vernal pool area to be sure the
pools would not be adversely affected
by a Route 2/2A alignment. (Routes 2
and 2A)

I1f a canal is the chosen alternative,
consult the Solano County Flood Control
and Water Conservation District and the
U. S. Army Corps of Engineers to
establish a detailed alignment that
would not interfere with floods. The
canal banks could be used to retailn
floodwater. (Routes 4 and 6)

Determine the temporary and permanent
impacts of extensive dewatering on the
ground water levels. If ground subsid-
ence occurs during the construction,
protect any existing structures from
damage due to dewatering. Solano
County and Suisun City could require
the contractor to post a bond for pro-
tection of existing structures. (all)

Along Route 1 within Fairfield, limit
construction across traffic corridors
to one north-south, and one east-west
street at a time, if possible.

(Route 1)

Restore any disrupted segment of the
Fairfield Linear Park to its

preproject condition and extend linear
park bikeway over some of the railroad
right of way segments of Route 1,

Disrupt only one Interstate 80 access
road southwest of Fairfield at a time.
(all alignments to North Cordelia
Forebay)

Avoid material transportation and
street movement of heavy equipment
during peak traffic hours. (all)

Coordinate aqueduct construction along
the common alignment for Routes 2
through 7 with Highway 12 improvements
between Marina Boulevard and Walters
Road in Suisun City. (Routes 2
through 7)

Construct ion along the common alignment
on Florida Street in Suisun City should
be done block-by-block to avoid com-~
pletely limiting access for longer
periods. (Routes 2 through 7)

Consider tunneling under Main Street to
prevent north-south traffic restric-
tions in Suisun City. (Routes 2
through 7)

Construction near sensitive agricul-
tural areas should be scheduled during
the nongrowing season. (Work during
the period immediately following
harvest would reduce potential particu-
lates impacts on the crops while avoid-
ing potential erosion problems from
heavy rains.)(all)

Place gravel on temporary access roads
to reduce particulate generation near
sensitive receptors. (all)

Cover stock piles of dirt to reduce
particulate generation near sensitive
areas. (all)

Intensive construction activities
through sheep-grazing lands should be
avoided during March and April to
minimize disturbance to sheep during
lambing season. (Routes 2 through 7)
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® Compensation for any displaced riparian
habitat, particularly along Calhoun Cut
and Lindsey Slough, will be required by
the /. S. Fish and Wildlife Service and
the California Department of Fish and
Game. (all)

For open canal alternatives, animal
escape ramps will be required along
fenced areas by U. S. Fish and Wildlife
Service and Department of Fish and
Game. (Routes 2 and 6)

Test borings would be required along
Creed Road if Routes 4, 5, or 6 are
selected to determine the extent and
nature of the underlying clay pan layer
and to determine the possibility of an
adverse effect of aqueduct construction
on surrounding vernal pools. (Routes
4, 5 and 6)

If any archaeological remains are
encountered during trench excavation,
construction should cease and a regis-
tered archaeologist or member of the
Solano County Native American Organiza-
tion consulted. (all)

6.1.2 OPERATIONAL IMPACTS

6.1.2.1 Impacts on Farmland

Operation of the aqueduct would have a
few significant effects on agricultural
land use. After the pipeline is in
place, most agricultural uses would not
be affected by its operation. However,
repair and maintenance activity could
have short-term, localized effects simi-
lar to initial construction impacts (see
Section 6.1.1.3)., Because permanent
structures could not be built over the
pipeline right of way following aqueduct
construct ion, irrigation and drainage
facilities could be constrained in the
vicinity of the right of way. This
effect could be most significant along
the eastern portion of Routes 1 and 3

where more irrigated farming occurs
(Figure 6-1).

6.1.2.2 1Impacts on Surface and Ground
Water Supplies/Quality
6.1.2.,2.1 The main impact and, in fact

the primary purpose of the North Bay
Aqueduct, would be to directly supplement
existing surface supplies (and indirectly
supplement ground water supplies) in
Solano and Napa Counties. Although the
Delta water supply would be of substan~
tially lower quality than most existing
supply sources, it would still meet cur-
rent State and Federal safe drinking
water standards.

6.1.2.2.2 Several water agencies sched-
uled to receive North Bay Aqueduct water
have expressed concern about the added
treatment costs that would be associated
with the new supply (see Section 5.8.4).
The City of Vallejo has noted a 15 per-
cent higher alum requirement (alum is
used to help remove suspended solids from
drinking water) in its Travis AFB water
treatment plant, which treats only Cache
Slough water, compared with its Fleming
plant, which treats a blend of Delta
water and Lake Berryessa water. /13/

6.1.2.2.3 Water agencies have a'so
expressed concern regardiry d-inking
water quality, particularly reapect
to total dissolved solids ‘T~
trihalomethanes, and pest_.cides. R::zad
on limited existing data, water quality
appears to be somewhat better in Linasey
Slough as compared with Cache Slough.

The data also indicate that water quality
in Cache Slough may be deteriorating at a
faster rate than in Lindsey Slough (see
Appendix C). Still another consideration
is the fact that the watershed draining
into Cache Slough is characterized by
more intensive agriculture and urban
development than the lLindsey Slough
watershed. Furthermore, projections for

future land use indicate that this con-
trast is likely to increase over the




next 20 years (see Section 5.2.1.3). The
City of Vallejo has noted a significant
increase in the amount of suspended
solids in its existing water supply from
Cache Slough. /14/

h.1.2.2.4 The specific impact of the
aqueduct on the hydraulics and water
quality in intake sloughs during opera-
tion has been analyzed with the aid of
computer-based numerical models (see
Appendix F). Assuming that the net Delta
out flow remained the same (i.e., North
Bav Aqueduct diversions were compensated
for by additional releases to the
Sacramento River), water quality in both
Cache and Lindsey Sloughs would actually
improve slightly during low flow summer
periods because better-quality Sacramento
River water would be drawn more directly
into these areas. Water current veloci-
ties in both slough channels would
increase in an upstream direction to a
slight degree under these same condi-
tions. Average current velocities would
be expected to increase more substan-
tially with an intake on Calhoun Cut, due
to its more narrow channel

configuration,

6.1.2.3 Impacts on Delta/State Water

Project

6.1.2.3.1 The maximum proposed diversion
of 115 cfs for the North Bay Aqueduct
would have no signficant effect on net
Delta outflow. The water diverted would
come from high, excess flows; either by
direct diversion in winter when these
flows are occurring, or by storage of the
excess flow for release and diversion in
periods of lower flow.

6.1.2.3.2 The State Water Project oper-
ates on a "pool concept". In this con-
text, the North Bay Aqueduct would have
the effect of increasing the number of
contract users who would share the State
Water Project water supply pool. Recent
Department of Water Resources projections
have indicated that under dry period con-
ditions, the State Water Project would
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not be able to fully deliver entitlement
requests after the early 1980s (Figure
6-13). This inability will be worsened
if the NBA is in operation. To fully
meet its delivery schedules, the SWP will
have to add new facilities to increase
project yield. Incremental cost of water
from various of the proposed new facil-
ities ranges from about $100 to $600

per acre-foot.

6.1.2.3.3 Two Delta water projects have
been proposed in southern Solano County,
neither of which would have a noticeable
impact on the North Bay Aqueduct. The
Suisun Marsh project, the first phase of
which has been constructed, involves a
plan to reverse the general circulation
patterns in Suisun Marsh to help maintain
current water quality conditions. In
conjunction with this project, the possi-
bility of enlarging the North Bay Aque-
duct to provide an additional supply of
fresh water to the Marsh has also been
considered (see Section 3.7.1.2). PGandE
is considering the construction of a
coal~-fired power plant in Collinsville
that would use water from Montezuma
Slough. However, this proposal has
recently been delaved for at least two
years, primarily due to reduced demand
for electricity.

6.1.2.3.4 Senate Bill 200, passed by the
Legislature and signed by the Governor in
1980, authorizes construction of the
Peripheral Canal as part of a comprehen-
sive program of water conservation and
augmentation of SWP water supplies. The
potential impacts of the operation of the
Peripheral Canal were investigated with
the aid of DWR's Delta hydraulic model.
The Peripheral Canal assumptions used for
the model run were based on the critical
vear flow conditions for August from DWR
Bulletin 76. Other flow and boundary
conditions were as reported in WRE's
study for the State Water Resources
Control Board (Appendix C). 1In addition,
the requirement for a minimum flow of
1,000 cfs in the Sacramento River at Rio
Vista (Decision 1485) were also assumed
in the model run.
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The investigation indicates a flow
reversal in the lower end of Cache Slough
due primarily to high agricultural with-
drawals from the upper end of Cache
Slough and the Deep Water Channel. How-
ever, the requirement to maintain the
1,000 cfs flows at Rio Vista will insure
the availability of good-quality water
within the region of the North Bay Aque-
duct. Consequently, the modeling study
does not indicate a significant impact on
the hydraulic water quality conditions in
the region of the proposed diversion
resulting from the operation of the
Peripheral Canal.

6.1.2.3.5 In order to guarantee protec-
tion of water quality in the Delta under
most conditions, DWR has taken several
recent actions. The State Water
Resources Control Board, through its
Water Rights Decision 1485, has estab-
lished minimum water qualiity requirements
(as measured by salinity) in specified
locations throughout the Delta. Based on
information provided by DWR, Decision
1485 requires both the State Water Proj-
ect and the Central Valley Project to
maintain minimum flows of 1,000 cfs at
Rio Vista. In planning for the State
Water Project, DWR has recognized its



responsibility to prevent the degradation
of water quality in the area per Decision
1485 and has indicated its full inten-
tions to maintain current water quality
standards throughout the Delta. In addi-
tion, DWR has negotiated agreements with
several Delta water agencies, essentially
guaranteeing 1its water quality during
operation of SWP facilities under most
conditions., Since D-1485, the Department
of Water Resources has signed an agree-
ment (January 1981) with the North Delta
Water Agency to assure dependable water
supply and suitable quality to Delta
water users. The standards established
by D~1485 are currently being maintained
at Rio Vista. In addition, under opera-
tion of the Peripheral Canal, an agree-~
ment between DWR and the Department of
Fish and Game would require specific flow
standards at Rio Vista consistent with
the Standards of D-1485.

6.1.2.4 1Impacts on Fish and Wildlife

6.1.2.4,1 The principal effect of the
diversion for the North Bay Aqueduct on
fisheries will be to remove fish and
other aquatic organisms along with the
water. The proposed placement of fish
screens (3/32-inch welded wedge-wire
slotted screen) will prevent the larger
organisms from being entrained into the
aqueduct system. Impingement of larger
organisms against the screens could
occur; however, the projected approach
velocity (not more than half a foot per
second) at the intake, should be low
enough to enable most fish to swim
against the current.

6.1.2.4.2 All king salmon fry, American
shad as small as 22 mm, and striped bass
as small as 17.6 mm should be excluded
from the aqueduct by the screens. /15/
The screens cannot be practically
designed to retain any smaller organisms
since clogging wonld occur too rapidly.
Many planktonic organisms, including
smaller larval fish, fish eggs, and small

invertebrates such as the opossum shrimp
would readily pass through the screens
and into the intake system.

6.1.2.4.3 While the importance of
Lindsey Slough as a spawning and nursery
ground has not been established, some
small fish have been collected there.
Even though no specific fish data are
available for Cache Slough or Calhoun
Cut, it is expected that these waterways
would be less important as fishery areas
than Lindsey Slough. Lindsey Slough fish
samples indicated that a relatively large
number of small striped bass fry, a major
sport fish in the Delta, would pass
through the proposed fish screens.

6.1.2.4.4 Even if aquatic organisms are
not taken into the aqueduct system, it Iis
possible that the intake screens will
concentrate these organisms in the vicin-
ity of the diversion. Studies conducted
at other SWP diversions have shown that
predator species tend to concentrate
around fish release points and consume
more prey items than in normal areas.
/16/ The location of the intake on
Calhoun Cut could aggravate this problem,
since the site is at the end of the
slough.

6.1.2.4.5 Periodic maintenance dredging
required to keep the intake channels
clear would temporarily degrade water
quality by stirring up bottom sediments.
Although this would be expected to have a
relatively minor, short-term adverse
effect on local aquatic organisms, the
degree of impact would, in part, be
related to the frequency and magnitude of
required dredging operations.

6.1.2.4.6 The implication of operation
of the North Bay Aqueduct on wildlife in
eastern Solano County would be minor.
However, attraction of wildlife to the
aqueduct intake structures would be
expected due to the increased concentra-
tion of fish species in these locations.
Fish release points would also tend to
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attract wildlife predators. In the event
of an open canal, wildlife could be
expected to make use of this additional
water habitat.

6.1.2.5 Energy Use

6.1.2.5.1 Electrical power used for
pumping water through the aqueduct would
reach 15 to 20 million kwh (0.15-0.19)
trillion Btu) per year by the year 1990,
when use by Solano County is expected to
reach full entitlement (see Table 4-1).

This maximum power use 1is 264-351 Kwh/
acre-foot (2.6-3.5 million Btu/acre-~
foot)(see also Table 5-7). This range is
based primarily on overall route length
and whether the use of a canal or
pipeline is involved. Among alignments
proposed entirely as a buried pipeline,
Route 1 would require the highest annual
energy requirements and Route 2 the
lowest. The open canal routes, 2 and 6,
would use the least energy during
operation because of lower pumping power
needs.

6.1.2.5.2 The consumption of electrical
power associated with the North Bay Aque-
duct would represent about a 0.2 percent
increase in the amount presently used for
pumping by the State Water Project. Con-
struction energy for the aqueduct,
including the energy required to manufac-
ture materials, would be three to eight
times greater than the annual operating
energy, as shown in Table 6~1. Substan-
tial amounts of energy would also be
required if off-site disposal of dredge
spoils became necessary, particularly
with an intake on Calhoun Cut or Cache
Slough.

6.1.2.5.3 About 75 percent of the elec-
trical power used by the project would be
consumed by the Cordelia pumping station.
Almost all of this power would work
against gravity, to lift the water to a
surge tank in Napa County. 1In contrast,
the pumping station at the diversion

point (or at Travis in the case of Routes
2 and 6) would primarily work against
friction. Routes 2 and 6, which would
use a canal rather than a pipeline
between the diversion point and the
Travis pumping plant, would use less
energy for pumping. This is primarily
because the open V-channel design of the
canal would offer less friction and thus
require less pumping than a pipeline (see
Table 6-1). This advantage is not
affected by the reduced energy use which
Route 1 would require for the secondary
distribution system.

6.1.2.5.4 Pipe sizes for the proposed
aqueduct were selected by DWR using the
capitalized electrical power cost for
pumping derived from a rate of $0.055/kWh
in January 1981 with an annual escalation
rate of 10 percent and an annual interest
rate of 9.5 percent.

6.1.2.5.5 The energy cost associated
with the secondary distribution system
from the aqueduct to the various water
contractors is important. Fstimates of
energy cost for the secondary distribu-
tion system to Vacaville, Fairfield, and
Suisun City indicate a substantial sav-
ings for Route ! in comparison to the
other more southerly routes (see Table
6-1).

6.1.2.6 Disposal of Dredged Material

6.1.2.6.1 Maintenance dredging to clear
intake channels could generate a substan-
tial amount of material requiring dis-
posal. Dredging requirements for an
intake on Calhoun Cut (Routes 2 and 2A)
would be the greatest because of the
required length and dimensions of the
channel (Figure 6-7). Cache Slough in
the vicinity of the proposed intake for
Routes 1 and 3 would also require a sig-
nificant amount of dredging (Figure 6-1).
The existing intake structure ‘or the
City of Vallejo on Cache Slough has
required increasingly frequent dredging.
As a general estimate the frequency of
dredging required for the North Ray




TABLE 6-1

ESTIMATED ENERGY USE OF AQUEDUCT
AND SECONDARY DISTRIBUTION SYSTEMS IN 1990

(Trillions of Btu)

Secondary
Aqueduct Distribution Total
ANNUAL OPERATION
Electric Pumping
*k
Route 1 0.19* (19.8 million Kwh) 0.01 .20
Route 2A 0.16 (16.3 million Kwh) 0.04 .20
Route 2 0.15 (15.3 million Kwh) 0.04 .19
Route 6 0.16 (16.5 million Kwh) 0.04 .20
Routes 3, 4, 5, 7 0.17 (17.6-18.3 million Kwh) 0.04 .21
CONSTRUCTION
Diese) Fuel and
Materials
Route 1 1.0-2.5 %% 0.2-0.6"%  1.2-3.1
Tk 4 ++
Routes 2-7 1,0-2.5 s 0.5-1.3 1.5-3.8

* Estimates of Kwh supplied by DWR (1 Kwh = 9,700 Btu).

**  Based on an assumed cost of 5 cents/Kwh and Table 4-4. Includes
Vacaville, Fairfield, and Suisun City.

*** Based on estimates supplied by the DWR.

+ Estimate of energy costs of manufacturing steel or concrete (CEC, 1979a).

++  Assumes the same ratio of Btu's to constuction cost as for the project
and the cost estimate of Table 4-4.

NOTE: Assumes Routes 2 -7 to South Cordelia Forebay. Routes 2-7 to North
Cordelia Forebay would have somewhat higher pumping requirements.
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Aqueduct at Cache Slough or Calhoun Cut
would be approximately once every

5 years. /17/ Initial dredging
requirements for an intake on Lindsey
Slough (Routes 4, 5, 6, and 7) would be
considerably less than that for Calhoun
Cut or Cache Slough (Figure 6-6). It is
also probable that dredging frequency
would be less on Lindsey Slough, with an
estimated frequency of once every 10
years.

6.1.2.6.2 DWR is investigating the pos-
sibility of purchasing land adjacent to
the proposed intake structures for the
storage and drying of dredged material.
The amount of area needed for disposal of
dredged material would vary considerably,
depending on which intake is selected.

An intake location on Calhoun Cut would
be expected to require a significantly
greater amount of land for disposal than
an intake on the other sloughs. After
drying, the material could be used for
dike reinforcement or as a soil amend-
ment. However, it is possible that
public health considerations could limit
the degree to which the dredged material
could be reused.

6.1.2.6.3 1f off-site land disposal is
required, the nearest certified disposal
site would be on the western tip of Grand
Island southeast of the intake locations.
This disposal site, which would probably
be best reached by barge, is approxi-
mately 9 miles from the proposed Lindsey
Slough intake point, 10.5 miles from the
Cache Slough intake point, and 13 miles
from the Calhoun Cut intake location. A
problem with this site, owned and oper-
ated by the Army Corps of Engineers, is
that it has uncertain capacity to handle
amounts of more than 50,000 cubic yards.
/18/ Another disposal site, almost
equally distant to the proposed intake
locations as the Grand Island site is a
site north of Rio Vista owned by the
State Reclamation Board. This site has
more capacity than the Grand Island site
and can be reached by truck. Since the
site is controlled by a State agency,
this would probably be the preferable
off-site land disposal location for North
Bay Aqueduct dredged material.

6.1.2.7 Public Safety

6.1.2.7.1 As discussed in Section 5.10,
a number of drownings have occurred over
the years in the many miles of open water
canals in California. These drcwnings
have occurred despite the fact that fenc-
ing is typically provided when canals
pass through higher-density urban areas.
Routes 2 and 6 of the North Bay Aqueduct,
which would include open canals from the
intake location to the Travis pumping
plant, would be fenced along their

entire length. Nevertheless, some people
would undoubtedly find their way into the
open canal segments, and a few of these
might drown (perhaps one drowning every 3
or 4 years).

6.1.2.7.2 The buried pipeline segments
of alternative alignments would present
little public hazard during operation.
However, above—-ground structures associ-
ated with the pipeline (i.e., blow-off
pipes) could be a safety hazard for chil-
dren attempting to climb them, This
would be a more significant problem in
urban areas, particularly through Fair-
field, where the linear park system along
the abandoned Northern Sacramento right
of way seems certain to attract large
numbers of school-aged children.

6.1.2.8 Aesthetics

Once construction has been completed, the
visual consequences of the aqueduct would
be minimal. Major above-ground struc-
tures, including pumping plants, terminal
reservoirs and the surge towers would be
located in the more sparselv populated
rural portions of Solano Countv. The
Travis pumping plant and the 40-foot high
surge tower along Creed Road would be
visible to travelers along Highwav 12.
The proposed intake locations are iso-
lated and would not constitute a visual
intrusion to most County residents.




6.1.2.9 Planned Mitigation Measures

6.1.2.9.1 Mitigation features inherent
in current aqueduct operation plans have
been mentioned in the preceding sections,
To insure the beneficial effect on intake
slough water quality predicted by model-
ing studies, DWR is committed to provide
for additional upstream releases from the
SWP to compensate for North Bay Aqueduct
withdrawals. Any potential impacts on
total Delta outflow would also be

reduced by this operating procedure. 1In
addition, potential adverse consequences
of the proposed Peripheral Canal would be
further alleviated by water quality
agreements among DWR and various Delta
water agencies.

6.1.2.9.2 To minimize any damage to
fisheries in the intake sloughs, fish
screens would be provided. The fish
screens have been designed with a rela-
tively fine mesh size and low approach
velocity to minimize entrainment and
impingement of aquatic organisms.

6.1.2.9.3 Impacts associated with the
disposal of dredged material could be
significantly reduced if on-site disposal
to store, dry, and recycle the material
is achieved. However, the amount of
dredging required for Calhoun Cut would
probably make on-site disposal unaccept-
able because of the amuunt of private
land which would have to be purchased and
the implications on the Jepson Prairie.

6.1.2.10 Other Mitigation Measures

In addition to those mitigation features
already included in current planning,
several other mitigation measures will be
considered during operation of the aque-
duct to minimize any adverse environ-—
mental effects.

Annual crops will be considered for
right of way replanting following
aqueduct construction to minimize
future maintenance conflicts.

Studies will be conducted in the slough
finally selected as the diversion point
to obtain specific baseline information
on fish spawning areas and nursery
grounds and their sensitivity to the
diversion,

An investigation could be conducted of
the overall cost effectiveness of
developing storage facilities for aque-
duct water in order to minimize the use
of power for pumping during the hours
of peak electricity demand. For open
canal Routes 2 and 6, the peak hour
electricity use of the diversion point
pumping station may be reduced by
utilizing the top foot of the 5-foot
deep canal as storage. The top foot of
the canal would store about 15 acre-
feet compared to the average hourly
flow of water through the aqueduct at
full entitlement of about

6.5 acre~feet.

Prior to 1990, when the aqueduct would
be operating below capacity, the diver-
sion point pumping station should be
operated primarily during the hours of
high tide to reduce the elevation the
water must be pumped into the canal and
minimize energy consumption.

Conduct comprehensive water quality
studies (i.e., inorganic and organic
chemicals) in Cache and Lindsey Sloughs
in the vicinity of the proposed intake
locations to fully determine compara-
tive suitability as a current and
future drinking water source. Organic
chemical levels and sediment loadings
should be parameters of particular
concern. ¥

*DWR has recently indicated an intention to conduct a one-year water quality
sampling program in several locations of Cache and Lindsey Sloughs. /18/




6.2 SECONDARY ENVIRONMENTAL EFFECTS

6.2.1 RELATIONSHIP OF WATER SUPPLY TO

POPULATION GROWTH

6.2.1.1 The provision of additional
water supply in an area where it would
eventually become limited can have a
direct effect on population growth.
economic conditions are favorable,
removal of the water supply constraint by
developing new sources of supply or sig-
nificantly reducing demand would permit
additional population growth. The degree
of this population growth would depend on
a variety of local and regional factors,
particularly local attitudes, policies,
or regulations regarding growth
management .

If

6.2.1.2 The magnitude of the effect on
population growth of an increment to
water supply depends on the level of
demand for residency in the area that
receives the new supply and the presence
or lack of other controlling factors,
such as land availability, dwelling unit
vacancy rate, availability of sewer ser-
vice, and the growth policies of local
government .

6.2.1.3 Napa County and some of its
incorporated cities have growth manage-
ment policies that could temper any
impetus the North Bay Aqueduct might give
to population growth. A ballot initia-
tive approved by Napa County voters in
November 1980 requires the Board of
Supervisors to adopt a growth management
system no later than August 1981l. Under
this system, which derives from the
county general plan, growth would be
limited to a :ate comparable to the rate
of increase in other Bay area counties,
or 1 percent annually, whichever is
lower. However, the City of Napa
recently removed residential development
controls.
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6.2.1.4 1In Solano County, adopted
general plans also project a desired
level of growth which, in general, is
controlled less rigidly than in Napa
County. These plans assume, among other
things, the availability of future North
Bay Aqueduct water supply. Limitations
on discharge of sewage treatment plant
effluent may affect the outlook for
growth in Solano County, but local
officials are working on this problem,
and a solution satisfactory to the
Regional Water Quality Control Board may
be expected.

6.2.2 ENVIRONMENTAL CONSEQUENCES OF
GROWTH
6.2.2.1 Population growth inevitably

affects the environment. Congested
roads, dirtier air, more noise, and
strains on public services may be
expected. The extent to which these
problems are anticipated largely deter-
mines the severity of their overall
impact .

6.2.2.2 Environmental effects of growth
may be placed 1in three categories. In
the first categorv, impacts would be gen-
erallv proportional to growth. These
types of impacts would include exposure
to seismic hazards, energv and land con-
sumption, total vehicle miles traveled,
regional air quality degradation, and
most social and economic factors (e.g.,
construction industry stimulation).

In the second category, impacts would be
proportional to population growth which
occurs only in certain areas. Among
these impacts would be exposure to flood-
ing hazards, conversion of prime agricul-
tural soils, and many ecological effects.
In the final category, effects would be
entirelv site-specific, such as archaeo-
logical resources and threatened and
endangered species.




6.2.2.3 1In Solano County projected popu-
lation growth would largely center 1in the
incorporated jurisdict ions of Suisun
City, Fairfield (including Cordelia) and
Vacaville. Additional population in
these areas would substantially increase
traffic congestion (particularly prior to
completion of the Highway 12 Bypass),
elevate ambient noise levels throughout
the area, and generally diminish the open
space and wildlife values of lands now
comprising the urban fringe. Development
in Suisun City would also put additional
pressure on the adjacent Suisun Marsh,
although recent establishment of the
Marsh as a preserve should provide sub-
stantial buffering and protection. Urban
expansion projected for Cordelia and
Green Valley 1is likely to conflict with
the archaeological sensitivity of the
area. In the era of budget limitations,
public services in this area, particu-
larly schools, would have to struggle
even more vigorously to keep pace with
increasing demand.

6.2.2.4 Where additional development
would occur in northeast Fairfield and
western Suisun City, some prime agricul-
tural land would be taken out of cultiva-
tion. The loss of prime agricultural
land by urban encroachment has become an
increasingly critical issue in California
and throughout the nation. Local regu-
latorv mechanisms to control prime agri-
cultural land conversion in Solano County
are limited. The extent to which prime
agricultural soils will be permanently
lost to urban development over the next
20 years in the County will depend on a
variety of factors, including local
economics, other developmental con-
straints, and the presence of any addi-
tional regulatory controls.

6.2.2.5 1In Napa County, although prob-
lems similar to those discussed above
will be apparent, population growth is
projected to continue at much more modest
levels. Existing local growth control
ordinances and land use restrictions
(e.g., establishment of an agricultural
preserve) should enable a more easily
managed scenario of environmental

change.

6.2.3 GROWTH INDUCEMENT ATTRIBUTARLE TO
THE PROPOSED ACTION

6.2.3.1 The purpose of building the
North Bay Aqueduct would be to supply
municipal and industrial water tc meet
demands that are expected to develop in
Solano and Napa Counties due to growth in
the population and economy there.

Whether the added water supply would
include, enable or merely facilitate such
growth depends on point of view.

6.2.3.2 With the maximum North Bav Aque-
duct supply of 42,000 acre-feet per vyear,
urban growth in fulfillment of current
projections for Solano County (Table 6-2)
would not be constrained. At the per
capita use rate implied by the demand
estimates in Table 3-2 (0.143 ac-ft per
person per year in Solano County), the
additional 42,000 ac-ft of water could
support a population increase of about
293,000 people, which is close to the
increase projected for the period 1980 to
2020,

6.2.3.3 The North Bay Aqueduct supply
also would support projected growth in
Napa County. Applying the per capita use
rate implied by Table 3-2 (0.186 ac-ft
per person pear vear in Napa Countv) to
the net new water supplyv provided bhv the
North Bay Aqueduct (17,500 ac-ft) gives
an indication that the additlional water
could support a population increase of
about 94,000 people, which is close to
the increase projected for the period
1980 to 2020.

6.2.3.4 Lack of water could retard
growth that would otherwise occur, pro-
vided water is more available in alterna-
tive locations. With the present popula-
tion and level of industrial development,
the existing water supplies for Solano
and Napa are already spread relatively
thin compared to other areas in
California; so without a new supply,
water could become a factor controlling
growth, probably by the mid-1980s.

6.2.3.5 1t should be noted that opera-
tion of the North Bav Aqueduct at its
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maximum physicat capacity could result in
a theoretical maximum total water supply
of about 76,000 acre-feet/year. This
means that it is hypothetical!- possible
that an additional 13,500 acre-feet of
water could be made available to Napa
and/or Solano Counties. Such a circum-
stance would enable support of a greater
number of nersons. However, this situa-
tion is onlv hypothetical and would be
tempered by existing regulatory con-
straints as well as actual operational
Limitations.

6.3 CUMULATIVE ENVIRONMENTAL EFFECTS

h.3.1 Several major proposed or
in-progress public works projects in
Solano County could interact with and
compound the environmental effects of
North Bay Aqueduct construction and
operation. These projects would include
the City of Vacaville's plans to relocate
its existing waste water discharge, the
Highway 12 bvpass project, and the City
of Fairfield's Linear Park.

6.3.2 The City of Vacaville has
expressed concern over possible conflicts
between ifs sewage treatment and disposal
facilities and the North Bay Aqueduct.
Vacaville's existing sewage discharge in
Alamo Creek, a tributary to Cache Slough,
was ordered by the State to be removed
unless expensive improvements to the
treatment plant are undertaken. The
removal order followed concern by the
City of Vallejo, which has an existing
drinking water intake on Cache Slough,
over degradation of water quality due, in
part, to the upstream sewage discharge.
The most cost-effective solution to the
problem for Vacaville would be to relo-
cate its discharge to Barker Slough, a
tributary to Lindsey Slough. Vacaville
would consequently prefer that the North
Bay Aqueduct have its intake on Cache
Slough to avoid any future conflicts with
its sewage disposal. /23/

6.3.3 Construction on the long-planned
Highway 12 bypass through the redevelop-
ment area of Fairfield has recently

J.‘;U

begun. Potential construction conflicts
with the North Bay Aqueduct (Routes 2
through 7) and the bypass would include
disruption to recently relocated major
utility lines and compounding or extend-
ing the period of general construction
impacts.

6.3.4 The construction of Fairfield's
Linear Park system has also begun, with
Phase 1 from the Solano Mall to the Com-
munity College currently being developed.
Phases II and III of the park system over
the remaining stretches of the old aban-
doned Northern Sacramento Railroad right
of way are scheduled to be completed in
the next few vears. Construction of the
North Bay Aqueduct along Route 1 would
disrupt the Phase I segment of the Linear
Park and possibly Phases II and III, with
the consequence of extending and/or com-~
pounding the noise, dust, and other
impacts on adjacent neighborhoods (see
Section 6.1.1.2).

6.3.5 The North Bay Aqueduct diversion
would add to the already complex problem
of water quality management in the Delta,
and it would increase the number of
people dependent on water supply from the
Delta. DWR must manage all its facili-
ties affecting the Delta to meet the
water quality standards of the State
Water Resources Control Board.

6.3.6 The Corps of Engineers is planning
to deepen the deep water ship channels to
Sacramento and Stockton. Neither project
would have a significant effect on water

currents in the vicinity of the prospec-

tive North Bay Aqueduct diversion

points.

6.4 SUMMARY OF ENVIRONMENTAL EFFECTS:
ALTERNATIVE ALIGNMENT ANALYSIS

6.4.1 An overview of the expected envir-
onmental effects along the alignment cor-
ridors, and their relative magnitude, 1s
presented in Table 6-3. 1In many
instances there would be substantial dif-
ferences between the alternative
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alignments as to the degree of
environmental impact anticipated.

6.4.2 Geologic hazard and flooding
potential would not be substantially dif-
ferent between the possible alignments.
However, alignments which avoided tra-
versing areas underlain by bay mud

(Route 1 and the North Cordelia Forebay
alternative for Routes 2 through 6) would
require less expensive construction tech-
niques and would be generally less sus-
ceptible to seismic hazards.

6.4.3 All of the alternative alignments
would require numerous stream and slough
crossings, although most streams are dry
during a good part of the year.

Routes 1 and 7 would require the most
crossings with the latter alignment
intersecting two perennial streams and
the upper reaches of one slough. The
common alignment for Routes 2 through 7
to the South Cordelia Forebay would
require the crossing of Cordelia Slough
in the primary management area of the
Suisun Marsh (Plate 9b). The common
alignment through Suisun City (Routes 2
through 7) would also cross an approxi-
mately 20-foot deep channel near Florida
Street in the eastern portion of the
City.

6.4.4 The alternative alignments for
Routes 2 and 2A have the greatest poten-
tial for disturbance to the Jepson
Prairie. The Prairie in the vicinity of
the proposed intake for these two routes
is in a more natural state than other
potential aqueduct locations farther
south (Routes 4, 5, and 6). Construction
of the aqueduct in this area would have a
highly significant impact because of the
extensive modifications required for
Calhoun Cut and because additional access
roads would have to be built to allow
construction and maintenance vehicles to
reach the area., The alignments for
Routes 4, 5, and 6 along Creed Road would
not impact the Jepson Prairie to the
extent that Routes 2 and 2A would because
an access road is already provided (Creed
Road) and the area has already been
somewhat disturbed. Although Routes |

and 3 to the north were originally
designed to avoid the defined Jepson
Prairie, they actually traverse
significant arcas of native grassland
(see Appendix D).

6.4.5 The effects of the aqueduct diver-
sion on intake slough hydraulics and
water quality would be slight and in the
case of water quality would be beneficial
(see Appendix F).

6.4.6 Although the significance of the
aqueduct diversion on the entrainment
and/or impingement of anadromous fish
using the intake slough is difficult to
quantify because of limited data on cur-
rent fish usage, it would be expected
that Lindsey Slough would be slightly
more sensitive to this effect (see Sec-
tion 6.1.2.4). Routes 2 and 2A would be
the most highly sensitive to the distur-
bance of unique ecological communities in
Solano County, particularly if the alter-
native route to South Cordelia Forebay
through Suisun Marsh is considered. The
Jepson Prairie and Suisun Marsh would be
the ecological communities of most impor-
tance. Sensitivity to the possible pres-
ence of endangered or threatened species
would also be highest for Routes 2 and
2A. Results of a biological assessment
to determine the range and distribution
of unique plant and animal species in the
vicinity of the proposed alignments are
attached as Appendix D.

6.4.7 Estimated initial dredging
requirements indicate that constructing
an intake on Calhoun Cat (Routes 2 and
2A) would require the most extensive
excavation. Approximazely 168,000 cubic
vards of material alonz an approximate
J-mile reach would have to be dredged to
accommodate an intake at this loncation.

An intake on Cache Slough (Routes 1 and
3) would also require 1 substantial
amount of initial dredzing (30,000 cubic
vards along a 1/2 mile distance) but
significantly less than that for Calhoun
Cut. An intak- on Lindsev Slough (Routes
4, 5, 6, and 7) would require a rela-
tively nominal amount of initial
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dredging (300 cubic yards). Disposal of
dredge spoils would be a significant con-
cern and, if on-site disposal is desired,
could have substantial additional acreage
requirements at the intake locations.
Maintenance dredging requirements, both
in frequency and quantity, would also be
expected to be higher for Calhoun Cut and
Cache Slough than for Lindsey Slough.

6.4.8 Preliminary field reconnaissance
and literature review indicates that
Routes 2 and 2A are the most highly sen-
sitive to the possible presence of
archaeological and other cultural
resources. Routes 2 through 7 to the
South Cordelia Forebay are almost equally
sensitive. Route 1 is somewhat less
sensitive with regard to these resources.
A detailed archaeological survey of
several of the alternative alignments
(Routes 1, 4, and 6) is presented in
Appendix E. This survey revealed that
Routes 4 and 6 would potentially conflict
with three sites of archaeological or
historical significance while Route 1
would conflict with two sites.

6.4.9 All of the aliguments traverse
portions of prime agricultural land.
Routes 2 and 6 would have the most sig-
nificant and long-term impact on farmland
due to the permanent easement require-
ments of the open canal segment. The
open canal alignments would also have the
effect of visually and functionally
dividing the farmland through which they
would pass. This could hamper agricul-
tural operations. Routes | and 3 could
also have a relatively high impact on the
farmland through which they would pass
because of potential disturbance to irri-
gation and subsurface drainage systems 1n
agricultural areas west of Cache Slough.
Route 4 would have the lowest relative
impact on farmland because it would make
use of the existing Creed/Robinson Road
right of way. FEven considering the pos-
sible construction impacts of the aque-
duct on adjacent agricultural operations,
the most significant potential threat to
prime agricultural land in Solano County
would be created by the population growth
that the additional aqueduct water supply
would enable (see Section h.2.2).

6.4,10 Numerous roadways and railroad
lines would have to be crossed by all of
the alternative alignments. Although all
major crossings would be tunneled under,
the potential for traffic disruption in
urban areas would still be substantial.
Route 1, with its extensive length
through the urbanized areas of Fairfield,
would have the highest potential for
impacts to roadway crossings and traffic
disruption in general. Route 7 would
also have a high impact in these regards,
largely because it would require crossing
Highway 12 three times. The common
alignment (Routes 2 through 7) through
Suisun City would also have the potential
for significant traffic disruption,
particularly if the timing of aqueduct
and Highway 12 bypass construction does
not coincide.

6.4.11 Noise, dust, and other "typical"
construction impacts would similarly be
most noticeable for Route 1. The esti-~
mated duration of construction for the
segment of Route 1 through Fairfield (9
months) and the presence of several
highly sensitive receptors (hospital,
rest home) increases the overall severity
of impact for this alignment. The common
alignment through Suisun City (Routes 2
through 7) would also cause considerable
noise and dust annoyances, although the
duration of construction through this
urban area would be substantially less
than that for Route 1,

6.4.12 Significant utility conflicts
would also be evident along the alignment
-rorridors (see Section 6.1.1.2). Route 1
would require the crossing of a consider-
able number of minor water and sewer
lines through Fairfield, a few of which
could cause some problems *~2cause of
their depth of placement. Major utility
crossings and relocations would charac-
terize the common alignment for Routes 2
to 7 through Suisun City. In addition,
Route 6, and possibly Route 5, would also
require significant alteration to avoid
two large above-ground electric transmis-
sion towers located within their proposed
rights of wav south of Creed Road.
Numerous gas lines along Creed Ronad could
also pose a problem during aqueduct
construct ton,




6.4.13 A potential conflict with the
City of Vacaville's existing waste water
discharge would occur for all alignments
that would intake on Calhoun Cut or
Lindsey Slough. Vacaville is exploring
the possibility of relocating its current
discharge in Alamo Creek to Barker
Slough, a tributary of Lindsey Slough, to
eliminate the necessity of improving its
waste water treatment system to an
idvanced level. Because the City of
Vallejo already has a drinking water
intake on Cache Slough it has been.sug-
gested that the most logical intake for
the North Bay Aqueduct would be in this
same area. /24/

A.4.14 The public safety hazard of the
aqueduct would be minor for any of the
pipeline alignments. The open canal
alternatives (Routes 2 and 6) would have
potential for loss of life through drown-
ing. Above-ground structures (e.g.,
blow-off pipes) associated with pipeline
portions of alternative alignments could
also be a safety problem, particularly
where these alignments pass through urban
areas.

6.4.15 For a project with the magnitude
of the North Bay Aqueduct, regulatory and
jurisdictional involvement will be sub-
stantial regardless of which alignment is
selected. However, some distinction in
the degree of involvement can be made.
For example, alignments which would cross
any portion of the Suisun Marsh or a
primary management zone of the Marsh
would require a permit from the Bay Con-
servation and Development Commission
(BCDC). The need for this permit would
bring into the regulatory process a
number of additional State and local
agencies which typically review BCDC
permit applications (see Section 2.2.2),
The resulting delay in the processing of
a formal application could result in sig-
nificant cost escalations for the aque-
duct. Route 1 as well as Routes 2
through 6 to the North Cordelia Forebav
would entirely avoid the Marsh and,
hence, the added regulatorv involvement.

6.4.16 Another regulatory delay conld
occur with the selection of Routes 2 or
2A through the '"core'" of the Jepson
Prairie. Negotiations to achieve
compensation could delay aqueduct
construction resulting in higher total
costs. In addition, selection of Routes
2 or 2A presents the possibility of a
lawsuit by a number of interested and
concerned environmental organizations.

6.4.17 Estimated construction costs for
the aqueduct would be highest for

Route 3, primarily because of the extra
pipeline length required for this align-
ment. Routes 1, 4, 5, and 7 would cost
somewhat less to construct; Routes 2, 2A,
and 6 would be even less expensive. Con-
struction costs for secondary transport
svstems to deliver aqueduct water to the
water-contracting agencies in Solano
County would be substantially less for
Route 1 than for the other alignments.
This is primarilv because Route 1 is
closer to existing water transport and
treatment facilities in Vacaville, Suisun
City, and Fairfield. When total con-
struction costs (aqueduct and secondary
transport systems) are considered,

Route 3 remains the most expensive align-
ment to build with Routes 1, 2, 2A, and 6
being the least expensive.

6.4.18 Annual operation and maintenance
costs would be highest for Route 1,
reflecting substantial energyv require-
ments for pumping. Rcutes 3, 4, 5, and 7
would have somewhat lower annual opera-
tion and maintenance costs, although
energy costs for these alignments t. the
North Cordelia Forebayv would be somewhat

higher. Routes 2 and 6 would have some-
what lower energv requirements because
they could take advantage of gravitv tlow

through the open canal segments.  Route ]
has a distinct advantage over the other
alignments under consideration with
respect to the cost to pump water trom
the aqueduct to existing water treatment
and distribution facilities in Vacaville,
Fairfield, and Suisun Citv. Fstimated
operation and maintenance costs do not
take into account the added expense ot
maintenance dredging and disposal, whi h
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would be substantially higher with an
intake on Calhoun Cut or Cache Slough as
compared with Lindsey Slough.

6.5 PREFERRED AQUEDUCT ALIGNMENTS¥*

6.5.1 From the preceding environmental
analysis, and a review of the information
presented in Figures 6-1 through 6-11 and
Table 6-3, two alignments have been
selected as preferred for the construc-
tion of the North Bay Aqueduct. Routes 1
and 4 (to the North Cordelia Forebay)
would best minimize adverse environmental
effects in Solano County and provide the
most efficient use of available
resources. Through input received during
public review of this Draft EIR/ES and
more detailed analysis of several envir-
onmental factors suggested by this study,
one preferred route will be discussed in
the Final EIR/ES.

6.5.2 Routes 3 and 7 were not considered
as environmentally desirable alternative
alignments because of the longer required
length of the aqueduct, impacts on the
Jepson Prairie (even though they were
designed, in part, to avoid the Prairie),
and a significantly higher total cost to
construct and operate. Routes 2 and 2A
are not considered further in this report
because of the significant implications
on the Jepson Prairie (and associated
rare and endangered species), conflicts
with the designation of Calhoun Cut as a
"natural area" in the proposed State
Waterways Plan, the extensive amount of
dredging required along Calhoun Cut, the
need to construct additional access roads
and, for Route 2 only, the encroachment
of farmland and need to construct an
additional pumping plant south of Travis
AFB. Route 5 is not considered further
because it would require unnecessary
encumbrance of farmland (as compared with

Route 4) and would have a higher
potential for disruption of existing
utilities along Creed Road.

6.5.3 Although the Route 6 alignment
with an open canal would be somewhat less
expensive to construct and share some of
the other environmental advantages
realized for Route 4, as well as offering
additional recreational attributes, the
potential for loss of human life through
drowning must also be weighed. In
addition, the development of Route 6
would permanently encroach on farmland
along the alignment (particularly near
the intake), conflict with utilities
along Creed Road, and necessitate removal
of the row of eucalyptus trees along
Creed Road. Route 6, as an open canal,
would also require the construction of a
pumping plant south of the Travis AFB,
consuming an additional acre of farmland
in this area. Other disadvantages of an
open canal along Route 6 would include a
higher susceptibility to contamination of
the water supply by hazardous materials
and loss of a small percentage of the
water supply from evaporation.

6.5.4 A major advantage of an aqueduct
along Route 1 would bhe that the intake
would be proximate to the Citv of
Vallejo's existing intake and would
enable the City of Vacaville to relocate
its existing sewage discharge to Barker
Slough without incurring the significant
expense of advanced waste water treat-
ment. The proximity of the Vallejo and
North Bay Aqueduct intake would also
create the possibility of coordinated
maintenance dredging in Cache Slough.
Another significant advantage of Route 1
w~r i1 be that the costs of constructing
@ yperating secondary water transport
¢+ ms from the aqueduct would be s b-
star. .ally less. This would enable
water-contract ing agencies to minimize
their costs so that ultimate water users

*The 1l. S. Army Corps of Engineers takes an impartial position as to whether to s

or deny a regulatory permit until public review is complete.

Therefore, the

"preferred" alignments referred to in this joint EIR/ES do not represent a Corps
designation.

'J

T Rl




vould benefit. Other significant bene-
ticial attributes of a Route 1 alignment
would include the avoidance of Suisun
Marsh, lowest sensitivity with regard to
cultural and archaeological resources,
'owzst probable impact on anadromous
sport fish, use of an established right
of way (Sacramento Northern), and a rela-
tively moderate impact on major utili-
i 28, The timing of aqueduct

wtruction with Phases II and 111 of
tv.- planned Fairfield linear park could
v nimize construction disturbances to
surrounding residents. DWR would seek to
extend the linear park bikeway at the
s.1me time the aqueduct is being
castructed.

6.5.5 Significant disadvantages of Route
1 would include encumbrance of prime
farmland with possible disruption of
irrigation and subsurface drainage sys-
tems in the Cache Slough watershed, as
well as displacement of fringe orchard
areas in Suisun Valley, requirements for
a substantial amount of initial and
maintenance dredging, high operation and
maintenance costs (particularlv for
energy consumption), and disruption of
the social environment (traffic, noise,
dust) through a long stretch of urban
Fairfield. Disruption of Phase 1 and
possibly Phases II and 111 of Fairfield's
linear park system development would be a
particular concern; however, this disrup-
tion might be counterbalanced by DWR's
cxtension of the bikewav.

6.5.6 Another possibly significant dis-
advantage of Route 1 would be that Cache
Slough water quality is apparentlv lower
than that in Lindsey Slough (see Section
5.2.1.3 and Appendix C). In addition to
the need for more detailed water quality
data in Cache and Lindsey Sloughs to more
specifically document differences,
several aspects of the two watersheds
merit further consideration. The Cache
Slough watershed drains a larger area and
is characterized by substantially more
irrigation agricultural and urban runof{
than the Lindsev Slough watershed. /25/
There is the possibilityv, therefore, that
Cache Slough receives a higher loading ot

i

pesticides, fertilizers, and other con-
taminants than does Lindsey Slough, which
drains an 4area characterized primarily bv
unirrigated agriculture and rural resi-
dential use. The lllatis Creek Flood Con-
trol System, a main tributary source to
Cache Slough, has been suspected of
transporting an increasing load of sedi-
ment material into Cache Slough in recent
vears. However, steps are being taken to
minimize this problem,

h.5.7 A major advantage of Route &4 is
that it would use the established Creed/
Robinson Road right of way, minimizing
the need for encumbrance of surrounding
farmland. The use of this right of way
also reduces the potential conflict with
utilities (including two large electric
towers) along Creed Road, and the need to
remove the row of eucalyptus trees along
Creed Road which provide shade for live-
stock in the area. Other environmental
advantages of Route 4, with the alterna-
tive leg to the North Cordelia Forebav,
itnclude the avoidance of Suisun Marsh, a
lower disturbance to the Jepson Prairie,
a reduction in anv potential conflicts
with endangered species and/or cultural
resources, minimal initial and mainte-—
nance dredging requirements, and inclu-
sion of an intake in a location of
apparently better water qualitv. Another
important advantage of Route 4 is that it
would follow an alignment similar to

that which was originally proposed bhack
in the earlv 1960s and would therefore be
more anticipated bv local jurisidcet ions
than Route 1.

6.5.8 Major disadvantages of Route 4
would be a significantly higher cost for
secondarv water transport svstems to
lacal contracting agencies, disruption of
the urban area through Suisun City
including possible relocation require-
ments for several major utility lines,
displacement of some riparian habitat at
the Lindsey Slough intake location, and o
probable higher level of entrainment and
or impingement of anadromous sport fish

in Lindsev Slough. The agueduct along
the Route 4 alignment wonld also poten
ti1allv conflict with a relocation of

P




Vacaville waste water discharge to Barker
Slough because of the Lindsey Slough
intake and could require costly upgrading
of Vacaville's existing Easterly treat-
ment plant.

6.5.9 The final selection of alignment
will be influenced by many factors,
including those considerations that Napa
and Solano Counties believe are signifi-
cant, These would undoubtedly include
impacts on the counties' plans for urban
growth patterns. The Governor's Urban
Strategy provides that '"State departments
will consult and cooperate with cities
and counties when locating new State

buildings and projects. Whenever
possible, State projects should be built
in existing urban areas, near public
transit, and in those places where the
projects will contribute most to each
local community and have minimal
environmental impact."

6.5.10 During the review period prior

to the Final EIR, all county agencies
affected by the North Bay Aqueduct should
consider the impact of each route on
future growth patterns prior to
submitting a recommendation for a
preferred route.
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/2/

/37

| J4/

15/

/6/

17/

/8/

19/

/10/

/11/

/12/

/13/
14/

/15/

/16/
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7.0 UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS IF PROJECT IS IMPLEMENTED

ALTERNATIVE AQUEDUCT ALIGNMENTS
1 2 2A 3 4 5 6 7

1. Farmland would be encumbered/
encroached. M H M M L M H M

2. Construction of the aqueduct
would intersect numerous
streams and drainage channels
and could disturb subsurface
irrigation and drainage sys-
tems. M L L M M M M M

3. Initial and maintenance dredg-
ing at the intake point would '
be required, temporarily in- ;
creasing turbidity and dis-
rupting riparian vegetation
of the adjacent slough. M H H M L L L L

4. Disposal of dredge spoils
would require additional
purchase of land and/or
transport to landfill. M H H M L L L L

5. Construction activities would
disrupt native grassland by
removing vegetation and
altering the soil strata. M H H M L L L M

6. Construction activities would
encroach in the primary manage-
ment zone of Suisun Marsh. - M)E MY OME MY OMJE MY MHY

7. Areas of relatively high ar-
chaeological sensitivity could
be revealed during construction
of the aqueduct. L M M M M M M M

Note: Relative magnitude of environmental impact is indicated as appropriate

H = High, M = Moderate, | = Low, - = No Impact

* = Unique to alternative routing around Cordelia Hill to North
Cordelia Fnrebay (Routes 2 -7)
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10.

11.

2.

13.

14.

15.

16.

Numerous roadways and railroads
would be traversed during con-
struction of the aqueduct.

Noise levels would increase
during construction activities.

Numerous utility and service
lines would be crossed.

Net energy use, including
secondary facilities.

Prime agricultural land in
Solano County would be dis-
placed by urban development
to accommodate population
growth enabled by additional
water supply.

Fish and other aquatic or-
ganisms would be entrained/
impinged at the diversion
intake.

Although the open canal seg-
ments of the North Bay Aqueduct
would be fenced along their
entire length, some public
access to the canal would
still occur, endangering the
safety of these individuals.

Intake on Calhoun Cut would
conflict with designation as
"significant natural resource
areas" in 1975 Delta Plan.

lJater quality of additional
supply would be lower than
that for existing domestic
supplies.

ALTERNATIVE AQUEDUCT ALIGNMENTS

2 2A 3 4 5 6

M

M M M M M M
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8.0 RELATIONSHIP BETWEEN SHORT TERM USES OF ENVIRONMENT AND THE
MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY

ALTERNATIVE AQUEDUCT ALIGNMENTS
1 2 2A 3 4 5 6 7

1. Prime agricultural soils would
be disrupted and/or displaced,
decreasing future production
capability. M M M M M M M M

2. Construction across existing
levees could affect their
stability and consequently
increase the local flooding
hazard. L L L L L L L L

3. Construction could indirectly
disrupt vernal pool hydrology,
decreasing their ecological
viability as a feature of the
Jepson Prairie, M H H M L L L M

4. Construction activities would
disrupt significant riparian
habitat, decreasing biological
productivity. L H H L M M M M

5. Construction of the agueduct
could impact threatened and
endangered species, threaten-
ing their future existence in
the area. M H H M L L L M

6. Construction in the Suisun
Marsh could result in de-
creased biological produc-
tivity. - MY MY MR MUY OMJE MUY MUY

Note: Relative magnitude of environmental impact is indicated as appropriate;
H = High, M = Moderate, L = Low, - = No Impact
* = Unique to alternative routing around Cordelia Hill to North
Cordelia Forebay (Routes 2-7)




ALTERNATIVE AQUEDUCT ALIGNMENTS
1 2 2A 3 4 5 6 7

7. Population growth (particularly
around Suisun City and Fair-
field) enabled by aqueduct
entitlement would result in
more congested roadways, low- !
ered air quality, elevated
noise levels, strains on some
public services, diminished
open space, wildlife resources,
and other ecological effects. H H H H H H H H




9.0 IRREVERSIBLE OR IRRETRIEVABLE COMMITMENTS OF RESOURCES

ALTERNATIVE AQUEDUCT ALIGNMENTS

1 2 2A 3 4 5 6 7

1. Energy would be required to
manufacture the necessary
steel and concrete, and diesel
fuel would be used to operate
construction machinery. M M M M M M M M

2. Permanent changes in land use
would occur only where pump
stations or other auxiliary
facilities are required. L M L L L L M L

3. Permanent change in land use
would occur along 60-foot
wide right-of-way corridor. - H - - - - H -

4. Net energy use, including M M M M M M M M
secondary facilities.

5. Delta water diverted through
the aqueduct for consumptive
M & I uses would not be
available for other uses. H H H H H H H H

NOTE: Relative magnitude of environmental impact indicated as appropriate;
H = High, M = Moderate, L = Low, - = No Impact.
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10.0 PUBLIC PARTICIPATION

10.1 Public participation is a key
element of the State and Federal
environmental review processes. As
discussed previously, a joint scoping
session on the North Bay Aqueduct was
held on December 11, 1979, in Fairfield
to encourage public involvement in the
early stages of project planning and
design. Comments at this scoping session
concerned the user costs of North Bay
Aqueduct water associated with each of
the various alignments, farmland tra-
versed by the aqueduct right of way, and
the extent to which "environmental fac-
tors" were going to influence the selec-
tion of an alignment.

10.2 Following completion of the draft
EIR/ES, a 45~day public review period
will commence, during which written com-
ments on the draft report will be
received. During or following this
review period, a public hearing will be
held to receive additional comments and
questions. Written comments received
during the initial review period, oral
comments made at the public hearing, and
any additional written comments will be
addressed in a final FEIR/ES.

10.3 To encourage an early and open
process for identifying significant
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issues related to the North Bay Aqueduct
project, three actions were taken by the
U. S. Ary Corps of Engineers, San
Francisco District. The first was to
publish in the Feaeral Register a '"Notice
of Intent to Prepare a Draft Environ-
mental Statement",

This was done November 20, 1979. The
second action was to circulate a Notice
of Preparation (NOP) announcing the
project to interested and responsible
Federal, State, and local agencies and
asking for their comments and recommenda-
tions. The NOP was issued November 29,
1979. The third action was to partici-
pate in the joint State and Federal
"scoping" session on NDecember 11, 1979,
in Fairfield.

10.4 Preparation and public review of an
environmental impact statement 1s the
primary mechanism for addressing and
analyzing significant environmental
issues. This report, a joint EIR/¥KIS,
satisfies the requirements of NEPA
regarding preparation of an ES and of
CEQA regarding the preparation of an FIR,
Copies of the EIR/ES were furnished to
the following agencies:
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FEDERAL AGENCIES

Advisory Council on Historic Preservation
Department of Agriculture

Department of the Army

Department of Commerce A
National Oceanic and Atmospheric Admistration -
Department of Energy .
Department of Health, Education, and Welfare

Department of Housing and Urban Development

Department of the Interior

Fish and Wildlife Service

Heritage Conservation and Recreation Service, Pacific Southwest Region
Department of Transportation

Environmental Protection Agency

Federal Energy Regulatory Commission

Federal Maritime Commission |
Water and Power Resources Service

awa e e

STATE AGENCIES

The Business and Transportation Agency of California
The Health and Welfare Agency of California
Office of Planning and Research
The Resources Agency of California !
Department of Fish and Game
Department of Boating and Waterways
Department of Parks and Recreation
“ir Resources Board
Central Valley Regional Water Quality Control Board
San Francisco Bay Conservation and Development Commission
State Lands Commission
State Reclamation Board
Stdate Water Resources Control Board

fsqoctation of Bay Area Governments
Bay Area Air Pollution Control District

COUNTY AGENCIES

Napa Planning Department r
Mapa Public Works Department

Solano Planning Department Department
Solano County Public Works

Solano Irrigation District

Solano County Mosquito Abatement District
Suisun Resource Conservation District




CITY AGENCIES

Benicia Planning Department
Benicia Public Works Department

Dixon Planning Department

Dixon Public Works Department

Fairfield Planning Department

Fairfield Public Works Department
Fairfield-Suisun Sewer District
Fairfield-Suisun Unified School District
Napa Planning Department

Napa Public Works Department

Rio Vista Planning Department

Rio Vista Public Works Department

Suisun City Planning Department

Suisun City Public Works Department
Vacaville Planning Department

Vacaville Public Works Department
Vallejo Planning Department

Vallejo Public Works Department

ENVIRONMENTAL GROUPS

Benicians for Environmental Action

California Native Plant Society - Berkeley
California Natural Areas Coordinating Council - Sonoma
California Tomorrow - San Francisco
California Trout - San Francisco

California Waterfowl Association - Menlo Park
California Wildlife Federation - Davis

Davis Audubon Society

Delta Environmental Advisory Committee
tcology Center - San Francisco

Environmental Defense Fund - Berkeley

Friends of the Earth - San Francisco

Golden Gate Audubon Society - San francisco
League of Women Voters - San Francisco
Napa-Solano Audubon Society - Fairfield
National Resource Defense Council - Palo Alto
Nature Conservancy - San Francisco

Open Space Committee - Fairfield

People for Open Space - San Francisco
Planning and Conservation League - Sacramento
San Francisco Bay Chapter Oceanic Society
Save San Francisco Bay Association

Sierra Club - San Francisco

Sierra Club - Vallejo
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11.0

GLOSSARY

A

AF - acre-foot: a volume of water 1 foot deep and 1 acre in area or

43,560 cubic feet (325,851 gallons). AF/YR: Acre-feet per year.
Alluvium: a deposit of sand, silt, and gravel formed by flowing water.

Anadromous fish: fish which inhabit ocean waters and move into
fresh water to spawn.

Aquifer: a porous, water-bearing geologic formation capable of yielding
an appreciable supply of water.
B

Bay mud: a soil type composed mainly of highly compressible silts
and clays characteristic of marshy areas.

Billowing: a gentle rising and falling such as low rolling hills.

Brackish water: slightly saline; containing from 0.5 to 30 parts per
thousand salinity.

BTU - British thermal unit: the amount of heat required to raise the
temperature of 1 pound of water 1 degree fahrenheit.
¢

cfs - cubic feet per second: a unit of measure of the rate of liquid
flow past a given point equal to one cubic-foot in one second.

Channelijzation: the alteration of a watercourse, generally making it
straighter or deeper, to improve navigation or for flood control.

Coalescent: to unite or merge into a single body, group, or mass.

Conjunctive use: the joint or coordinated use of, in this case, surface
and ground water supplies.

Consolidated: to be made stronger, solid, and firm by compaction.

Corps - U.S. Army Corps of Engineers, San Francisco District.

Culvert: a pipe or channel which crosses under a road, building, or
other structural obstacle.
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Cumulative impact: vrefers to two or more individual effects which,
when considered together, compound or increase the total environmental
impact.

D
Decibel: a unit for measuring the relative "loudness" of sounds.
Desalination: to remove fhe salt from seawater.
Dewater: to remove water (e.g., by pumping).

Diversion: the changing from one course to another (e.g., a waterway
diversion).

Diversity: having variety, various forms or qualities.

Dredge spoils: materials (soil, mud, rock} resulting from digging
within a stream or other water course).

DWR - Department of Water Resources.

£
Ebb: the flowing back of the tide toward the sea; Tow tide.

Effluent: wastewater or other liquid, partially or completely treated,
flowing from a point source.

Emission: something released into the environment (e.g., air pollutant).

Encroachment: displacement beyond desirable or normal limits.

Encumbrance: something that impedes or hampers the function or activity
of.

Entitlement: the leval right to, in this case a water allocation.

Entrainment: to be drawn or carried along or through such as fish being

pulled into the aqueduct.

F

Flood-plain: the low, flat ground surrounding a stream channel subject
to periodic flooding.

oda it
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Forage fish: small fish providing a food source for larger fish and
other animals.

Forebay: a water reservoir, used for temporary storage prior to further
distribution.

Fry: newly hatchec fish.

G
Genera: categories of biological classification ranking between the
broader family and more specific species, marked by common character-
istics.

Gill nets: a net of a specified mesh size which, when stretched across
a stream, traps fish by the gills.

Grab sample: a device for collecting materials and organisms from the
bottom of a watercourse.

Growth inducement: ways in which population growth could be fostered.

ul

Habitat: the place or type of site where a plant or animal naturally
or normally Tives and grows; the place where it is commonly found.

Heterogeneous: consisting of dissimilar ingredients or constituents.

Hummock: a rounded knoll or hillock.

L

Impingement: the collision or trapping of fish or other organisms
against intake screens.

Interim: temporary.

Intermittent streams: flowing in winter and dry during summer.

Introduced vegetation: plants that are not native to an area but are
now occurring there.

Inorganic chemicals: chemicals composed of matter other than plant or
animal material; minerals.




Inversion: an increase in air temperature with an increase of altitude,
instead of the normal decrease.

J
Juvenile: young fish that resemble the adult of the species in appear-
ance but are not sexually mature.

L

Larvae: young fish which are imperfectly developed and differ strongly
in appearance from the adult.

Leach: the flushing of salts from the soil by percolating water through
it.

Liquefaction: the process of making or becoming liquid; earthguake-
induced shaking could transform sandy soils into a 1iquid state.

M

Marsh enhancement: the use of wastewater to either create new marshlands
or to maintain and/or improve existing marshlands.

mg/1 - milligrams per Tliter: a measure of the concentration of a sub-
stance in a liter of liquid.

M&1 - municipal and industrial.

Migratory: characterized by moving, usually periodically, from one
region or climate to another for feeding or breeding.

Mitigation: measures designed to reduce the intensity or extent of an
impact.
0

Organic chemicals: chemicals derived from 1iving organisms, containing
carbon compounds.

Otter trawl: a device towed from the back of a boat used to collect
bottom-dwelling fish.

Qutcrop: a usually underground geological feature that is exposed on
the surface.
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Oxidant: an airborne substance which is formed by a reactiun between
nitrogen oxides and hydrocarbons in the presence of sunlight.
P
Particulate: an airborne particle (e.g., dust).
Per capita: by or for each unit of population.
L Percolation: to filter or pass through, as water through a sand layer.

Perennial: a plant that grows during all seasons of the year.

Permeability: the property or condition of the soil that relates to
the passage of water or air through it.

Plastic: the capacity of a soil to be changed in shape under applied
stress and to retain the impressed shape after removal of the stress.

ppb - parts per billion: a measure of concentration.
ppm - parts per million: a measure of concentration.

Primary impact: direct environmental consequences of a proposed action.

Purveyor: a supplier, usually as a matter of business.
R

Receptor: a receiver (¢.:. building, person) of some effect or event.
Recharge: replenish, refill.

Retrofit: to go back and install devices on or make adjustments to
existing structures.

Riparian: an animal or plant species located along and to some degree
dependent on a watercourse for survival.

S
Safe yield: the amount of water that cruld be derived from a particular
source (reservoir, groundwater, ete.) without endangering future suppliers

or causing other adverse impacts.

Saltwater intrusion: the introduction of seawater into a freshwater
body (surface or underground).
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Saturated zone: an area in which the moisture content is so high that
no more water can be absorbed and retained.

Secondary impact: indirect environmental effects of a proposed action
including the social, economic, and environmental effects that would
result from the additional populaticn growth enabled that proposed
action.

Secondary water transport system: the water conveyance system that
would transport water from a main water system (e.:. North Bay Aqueduct)
to individual contracting agencies (o. .., City of fairfield).

Sedimentation: the process of depositing materials from a liguid,
especialiy in bodies of water when the velocity is reduced.

Seine: a large net with sinkers on one edge and floats on the other

used vertically to enclose fish when its ends are brought together or
drawn ashore.

Seismicity: subject to or caused by an earthquake or ground shaking.

Shrink-swell potential: the relative change in volume of soil material
to be expected with changes in moisture content.

Subsidence: to sink or fall or to flatten out so as to form a depres-
sion.

Surge tank (tower): a structure used to hold water on a temporary basis
in order to equalize the rate of flow through a transport system.

SWP - State Water Project.

T

TDS - total dissolved solids: a quantitative measure of the residual
of minerals dissolved in water that remain after evaporation of a
soTution. Usually expressed as ppm or mg/].

U

Unincorporated area: areas that are not included within nfficial
boundaries of a city and remain under county jurisdiction.

Urbanized area: a central city or a group of contiguous cities with
a 1970 population of 50,000 or more, together with adjacent densely
populated areas having a populaticn density of at least 1,000 person-
per square mile,
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v

Vernal pools: are small depressions in the ground which fill with
water during the winter and gradually dry up in the spring and
summer.

W

Wastewater: spent or used water from every source, municipal,
industrial, and agricultural.

Wastewater reclamation: wuse of treated wastewater {(e.;. industrial
cooling water, agriculturaj irrigation) instead of directly dis-
posing of it.
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12.0 LIST OF PREPARERS
Role in
Name Discipline Experience Preparing ES
DEPARTMENT OF
WATER RESOURCES
Edward E. Whisman Environmental 5 years Project Manager
Documentation
Robert D. Grow Resources 4 years Contributor/Editor
Planning
Richard Soehren Environmental 2 years Contributor
Planning
CORPS QF ENGINEERS,
‘SAN FRANCISCO DISTRICT
Rod Chishalm Environmental 10 years, Federal Review
Planning Environmental
Branch, San
Francisco
District, COE
Barney Opton Environmental 6 years, Federal Coordination
Planning Environmental and Review
Branch, San
Francisco
District, COE
Scott Miner Environmental 2 years, Federal Review
Planning Environmental
Branch, San
Francisco
District, COE
MADRONE ASSOCIATES
Nona B. Dennis Environmental 8 years Principal-in-Charge
Planning
Gary QOates Environmental 4 years Project Director
Planning
Terri A. Nevins Environmental 2 years Assistant Project
Planning Director
Diane L. Renshaw Wildlife Ecology 7 years Consulting Specialist
J. Michael Lyons Aquatic Biology 4 years Research Assistant
Yuki Kawaguchi Geography/ 9 years Cartography and
Cartography Graphics Production
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Name

ENVIRONMENTAL SCIENCE
ASSOCIATES*

Charles Bennett

Michael Rice

Michael 0'Connor

Georgia Marino

Discipline

Water Resources
Engineering

Urban Planning
Transportation
and Energy:
Planning

Geology

CAMP, DRESSER AND McKEE,

INC./WATER RESOQURCES
ENGINEERS, INC.*
Larry Davis

Wayne Harvey

Henry Boucher

DAVID CHAVEZ AND
ASSOCIATES*

David Chavez

GRIGGS AND WHITLOW

F. Thomas Griggs

Thomas H. Whitlow

Environmental
Engineering

Water Resources
Analysis

Environmental
Planning

Archaeology/
Anthropology

Botany/Plant
Ecology

Plant Ecology

*Firm associated with Madrone Associates
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Experience

12

13

10

12

years

years

years

years

years

years

years

years

years

years

Role in
Preparing ES

Principal-in-Charge,
Technical Review

Project Manager

Research Assistant

Research Assistant

Principal-in-Charge

Project Manager,
Hydraulic Modeling

Associate

Consulting Archaeologist

Consultant

Consultant
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1.

2.

APPENDIX A

ASSUMPTIONS AND 1HFORMATICM SOUSRCES

WATER _CONSERVATION PROGRAM - NAPA AND SCLANO COULTIES

1980 populaticn figures are E-150 projections (as revised Jdanuary 1080)
California Dezariment of Finance.

2000 pcpulaticn figures are E-150 projections, California Degartment of
Finance.

Household projecticns for 1980 and 2000 are from Provisicn:l Housechiold
Projections of California Counties to 2000, California Department of Finmnce
Report 77 P-2, December 19277.

Energy Cost and Censurpticn

1.
2.

An cil price of $35.00 per barrel has been used.

Fnergy consunption calculzted at the rete of 32.2 barrels of o0il to raise
the tenperature of one acre-foot of water from 60 desrees ¥ to 102 dorreon T
(DWF Bulletin 191, Appendix A).

Urban V. ter Demzand

1.

2.

1980 demand is itaken rom Water Action Plan for the Soutnwest Saeramenio
Valley Service rrea, Prozress Report, California Departmont of Water Doccare:
July 1978.

2000 urban derand is taken from Vater Action Plan for the Southwest Sacros-mito
Valley Service irea, California Departmoent of Vater Rescurces, July 1950
reduced by OWC calculaticn of mancatory conservation savirgs for toilet,

shower, and faucet.

County 1980 Demand 2000 Raw 2000 fdjusted
Solano 59,200 af 87,800 af 84,500 af

Napa 23,200 af 34,000 afr 33,000 af

I g im




Sopital Boovery larlors

Y Calculi:ticn of yearly cozts was based on the following capitsl rcecovery
formula:
i(t + l;)n_
(1 + 1)

Wiere 1 = interest rale, n = payback period in years.

= CRr

Formala from Princizles of thzineerins Econciry by Crant, Copyrisht 1920,

“terest rate used was 7.126%.

t 1ee Pistribution

iteul~tions based upon 1.5 showers, 1.5 toilets per housechold.
Livticn rate of existing housing, 1980-2000, assured to be 6% (frem
Southson California Association of Governments).
st of kit is $.85 ($.60 + $.25 for additional bag and extra shover figu
restrictor). '
I, Kit installation rate = 40% for bags, 10% for shower restriciors.
5. Daily reduction in shower hot water use, kit or installaticn, is 12 gzllons

por person.

{. Rag installation saves .69 gallons/flush.

7. Dam installation saves 1.65 gallens/flush.

8. Fauce'. restrictors cost $1.71 each, and averazse 2.5 per houschold.

G. A freoinstallation prosram would retrofit 75% of the showers. Of these
retrofitted, 80% would be with restriclors and 20% would be showerheads . .
Restrictors cost £.05, not heads $2.00.

10. Toilel use rate is assunad Lo be 5 flushes/person/day.

Punieivel vs. Indist-ial Water Peguirernints

1. Currcnt estimate and fulure projecticn for Solano County taken from Solano !
County Water Project California - A Report on the Feisibility of Water Juipdy
Dovelopment, Preliminary Draft, U.S.D.I1. Bureau of Reclamat on, Septesbor 167,
1979 2000 (Mixed Alternitlive
% Municijal 67% 53%
7 Industrial 33% 7%
2. Urbor water use in Nepa County ascured to be 827 municipal, 18% industrial,

current and 2000,




Lot beteolion wnd Repair

A. Leakase rate of UE tatien from BUR Bulletin 1929,
2. Informaticn on costs, average size of leake, time to cirplete lealk detection
survey taken from EZHUD, as reported in "Publice Works, June 1976, and the

wJournal cof the fmerican Vater VWorks Associaticn", February 1979,

Pressure Eo-ulnticn

1. Reaefits of pressure resulation (b5 savings) ron TWR 103,
2. Costs obiained fros Witts Reruletor Conparny, lavuronce, qocnchunctls,

. \iter prossure dita collected by Julie Pouer, July 157, 1950
J ) b [

City Systen Pressure, bel
Vacaville 30-105
Fairfield SU-65

Napa 30-130
Vallejo 40-135
interior residential is pressure-affected, and C0% of prossurc—alfcetzd vator

is heated (Bulletin 198).

4. Interior residential use assumed to be 6% of total residential, LOT of
c
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AQUEDUCT FACILITIES SCHEMATICS
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FIGURE 1

CROSS SECTION OF PIPELINE DURING CONSTRUCTION

Sources: Dept. of Water Resources, 5-7-75,
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APPENDIX C

HYDRAULIC AND WATER QUALITY SETTING
IN CACHE AND LINDSEY SLOUGHS

Historical water quality and hydraulic data in the vicinity of the
proposed diversion points on Cache Stough, Lindsey Slough and Calhoun Cut
are very limited. However, enough information is available to develop a
general overview of the basic water quality and hydraulic characteristics
of the region.

Cache and Lindsey Sloughs are located north of Rio Vista and west
of Walnut Grove (Figure 1). Cache Slough lies to the east and north of
Hastings Tract while Lindscy Slough lies to the south. These two sloughs
are connected at their upstream ends by Hastings Cut. Lindsey Slough is
extended by Calhoun Cut and Barker Sliough, but is generally considered to
be a deadend waterway. Cache Slough is extended by Haa:z Slough and Ulatis
Creek which drains a major portion of the Solano County watershed area. The
City of Vallejo diverts water for M&I use from Cache Slough and there are
agricultural withdrawals and returns from both Cache and Lindsey Sloughs.

Water Quality Characteristics

Considerable water quality data is available for Cache Slough at
the City of Vallejo intake. This data dates back to the original placement
of the diversion in 1953. MWeekly chloride data are available in the Vallejo
Water Treatment Plant laboratory records from 1953 to the present. Total
dissolved solid (TDS) measurements began in 1975. Monthly (single) grab
sample data for chlorides and TDS are available for Lindsey Slough (above
the Libarty Island Ferry) from 1952-65 (DWR Bulletin No. 65). Additional
samples were collected on an irregular basis until 1969. Occasional grab
sample Jata are also available for Barker Siough, Calhoun Cut, Ulatis Creek,
Haas Slough and other locations on Cache and Lindscy Sloughs. A summary
of the DS and Chloride data available is presented in Table 1 and the
various sample locations are identified in Figure 1.

c-1
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TABLE 1

HISTORICAL SAMPLE LOCATION, DATES AND

AVAILABLE WATER QUALITY DATA

Location Period

EC

TDS CL

(%]

10

Barker Slough 12/28/51
2/23/53

Calhoun Cut 6/10/68
11/15/68

Ulatis Creek 6/2/52
3/23/53

Ulatis Creek 4/17/72
7/13/72
9/6/72
5/14/73
7/24/73
8/27/173
9/24/73
6/24/74
8/22/74
10/24/74
6/10/75

Cache Slough 6/11/54
7/26/54
8/18/54
6/10/68

Cache Slough 1953-1979
1975-1979
(Weekly)

Cache Slough 6/14/54
7/23/54
8/18/54

Haas Slough 6/10/68

Cache Slough 4/28/53
5/14/53
6/16/53
6/10/68

Cache Slough 6/10/68

M X XK X X XX XX X XXX XX XX XX XX

>

XX X X X X X X X

> XX X X X X X X X X X X X X
>x X X X X X X X X X X

P

x X
X X X X X X X x X

|
|
|
|
|




TABLE 1

(Continued)

Location

Period

1

12

13

14

Lindsey Slough

Lindsey Slough
@ Hastings Tract
Ferry

Cache Slough

Cache Slough

10/28/52
9/10/69

6/14/54
10/20/54
12/2/54
1/21/55
3/10/55
5/5/55
6/22/55
8/3/55
9/13/55
11/1/55

8/31/60
6/10/63

6/11/54
7/26/54

x

XM X X X X X X X X X X X X

X X X X X X X X X X

XX X X X X X XX X X X X X




oy

Analysis of the data for Cache Slough (at Vallejo intake) and Lindsey
Slough (above Liberty Island Ferry) provides an indication of the general water
quality characteristics in the region. Tables 2 and 3 provide and mean monthly i
TDS and Chloride values for Lindsecy Slough and Cache Slough, respectively, over i
the selected periods of record. Figure 2 presents the yearly average TDS and :
Chloride data for each location and Figure 3 presents ihe monthly average data
for each period of record at each location. As suggested in Figure 2, the
chloride concentrations in Cache Slough show a generally linear increase over i
the 1960-65 and 1970-76 periods. Since the quality of Sacramento River water
(at Rio Vista) has remained relatively constant over the period, these increases
in Chloride concentration may reflect changes in agricultural practices in the
region over many years. In the 1977-79 period, however, the chloride values
increase significantly. A similar increase is observed in the TDS values
for Cache Slough between 1977 and 1979. A plot of the monthiy TDS values for
each of the years between 1975-79 (Figure 4) indicate a much higher concentration
during the spring months. These higher concentrations probably reflect the
build-up of mineral salts in the soils during the 1976-77 drought period and 1
the subsequent drainage after the return to normal hydrologic conditions in
1978-79. As indicated in Figure 3, the TDS and Chloride concentrations are, [
generally, higher during the spring runoff period and decrease during the
summer months when better quality Sacramento River water is being drawn into
the upper reaches of the Slough.

A complete analysis of the water at the City of Vallejo intake was
conducted in September 1973. The results of the analyses are presented in
Table 4.

The water quality data for Lindsey Slough (1953-65) appears to be of
slightly better quality than found for Cache Slough. The plot of the yearly
average chloride values (Figure 2) indicates a Tess rapid rate of increase
in concentration over the same 1360-65 period than observed in Cache Slough.

The TDS values, although variable from year to year, also show a relatively
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TDS/CL - CACHE AND LINDSEY SLOUGH '
YEARLY AVERAGES

(maqgr1)

TDS-Cache Slough

whun =

CHLORINES

TDS-Lindsey Slough

5 150

50 C1-Cache Slough 100

C1-Cache Slough

C1-Lindsey Slough

1 1 | 1 1
1955 1960 1965 1970 1975

Figure 2 - Yearly average TOS and Chloride data for Lindsey Slough (1953-65)
and Cache Slough (1960-65 and 1970-79)
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Figure 3 - Monthly averaged TDS and chloride
data for Lindsey Slough (1953-65)
and Cache Slough (1960-65 and 1970-79)
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TABLE 4 - CACHE SLOUGH WATER QUALITY (SEPTEMBER 1979)

Parameter Units Cache Slough A
Alkalinity - Tot. mgCaC03/] 110
Bicarbonate mgCaCO3/] 110
Carbonate mgCaC03/] 0
Hydroxide mgCaCOB/] 0
Total Organic Carbon mg/ 1 7
Nitrate mgN/ 1 0.7
mg/1 < 0.1
Sulfate mg/1 24
Surfacants (MBAS) mg/ 1 < 0.07
Silica Reactive mg/1 7.3
Arsenic mg/1 0.006
Barium mg/ 1 < 0.1 {
Cadmium mg/ 1 < 0.005
Chromium mg/ 1 0.01
Copper mg/ 1 0.02
Iron mg/ 1 2.1
Lead mg/ 1 < 0.03
Manganese mg/1 0.1
Mercury 1g/1 <1
Potassium mg/ 1 2.1 ,
Selenium mg/1 < 0.005 :
Silver mg/ 1 < 0.02 ’
Sodium mg/1 22
Zinc mg/ 1 < 0.006
2,4-D ppb 0.2
2,4,5-TP ppb < 0.01
Endrin ppb < 0.01
Lindane ppb < 0.0
Methoxychlor ppb < 0.1
TICH ppb < 0.1
Toxaphene ppb < 0.1
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Figure 4 - Monthly averaged TDS data
for Cache Slough {1975-79)
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constant concentration level over the total period. Seasonal variations
(Figure 3) indicate the highest TDS and Chloride concentrations occur
during the winter and spring months when precipitation and runoff are at
peak levels.

In 1967, the Delta-Suisun Bay Pollution Investigation (DWR Bulletin
No. 123) noted the mineral concentrations in Lindsey Slough are higher than
the Sacramento River (at Rio Vista) because of poor quality groundwater
seepage and irrigation return flows. A poor circulation pattern also
contributes to the higher TDS and Chloride concentrations found in Lindsey
Slough. In addition, the study indicated minimal hourly and daily fluctuations
were observed in the TDS concentrations, therefore, the tidal excursions
had 1ittle immediate effect on the quality of the water in Lindsey Slough.

Spatial variations can be evaluated using the data collected on the
same day (June 10, 1968) at several locations in the region (Table 5). As
suggested in the Table, the Chloride and estimated TDS concentrations increase
as the sample stations move upstream. For example, samples collected from
Cache Slough (above Liberty Island) show Chloride and estimated TDS concen-
trations of 14 and 166 mg/1, respectively. On the other hand, the upstream
concentrations for Chlorides and estimated TDS were 29 mg/1 and 225 mg/1,
respectively, for Calhoun Cut and for Cache Slough (at Maine Prairie) 21 mg/)
and 217 mg/1, respectively. These observations are confirmed by three measure-
ments collected on October 1, 1979. The first measurement on Lindsey Slough
(one mile above the Liberty Island Ferry) gave an estimated TDS concentration
of 156 mg/1. The second measurement (2.8 miles above the Liberty Island Ferry)
gave 164 mg/1 and the third sample (5.2 miles above Liberty Island Ferry)
measured 178 mg/1. Therefore, assuming negligible tidal effects, the water
quality decrease in an upstream direction. These results appear reasonabie
considering the limited mixing and circulation occurring in the upstream
areas and the combined effects of irrigation return flows and evaporation on
the local mineral concentrations.




TABLE 5

GRAB SAMPLE EC, CHLORIDE AND TDS DATA FOR
VARIOUS STATIONS COLLECTED ON JUNE 10, 1968

Station

No.! Location EC CL TDS?

F 2 Calhoun Cut 395 29 225
5 Cache S1. @ Maine Prairie 362 21 217

6 Cache S1. @ Vallejo P.P. 305 17 201

3 Haas S1. 265 16 181

9 Cache S1. Below Haas S1. 260 16 178

10 Cache S1. Above Shag S1. 208 15 177

11 Lindsey S1. 270 16 184

13 Cache S1. Above Liberty Is. 238 14 166

IRefer to Figure 1

“Estimated EC 0-300 .55EC + 35
300-5100 .267EC + 120

Source: DWR
Cache Slough Vallejo Intake

The temporal and spatial variations observed in the available water
quality data indicate the following general conclusions:

1. The water quality in Lindsey Slough may be slightly better
than Cache Slough on a yearly average basis.

2. The water quality in Cache Slough may be decreasing at a

more rapid rate than Lindsey Slough due to seasonal
irrigation return flow and runoff conditions.

LA
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Water quality in both Lindsey and Cache Sloughs decrease
during the winter and spring month when seasonal precip-
itation and runoff are highest.

The water quality in the region appears to have been
affected by the 1976-77 drought period as reflected by
the higher TDS and chloride concentrations found in
Cache Slough.

The water quality in both Lindsey and Cache Sioughs
decrease in an upstream direction reflecting the lack
of mixing and circulation and the accumulation of
mineral salts due to agricultural return flows and
evaporation.

Tidal fluctuations appear to have no immediate effects
on TDS and Chloride concentrations.
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Hydraulic Characteristics

Very little hydraulic data is available for Lindscy or Cache Sloughs.
Although Timited tidal height data is available, channel flows and velocities
have not been measured on a reguiar basis. A dye release study was conducted
in Lindsey Slough during the summer of 1963 (DWR Bulletin 123) that indicated
a slow but steady upstream movement of water due to agricultural withdrawals
and domestic usage. Periodic diversions at the upper end of Lindsey Slough
were estimated te range from 1 to 10 cfs. Agricultural returns were estimated
to be 1 to 6 cfs. The results of numerical model runs conducted by DWR (Figures
5 and 6) indicate maximum simulated flood and ebb flows of, approximately, 2500
to 2200 cfs, respectively, for "normal" mid-summer hydrologic conditions
(Figure 5). Under low flow, mid-summer hydrologic conditions, the model
simulates maximum flood and ebb flows of, approximately, 2450 to 2100 cfs
respectively. Integration of the flood and ebb flow rates over time provides
an estimate of the average flow for each period. As indicated in Table 6, the
total (time averaged) ebb and flood flows in Lindsey Siough are 1798 cfs and
2374 cfs, respectively, for low flow, mid-summer hydrologic conditions. This
cives a net flood flow of 576 cfs during the tide cycle. The total (time
averaged) ebb and flood flows for "normal" hydrologic conditions are 3343 cfs
and 4223 cfs, respectively, giving a net flood flow of 447 cfs. The higher net
flood flow estimated for the low flow hydrologic condition are, most likely,
due to higher agricultural usage rates, evaporation and seepage to groundwater.
It should be noted that, although the simulated flows seem reasonable, the
model has not been calibrated in this regisn, therefore, the results should be
considered as estimates only.

Cache Slough is fed by seasonal flows from Ulatis Creek, therefore,
the hydraulic characteristics would be expected to be slightly different
from those found in Lindsey Slough. The results of the numerical model
simulations are presented in Figures 5 and 6. The maximum simulated
flood and ebb flows for the "normal" hydrologic conditions (Figure 5)

are 4700 cfs and 3800 cfs, respectively. Under low-flow hydrologic
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TABLE 6
TIME AVERAGED FLOWS FOR CACHE AND LINDSAY SLOUGHS

Flood Time Ebb Tide Net Flow
Time Flow Time Flow Ebb-Flood
(hrs) (cfs) (hrs) (cfs) (cfs)
Low Flow Hydrologic Conditions
Lindsey Slough 5.4 1074 8.5 870 -204
6.0 1300 5.1 928 -372
Total 2374 1798 -576
Cache Slough 5.4 2092 8.5 1565 -527
6.1 2131 5.0 1780 -351
Total 4223 3345 -878
"Normal" Hydrologic Conditions
Lindscy Slough 5.1 1171 8.6 985 -186
5.9 1254 5.4 993 -261
Total 2425 1978 -447
Cache Slough 5.3 1887 8.8 1713 -174
5.5 2255 5.4 1722 -533
Total 4142 3435 -707




conditions, the simulated maximum flood and ebb flows are 4800 cfs and 3600
cfs, respectively. The total integrated flood and ebb flow rates for Cache
Slough are 4223 cfs and 3345 cfs, respectively for the low flow hydrologic
conditions and 4142 cfs and 3435 cfs, respectively, for "normal" hydrologic
conditions. The net (flood) flows are 878 cfs and 707 cfs, respectively,
for the low flow and "normal" hydrologic conditions. As observed in Lindsay
STough, the simulated net flows in Cache Slough for the low-flow hydrologic
conditions are slightly greater than found for the "normal" conditions.

On November 27-28, 1979, the Department of Water Resources conducted
a flow measurement study in Cache Slough over a complete tide cycle. The
integrated flood and ebb flows over the period were 735 cfs and 853 cfs,
resnectively, giving a net ebb flow of 118 cfs. The net ebb flow indicates
a net downstream movement of the water mass for this tidal period.

Based on the available data, it is difficult to generate specific
conclusions about the hydrologic characteristics of Cache and Lindsey Sloughs.
However, several general observations can be made from the information that
is available.

1. The general hydraulic characteristics of Lindsey Slough are
slightly different from Cache Slough during the periods of s
heavy precipitation and runoff due to the runoff flows from
Ulatis Creek into Cache Slough. However, during periods when

Ulatis Creek is dry, both sloughs are essentially deadend water t
channels. 1

2. Flood and ebb flows in Lindsey Slough are slightly smaller
than Cache Slough. The difference in flow rates probably
reflects variations in agricultural and domestic usage,
evaporation and groundwater seepage.




—~

!!

During peak usage periods, the net flow in both channels is
upstream indicating losses to agricultural withdrawals, evapor-
ation and seepage. However, during periods of precipitation
and runoff, the net flows are in a downstream direction.

The difference in the flow rates between "normal" and low flow
hydrologic conditions are relatively small suggesting that the
hydraulic characteristics during these periods are similar for

both normal and low flow hydrologic conditions. Greater variations
in the hydraulic characteristics would be expected to occur between
periods of "normal" precipitation and runoff and the low flow
hydrologic conditions.
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Ao HRackpround

Retween April and June of 19773, the authors investigated and described
the flora and vegetation along the proposcd alignment for the North Bay Aque-
ducl Petween Calrioun Cut and Denverton Creek in Jolano County. Tne results
of tnis study were reported to the Departmant of Water Resources on July 7, 1379
(4 Floristic ani Vegetation Survey of the Proposed North Bay Aqueduct).
Sutsejuent to this study, several alternative aliymments were selected in an
ffort to reduce the lmpacts on vernad yools and the area unofficially known
as the Jepoon rrairie. fUne current study examines the flora and vegetaiion of

two alternative routes for the aqueduct.

Furpose

This interim reyort provides preliminary information about the occurence
of vernal pools and rare plant species known to occur in the general vicinity
of the proposed alignments, This information is being made available now to
aid in th~ preparation of the Draft Environmental Impact Report. The study
is being conducied in two phases. The first phase focuses on early blooming
plant species while the second phase will deal with summer blooming species.
Beacause the current study will not be comjleted until July, 1930, the interim
report is necessarily ircomplele. he final report will include =pecies list-,
maps and analyses which are not incluled here,

Ther~ are three goals of this study: 1) To locate populations of spring
blooming plants which are designated as dare, Endangered, or Candidate species
by the U.3, Fish end Wildlife Serivece in accordance with the Rare and Endangered

Speciez fct of 1375, 4he species of concern are: Downingi=z humilis, Lastheni-
p ! £ '

conjuma:s and Legenere limosa. 2) To locate areas shere the proyoszd alignwertis

cross vernal pools. 3) To locate areas where native perennial plants occur
in the grasslands along the alignmentis. The presence of native perennial plants

iniicate: a relatively low amount of disturbance of the native vegetation,

R. DMethods and Ylindings

tn initial reconuaissance of bolh proposed routes was conducted by car
on April 4, 1980, Arear of relatively undinturbed native vegetation were lo-
catod at all points wnere vehiecular accens was possible,  On April 14, 1960,

tuth routes were inspected vy helicepter to locate natural vegetation which

{
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V45 missed by the car reconnaissance, Areas where trespass rights had been
granted by tne owners were targeted for detailed on the ground inspections.

irenas where access wan not granted were not inspected any further,

1) Areas of Natural Veetation “Wnien Were not Inspected

3

Crly one arens was not ground chieckel due to lack of trespass permission
(the north half of the southa2asiern guarter of Section 6 of Township 5N,

Tange Tr0. 0 This raveel was found o include vernal pools, as evidenced hy

hyS
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uouc disyplay of Lasthenia spp. The area was
grazed > shrep in April, 1300, Approximaiely 0.4 miles of proposed alignment

troverse tnis area.

?j Area. Insrected on Foot

trens open to trespass were inspected bty following a compass bearing
through cruss-country sections of the alignment., The right-of-way was
assumaed 0 extend arproximately 950 feet to either side of the centerline.
vhere the azlignment parallels Creed Road, the right-of-way was assumed to
extend 00 fest scuth of the fence lin2, parallel to Creed Road.
Cpsoles lists were comriled for each pasture encountered. Iastures

nere ideniified by fence linz2s and were assumed fo represent areas of uniform

nol censuses w2re condycled for each pasture using the following

e

=) iools had %o be within the 100 foot right-of-way.
) Pouls had to be reasonadly natural and intact. For example, a man-
made diten with several vernal pool species growing in it would not
be counted.
¢) At least four vermal 100l species had to be contained within an area
ir order to be counted as a pool,
&Y & pnol had to e a continanus unit, An amoeboid drainage would be
counted as one pool rather inan many,.
e) A tool had to b~ relatively large, i.e., greater than 200 feet? in
surface area.
Thece criteria are stringent and exclude small, disturbed, and depauperate

roole. 7The number of pools rerorted should be regarded as a minimum,
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Synorsis of Site [nspections

a) Aligament: lNorthern *

location: Sections 2,3 and the Sk 1 of Section 4, Township SN,
Range 1k,

Distance: 2.8 miles

Date Inspected: April 16, 1580

Rare speciesa: None encountered

Grassland perennials: ¥ew and =scattered

Vernal pools: 57, including one large hogwallow

Numb=r of pastures: 4

Grazins:  All pastures grazed by sheep

Comments: Includes some alkaline sinks at west end; grazing reduces

the visibility of the vernal pools, but they are well defined.

b) Alignment: Southern
Location: N 1 of Sections 34, 35 and 36, Township SN, Range 1W
Distance: 2.4 miles
Date Inspected: April 27, 19860
dare species:  hone encountered
Grossland perennials:  Convolvulus sr.; none in flower, nmay b2 introiuvced;
brodiaea coronaria found
Number of pastures: -4
Grazing: 3 pastures by cattle, 1 pasture by sheep
Comments: Generally heavily graz2d early in season, low cover in the

grassland, vernal pools heavily trampled.

¢ Alipument: Louthorn
location: South section line (iarallel to Creed Road) of Sections
24, 26, 27, 26, 79, 30, Township 5N, Range 1k,
Listance: 6 miles
Iate Inspecled: April 27, 1930
P are sprcies:  None encountered
Crassland perennials:  Large stand of Stipa pulchra in Gections %1 an? 37,

scattered viyethia anguatifolia

“Nortnern” Aligmment i. used to describa Lbe route freom Cache Slourn, bypassing

Travie hir Foree Buues on the north side,




Vernal pools: Several shallow pools and well-developed hogwallows
Lumber of pastures: 10
Grazing: Much of the area apparently ungrazed this season

Commants: - N& . of Section 33 fresnly dished

- Nn ; of Section 37 sreded to barley

- nr ., of Section 34 las well expressed hogwallows

- Section 30 seeded to oats

i - Marsh hatitat where Denvorton Creek crovoes Creed Hoad.

N

Slimwmont: Southera

Iocation: The Fetzrson Ranch, Section 28 and the south ! of Sections

L

29 and 33, Township Sk, lLange 2ke
Tistance: 2.0 miles
Tate Insjpected: Xay 2, 1980

l.are species: None encountered

Giressland pevennials:  Scattered Stipa pulchra
vernal pool.o: well-defined nogwallows in the 3W } of Section 29 and
N 1 of Section 32
asiur=s: Apyroximately 4
Grasing: all pastur2s grazed this season
c=entos Lindsey Dlougn nzs well-developed riparian zare, including

interiida] stands of Scirpus californicus (California tulc).

Sur.nerizing, wnile none of the recogmized rare and endangered plantis were
found, vemal ponls were encountered along both the northern and southern align-
monts,  Too degree of disturtance was far less along the northern route, and the
numbhes of w01l-deinad vernal pools was greater. With the exception of the Stira
grasslini in Sections 71 ani 732 ant the hogwallows in Section 34, the southern

route o csos highly disturbed vegetation which is inferior as natural vegeta-

ticn to tezt found on thie norihiern route,
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INTHODUCTTON

This is the <ccond and final report to the California licpartment
of Water Resources regarding the habitat and possible occurrence of rare
and endangered plant and animal species along two proposed alignments
for the North Bay Aqueduct, The Interim Report submitted in May 1980,
describes the occurrence of vernal pools and perennial grasslands alons:
the alignments. This report focuses on the habitat requirenents of 17
listed and candidate specics recognized by the U,0, Fish and wildlife
Jervice under the Undangered Upecien sct of 19735, L florictis chenk=

list of the plants occurring along the alirmments is alrco inceluded,

FETHODS

The spring floristic reconnaissance was conducted along hoth
aliFmments in April and ¥Fay 1980 (ice interim ieport), subcoequent
visits to specific locations were made in June, Jeptembrer, and Ceotober
1930 to locate plant upecies nol conapicuous during the opring season,

To ascertain the habitat requiremonte of rave speciec, vopropriate

tor.-

literature was collected and knowledgeable selenticts and adainicten
were contacted. Juitable habitat for the three rare anismale wan identi-
fied on the baucis of information obtained from thece =ource:s .,

Trapping or deliberate hunting for the animal specice (o beostle,
snake, and mouse) was not deemed approyriate for determinine prohable
occurrence, ospecies occurrence fluctuates over time, wheren: hahitat
remiing more constant., Ry focuring: on habitat, it is pocsible to state
whether suitable arcas occur or do not occure  In contrast, foo  ing on
individuals (i.e., by hunting for them) provides relisr™le information

only if the cpecies is caught,

FIHOTHGS A THPACTS

The following discussion describer the probable occurrence of 172
rare rpecies along the aligmments and the likely impaet of the jroject

on the:se capecicen,
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Plants

Species Mame:  OHCUPTTA MUCHONATA  (Dolano Grass).

Codes CGiRNU

legal Status: Listed Fndangered

Habitat: FKnown to grow only on the dryed summer bed of a vernal lake
southwest of Nozier 34 tion, 5olano County.

Habitat Cccurrence: leither risght of way trancects a vernzl pond or lake

large and deep enough to support this Orcuttia,

Species Name: ABTER CHILENSIS var. LENTUGS (Suisun Aster)

Code: ASCHL

Legal Status: Caniidate

Habitat: WBrackish marshes apound Suisun Bay and inland a shert dictance
along the Uacramento Piver,

Habitat Ocecurrence: Tio only point where the southern right of way
transects brackish march is southeast of Cordelin, 5 cite
visit on 12 June 1280 revealed no ASCHI prowing alongs tas rifFat
of way. This portion of the marsh has been altered by leves
and road construction for farming and hunt clubs,

The nearest collection of ALCHL to the figh’ of way is recorded

as south of Huisun City.

Species Mame: CIRGTUM MNYDROPHILUM sepe HYDROIODTLUL (Suizan Thictde)

Codes CIHYH

Legal Status:  Candidate

Habitat: Brackish marshes around JSuisun Bay

Habitat Occurrence: The marshes southeast of Cordelia are the only
habitat along the csouthern right of way likely to cupport

C1HYH, However, the right of way crosuses through an area previously

disturbed by road and levee construction, o CTHYH was tound alone

the right of way southeart of tordelia. The nearcat collection of C1IYH

to the right of way i: couth of Duinun City near Peytonia loush,
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Species Mame: OO LYLSIPHIL DeLLLG rope FOLLIS (Goft birdo=hedd)

Codes CULKU

legal Gtatus:  Cantidnte Threatened

Habitats: Oult marshes aromnd the north portion of Jan rancisco Bay.

liabitat Occurrence: ‘The marshes southeast of “ordelic are closent to
the likely habitat of CONOM. lHowever the portion traversed
by the right of way 1is heavily disturbed and CONMOI was not
observed. The nearest collectlion site is reported only as

'oouth of Guisun City'.

Jpecies Name: CONDYLAUTHUG MOLLIS sspe MISEINNG (Hispid birda=heak)
Code: COUOHU

legal Utatus: Candidate Threatened

Habitats:s Alkaline coil in grassland

Habitat Occurrence: One extant population of CCMOH prows ot the pead -f
bWenverton Creck alone the southeasnt shoreline of the vernal 1use
'

in the 0 of Jection 29 1510 w1v, The couth r ight of way o

less than 169 feet from tnis population, acrose lrecd Hoaoed to e
~outh. lHowever, the plant 2ould not be found along the righe

of way. Aqueduct construection within the proposed richt of woy
south of Creed Roartd would likely not impact uvon CGHGHE,  liowever,

~heuld the vornad Inke basin be dammed and the water level paiood

above netural levelay the COUOH may be adverseiy affected,

species Hames  LASTERIIA S0pbGR (Contra Consta baeria)

fodes LAY

leegn] Statns: Candidate endangered

Habitat: Vernal pools of Jolano and Jontra Closta Daunties

Vabitat Cecurrences  Oimmifieant arcas of vernal pools are traveroed
Lrothie two rignt of ways ('.'m- dicenncion in interim ?1(‘1-()r?,).
Fovever, iltgent cearenh for LAC0O=4 conld fing none along the
rigtt of waye. OGollection cites near the right of way ineludes

talong twye 1oy O miles east of Vairfield = this ity in leon

%

than b ndle conth of the conthern right of vays 2 wiles norts of

Yanden station ~ less than one nile north of the noctbern riend

of way, althoush macn of thic area bas oeen plowed receontiy,
Yo .
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Crecies Chimes  LATETIEC L it ey st (e L=y c)
les [ IEARAEA)
Lol Utatusy chaedictbte ndnmpered
: ibitats  Brackich warcheo, uican and an bablo loys
abitat Uceurrence:  Cnly the mrshen conthesst of rde by ofbe 0 s
, habitat, The richt of way crotges the meash Qo an areo careo
! heavily disturbed by roads and levees, o LAIR) woas ob vrven
along the right of way. The nearent collection of *fre 00
to the right of way ic south of Juloun ity newre ety 0 .
fi Specien Dnwes LGSR LIGUA (iemnere)
todes LHLI
f Tl Statune andidate endarygwrea
1 ibitat:  Vernal pools of the Central Yalley; rarely colleated, 4 poeed
of LELT was otulicod ot the Betany bept, lerbarioe, 000 ovio,
ithiatat Occurrences:s  1LiLl wae nob coer dn oy o the vernsl po b0 el
the right of way, e neorest collection to bae ricct 8w
i from Calhionn b b the Parg 115 oridue,
Srecies Vare:  LITARMCLTS Parodtl (Caconts Tilaeopsic)
oeles LINASS
el Ottt Sndidate endbmereren i
ratibats Breackish omee oo and Clete cronmd Cudoun Bay oot dolan b oalon '
the cerapento Yiver for o chorf dictanee, :
Wittt Geeurrences  tnly the marches coutheact of dlorde fia et ’
potential Lobitat,  anover, bhe cortion dryerse e b e rioe
Afwes b been coverely gy tarned by Tevee it opoct oo fracty {
e moeare: borolleevion of 1A Lo the rignt of i AR AN l‘[
af Cadonn ity e e Doy tenia o, l
cnfen Cunes CHOUTAVETA COLHGASA (e hyea i)
e fes Uit
| IREELS R I N AP R andidate endangnored
ittt The dried swaeer bed of Lo vernal ol on e .
bttt feenpren e S verno b et Gf g e et Lo P s
ey b pien o ey iy e b ot o ! :

in thee wornal dowe conbhwe st of ey bt o0
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Cpeedea Cares Tersc s crear iy (Syo-fark elover)

Codes AT

el Ctatacs Condicate envinneored

Hahitat: lLow marchy arceas In grascland,

Habitat Occurrence: ifossibly at marchy arcas near Lindoey Slourh or
henverton Creek, althoush THAWM was not found along the rignt

of way. The nearect collection is reported as from lmira,

several miles north of the northern right of way,

Cpecies MHames  DOTUGLA MUTLES (belta downineia)

floder  DHOLY

Legal Status:  Candidate

Habitat: well developed (deep) vernal pooln,

Habitat (ceurrence:  Jhiile many arcas of vernal pools tire crosoed by the
right of wayc, 07U war not found alone the visit of wayo,
The nearect bknown colleetion cites are frow tie ciore of {he
vornal 1ako ronthweat of bBozier tation and from vernal pool.

arount toe bead of Calbioun tat, ene o omiile porth of Crecd Tlond,

snloals

Species lames  THAIGEING coticnT Gicas (Giant garter snake)

Codes  THOOS

Lesal Dtotus: Candidate

Habitats This ic one of the moct quatic of all farter wnoion, found
only in areos of periancnt fresh wnter (slowesns ane moagcnes),

Matitat Geeurrence:  The only areas with permanent fresh water ore at
the eact ond of each right of wav: Lindecy Slonch mued Oache
Slourhe (T marctes contheant of Cordelic are not suitable
sines they contain brackich or calty wator),  Inctdlation
and operation of punping stations at «ither Lirdeoer lous.
or Cache Sloush wonld likely have minimel impaet on thic onale

sinee the clourth would not bLie alteraod,
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Species Lones R TOE R BT AL e (i b e e sy 4
odes D! 3
Peridl Otatuce Listed endangered
Tabibats Caltemarches cupperling s ocontivuers ool of Carieerain (e |
Tabitat Oeccurrences  The marcher conthoast of  Lordelis are oy 4 , :
Riiiklle Indeed, Ficler (1905) roporte Cordelia oo a collecting q:
site for 2e2kH,  lHowever, tne right of way throwth the vorsh i
trancects severcly altered terrain (leveos and ronic), T
is no Calicornia along or near the rictt o v, ne=r bt
north of the ricbht of way and drgiedictely portt of Lre poile
betl iu o Jalicorni march,  Thic rav b e ~clleetion o Do 1
Lo by Vinlere dince sira-il be fownd onpdy oo conbieion e
march, the likelihood io rerote of fiorins o RN J
right of way. E
Sreelews Pames KLAPHERUS VIRIDIS (ot Sreen e et )
‘oter A 1
Fepmnl Statuss draponed Loreatere d
dabitats e aelta sreen prourd beetbe cpbabite the ook ot i
bordering: tvwo Teree vornool Lo s o o Tt o e
coarch Yadled b toeore st ool i ! Coor
(Andvows 107 ),
dabitat Ceenrroreos b it o o g el i e b .
il e | . P ot . :
nt hoen preesaredy o o e i
el thie coutbl rochit o L t ‘
|
ri;ht oor woen, ‘
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SO LUSTORHS

ilone of the 19 plant specien convidered in this investirmtion were
found on either of th rij-ht of wave., Bolh alimuents traverse hanitad

cuitable for iastnenia conduyronst and the southern right of way comen

within 100 feet of a known population of tcriyianthms mollisc var, Lirpiwus,

Juitable habitat for the other species of plants i not eclowe enouch

to the alifmments to warranmt any npecial conclderation duriny con~iruction,
Of the animal apecies, no suitabhle -alteceech hablitad exdofe alonge

the aliyuents for the salt-—nroh borveod vousr,  Tablitad Tor bie o

sreen sround beatle hos teen preecisely delineated by recent invesntipsation

and 1o not crooced by cithier aliymment,  The glant garter onnre renuires

permanent frect water,  The only pocsible sites satifying tihis requirerent

PR

cecurs at the intakes ot {indoey and “ache Slowrhs,  'nless the eoncipuction

and operation of the ~aoueinect affects the perenniality of ticce voder

{

hodlen, the habitat would probhably not he affected,

‘ndrews, ~J0. 1974, linpubliched revort on the status of “lovhres vir! o,
california iept, of “ood and Apgriculture, ‘acramento,

Cioler, Geeorge B, 1905, Mdanlation and rpeciestion in the parves?t miee
of the warches of Jw Jeaneiceco frer, imiv,e of 0lif, tub. in
S00iopT, Yol

e Y A A I
of “alifarnioe Cpeesad imne Voo U (onn edition), mliforrin Ui
Plont Cociety, “orkeley,

————— Jtatus rveport on the eiont enrtor mve (e oy it et
"'irm:‘). califorain nente of 2on caw Dame, Crom the filees of tie
alife tural Livercity ota dacoe,

of e o]l immangore  Vneaadar s ante
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‘ SUMMARY

In late July/early August 1980, a Cultural Resources Ivalu-
ation was accomplished for the North Bay Aqueduct Projcct
Alignment Alternatives (Routes 1, 4 and 6). The resources
evaluation consisted of archival review, personal contact
with local archacologists and Native Americans, and complete
archaeological field surveys of the three alternative routes,
It was determined that the overall project area is rich in
both prehistoric and historic cultural history and that
numerous cultural resources are located throughout the
rogion.

The cultural resources investigations resulted in the detec-
tion of three resources which are located within alignment
corridors. The resources are us follows:

A prehistoric archaeological site (CA-Sol-268), which
is situated within the alignment section common to all
three alternative routes, located west of Initerstate
80.

An historic fecature, identified as a late 19Lh century
stone fence, which is also situated within the align-
ment section common to the three routes, west of Inter-
state 80,

An historic archaeological site, which is situated
within the alignment section common to Alternative
Routes 4 and 6, located between Interstate 80 and
Suisun City.

It bas been determined that these three cultural resources
arc potentially subject to direct adverse impacts resulting
(rom project implementation. Several alternative courses of
aclion are presented which would constitute acceptabte
mitigation concerning the potential impacts. In all cases,
pres<ervation and protection of the resources is strongly
recommendaoed.,

The preferred project alignment from a cultural resources
perspective would be Route 15 utilization of Route 1 would
potentially impact only two known cultural resources, as
apposed to three resources if Route 4 or 6 is utilized.

NOTI: bue to the confidential nature of some of the informa-
tion contained in this report, scveral scctions (maps,
appendices, ctc.} have been deleted. Uncontrolled
access to specific information concerning the location
of archacological sites could result in damage
{through acts of vandalism and/or illegal excavation)
to these resources.  Qualificd individuals wishing to
review the complete report should contact the State
\irchacological Site Survey Regional Office at the
Sacramento State Hniversity.
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INTRODUCTION

The nature of the project was briefly defined in 1979 as
follows:

The purposce of the proposed North Bay Agqueduct is to
convey California Water Project water from the
Sacramento-San Joaquin Delta overland to the counties
of Napa and Solano. The 1056 cubic feet per second
(cfs) capacity aqueduct would deliver 20,500 acre-~feoeot
of water to Napa County and 36,400 acre-~feet of water
to Solano County (total 566,900 acre-feet) annually for
municipal and industrial use. Various alignments arce
under consideration. All run east to west across
Solano County to a point near Cordelia Junction, where
an existing scegment of the North Bay Aqueduct (Phase
1) begins., This segment, a pipiline, has served the
City of Napa on an interim basis since 1968 with water
obtained from the Federal Solano Project. Final de-
sign of facilities for Phase 11 is not yet firm. All
presently proposed alternatives, however, would requir:
construction of water intake pipes below historic Jow
water and an adjacent pumping plant at liindses Slough
or Cache Slough about 16 miles east of the City of
Fairticld., The water would then be conveyed Lo the
existingeg Cordelia Surge Tank, which is part of the
Phase 1T facilities.  The proposed Travis Pumping Plant
would not be required it only pipelines are used (Corps
of Fngincers, Public Notice, December 3, 1979).

In February 1980, a preliminary Cultural Resources Fvalua-
tion was prepared to determine the relative sensitivity of
the seven project alignments under consideration at that
time, for the horth Bay Aqueduct Project. That phase of the
North Bayv Aqueduct Cultural Resources Investigation consisterd
of o gencral overview of the project area (i.e., literature
revicew: personal o communications with local cultural resour-
cos authorities and organitzations, including Solano County
Native Americans: and some cursory f{ield inspection of the
alternative project locations), The resource data which
resulted trom the preliminary study was utilized to deter-
mine the relative sensitivity of the then considered seven
alternative alitpnment s,

Basoed on various environmental and enginecering factors, the
numbor of considered alipnments was reduced o three; in
July 1980 Madrone Arcociates authovized the concuitant (o
conduct o comprebonsive Caltuaral Besources Evaluation ol the
throe alipgnment altornatives,  The project study areas are
de-faned o Tol bowe

foutc  boronaas b ol study corvidor which i approx-
tate v 30 o mi b in denpth and BO to 90 foct in width
(which nedudes maximun condraction disturbance aren).
Thai alrenment alternative o depicted on Map:ss
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through 5. The waler conveyance system would consist
of a buried pipeline 60" in diameter. Also included in
this route are several supplemental facilities, as
follows:

A pump station to bhe located on a one acre site,
situated at the Cache Slough Intake (Map 1).

A surge tower to be located on a 0.15 acre site,
situated approximately one mile cast of the Union
Creek and Southern Pacific Railroad intersection
on the corridor alignment (Map 2).

A reservoir to be located on a 15 acre site, sit-
uated approximately 0.4 mile northeast of Green
Valley Road and approximately 0.8 mile north of
Cordelia Junction, on the corridor alignment (Map
5).

Route 4 consists of a study corridor which is approx-
imately 28 miles in length and 80 to 90 feet in width
(which includes maximum consiruction disturbance area).
This alignment alternative is depicted on Maps 5, 6, 7.
9 and 10. The water conveyance system would consist of
a buried pipeline, 60" in diameter. Also included in
this route are several supplemental facilities, as
follows:

A pump station to be located on a one acre site,
situated at the Lindsey Slough Intake (Map 6).

A surge tower to be Jocated on a 0.15 acre site,
sjtuated approximately 0.8 mile west of benverton
Creek, on the study corrvidor alignment (Map 7).

A pump station to be located on & one acroe site,
situated approximately 200 fect casi of linion
Creck and 0.6 mile north of Highway 12, on the
corridor alignment (Map 9).

A reservoir to be located on a 15 acre site, «it-
uated approximately 0.4 mile northeast of Greon
Valley Road and approximately 0.8 mile north of
Cordelia Junction, on the corridor alignment (Map
5).

Route 6 paraticels the Route 1 study corridor, with the
Z:xc.o.pti(m of an approximately two mite varviation which
is approximately 100 feet in width (Map 7).  The wator
conveyance system would consist of an open canal frow
[.indsey Slough to a location immediately south of
Travis AFR, folfowed by o buried pipeline (607 dinr.
cter) to a terminal reservoir near Corvdelia.  Supple




! mental facilities for this alignment would include a
f pumping station south of Travis AFB covering approxi-
mately one acre (Map 7).




CULTURAL RESOURCES BACKGROUND

This phase ol the subject evaluation was accomplished by
conducting a detailed review of records, maps and relevant
cultural resources documents which identify and discuss the
resources in the general environs of the project aliygnments.
This archival review was primarily accomplished at the State
Archacological Site Survey/State lHistoric Preservation Re-
ional Office at Sacramento State University. Also, other
nstitutions, libraries and agencies were consulted as re-
quired. In addition to these efforts the National Register
of Historic Places (1979), the California Inventory of His-
toric Resources (1976), the California Inventory of llistoric
Landmarks (1979) and the Central Solano County Cultural Her-
itage Commission Preservation Plan (1977) were consul Led.

An integral aspect of gathering relevant cultural resources
.nformation is the consultation with local Native Americans
concerning sites, features and locations within the study
region which are culturally sensitive. Organizations and
individuals from the Solano County area were consulted re-
garding these matters (see Appendices A and B for details).

These research efforts resulted in the foliowing Cultural
Resources Selting summaries.,

Ethnographic Setting

According to traditional anthropological sources (Kroeber,
1025: Bennyhoff, 1950 and 1977; lohnson, 1978) the general
project setting is within the territory controlled by the
Penutian speaking Patwin peoples. At one time the Patwin
Indians occupied the southern portion of the Sacramento
Hiver Valley to the west of the river, from the present town
ol Princeton south to San Pablo and Suisun Bayvs (Johnson,
1078). Bennyhoff (1977) identifies the group which occu-
pied the study area as the Southern Patwin and places their
castern boundary approximately ten miles west of the Sacra-
mento River and their western boundary in the vicinity of
the Napa River (sce Figure 1), The general Patwin region
was occupied by many distinct groups which have been re-
ferred to in traditional anthropological literature o
tribes or tribelets; the identification of these Lribal
groups was based on distinquishable dialects, i.c¢., Kabal-
mem, Cache Creek, Cortina, Tebti (Hil1l Patwin): Colusa and
Grimos (River Patwin); Knight's Landing and Suisun (Whint -
lor, 1976, Johnson, 078 - =ece Figure 2).

In yoneral, the Patwin territory extended from north to
south Jor approsimately nincty miles and from oot 1o werng
for approximately forty miles. It can be divided into thre
physitopraphic ropions from east 1o west as ol lows

The bhank< ot the Sacramento River and 1t attendant
dense tree, brush and vine vegoefataon intovaperasd ot
extonsive tule marshes
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Fig. 1 Tribal territory and villages 1. Bo -do; 2, Katsil (ka®ify; 3,
Sv-ko-pe; 4, Tik-ul; S, Dok'-dok. 6. Koru, 7, No'pah: 8, Gapa, 9,
P'alo. 10, Nawidihu: |1, Kusémpu. 12, Koh'pah de’ he; 13,
unkrown, 14, unknown; 15, Yo'dor 16, Churup, 17, Moso. 1R, Kiar.
19. Imib. 20, Lopa:; 21, Tebti, 22, Sukw: 21, Ho'lokomi, 24, Toku,
25, Tebts, 26, Chemocu. 27, Putnto, 2R, Tawar, 29 Ulidate. 30,
Soneto, VI, Napato, 32, Tulukar, 33 Suskol. 3, Aguasto, 3,
Tolenas Village names after Kroeher 1925, Kroeber {9Va. Merram
tHewzer and Hester 1970). Bennvhott 196)

FIGURE 2

(AFTER Jounson, 1978)




The flat open grassland plains with intermittent crecks
and occasional oak groves.

The lower hills of the eastern Coast Range Mountain
slopes rising to an elevation of approximately 1400
feet .

Most of the pre-contact Patwin population was concentrated
along the Sacramento River in large villages. Becausce much
of the plains were submerged from floodwaters in the winter,
and were relatively dry in the summer, occupation of (he
plains was sparse and seasonal. Tribal groups in the hill
areas lived in the numerous valleys, particularly alonyg the
drainages of Cache and Putah Crecks (Kroeber, 1932; Johnson,
1978:3561).

The main political unit of the Southern Patwin was the
autonomous tribelet, which consisted of one primary uand
several satellite villages, all located within a well-
defined territory. Each village had a chief who presided
over resource procurement and ceremonial activities (.John-
son, 1978:354).

Fishing, plant gathering and hunting formed the basis of the
Southern Patwin economic system. Salmon, steelhead Lrout
and other fish were caught by weir or net. Mussells were
gathered from riverbeds. Deer, tule elk, small mammals,
waterfowl and reptiles were hunted or trapped. Sunflower,
alfilaria, clover, bunch grass and wild oat, all growing on
the open plains, provided seeds that were parched or dried
then pounded into a meal (Johnson, 1978).

As was common to many other California Indian groups, a
primary staple was the acorn. Two types of Valley Oak
acorns, hill and mountain oak, were usually gathered. Oak
groves are believed to have been communally owned by the
tribelets. Other food sources gathered were the buckeye,
pine nuts, juniper berries, manzanita berries, blackberries,
wild grapes, brodiaea bulbs and tule roots. Each village
had its own locations for gathering these various resources,
and the village chief was in charge of assigning particular
families to collection areas (Johnson, 1978:355).

Four types of permanent structures were constructed within
the Patwin tribal village. The dwelling or family house was
located anywhere within the village; the ceremonial dance
house was built at a short distance to the north or south
end of the village; the sweathousce was located to the east
or west of the dance house; and the menstrual hut was placed
at the edge of the village, farthest from the dance house.
Al of these were earth-covered, semi-subterranean struc-
turcs, either elliptical or circular in form. With the
excoeption of the family houses, which were built by one's
paternal relatives, the structures were built by everyone in
the village (Mockern, 1923; Kroeher, 1932).

£-10




Trade with neighboring Indian groups was an important aspect
ol Patwin ecconomic and subsistence activities during prohis-
toric times,; cultural contact and exchange was maintainoed
with neighboring groups through the extensive trade not-
works., The Southern Patwin traded salmon, river otter
pelts, game, cordage, sinew-backed bows, feathered headbands
tnd shell beads to Pomo, Central Wintun, Wappo and Southern
Maidu groups (Davis, 1974:34-30).

¢ o of the most distincetive aspects of Patwin culture was

t. o Kuksu religious syvstem. A main feature of the cult was
the occurrence of one or more sceret societies, cach with

its own serles of dances and rituals. Membership was by
inttiation, and such initiation was generally limited to
bovs from 8 to 16 years of age. In the Central California

cutt o system, almost all Indian groups possessed the honksu,
vever, only the Patwin also had both the ghost and Hesi
pes (Kroeber, 1932). The purpose of each secret socicty
was slightly different from the others, although somecuwhat
overlapping. The ghost type, called "way sultu” (Northern
Spirits) stressed the initiation ceremonies: the kKuk:ssu
emphasized curing and shamanistic functions; and the Hewi
elaborated on coeremonial dancing. These secret sociolies
became active within village 1ife, depending on when boyvs in
the villages were ready to bhe initiated and not upon any
lixed seasonal or sequential schedule (GJohnson, 1978 5033,

The most complete information on Patwin mythology wis ool -
leceted by Kroeber (1932), who recorded twelve tales, The
orvigin and other myths generally relate the interaction of
anchropomorphized animals with humans (Johnson, 1078).

For further information concerning the various aspects ol
Patwin culture, reference i< given to the various anthro-
paoyrical sources which have been cited.

The Southern Patwin were dislocated immediately tollowing
Spanish contact and great numbers of these people woerd
foreced into subjugation at the missions., With the inliux of
Mexican Period populations in the carly 1800s, and cventunl
sottlement by Americans during the mid-1800s, the DPotwin way
of tife was both purposefully and indirectty undermined.
The arrival of whites, with theiv ltivestock and foarme,
causced the Patwin ccological haltance to be great e upset
food sources formerly available bheocame extinet opr scearce or
ot herwise unavailable.  The accumulative effect of Furopean
and American influx into that teveitory resulted n the
total displacement of their culture.

1 i known that the Patwin Indian presence in the cubogoct
aren was extensive during pre-contact timess. The most
widely accepted calculation, bascd in part on the Laptooemal
records of the Payv Area mis=sions, i that approximnie s D3y
Patwins were lTivinge in that repion at the time of FPuveonean
contact (Cook, 915y, Teodav 1t s ditfreualt 1o taind any
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in the area who is of Patwin ancestory or has oral kunowledge !
of the Patwin way of life (see Apperndix B). k

A review of tradition ethnographic sources (which have been
referenced) and consultation with Native American organiza-
tions and individuals (see Appendix B) suggests that no
presently known or recorded ethnographic sites, locations or
features which are culturally sensitive are located within
the project study corridors. Several recorded ethnographic
village sites are recorded within the general project envi-
rons, however none are located close enough to any of the
three alternative alignments to be effected by project
implementation. The resources are as follows:

Suisun Village, known to have existed near the piesent
location of Suisun City, likely to the southeast of
Route 4.

CA-S01-243, an Historic Period village located near
Suisun (City, adjacent to Suisun Creek; this resource
is known from both ethnographic and archaeolcgical
sources.

Soneto Village, known to have existed in the vicinity

of Suisvn Creck, northwest of the present location of
Vacaville.

Ululato Village, known to have existed in the vicinity

of Ulalis Creek, in the northwest part of Vacaville.

Preliistoric Setting

Previous archaeological work in the San Francisco Bay and
Delta areas has been reviewed within a regional research
context by Bickel (1976). Recent reviews of the history of
Central California archaeological method and theory have
heen presented by Gerow with Force (1968) and Fredrickson
(1973). Reference is given to these manuscripts for detail
concerning the greater archaeological context of the project
area.

In general, theve is substantial agreement among regional
archacologists that 2000 B.C. to 2500 B.C. was probably the
beginning date for the prehistoric Indian occupation of
Northern California, particularly the greater San Francisco
Bay and belta area. A cultural sequence for the region,
which includes the Solano County lccale, was established by
Lillard, Heizer and Fenenga (1939) with the estimated date
of 2000 B.C. playing a major role as an archaeological
marker., The three horizon cultural sequence was based on
data obtained during early investigations conducted in the
Stockton-lT.odi helta area by Schenk and Dawson (1929). The
chronological framework established by Lillard, Heizer and
Fenenga (1939) expanded on that early work, with particular
emphasis on the appraisal of cultural materials from the
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Windmiller Site (CA-Sac-107), the Booth Mound (CA-Sac-1206)
and the Augustine Mound (CA-Sac-127) (=ee Figure 1).

Heteser and Fenenga (1939) formulated a time chart for Coen-
tral Catifornia, which reflected the culture horizons as
they were understood at that time.  Subseguent studicos i
the San Francisco Bay region (Gerow with Force, 1968) and
the Northwest Coast Range locale (Fredrickson, 1973) have
avestioned the applicability of aspects of the culturc
.. is0on systoem, However, concerning the project study
oon the Sacramento-San Joaquin Delta Culture Horizon
Sv=tem continues to be the nmost widely accepted analytical
tramework for prehistoric archacological data: the Heizoer
qo Fenenga (1939) chart is as tollows:

1800 A.D. Late Ilorizon, Phase [11
(Historic)

1700 ALD. [Late Horizon, Phase 11

500 A.D. ILate Horizon, Phase |

15300 B.C. Middle Horizon

2500 B.C. arly Horizon

(Windmiller facies)

Regarding the specific region of the project study corri-
dors, numerous prehistoric archacological =it s are vocorded
throughout the central and southern Solano County 1regivon,
The existing records tend to indicate that the groatesd
nuniber of known archacoltopgical sites are concentrated
around major drainage systems in profteoected valleys which
extend toward the sloughs, marshes | rivers and bavs wisich
characterize the southern ond of Solano Countyv: avchacolog-

tcal sites also tend to concent e te around the <ltouchs= and

marshes and Suisun Bay whoere natural rosources wore abundant

The records also mmply that the immediate environs of @ he
nunierous intermittent erecks and drainages situated throngei-
our the study area are archacvolociceally sonsitive.

The general projeoct setting (and considered projceot oty n-
ments) are located within several of these high!y sone ity e
cnvironments.  Based on the known record, the followine
arecas are determined to be particularly sensitaive regardine
boith the existence of known archacologiceal sites cnd +he
potential for encountering unrecorded sites:

Green Valley —= Several arvehoeolopienl sitoes (CA-bol-o,
CASSo =15, CA=Sol=11, CA=So1=-70, CA-SO1 60 CA-So =18,
(A-S01-212, CA-S01-239, CA-So1=2062 0 CA=8Sal-203 ) t A-S0]-
68 and CA-Sol-6G6) are s “uated within o V.0 ta 1.0 mi e
radius of aligament corridor Route Moo 1, The posority
of these known sites tond o concentrate along Groon

Vadley Crecke The record andreaste that o ono onte cO00-
S =208y 1 docated within the actual Bowte boalgneont
Suisun Valtey - Several arcbacoloagicnl sites (000

OO CNSUOT-2 CASHOl -G G LSO =T r Y s O

.
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Sul-14, CA-S01-244, CA-S01-245, CA-So01-247 and CA-Sol-
254) are situated within a 1.0 to 1.5 mile radius of
alignment corridor Route Nou. 4. The majority of these
sites tend to concentrate along Suisun Creek, Ledgewood
Creek and Gordon Creek and the northern extensions of
Cordelia Slough.

Lagoon Valley - Several archaeological sites (CA-Sol-
57, (CA-Sol1-58, CA-So0il-67, CA-S0l-55, CA-S0l1-59, CA-Sol-
254, CA-So1-45, CA-Sol-57, CA-S0ol-52 and CA-S0l-53) are
situated within a 1.5 to 2.5 mile radius of alignment
corridor Route No. 1. The majority of these sitles tend
to concentrate along Laurel Creek and Soda Springs
Creek.

Lindsey Slough - Five known archaeological sites (CA-
Sol-1 through CA-S0l-5) are situated adjacent to l.ind-
sey Slough, approximately 1.0 mile north of alignment
corridor Route No. 4. CA-Sol-1 through CA-Sol-5 are
described as occupation and burial sites (Treganza and
Cook, 1948) and are considered to be ethnographically,
as well as archaeologically, highly sensitive.

The cultural resources sensitivity of the Green Valley,
Suisun Valley, Lagoon Valley and Lindsey Slough areas has
been established by academic archaeological investigations
in Central Solano County (Treganza and Cook, 1948; McGon-
agle, 1948 and 1966; Weyand, 1980; Greengo and Arnelt, n.d.)
and recent EIR generated field investigations (Chavez, 1979,
Holman and Chavez, 1977; Peak and Associates, 1976, 1977,
1977a, 1978; Archaeological Planning Collaborative, 1979,
1979a; McGuire, 1977) which tend to concentrate in those
areas.

It is therefore possible to identify the more likely areas
where archaeological resouces could be encountered during
the project field study. This determination of archaeolog-
ical sensitivity is made by comparing the areas in question
to similar environmental settings which are known to contain
archaeological resources (i.e., Green Valley Creek, Suisun
(reek, Laurel (reek, Lindsey Slough, etc.) throughout cen-
tral and southern Solano County. The potentially sensitive
arcas which are within close proximity to, or are actually
transected by, the project alignments are as follows: the
Su-sun Slough and Denverton Slouph regions; the Union Creek
area; the Ulatis (Creek area; the Big Ditch Creck area; the
Cathoun Cut/Lindsey Slough region; and the numerous unnamed
intermittent crecks which characterize much of the overall
study area. The extensive plains area, which is transected
by much of alignment Route No. 1 and portions of alignment
Route No. 4 (and No. G), was likely submergered by flood-
warLers during the winters and relatively dry during the
summers in prehistorice times and, therefore, only moderately
sensitive concerning potential prehistoric archaecological
site ocoeurrence.,
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Historic Setting

e first Furopean to make contact with the Patwin Indiin
populations of Solano County was Don Juan Ayala, who landed
the “"San Carlos' in Suisun Bay in 1775. The full impact of
that contact was apparent a short time later during the
Soanish Mission era when Indian populations were forced into
subgugation at the Bay Area missions and the traditional wi
of life rapidly disintegrated (Fredrickson, ot al., 1977).

ctuaning in 1807 the Suisun tribel group of central Solano
¢t unty began retaliating against the Spanish with raids and
ditacks on mission outposts, and escaping Spanish reprisals
by fleeing in rafts across the Carquinez Straits and 1 aking:
refuge in Suisun March (Central Solano County Cultural
Heritage Commission (CSCCHC), 1977).

In 1810 Gabriel Moraga and his soldiers left the San I'ran-
cisco Presidio for the purpose of counter-attacking 1he
Sulsun lndians. After fierce battles in Solano Ccunty the
resistance of the native population had all but broken down
and by 1810-1811 San Jose and San Francisco Missicn boplis-
mal record books show a large number of Suisuns added (o the
mission populations. By 1813, however, few Suisuns were
added to these mission records and it appears thiat most had
been removed [rom their native territory. What vesistance

did remain was quickly stamped out by Lieutenant Josd Sanche:

who, in 1817, left the San Francisco Presidio with orvders to
subdue any rebellious elements among the Indian t(riboeloets,
By the time Father Altimira arrived in 1823, in =search of o
new mission site, only abandoned and collapsed dwel Tines
remained in south-central Solano County (CSCCHC, 1977170

The last Spanish mission established in Californian was thay
of Mission San Francisco Solano at Sonoma in 1823, Aoy
the Indians baptized at the mission the following yeor was
"sam Yeto', chief over most of the rancherias beotween (o=
luma Creek and the Sacramento River, who was renamed Fran-
ciseo Solano.  Chief Solano played a major rote in the
dealings of North Bay Indians with the Spanish and Mexicans
up until the 1830s when a smallpox epidemic (1837-1839) de-
cisively eliminated the Patwins (as well as Indians throuphi-
outl north-central Catifornia), as a force o be dealt with
(Pterson, 1957, SCCHC, Ty77).

In 1821 Catifornia became indepeondent (rom Spain and (he
missions were divested of their lands.  As was the practice
under the Mexicenn government, large ITandgerrants woere oot ab

| ished and in central Solano County the ranchos which cove
cred lands in the study area were Rancho suisun, Rancho
Tolenas, Rancho Los Putos and Roneho Soscal. The ranchos
were almost exclusively deveted to the ratsing of cattle
with vinevards and fruits and vepoetabloes heing plantod Lor
the ranchers own neceds (Hoover, Hensceh and Lensach o 1ooa
D1y,




With the annexation of California by the United States
government in July 1846, and the subsequent discovery of
gold in the Sacramento Valley on January 24, 1848, thousands
of people poured into California; the increase in polulation
was the stimulus that caused central Solano County to turn
to agriculture, Ranchers and farmers discovered that
profits could be made by selling their surplus crops Lo
miners and the raising of livestock began to assume a sec-
ondary land use position. With the Irish famine and poor
wheat harvests in Furope, the cultivation of wheat in Solano
County expanded as prices continued to rise in the foreign
markets (CSCCHS, 1977:21-22).

In 1850, at the site of a pre-Spanish encampment and burial
ground of the Suisun Indian people, J. M. Perry established
a blacksmith shop in the area that was to become known as
Rockville. Founded on the stage road between Benicia and
Sacramento, in a highly agricultural area, Rockville slowly
grew throughout the 1850s; it eventually attracted a cluster
of local service institutions such as an hotel, shops, a
school, a stage depot, a post office and a church (Hoover,
Rensch and Rensch, 1966:520; CSCCHC, 1977:24).

Recognizing the importance of water transporation in the
Suisun Valley, Robert Waterman, owner of Suisun Rancho
(which encompassed most of the valley) decided to develop a
shipping point on his ranch, south of Rockville. Several
navigable waterways (Cordelia Slough, Suisun Creek, Suisun
Slough), could be found on Waterman's property and he
choose a site at the head of Cordelia Slough for the loca-
tion of his settlement (CSCCHC, 1977:24-25).

Cordelia (named after Waterman's wife and the second oldest
city in Solano County) became quite well known as a shipping
center, as well as a stopping place for stages and travel-
ers. A post office was established there in 1854, however
it moved north to Rockville in 1858. 1In 1869 the post
office was reestablished in Cordelia and operated there
until 1943. By 1868 stone from a nearby quarry was boeing
shipped down the Cordelia Slough, from Bridgeport Landing,
and across the Bay to San Francisco, where it was used in
the paving ol streets and the construction of buildings. By
this same year the California Pacific Railroad (Southern
Pacific) was running through Cordelia via Bridgeport (Hoover,
Rensch and Rensch, 1966:519) .

The arca that was to become Suisun City was first visited
via Suisun Slough in 1850 by Dr. John Baker and Curtis
Wilson, and later that year by Captain Josiah Wing., UIinding
an island in the slough, Wing hoped to establish a landing
from which to ship the farm products of central Solano
County and to this end he constructed a warehouse and wharf

on the island in 18072, With the success of the area as a
shipping point, the population grew and by 18564 the city of
k-16
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Suisun was laid out west of the landing. In 1868 the rail-
road came to Suisun and the city was incorporated (CSCCHC,
1977:26).

With the success of Suisun City, Cordelia soon lost its
importance as a shipping point. As a result, Waterman
established a new town in 1806 and named it Fairfield. In
order to assure that his new town would prosper, Waterman
took advantage of the heated debates raging in Solano over a
new location of the county seat. Waterman not only offered
to donate sixteen acres of land to Fairfield for this pur-
posc but also an additional four blocks and money to place
county buildings on the land. On September 2, 18568, the
people of Solano voted to have Fairfield replace Benicia as
the local seat of government. Although the city became the
county seat, becausec of its poor position in relation to
water (and later rail) transporation, Fairfield ncver real-
ized success as a trading center and was not incorporated
until 1903 (CSCCHC, 1977:25-26; Hoover, Rensch and Rensch,
196G:523).

By 1860 most of the civilian towns in central Solano County
had been founded and during that decade farmers and rvanchers
prospered. Ditches were replaced by wooden fences, log
‘abins abandoned for houses constructed of lumber and solid
buildines of local stone were build by large land owners
(Noover Rensch and Rensch, 1966:520).

The coming of the railroad in 1868 caused some economic
changes in central Solano County. Shipping of farm products
by rail rather then water reduced trading in Suisun. The
decline in Kuropean wheat imports as well as the extension
of tracks into the San Joaqguin and Sacramento Valleys (and
thus their access to the foreign markets), helped cause a
decline in wheat prices. As a result, by the late 1870s
orchards began to replace the wheat fields (CSCCHC, 1977:28).

In the late 1860s and 1870s, it appeared that winc and table
grapes might succeed wheat cultivation; however by the 1880s
the fruit orchavds had become the agricultural foundation in
central Solano County. Many canneries and packing houses
wore crected adjacent to the railroad tracks in Suisun and
they became important local industries by the turn of the
coentury. hburing that period a diverse population, including
Chinesce, Japanese, Dortugese, Groeks, Italians, Filipinos,
and Hindustanis, could be [ound laboring in the orchards and
in the claiming of thousands of Suisun marshland acres for
apricultural use (CSSCHC, 1977:20-32).

Although agriculture was the base of the local cconomy,
boginning in the 1870s, the guarrying of local stone and
mineral deposits beeame a major cconomic activity.,  Threo
quarrics near Cordelia gave that areca a welcome cconomic
boost o however the most extensive quarrying, of onyx and
travertine, took place around Cement Hill, located northeast
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of Tairfield. Quarrying operations at Cement Hill were sus-
pended prior to 1900 and then resumed in 1902 when Pacific
Portland Cement Company established a tufa quarry and cement
factory at the base of the hill. By 1907 it was one of the
largest cement plants in the western United States, however
with the onset of the Depression by 1927 the Cement Hill
plant and adjacent town of Cement were abandoned (CSCCHC,
1977:33-34).

The Depression also had an adverse effect on agriculture as
farm incomes decreased by 50% between 1929 and 1932; canning
and packing companies began closing and fresh fruit ship-
ments to the cast virtually stopped. Although fresh fruit
shipments eventually resumed and continue today, increasing
proportions of the local crops are dried or canned at com-
panies in Sacramento or in the Bay Area (CSSCHC, 1977:40-42).

Up until the turn of the century the population of Suisun
City had always been greater than that of Fairfield; however,
as dry land became scarce in Suisun, Fairfield's open lots
became popular for homesites and by 1910 the population was
slightly larger in the northern community. The first state
highway through Solano County was built between 1912 and
1914; during the mid-1960s the reconstruction of U.S.
Highway 80 as an eight-lane freeway, further caused Fair-
field's population Lo increase. With the establishment of
the Fairfield-Suisun Army Airfield in 1942, and its subse-
quent. take-over in 1949 by the U.S. Air Force, many military
and non-military employees moved permanently into the area
and today Fairfield is by far the largest community in
central Solano County (CSSCHC, 1977:34).

Despite the transformation of central Solano County into an
essentially urban area, much of its historic landscape
remains. Numerous structures and features important to the
history of Solano County are evident throughout the general
project setting; despite the historic sensitivity of the
region, review of the records (including national, state snd
local historic registers and listings) suggests that no
rccorded historic resources fall within any of the three
project study corridors. It is however noted that several
historically significant structures are situated relatively
close to the project alignments, and they are identified as
follows:

Route 1

The Ramsey-Nightingale House (ca. 1860), which is
located on Green Valley Road, approximately 0.3
miles north of the alignment corridor.

An unnamed Historic Ranch Cluster (ca. 1900)
laocated on Green Valley Road, approximately 0.2
mile south of the alignment corridor.
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The Suisun Valley Fruit Growers Association Build-
ing (originally Pacific Fruit Exchange -~ ca. 1920)
located adjacent to U.S. Highway 80, approximately
150 feet north of the alignment corridor.

The Eaton Ranch Complex (ca. 1920, house; ca.
1890, barn) located adjacent to U.S. Highway 80,
approximately 200 feet north of the alignment
corridor.

The Clyde's lawn-~leisure Building (originally
Stewart Fruit Packing Company - ca. 1920) located
adjacent to U.S. Highway 80, approximately 150
feet north of the alignment corridor.

The Boynton House (ca. 1855) lncated in the 800
block of Beck Avenue, approximately 100 feet south
of the alignment corridor.

The Cement Hill Historic District (ca. 1905-1920)
located northeast of Fairfield, approximately 0.2
to 0.4 mile north of the alignment corridor.

Route 4 (and Route 6)

The Nelson Hill Quarries (ca. 1870) located above
Cordelia Road, approximately 400 feet west of the
alignment corridor.

Historic House located at 340 Cordelia Road (ca.
1860), which is approximately 125 feet e¢ast of the
alignment corridor.

The PG&E Cordelia Substation (ca. 1915) located on
Cordelia Road, approximately 0.15 mile southwest
of the alignment corridor.

The Switchman's Cottage (ca. 1905) located at 339
Thomasson Lane at Southern Pacific Railroad tracks,
approximately 120 feet from the alignment corridor.

The Agricultural Cluster (ca. 1915-1940) buildings
and two silos located on Thomasson Lane, approxi-
matcely 300 feet south of the alignment corridor.

The Southern Pacific Railroad Tunnel (n.d.) lo-
cated nensr Thomasson [Lane, approximately 0.2 mile
west of the alignment corridor.,

The MceCreary/Thomasini Ranch House (ca. 1870)
focated on Cordelia Road, approximately 100 foeced
south of the alignment corridor.

The Suisun=Fairfield RBailroad Station (ca. 1910)
locatod at Main Strect and Union Avenue, approxi-
mately 150 feet south of the alignment corrvidor,

L-19

a,




The Historic Ranch Cluster (ca. 1890) located at
35 Sandia, approximately 0.1 mile north of the
alignment corridor.
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FIELD INVESTIGATIONS

The Archaeological Field Reconnaissance of the three North
Bay Aqueduct Alignment Alternatives was conducted by con-
sultant David Chavez, with assistance from the following
’ experienced archaeologists: Jan Hupman (B.A., San Francisco
State University; William Mulloy (B.A., Sonoma State Univer-
sity; and Lowell Damon (B.A., Sonoma State University). The
survey work was accomplished during late July/early August
1980.

The field investigation of the alignments can be described

as a General Surface Reconnaissance (King, Moratto and
. Leonard, 1973). During the survey, close attention was
| given to the detection of those surface features which
suggest the presence of prehistoric cultural resources in
this part of Solano County (changes in soil color, compos-
ition and/or texture which suggest the occurrence of arch-
aeological midden; unusual ground contours or abrupt changes
in vegetation patterns; and the presence of prehistoric
artifacts, obsidian, basalt, chert and/or other types of
lithic flaking wastes, fire-~fractured rock, charcoal depos-
its and/or charred faunal remains). Also, all rock outcrop-
pings were examined for the presence of rock quarries,
petroglyphs and bedrock mortars. Further, during the field
inspection, attention was given to the potential presence of
historic resources remains and features.

The following reconnaissance discussions are presented for
ceach of the alignment alternatives:

Route 1 - The survey of this potential project align-
ment was accomplished by walking the entire 30 mile
corridor. Two person survey teams were assigned spec-
ific linear segments of the corridor and the two in-
dividuals spaced themselves at appropriate distances
from cach other so as to accomplished maximum coverage
of the 80-90 foot wide corridor; also, a zig-zag cross-
over pattern was utilized by the survey teams to assure
comprehensive archaeological inspection of the study
area. The following observations were made during the
field investigations of the Route 1 Alignment:

Section from Cache Slough to Vacaville Ju.ction :
(Maps 1, 2 and 3) - Some agriculture fields were
present between Cache Slough and State Highway 113
(Map 1) and inspection consisted of walking the
perimeters of the fields and spot checking the
actual alignment as accessibility allowed. Some
agricultural fields were also present approxi-
mately 1.8 to 2.5 miles east of where the align-
ment crosses Union Creck (Map 2); inspection of
those {ields was accomplished in a similar manner.
The remainder of the corridor section consisted of
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open grassland terrain, with some dirt roadway
available for inspection east of State Highway
113. Dense grass was encountered in some portions
of the corridor, however fair to moderately good
inspection of the ground surface generally pre-
vailed. Survey eciforts in this section of the
corridor particularly emphasized the examination
of the terrain where the alignment approaches
Cache Slough, and where it transects Union Creek
and other unnamed intermittent creeks.

No evidence of the occurrence of cultural resour-
ces was encountered in this section of the Route 1
Alignment Corridor.

Section from Vacaville Junction to Interstate 80
(Maps 3 and 4) - This segment of the survey cor-
ridor followed an abandoned railroad alignment.
With the exception of the first 1.2 miles west of
Vacaville Junction (where the grass and weed
coverage was relatively dense), this section of
the Route 1 Alignment was well inspected. Par-
ticular survey efforts were concentrated in the
vicinity of the Laurel Creek crossing (Map 3).

No evidence of the occurrence of cultural resour-
ces was encountered in this section of the Route 1
Alignment Corridor. 1t was observed that one
known historically significant structure (the
Boynton House) is situated within 75 to 100 feet
of the south boundary of the project corridor (Map
4); it was however determined that the house is at
sufficient distance from the alignment corridor so
that no adverse impacts should result from project
implementation. It is recommended, however, that
special attention be given to this resource by
strictly confining the construction activities to
the delineated alignment corridor.

It was further observed that the Cement Hill
historic resources are located at sufficient
distances from this secilion of the Route 1 Align-
ment Corridor so as not to be adversely effected
by project implementation.

Section adjncent to Interstate 80 (Map 4) - This
segment of the survey corridor, which runs adja-
cent to the north side of Interstate 80, was
subjected to a relatively comprehensive survey.
The terrain consisted of farm roads, orchards and
open ficlds and the ground surface was well ex-
posed for archaeological inspection. Particular
care was taken to completely survey the terrain
where the atiznment crosses Ledgewood Creek and
hoth branches of Suisun Creek.

E-22




No evidence of the occurrence of cultural resour-
ces was encountered in this section of the Route 1
Alignment Corridor. It was further observed that
the recorded historic resources located adjacent
to this section of the Route 1 Alignment (the
Clyde's Lawn-lLeisure Building, the Eaton Ranch
Complex and the Suisun Valley Fruit Growers
Association Building), are all at sufficient
distances from 'the actual construction disturbance
corridor so as not to be effected by project
implementation.

Section from Interstate 80 to the existing Cordelia
Surge Tank (Map 5) - This portion of the survey
corridor was characterized by the presence of open
fields, orchards and some vineyards. Overall,
survey conditions throughout this alignment sec-
tion were good as vegetation was not dense, and a
relatively comprehensive field inspection was
accomplished. Survey efforts were particularly
thorough throughout this section, as the record
suggests a high level of archaeological sensi-
tivity in the entire Green Valley area. Intensive
survey efforts were concentrated at the Green
Valley Creek crossings.

Evidence of one previously recorded archaeological
site (CA-S01-268) was found to be located within
the corridor boundaries of this section of the
Route 1 Alignment (Map 5). Also, an historic
resource in the form of a stone fence was found to
transect the Route 1 Alignment (Map 5). These
cultural resources are discussed in greater detail
in the following section of this report.

Field survey efforts in this section of the Route
1 Alignment resulted in the determination that
neither of the previously discussed historic
resources (Unnamed Historic Ranch Cluster on Green
Valley Road and the Ramsey-Nightingale House also
located on Green Valley Road), will be effected by
project implementatior those recorded resources
are at sufficient di : .ces from the project dis-
turbance zone so . - to be adversely impacted.

The following observairions were made at the Route 1
facilities locations:

The 1.0 acre Pump Station jocation at the Cache
Slough Intake (Map 1) was closely examined; no
evidence of cultural resources was encountered at
that area.

The 0.15 acre Surge Tower location (Map 2) was
thoroughly surveyed and no evidence of cultural
resources was doetected at that site.
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The 15 acre Reservoir location in Green Valley
(Map 5) was thoroughly inspected. Close attention
was given to this potential facility site, as that
region of Green Valley is highly sensitive regard-
ing the occurrence of archaeological resources;
archaeological sites CA-So0l1-15, CA-Sol-~-70 and CA-
S01-69 are all located within 0.2 to 0.4 mile from
the proposed reservoir area. However, no evidence
of archaeological deposits was encountered at the
15 acre location; further, it was observed that

i none of the closeby resources will be adversely
effected by the reservoir development.

Route 4 ~ The field reconnaissance of this 28 mile
potential project alignment was accomplished in the
same manner as described for the Route 1 Alignment.
The following observations were made during the field
inspection of this study corridor:

Section from Lindsey Slough to Suisun City (Maps
6, 7, 9 and 10) - The eastern portion of this
segment of the Route 4 Alignment follows dirt
roadways from Lindsley Slough to Travis Air Force
Base property and cuts across open fields and
eventually aligns itself with State Highway 12
just west of Travis AFB; from Travis AFB to Suisun
City the alignment runs south of and adjacent to
State Highway 12. Those portions of this segment
of the alignment which run along or adjacent to
established roadways were subject to a thorough
survey, as the ground surface was well exposed
despite the presence of grass and some agricul-
tural fields. The portions of this route which
cut across open fields (south of Travis AFB - Map
9), were subject to an adequate survey, although
some ground surface areas were partially obscured
by relatively dense grass cover.

It is noted that this section of the Route 4
Alignment runs along State Highway 12 and the
other established roadways; whereas this section
of the Route 6 Alignment runs on the south side of
; those roadways. Therefore survey efforts were
designed to cover both sides of the roadway, with
a greater portion of the 80-90 foot corridor
extending on the south side of those roadways.

e

Survey cfforts were particularly intensified in
; the vicinity of Lindsey Slough, the Big Ditch
§ crossing (Map 6), the Denverton Creek crossing
(Map 7), the Union Creck and Laurel Creck cros-
sings (Map 9), and the locations where the align-
ment crosses the pumerous unnamed intermittent
creeks which feed into the various sloughs to the
south,
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No evidence of archaeclogical resources was en-
countered within this section of the Route 4
Alignment. It was observed that the project
corridor does pass relatively close to two his-
toric resources (the Peterson Ranch - Map 6 and
the Scandia Road Hanch - Map 9); however, it was
determined that the historicnlly significant
structures associated with those ranches are all
located at sufficient distances from the alignment
corridor boundary so as not to be adversely ef-
fecled by project implementation.

Section from Suisun City to Interstate 80 (Maps 10
and 4) - This segment of the Route 4 Alignment
mostly transverses open fields from Suisun City to
Thomasson; the terrain consisted of grass and weed
covered open fields, which were subject to a
relatively comprehensive archaeological survey.
The exception was a small portion of the alignment
which crosses a turf farm; the ground surface was
mostly obscured in that area, however that loca-
tion was surveyed by spot checking along the dirt
roads which crossed the nursery area. The align-
ment from Thomasson to Interstate 80 followed an
existing dirt road and survey conditions in that
region were relatively good.

Survey efforts were particularly intensified in
the vicinity of the Ledgewood Creek and Suisun
Creek crossings (Map 10). No evidence of prehis-
toric archaeological resources was encountered in
this section of the Route 4 Alignment. However,
one previously undocumented historic archaeologi-
cal resource was discovered within the alignment
corridor (Map 10). Details concerning this re-
source are presented in the following report
section,

It was observed that the numerous previously
recorded historic resources (the Suisun-Fairfield
Railroad (SPRR) Station; the McCreary-Thomasini
Ranch House on Cordelia Road; the Southern Pacific
Railroad Tunnel near Thomasson; the Historic
Buitdings and Silos Cluster on Thomasson Lane: the
SPRR Switehman's Cottare on Thomasson Lane; the
'G&E Cordelia Substation on Cordelia Road; the
Historic House at 3410 Cordelia Road; and the
Nelson i1l Quarries above Cordelia Road) which
are found throughout this alignment section area,
are atll located at sufticient distances from the
Route 4 Alignment Corridor so that no adverse
impacts will occur duc to project implementation.

Section from Interstat: 80 to the existing Cor-
delia Surge Tank (Map H) - This segment of the
L-24




i

. ——— . e — r—"

;
z
i

Route 4 Alignment is the same for the Route 1
Alignment and reference is given to that dis-
cussion.

The following observations were made at the Route 4
facilities locations:

The 1.0 acre Pump Station location at the Lindsey
Slough Intake (Map 6) was thoroughly examined; no
evidence of cultural resources was encountered at
that facility area.

The 0.15 acre Surge Tower location (Map 6) was
thoroughly surveyed and no evidence of cultural
resources was present at that area.

The 1.0 acre Pump Station location adjacent to
Union Creek (Map 9) was thoroughly inspected and
no evidence of cultural resources was encountered
at that location.

The 15 acre reservoir location (Map 5) was sur-
veyed, as previously discussed under Route 1
consideration,

Route 6 - With the exception of the approximately two
mile variation (Map 7), the survey corridor for this
route was the same as for the Route 4 alignment, and
reference is given to that discussion. The two mile
variation cuts across open fields which were charac-
terized by the presence of grass. A relatively ade-
quate survey was accomplished of that corridor section,
and no evidence of cultural resources was encountered.

It is noted that, generally speaking, the North Bay Aqueduct
Alignment Alternatives were readily identifiable in the
ficld. Those alignment sections which followed roadways and
railroad corridors were easily recognized. In areas where
the alignments crossed open terrain, natural and man-made
features which are identified on the maps and were visible
in the field, were utilized to define the alignment corri-
dors. In the few situations where no such features were
present, or were unreliable, alignments were established by
taking precise instrument readings from the maps and util-
izing Brunton compasses in the field. Overall, it is be-
lieved that a comprehensive [ield reconnaissance of the
three alignments was accomplished.
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IDENTIFIED RESOURCES

The following cultural resources were found Lo be located
within the alternative alignment corridors. 1t is noted
that Standard Site Survey Records have been completed for
these resources and are enclosed in Appendix C; copies of
the records will be filed with the California Archacological
Site Survey Regional Office at Sacramento State University.

Routes 1, 4 and 6

+ CA-S01-268 is a prehistoric archaeological site
which is located within the alignment corridor
section between Interstate Highway 80 and the
Cordelia Surge Tank (Map 5). The site was orig-
inally recorded in 1977 by Eric McGuire and de-
scribed as a partially destroyed, shallow midden-
deposit; surface evidence of archaeological depos-
its consisted of medium brown friable soil with
obsidian flakes and shell fragments present. The
site dimensions were estimated to be 10 meters x
20 meters.

Inspection of the site location during the subject
investigations resulted in the detection of fur-
ther ohsidian flakes and some shell; however the
actual parameters of the site were not obvious
from surface investigations. It was observed that
the site was badly damaged as a result of road
grading at the northern end of the reported site
locat ion.

A preliminary significance evaluation of the site,
based on the National Register of Historic Places
nominat.ion criteria (30 CFR 60.6) resulted in the
determination that CA-So1-268 would not be cligi-
bkle for inclusion on the National Register. Based
on previous (McGuire, 1977) and current f[icld
observations, the site would appear to be rela-
tively small and badly damaged. However, the site
potentialtly is of regiona. signilicance regarding
the understanding of prehistoric cultural activ-
ities.

The Bock Fencee Segmont< are historic leatures
which are located within the alignment corridor
section hetween Interstate Highway 80 and the
Cordelin Surge Tank (Map 5). The segment of the
rock fence which transcects the alignment corridor
likely dates from the late 18005 when numerous
such fences were constructed to mark boundary
lines and serve as stock fences.  The rock struc-
tures are representative of a time in Solano (Napa
and Sonoma ) County history when the Spanish land-
grant allotments were heing sold to priviate owners
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(Fredrickson, 1977). As such, the fences are of
regional significance; however, a preliminary
significance evaluation of the resources based on
the National Register of Historic Places Nomina-
tion Criteria (30 CFR 60.6), results in the
determination that the rock fence segments would
not be eligible for inclusion on the National
Register.

Routes 4 and 6

The Historic Archaeological Site is located within
the alignment corridor section between Suisun City
and Interstate 80 (Map 10). The site consists of
a stone foundation and extensive soil buildup,
which suggests the ruins of a possible homestead
or ranch house location. No historic artifacts
were encountered on the ground surface; however,
diagnostic items are likely located on the site
and/or below the ground surface. Further cxplor-
ation of the resource is required before defini-
tive statements can be made regarding the signif-
icance of this historical archaeological site;
however, a preliminary signifirance determination
based on National Register Nomination Criteria (30
CFR 60.6), results in the tentative determination
that this resource would not be eligible for
inclusion on the National Register.
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DISCUSSIONS OF IMPACTS AND MITIGATION

The following impact and mitigation discussions are pre-
sented with the realization that the alternative North Bay
Aqueduct Alignments are not yet precisely defined within the
80 to 90 foot wide study corridors; therefore potential
impacts may increase or decrease based on alignment varia-
tion within the corridors. In order to establish an ¢l fec-
tive Cultural Resources Management Program for this project,
the maximum potential impacts will be assumed and alterna-
tive mitigation measures presented accordingly.

CA-S01-268 - The vertical and horizontal nature of this
site has yet to be established with any certainly;
despite the fact that portions of the site have been
destroyed, no assumptions should be made concerning the
potential for subsurface, intact archaeological depos-
its which could be disturbed during construction. If
such deposits are present, potential impacts could
result from any of the various construction activities
associated with a project of this nature. Brush clear-
ing, the moving of construction vehicles, stacking of
pipe sections, storage of equipment and, of course,
actual pipeline trenching are all activities which
could result in direct and severly adverse impacts to
archaeological resources.

The following mitigation alternatives which would
adequately off-set the potential adverse impacts to the
archaeological site CA~S0l1-268 are therefore presented.

1. Design the aqueduct alignment for that portion of
Routes 1, 4 and 6 (Map 5) so that the agucduct
pipeline would avoid the location of the archace-
ological site. This could be accomplished by
establishing the actual pipeline alignment ap-
proximately 100 feet (o the south of the site
location; realignment to the north is not recon-
mended because of the presence of segments of the
Historic Stone Fence (Map 5). Based on the sar-
face evidence reported by McGuire (1977, and our
recent field inspection, it is determined that th
horizontal extension of subsurface deposits Tikely
would not approach 50 feet beyond the known loca-
tion of the site; therefore, the recommended ‘
alignment alteration distance would be adequa e to :
avoid any potential subsurface deposits, !

2. The above mitigation alternative would be the moot
effective approach to cultural resources prescrva-
tion in response to the proposed project., Should
such site avoidance prove to be impossible, then
data recovery through site excavation would he
recommended. If such a mitigation measure boecomes
necessary, a two phase subsurface investigation
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would be recommended. The first phase should
involve a limited testing program of subsurface
units and hand augerings; the objective of this
phase would be to determine if subsurface archae-
ological deposits are present, and if so, the
horizontal and vertical extent of the deposits.
Based on the phase one findings, a data recovery
program through excavation could then be devel-
oped, as approriate.

It is further recommended that if such archacolog-
ical excavations become necessary, the work be
accomplished by a professional archaeologist
familar with the prehistory of the Solano County
area. Also, such excavations should be accom-
plished with the full participation and approval
of local California Indian organizations.

Stone Fence Segments - The stone fence segment, which
transects this section of the aqueduct alignment (com-
mon to all three Routes 1, 4 and 6), could potentially
be subject to adverse impacts as a result of pipeline
installation at that location. The following mitiga-
tion alternatives are recommended for minimizing the
adverse effects which could result from the project:

1. The aqueduct alignment could be designed so as
to pass through the existing break in the fence,
by which an existing dirt road now passes. 'This
measure would be the mnst effective means of max-
imizing the protection and prescervation of this
historic resource.

2. 1f the above measure cannot be accomplished, then
it is recommended that the possibility of trench-
ing under the fence without disturbing or damaging
the rock feature be explored.

3. If divturbance of the rock fence cannot be avoided,

then it is recommended that the least amount of
the feature be disturbed by project construction
activities, This can be accomplished by removing
hy hand those portions of the fence necessary for
project implementation. 1t is noted that the
majority of this historic feature would remain
intact, and removal of a small section would not
diminish the overall historic or aesthetic signif-
icance of the fence. Further, it is likely that
with the assistance of an experienced historic
structures professional, the removed section can
be replaced after construction is completed.

1t is further recommended that no matter which of

these mitigation alternatives are implemented, of forts
he made to minimize other than absolutely necessary
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construction activities in the vicinity of the stone
fence segmentis in this alignment(s) section.

l - Historic Archaeological Site - The discernable horizon-
tal extent of this cultural resource is Jocated well
within the project corridor associated with the Route 4
and 6 alignments. Impacts to this historic archaco-
logical site could result from the various construction
activities associated with a project of this naturc.
Brush clearing, the moving of construction vehicles,
stacking of pipe sections, storage of equipment and, of
course, actual pipeline trenching are all activities
which could result in direct and severly adverse im-
pacts to archaeological resources.

The following alternatives which would adequately
mitigate the potential adverse impacts to the subjec:
historic archacological site are thercefore recongotided

1. The aqueduct alignment for that portion of Houtes
4 and 6 (Map 10) could be designed so as ta avord
the location of the historic resource. This coutd

be accomplished by establishing the actual pipo-
line alignment approximately 100 feet to the norto
or south of the resource location. Based on
surface cvidence cvaluntions, it is detoermined
that the recommended alignment alteration wongld
place the construction activities at an adeguont e
distance from the subject cultural resource,

2. The above mitigation aliternative would be the oo
effective means of preseorving the historie i
acolopgieal stte.  Should such =spte aveordanee e
Lo be impossible, then data vecovery by ool b L
exeaveotton waoutdd be the o el e o e
IUUCH I VI T osuch o prograr hecore e on P
two plhiase subsurtaco pnve ot cation Voo e

The tirst phase shoubd tnvolve o Tarrred v on
program of subsoyrface unitts and hand g vone

the purpose of thi= phaco wonld be ot e to e
the exact horizontal and vertical estont f i
site and its cultural content,.  Based on the o
one findings, o data recovery prograry throagh
archacological exeavatren could then bao dece bog
s oappropriate,
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CONCLUSIONS

The results of the archival review and field investigations
lead to the conclusion that despite the relatively high
cultural resources sensitivity of the general project set-
ting (and despite the occurrence of three cultural resources
within the North Bay Aqueduct Alternative Alignments),
cultural resources considerations should not constitute
insurmountable constraints on project implementation.

Based on the study findings, it is determined that the Route
1 Alignment would be the preferred aqueduct route. This
conclusion is based on the fact that utilization of the
alignment would potentially result in impacts to only two
known cultural resources; whereas, utilization of the Route
4 or Route 6 Alignment would potentially result in impacts
to three known cultural resources.

The known cultural resources which are situated within the
project alignment corridors have beer identified, and dis-~
cussions concerning potential impacts to those resources
have been presented, These evaluations, however, do not
preclude the possibility that archaeological remains oxist
below the ground surface and could be encountered du'ing
land alteration activities associated with the proposcd
project. In the cvent that archaeological remains arc
encountered during subsurface construction activitiers, land
alteration work in the general vicinity of the find should
be halted and a qualified archaeologist should be consulted.
Prompt evaluations could then be made regarding the finds,
local Native Amcrican organizations consulted, and a course
of action acceptable to all concerned parties could then he
adoptled.
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APPENDIX F

COMPUTER ANALYSIS OF WATER QUALITY AND HYDRAULIC IMPACTS

The impact of the North Bay Aqueduct on Delta water quality and
hydraulics has been analyzed with the aid of two computer based numerical
models. These models have evolved over the past 15 years for direct appli-
cation to the San Francisco Bay Delta system. The models have been specifi-
caily designed to aid in the evaluation of various alternative water and
wastewater management plans.

The Tidal Hydraulics Model has been applied to a network of 253
rades interconnected by 345 links (Figure 1). The primary purpose of a
mathematical tidal hydraulics model is to provide quantitative temporal
descriptions of tidal flows, current velocities, water levels, and tidal
volumes. These must be provided for representative hydrographic conditions
and for the specific water resource management alternatives being considered.
Secondary requirements of the model may be to supply information on specific
parameters that may be needed in companion modeis to estimate mixing

coefficients, mass transfer rates, or other empirical coefficients.

The Tidally: Averaged Water Gualily Model was developed to predict
either steady state or time varying, tidally averaged values of dissolved
oxygen, biochemical oxygen demand, any conservative constituent, and any
nonconservative constituent that behaves according to first-order kinetics.
The primary parameter that is adjusted is the "effective mixing coefficients”
that represent the combined effects of vertical and transverse velocity vari-
ations, intertidal flows, constantly changing tides, density inducted mixing.
and all other factors not represented by tidally averaged flows. Additional
details and descriptions of the models are available in WRE (1974).

The most recent calibration and verification of the models was

performed in 1977 when the models were used in conjunction with the Delta

Water Rights Hearing conducted by the California State Water Resonroes
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Control Board. The background and results of the model calibration and

verification efforts are presented in Attachment 1. Based on the model
calibration and verification results and restrictions, it was concluded
that the models could be used to provide comparative data for analyzing
alternative diversion sites for the North Bay Aqueduct. The simulation
period selected for the NBA model analysis is Tow flow, summertime

hydrology (1976-77). This period represents the most critical hydraulic
and water quality conditions. The model has been employed to compare the
relative changes in the hydraulic and water quality conditions resulting
from the proposed diversions with the base case (no project) situation.
Therefore, it should be emphasized that the absolute values of the net
flows and TDS and chloride concentrations represent the 1976-77 model input
data only, and the results should be interpreted in terms of the relative

change between project conditions.

The primary assumptions used in conducting the analysis of the North
Bay Aqueduct impacts were the following:

1. Low-flow, summertime hydrologic conditions were used tc
represent the most critical hydraulic and water quality
constraints. The parameters and initial condition data
employed by the models were developed from the 1976-77
drought period data base.

2. Net Delta OQutflow was set at 3,000 cfs.

3. Exports for the Central Valley Project and the State Water
Project were 5,500 cfs.

4. North Bay Aqueduct diversions (110 cfs) were assumed to be
compensated for by additional releases to the Sacramento
River, therefore, the Net Delta Outflow remained constant.

_ _— .__‘

5. The system is operated with the Delta cross-channel open.




Base Case Conditions

The results of the model simulation for the base (no project) case
are presented in Table 1 and Figure 2. The net flows in the model channels
provide a general description of the predicted flow regime of the region.

As illustrated in Figure 3, the model indicates water flowing from the
Sacramento River through Steamboat and Sutter Sloughs to Miner Slough. At

the confluence of Miner and Cache Sloughs, water flows upstream into Lindsey
and Cache Sloughs and the Sacramento Deep Water Channel and downstream along
Tower Cache Slough to rejoin the Sacramento River and Steamboat Slough at

Rio Vista. The net upstream flows in Lindsey and Cache Sloughs reflect losses
to evaporation, groundwater seepage, agricultural withdrawals and municipal
diversions.

As a result of the general flow regime predicted by the model
simulation, the water quality in the region will more closely reflect
the water quality of the Sacramento River as found near Courtland as
opposed to the quality found near Rio Vista. The water quality results
presented in Figure 2 show a good quality zone at the confluence of Miner
and Cache Sloughs (Junction 135). Given the direction of net flows from
the junction, it seems reasonable to conclude that the primary source of
water and, subsequently, water quality in the vicinity of Lindsey and
Cache Sloughs is the Sacramento River just south of Courtland. The
slightly higher TDS and Chloride concentrations predicted at Rio Vista
reflect the initial edge of the salinity wedge originating in San Francisco
Bay. Consequently, the simulated flow regime provides some degree of
protection for the region from the higher salinity waters which lie south
of Rio Vista and the proposed diversion points.
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TABLE 1
HYDRAULIC AND WAT:ZR QUALITY QUALITY CHARACTERISTICS
FOR SELECTED MODEL CHANNELS AND JUNCTIONS
Base Case Cache S1. Lindsey S
Diversion Diversion
Hydraulic Characteristics
Cache S1. {Channel 185)
Net Flow (cfs) 1371 1289 1289
Net Flow Direction Downstream Downstream Downstream
Velocity (fps) 0.059 0.059 0.059
Cache S1. {Channei 187)
Net Flow (cfs) 144 254 144
Net Flow Direction Upstream Upstream Upstream
Velocity (fps) 0.008 0.014 0.008
Lindsey S1. (Channel 188)
Net Flow (cfs) 101 101 21
Net Flow Direction Upstream Upstream Upstream
Velocity (fps) 0.015 0.015 0.031
Miner S1. {Channel 229)
Net Flow (cfs) 1724 1751 1751
Net Flow Direction Downstream Downstream Downstream
Velocity (fps) 0.558 0.566 0.566
Water Quality Characteristics
Cache S1. (Junction 135)
T0S (mg/1) 136 134 134
CL (mg/1) 13 12 12
Cache S1. (Junction 137)
DS (mg/1) 143 138 14
CL (mg/1) 13 13 13
Lindsey S1. (Junction 138)
TDS (mg/1) 140 139 127
CL (mg/1) 13 13 1:
el AR — . I
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Cache Slough Diversion

The effects of a North Bay Aqueduct diversion from Cache Slough
are illustrated in Table 1 and Figure 4. Based on the model results, the
diversion of 110 cfs would be compensated for by an increase in the net
flow in Miner Slough (Channel 229) of 27 cfs and a reduction in the net
flow in lower Cache Slough (Channel 185) of 82 cfs. The net flows in
Cache Slough (towards the diversion) increase by 110 cfs. The average
velocity in Cache Slough (Channel 187) increases from 0.008 fps to 0.014
fps.

Lindsey Slough Diversion

The effects of the Lindsey Slough diversion on the general flow
regime are identical to the flows predicted for the Cache Slough diversion. {
The withdrawal of 110 cfs from Lindsey Slough is compensated for by an
increase of 27 cfs in net flow along Miner Slough and an 82 cfs decrease
in net flows in the downstream end of Cache Slough (Figure 5). The net flow I
in Lindsey Slough (Channel 188) increases by 110 cfs and the average velocity
increases from 0.015 fps in the Base Case to 0.031 fps with the diversion
(Table 1). Net flows in Cache Slough are unaffected by the diversion in
Lindsey Slough.

As previously observed, the water quality at the proposed intake ‘
site shows an improvement over the base case simulations as a result of the
increased flow of higher quality water from the Sacramento River via Miner F
Slough. The higher quality water from the Sacramento River also results
in a residual effect by improving the water quality in Cache Slough.
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Calhoun Cut Diversion

The diversion and water quality impacts of a diversion on Calhoun
Cut would, essentially, de identical to those simulated for Lindsey
Slough.  The major difference would occur in the average flow velocity
which, depending on the channel geometry, would be greater than that simu-
lated four Lindsey Slough. Water quality would, generally, be the same as
predicted for Lindsey Slough.

Conclusions

Based on the results of the model simulations, the impacts of the
proposed North Bay Aqueduct diversions on Cache Slough, Lindsey Slough and
Caihoun Cut can be summarized as follows:

1. Approximately 25 percent of the required diversion flows
will be met by increased flows from the central Sacramento
River region just south of Courtland viia Steamboat, Sutter
and Miner Sloughs. The remaining 75 percent will be supplied
by a reduction in downstream net flows along Cache Slough to

Rio Vista.

2. The diversion will result in an increase of 110 cfs in the
i net upstream flows in the respective channels and a corres-
t ponding increase in the flow velocities. The increased

;' fiows amount to approximately six to nine percent of the

,; total average (predicted) flows for Cache and Lindsey

Sloughs, respectively. For Cache and Lindsey Sloughs, the
B predicted velocities would increase tc 0.014 fps and 0.03]
fps, respectively. The flows and velocities in Calhoun Cut
would be higher due to the smaller channel size.

3. Due to the general net flow regime indicated by the model
simulations, the diversions will result in an improvement
of the water quality in the region.




It should be noted that the proposed Peripheral Canal may have
significant effects on the expected water quality in the region. As
proposed, the Peripheral Canal would divert Sacramento River water above
Courtland to the State's Delta Pumping Plant with provisions for small
releases into sloughs along the eastern side of the Delta. Although net
Delta outflow would be maintained, the redistribution of flows in the
Delta could result in increased salt water intrusion up the Sacramento
River as a result of the lower Sacramento River flows. Consequently, the
possibility exists for reversing the net flows in the lTower end of Cache
Slough and thus introducing lower quality water into the region of the
proposed North Bay Aqueduct diversion.
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ATTACHMENT 1

CALIBRATION AND VERIFICATION OF HYDRAULIC AND WATER QUALITY MODEL

The calibration and verification of the models used in the Delta
Water Rights Hearing involved three major tasks.

TASK [. DEVELOPMENT OF A MODELING PROGRAM

1. Development of a program for the use of mathematical
models during the Delta hearings.

2. Incorporate improvements and modifications made by WRE,
the Department of Water Resources (DWR) and the U.S.
Bureau of Reclamation (USBR) to the basic Bay-Delta
model.

3. Review available water quality and hydraulic data
for use in the model calibrations.

During the early stages of the project, several meetings were held
with Steve Macaulay from the State Board, Ed Huntley, Rich Lerseth and Jim
Snow from DWR and Rich Cristoff from USBR. DWR and USBR provided programs,
data decks and listings for each of their models as well as sample outputs.
This information was reviewed and differences in basic data were identified.
The State Board, WRE, DWR and USBR reviewed these discrepancies and jointly
recommended a modified data set. These modifications included several
adjustments to the data defining Delta channel properties and roughness
coefficients which had been developed by DWR and USBR in previous modeling
efforts. At the completion of Task I, WRE concluded that a modeling program
using the existing WRE tidal hydraulics and water quality models in conjunction
with the modified data set for Delta channel and junction characteristics would

be appropriate for the remaining tasks.




Hydrodynamic Model

Initial tidal hydraulic recalibration attempts using the data base
developed in Task I were not successful. DWR indicated similar problems
in calibrating their model with the same data base. It was thcrefore
concluded that the channel roughness coefficients had to be recalibrated
as a result of changes in channel geometry. The following three figures
present the final recalibration results of the hydraulics model along the
Sacramento, San Joaquin and 01d Rivers. The results for the Sacramento
River provide a good approximation of the field data. In general, the error
ranged from +0.1 to -0.3 feet for higher high water levels and +0.1 to -0.8
feet for Tower low water levels. The major calibration difficulty was
simulated values that were too Tow in the Collinsville-Rio Vista region.
Calibration results for the San Joaquin and 01d Rivers were generally low
and within 0.5 feet of measured tide levels. These results reflect
difficulties encountered with boundary conditions at Mossdale Bridge and
the Tow tide levels simulated in the Collinsville-Rio Vista region of the
Delta. It was concluded that the southern boundary of the model should be
extended along the San Joaquin River from Mossdale Bridge to Vernalis to
reduce errors introduced at the Delta boundary. The model extension was
made after the hydraulic calibration and prior to beginning the water
quality model calibration.

Water Quality Model

WRE selected May-July 1976 for calibratien of the water quality
models and August-October 1976 for their verification. These periods repre-
sent the best available data for Tow flow conditions. The final hydrologic
periods used for the calibration and verification process were:

Calibration
Period 1 May 1976
Period 2 June 1976
Period 3 July 1976




TASK II. PREPARATION OF OPERATIONAL HYDRODYNAMIC AND WATER QUALITY MODELS

Task Il objectives were to review available hydrologic and water
quality data and to develop a reliable data base for use in calibrating
and verifying the hydraulic and water quality models. During this task WRE
concluded that documented tide data for the August 18-19, 1959 period provided
the best data base for calibrating the hydraulic model and data for May through
October 1976 would be used to calibrate and verify the water quality model
under low flow conditions.

With the assistance of the State Board, WRE compiled an extensive
and well documented data base for use in model calibration and verification.
The water quality medel was modified to handle each source and withdrawal
of water separately; this change required data to handle the individual
component parts rather than treating them in total as net Delta consumptive
use. The major problem encountered during this phase of the project was the
availability of adequate data on the distribution of agricultural withdrawals
and returns and their corresponding water quality. The allocation of agricultural
withdrawals was based on the data and methods developed in the Bay-Delta study
by DWR and WRE. In the case of agricultural returns, an approach was selected
to estimate return flow concentrations on the basis of the weighted average
water quality of the various contributing sources.

TASK ITI. CALIBRATION OF HYDRODYNAMIC AND WATER QUALITY MODELS
Task III involved recalibration of the tidal hydraulics model for

the August 18-19, 1959 period and the calibration and verification of the
water quality model using the May-October 1976 data developed in Task II.
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Verification
Period 4 August 1-15, 1976
Period 5 August 16 - September 20, 1976
Period 6 September 21 - October 10, 1976
Period 7 October 11-31, 1976

The water quality calibration results compared favorably with field
data for Martinez, Pittsburg, Emmaton, San Andreas Landing, points along
01d River and Vernalis. Primary difficulties were the result of dividing
the calibration periods on the basis of months as opposed to inflow and
export conditions. Monthly periods did not provide accurate enough hydraulic
simulations which, in turn, resulted in simulating average TDS values which,
in some cases, were not representative of actual conditions. This procedure
was modified for model verification and the periods were selected on the
basis of Sacramento River inflow and export pumping.

When the verification periods were simulated, the results were
unsatisfactory during periods 5 and 6 for stations from Antioch to San
Andreas along the San Joaquin River and down 01d River to Clifton Court.

The results indicated that the model advected an excessive amount of salt
water up the San Joaquin River during these two periods, which represented
Tow flow-high export conditions. Consequently, adjustments were made to

the mixing coefficients in Three-Mile Slough and the channel connecting
Antioch and Collinsville to reduce salt water intrusion for the combined
calibration and verification periods. As a result of these changes the
model simulated values below actual field data for all stations (except
Antioch and Blind Point) during the first four hydrologic periods and above
field values for the final three periods. Simulations at Martinez, Pittsburg,
Emmaton, San Andreas, Victoria Canal, Delta Mendota Canal, Union Island and
Vernalis provided the best results. Stations between Pittsburg and San
Andreas on the San Joaquin River and along 01d River to Clifton Court were
unsatisfactory during the periods 5 and 6 due to the continued prediction of
high salt water intrusion. The following figures present the calibration




and verification results for Emmaton, Antioch and San Andreas Landing;
these results are representative of the calibration and verification.

As the results indicate, during low flow-high export conditions
(as found in periods 5 and 6), the model overestimates advection of salt
water up the San Joaquin River to San Andreas and then south along 01d
River to Clifton Court. Since field data did not reflect the same behavior,
WRE investigated the cause of the high salt water advection in the model and
have concluded that geometric and hydraulic data in the Pittsburg-Collinsville-
Antioch area may be inaccurate for simulating hydraulic behavior during these
flow conditions. Therefore, it appears that the current model is limited to
low flow conditions when total exports do not exceed 7,000 cfs.
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APPENDIX G

WATER CONSERVATION ASSUMPTIONS OF DWR'S WATER ACTION PLAN
FOR THE SOUTHWEST SACRAMENTO VALLEY SERVICE AREA

(This appendix describes the water conservation measures
involved in a program whose existence was assumed by the
preparers of the Water Action Plan for the Southwest
Sacramento Valley Service Area for estimating "conservation"
demand. The estimates appear in Tables 3-2 and 3-13 of

this EIR/EIS. The text of this appendix was exerpted

directly from DWR's Water Action Plan for the Central and

South San Francisco Bay Area, 1979.)

e

i Potential for Urban Water Conservation

Water conservation is important because it can free presently
developed water supplies for other uses or can delay the time when future
water supplies need to be developed. .Conservation indicates more efficient
use of water, or using smaller amounts of water to satisfactorily perform
the same function as larger amounts of water. In some cases, this can be
accomplished by changing or modifying a plumbing fixture or appliance with
no behavioral change needed from the user. Other savings involve a change
in behavior or habits, such as using less water for landscape irrigation.

DWR has analyzed the potential watey savings in the entire San
Francisco Bay Basin 1/ for the following categories: municipal interior and
exterior, industrial, and water purveyor/distributor leak detection and repair.

To analyze the potential water savings in the municipal interior
and exterior category, DWR analyzed residential water use only. Although
municipal also includes commercial and governmental uses, potential water

savings were assumed to be in the same proportion as residential.

1/ San Francisco Bay Basin, as designated by the "Water Quality Control Plan
Report, San Francisco Bay Basin", SWRCB, 1975.
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DWR has analfzed the potential water savings in the entire San
Francisco Bay Basin 1/ for the following categories: municipal interior and
exterior, industrial, and water purveyor/distributor leak detection and repair.

To analyze the potential water savings in the municipal interior
and exterior category, DWR analyzed residential water use only. Although
municipal also includes commercial and governmental uses, potential water
savings were assumed to be in the same proportion as residential.

Based on the analysis, DWR estimated that the reduction in urban
water demand for the San Francisco Bay Basin 1/ with implementation of a water
conservation program would be about 7 percent in 1980, 14 percent in 1990, and
17 percent in the year 2000. Assuming the percentages are also applicable to
the study area, water savings in the central and sou;h San Francisco Bay area,
using the DWR E-150 water demand projections, would be 74 hm3 in 1980,

169 hm3 in 1990, and 228 hm3 in 2000. (In Alameda and Contra Costa Counties,
DWR projected that the future Iincrease in industrial water demand would be
approximately equal to the reduction in water use because of additional
recycling. Therefore, the industrial water demand in Alameda and Contra
Costa Counties was subtracted from the DWR projections before applying the
water-saving percentages. The resulting percentage reductions were 6 percent
in 1980, 13 percent in 1990, and 15 percent in 2000).

The various water-savings categories and the potential savings, used
in computing water savings for the San Francisco Bay Basin 1/, are discussed
in the following paragraphs. In addition, DWR water-savings projections are
compared with those developed by J. B. Gilbert and Associates for ABAG.

Interior Use

Based on studies of several water systems in the San Francisco
Bay Basin 1/, it was assumed that of the total municipal demand, 65 percent is

for interior use and 35 percent is for exterior use.

1/ San Francisco Bay Basin, as designated by the '"Water Quality Control Plan
Report, San Francisco Bay Basin'", SWRCB, 1975.

G-2

Py




EESN

Potential interior savings have been estimated for five activities:
new construction, replacement of demolished structures, rehabilitation or

remodeling of existing structures, replacement of worn-out appliances and

fixtures, retrofitting of water conservation devices in existing fixtures, and

changing personal water-use habits through conservation awareness.

New Construction. New construction here refers to structures

added due to increased demand for housing. In 1976 the California Legis-
lature passed AB 1395, which requires that after January 1, 1978, newly
installed toilets will have a maximum flush of 3.5 gallons (13.2 litres).
Previously toilets required 5 to 7 gallons per flush. According to DWR
Bulletin 198, this will amount to an 18 percent reduction in interior use
or when multiplied by 65 percent interior use, an 11.7 percent reduction
in municipal demand.

The Regulation for Appliance Efficiency Standards as amended on
December 22, 1977, by the Energy Resources Construction and Development Com~
mission, established maximum flow rates for shower heads, lavatory faucets
and sink faucets sold or offered for sale in California after that date.

For shower heads the maximum flow rates are either 2.75 or 3.00
gallons per minute (10.4 or 11.4 litres per minute), depending on the
pressure. For lavatory and sink faucets the maximum flow rate is 2.75 gpm
(10.4 1pm). The effect of these measures (not including toilets) would be a
reduction of 24 percent of indoor use, or 15.6 percent of municipal demand.

The effect including the toilet legislation is to decrease interior residen-~

tial use by 42 percent and total municipal use by 27.3 percent. The reduction

factors are applied to the increase in municipal demand brought about by the

added structures.
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Demolition. A certain number of existing structures will be
demolished. Replacement structures must meet the same water-conservation
criteria as new construction.

The Southern California Association of Governments (SCAG) pro-
Jected that 6 percent of the housing units existing in 1975 may be demol-
ished by 2000. It was assumed this would be the same for the Bay area.
Using a straight-line projection, this would be about 0.24 percent per year.
This percentage times the number of years and times the conservation reduc-
tion factors gives the reduction to be applied for each of the future years.
The reductions are applied to present municipal demand.

Rehabilitation. In addition to new construction and demolition,

a certain amount of rehabilitation and remodeling will be accomplished

within the study area. SCAG's estimated rehabilitation ndeds of 8 percent

of existing units were assumed to be the same for the Bay area. Since infor-
mation on rehabilitation actually accomplished is minimal and was not pre-
dicted, a 25 percent accomplishment factor, or 2 percent of existing units

by year 2000, was assumed. Rehabilitation would include plumbing fixtures in
accordance with the conservation requirements of new construction except for
pressure-reducing valves and hot-water-pipe insulation. The reduction per
unit rehabilitated will be 11.7 percent before 1980 and 20.8 percent there-
after. Reductions are applied to present municipal demand.

Replacement. Surveys by DWR and others have shown that the
expected life of faucets and washing machines varies from 6~10 years,
depending upon the quality of the water. For this report, a useful life
of 10 years is assumed. It is also assumed that after 1980 as they wear out

they will be replaced with water-saving models. A 9.1 percent reduction in

municipal demand is projected for each unit. One-half of the replacement will
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take place by 1990 and the remainder by 2000. Although toilet mechanisms will
also wear out after 10 years or less, replacement with existing type parts is
assumed, with no resultant savings.

Retrofit. Installation of retrofit devices can reduce interior
water use by 20 percent. The devices include toilet tank displacement dams or
other toilet devices, and low-flow shower heads or shower flow restrictors.

By 1980 every household in the study area probably will have had an oppor-
tunity to secure these devices in conservation kits and, based on previous
conservation programs, 30 percent of the households will install the devices.
Twenty percent reduction of 30 percent of households times 65 percent interior
use gives a reduction to present municipal demand of 3.9 percent in_1980.

This will be reduced to less than one percent by 2000, as retrofitted fixtures
are replaced with new water-conserving fixtures due to demwlition, rehabilita-
tion, and replacement.

Changing Personal Water Use Habits. Another way in which significant

water conservation could be effected would be by changing personal water use
habits. These could include not running faucet water continuously while
brushing teeth or shaving, systematically repairing leaking plumbing, washing
only full loads of dishes and clothes, not using toilet as waste receptacle,
taking shorter showers, and others.

During the 1976-77 drought, the San Francisco Bay Region, as with
many other areas in the State, responded to curtallment in water supply by
various means, including public education on water conservation awareness that
appealed to change in persoral water use habits to eliminate waste and use of
water.

A quantitative evaluation of the water savin, s from changing personal

habits was not included in the study because there is insufficient basis to




predict long-term effects on water conservation. The recent two drought
years' experience have shown, however, that they can contribute significantly
to water savings.

Exterior Use

The largest portion of exterior water use, about 90 percent, is used
for irrigating lawns, shrubs, and home vegetable gardens. The remaining 10
percent is used for car washing, swimming pools, and cleaning driveways, side-
walks and streets. Substantial reduction in use could be achieved by educating
the public on proper watering techniques to eliminate overwatering and waste.
According to Bulletin 198, 20 percent of applied exterior water is in excess
of demands. Therefore, a reduction of 5 percent should be attainable and was
assumed for this report.

The use of low-water-using plants or landscaping with no water use,
such as gravel or rock, can save appreciable amounts of water. This type of
landscaping would most likely be done in areas of new construction and a reduc~
tion of 10 percent in the increased exterior demand can be expected.

Industrial Use

Reduction in industrial use will occur because of the necessity to
reduce energy and sewer discharge costs, replace old equipment as it wears out
with more efficient equipment, use efficient equipment and processes in
future plants and industries, and recycle and reclaim water. This will produce
an assumed savings of 5 percent in 1980, 15 percent in 1990, and 17 percent
in 2000.

Leak Detection and Repair

Water savings would be effected through initiation of a delivery
system leak-detection program. A study by EBMUD concluded that a utility with
about 8 percent unaccounted-for-water could effect a detection and repair pro-

gram resulting in a 2 percent reduction in total demand.
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A detailed analysis of each water supply system, which would be
required to determine the potential water savings from a leak-detection pro-
gram, was beyond the scope of this study. However, a goal of one percent
for 1980 and two percent thereafter seemed reasonable, and was used for esti-

mating potential water savings.
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