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Foreword 
though California has successfully weathered 6 years of drought (beginning in 1987), it has not been 

sacrifice to all segments of the water community. Many urban areas have imposed mandatory wa- 
r rationing programs, and water rates have gone up by more than 40 percent throughout much of the 

Water Project agricultural deliveries dropped to an unprecedentedzero in 1991 and many fed- 
Central Valley Project users were limited to a 25-percent supply in 1991 and 1992. The environment 
suffered, particularly California's anadromous fisheries. Waterfowl habitat has also been greatly di- 

inished by low rainfall and reduced water supplies. 

ter transfers have come into their own during this drought. A number of successful transfers came 
early part of the drought, although individual transactions took several months to coordinate. 
1991, water conditions were more severe than had ever been seen. Severe shortages for criti- 

ater needs of more than 1 million acre-feet were forecast. Negotiations for individual transfers were 
r way but none were close to completion. Possible transfers were small compared to the demand. 

ernor Wilson formed the 1991 Drought Water Bank as a new institution to respond to the water supply 
s. Through the cooperation of about 350 sellers and 20 buyers, the Water Bank was able to meet 

entual critical demands of 400,000 acre-feet while carrying another 265,000 acre-feet for the State Water 
oject into the next year. The Drought Water Bank continued in 1992 and successfully met the full critical 
ter demands of more than 150,000 acre-feet. 

WR has developed extensive experience over the past 2 years in putting together hundreds of water 
ansfers in a short period of time. This draft environmental impact report reflects that experience and 

potential environmental impacts associated with different categories of transfers. It also notes 
here the 1991 and 1992 Water Bank operations have improved conditions for fish and wildlife by lessen- 
g the adverse impacts of the drought. 

program EIR. It is limited to a State-run drought water bank involving short-term 
during drought periods over the next 5 to 10 years. It is not intended to cover issues related to 

water transfers or to transfers during nondrought periods. Although future drought water 
within the scope of this document, they may need to be augmented through further en- 
and documentation. 

Steve Macaulay, ~ a n a ~ e y  
brought Water Bank 

I I /bepartment of Water Resources 
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Summary 
h e  Department of Water Resources is proposing a Drought Water Bank program. While short-term wa- 
ter transfers are exempt by statute from requirements of the California Environmental Quality Act 
(CEQA), the State Water Resources Control Board, which must approve any transfers, requires an envi- 
ronmental assessment. Therefore, DWR has prepared a program environmental impact report (EIR). 
DWR has prepared a program EIR, rather than a project EIR, because the Drought Water Bank may in- 
clude different, but related, actions in different years. 

The goal of the proposed Drought Water Bank program is to meet critical water demands that have been 
severely curtailed because developed water supplies have been significantly reduced as a result of drought 
br other unanticipated conditions. Such other unanticipated conditions, which result in extreme water 
hortages, may include natural disasters or water storage and transfer facilities failures, or significant re- 
trictions on water storage or transfers due to federal or State endangered species acts. 

The proposed program is a water purchasing and allocation program whereby DWR will purchase water 
bom willing sellers and remarket the water to buyers under specific critical needs allocation guidelines. 
The program is intended as a short-term measure in near-emergency conditions due to lack of water. 
The program is intended to operate, as needed, over the next 5 to 10 years if drought or other near-emer- 
gency conditions occur, and is not intended to substitute for long- term water development. The program 
also does not involve nondrought water transfers that may occur. Such nondrought transfers will be subject 
to separate environmental analyses. 

The program would be implemented as needed for a particular year by an executive order of the Governor 
or upon a finding by DWR's Director that drought or other unanticipated conditions exist that will signifi- 
cantly curtail water deliveries. The program would continue to operate until water supplies returned to 
Doncritical levels. Each decision to implement a drought water bank will involve a review of the final pro- 
ram EIR and a determination of whether there would be any environmental impacts beyond the scope 
f those examined in this EIR. If the analysis shows impacts beyond the scope included in this EIR, DWR 
ay then prepare a supplemental EIR or modify the proposed water bank operations so the bank can pro- 1 ed within the scope set forth in the program EIR. As conditions and knowledge change, DWR may up- 

date information through preparation of a supplemental EIR or negative declaration. DWR may also pro- 
ceed with a water bank outside the scope covered in the program EIR if emergency conditions exist. 

Water could be obtained from three sources for the program: 1) ground water substitution or conjunctive 
use, whereby a portion of a water district's or farmer's surface water supply would be acquired and re- 
placed by pumping an equivalent amount of local ground water; 2) purchase of surface water stored in 
local reservoirs; and 3) fallowing or withholding irrigation of designated farmland. The fust two alterna- 
tives would be implemented if demand for water ranges up to 300,000 acre-feet, while the third altema- 
tive would be implemented only if demand were significantly greater than that. Major sources for bank 
water are expected to be water districts, individual farmers, and reservoir operators in areas tniutary to 
the Sacramento, Feather, Yuba, American, and San Joaquin rivers. Other potential sources are areas in 
the northern San Joaquin Valley that are not in ground water overdraft conditions. 
I 

Areas expected to receive water include the San Francisco Bay area, the §an Joaquin Valley, and Southern 
California. Buyers are expected to be individual municipalities, water districts, and other water purveyors, 
and could include the State Water Project. The principal restriction for purchasers of water would be that 
their needs would meet specific criteria. For all needs, maximum use would have to be made of all avail- 
able water supplies. The goal of allocating water for municipal and industrial users is to avoid significant 
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environmental, economic, or social losses, and damage. Urban area benefits are expected to be primarily 
in the landscaping and industrial sectors, and are expected to reduce environmental, economic, and em- 
ployment losses otherwise experienced during water-short periods. For critical agriculture needs, water 
allocation would be limited to trees, vines, and other permanent or high value crops. Agricultural area 
benefits are expected to reduce economic losses and unemployment caused by drought conditions. For 
critical fish and wildlife needs, annual criteria would be developed by the Department of Fish and Game 
(DFG) based on the condition of fish and wildlife populations and su~ival conditions. Anticipated bene- 
fits include increased water supplies to State and federal wildlife refuges needed to maintain wildlife pop- 
ulations (especially migratory waterfowl) under conditions of moderate to severe reductions in statewide 
wetlands habitat. 

Most water transfers would likely go through the Sacramento-San Joaquin Delta, with water derived 
largely from Delta tributary rivers. From the Delta, water would be transferred either south to the San 
Joaquin Valley and Southern California, or west to areas within Alameda, Contra Costa, San Francisco, 
Solano, and Santa Clara counties. Potential transfers may also occur north of the Delta, and involve a se- 
ries of water exchanges to get water from the Sacramento River to regions such as western Yolo County, 
Solano County, and the Tehama-Colusa Canal service area. The exact transfers that would be conducted 
are not known at this time, and will only become known during the near emergency, critically water short 
periods. 

At the time this document was being completed, the State Water Resources Control Board had just issued 
its draft Water Right Decision 1630 regarding interim protection standards for the San Francisco Bay / 
Sacramento-San Joaquin Delta Estuary. The draft decision sets forth proposed additional export pump- 
ing and Delta protection standards that would provide more protection to anadromous fisheries than pro- 
vided by current standards. Water transfers through the Delta under the proposed program would have 
even less potential adverse impacts than set forth in this document, if the draft decision is adopted in pres- 
ent form. Language in draft Decision 1630 emphasizes the importance of water transfers in meeting near- 
term dry period needs, and places additional emphasis on transfers that do not go through the Delta. 

The proposed program is designed to avoid significant adverse environmental impacts. However, poten- 
tial adverse environmental effects may occur due to surface water purchases, ground water substitution, 
fallowing, and pumping water bank supplies in the Delta ('Ihble 1). Water transferred through the Delta 
would be held in upstream reservoirs and released at times for maximum benefits and minimum potential 
adverse impacts to the fisheries. Bansfers of water from the proposed program will increase instream 
flows in rivers tributary to the Delta, particularly the Sacramento River. If the transfers were delayed to 
late summer A d  early fall, the cooler water temperatures would benefit migrating salmon. 

Effects to fisheries are not likely to be significant in reservoirs or streams due to the program, but may 
be significant in the Delta. Loss of fish due to pumping water from the Delta may include some species 
protected by the federal and State Endangered Species Acts. Mitigation measures that may be required 
for fish species will be handled as already provided under existing law and existing water program opera- 
tion criteria. The Ikro-Agency Fish Agreement specifies mitigation for water pumped through the 
Harvey 0. Banks Delta Pumping Plant regarding impacts to striped bass populations. Further, the State 
Water Project and Central Valley Project will continue annual consultations with appropriate federal and 
State agencies as needed to deal with potential impacts to threatened and endangered species. Consulta- 
tion under Section 7 of the Federal Endangered Species Act is expected to continue with the U.S. Fish 
and Wildlife Service and the National Marine Fisheries Service. Transporting and pumping water under 
the proposed program is considered within the scope of existing operations and pumping regimes of these 
two water projects. 



Table 1. Potential Significant Environmental Effects Assodated with 
the Drought Water Bank Program and Mitigation 

Activity Impact Mitigation 1 
1. Surface water Decreased carry - Consideration of prudent reserves before purchase I ~ ~;rc~ue water over 

- -  - 
Downstream tem- - Evaluate temperature-storage relationships prior to 
perature increase purchase 

Loss of tail water - Avoid contracts that reduce tail water for wetlands or 
for wetlands provide alternative 

2. Ground water Overdraft - Discourage substitution of ground water for surface 
exchange water in areas 
vulnerhle to 

1 overdraft - Monitor ground water levels during and after project 

Subsidence - Evaluate potential prior to contracting 

- Monitor ground levels 

E f f c c t s o n o t h ; r d  regulate ground water extraction 
pumpers 

Water quality - Avoid areas with poor water quality 
degradation - Monitor ground water quality and regulate pumping 

Effects on surface - Avoid long-term water banks in recharge area 
water flows 

3. Fallowing Increased soil - Avoid soils subject to increases in salinity 
salinity due to 
high water tables - 
Loss of fwd - Encourage limited lanting of ains for fwd source 
supply to wildlife - Encourage reduce 8 harvest e 8 tc~encies of adjacent 

lands - Encourage planfing of cover crops 
- Discourage dislung and weed control where 

a propriate 
- dbnsultation with DFG for appropriate mitigation 

Loss of sensitive - Literature review to determine likelihood of presence 
plants in pastures - Consultation with DFG 

4. Delta pumping Entrainment of 
fish 

projects 
- Purchasing and stocking of affected species 
- Mitigation fee per acre-fwt transferred for projects 
- Discuss mitigation requirements for s ecific effects 

NMFS) 
P with resource protection agencies (D G, USFWS, 

A release schedule for water purchased from local reservoirs would be developed in consultation with 
DFG. Releases would be regulated to augment instream flows, particularly in regard to quantity of water 
and temperature, for fish at critical times of need. 



Wildlife impacts resulting from purchases of water stored in reservoirs and ground water substitution acti- 
vities have been determined to be minor or nonexistent. However, wildlife impacts from fallowing farm- 
land have the potential to be significant, although opportunities may exist to manage fallowing programs 
to reduce or eliminate such impacts. 

The harvesting of some grain crops, such as rice and corn, leaves behind a substantial amount of waste 
grain that provides food for wildlife. Areas of particular importance may be flooded following harvest to 
provide habitat for migratory waterfowl, principally for hunting. 'Ib the extent that such grain crops are 
not grown, there would be reduced food supply available for migratory waterfowl in the immediate region. 
The consequences range from reduced bud weight prior to migration back to nesting areas to increased 
pressure on surrounding farmlands with either higher bird populations or increased crop losses, or both. 
A proposal being examined is the substitution of one grain crop for another, where some water savings 
could be made. A specific proposal is the substitution of wheat for corn, which is currently being studied 
by DWR in coordination with the DFG and Delta fanning representatives. Other suggested mitigation 
measures include developing enhanced nesting areas and dedicating some percentage of purchased water 
for temporary adjacent waterfowl area development. 

The proposed program will involve expanded conjunctive use of surface and ground waters, such as has 
occurred in many areas of California for many decades. Ground water monitoring will be conducted as 
a part of purchases that involve ground water pumping. Pumping would be restricted or curtailed under 
the proposed program if monitoring information indicated a significant potential for subsidence or signifi- 
cant adverse impacts on ground water quality or ground water levels. 

Agricultural activity is not expected to be altered in areas that transfer surplus stored water or surface 
water supplies where ground water is substituted. Areas where fallowing may be used to transfer water 
to the program may experience some adverse environmental effects, but opportunities also exist for bene- 
fits. 

Mitigation measures may include environmental benefits to areas receiving water bank supplies, includ- 
ing water provided specifically for environmental needs. Transfers from reservoirs will consider potential 
impacts to downstream fisheries as the result of any altered reservoir release schedule. Coordination on 
such matters will continue with DFG. Wildlife will also receive benefits from the water bank program. 
Supplemental water can be provided for wildlife refuges, which will principally benefit migratory water- 
fowl. Benefits at refuges also apply to resident wildlife. Mitigation measures proposed for the program 
are designed to allow compliance with water quality standards for the Delta and other areas, instream flow 
requirements for fisheries protection, and other environmental requirements. If other potential adverse 
effects become known upon implementation of the Drought Water Bank program, DWR will consult with 
appropriate environmental and regulatory agencies to minimize or mitigate such effects. 
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Draft Drought Water Bank Environmental Impact Report 

Chapter 1. Program Description 
There is a demonstrated need to provide water supplies to meet critical water needs during significant 
water-short periods, such as droughts or  other conditions described below. This discussion sets forth 
a proposed program to meet such needs, based on recent practical experience in the current drought. 

Descrlptlon and ObJectlves of augment deliverable water supplies within conditions 
Proposed Program allowable by endangered species act or other restric- 

tions or facility limitations. 
The proposed program is a State Drought Water Bank, 
a water supply augmentation program to be imple- 
mented by the California Department of Water Re- 
sources (DWR) during periods of drought and other 
severe water-short periods. The program is planned 
to meet water demands created by significant reduc- 
tions in developed water supplies caused by drought 
conditions. This is not intended to substitute for long- 
term water development or demand-reducing pro- 
grams or facilities, but rather as a drought measure un- 
der water-short, near-emergency conditions. The 
scope of the proposed program is the next 5 to 10 years, 
on an as-needed basis. Within the next 10 years, a sub- 
sequent environmental analysis will be conducted to 
reexamine actual conditions under which the proposed 
program will have operated. 

The proposed program is modeled after the successful 
1991 and 1992 Emergency Drought Water Banks. For 
the purpose of this program, water bank shall mean a 
water purchasing and allocation mechanism whereby 
DWR buys water from willing sellers or pays water us- 
ers to forego use of a portion of their supplies, and re- 
markets the water to buyers under specific critical 
needs allocation rules. 

Signijicant is intended to apply to reductions below wa- 
ter supply deficiency levels that form the basis for water 
project planning and facilities in project service areas. 
For example, the level of significant reductions in the 
State Water Project service area on this basis would be 
water deliveries projected to be less than fifty percent 
of contracted supplies or delivery requests, whichever 

'While this proposed program was being developed, is less. For the proposed program, normal water supply 

there was substantial statewide dialogue regarding the conditions means levels of water deliveries expected to 

future form of water transfers in California. It is pos- occur in years of median or greater precipitation, 

sible that some sort of nondrought State water bank runoff, and reservoir storage conditions. Water de- 

might coexist with nonbank water transfer transactions mands are based on 1987 actual water use (the most re- 

in the future. In any event, water transfer activities un- cent year of fairly normal water supply availability) and 

der conditions not covered by the proposed program adjusted by subsequent population changes. 

be subject a =parate environmental analysis. ('deal nee& as used for this program means addition- 

Deflnltlon of Drought Water Bank 

The proposed program is intended for implementation 
during extreme water-short periods only, generally 
anticipated to occur during drought conditions. For 
this program, drought shall mean prolonged periods 
when annual regional or statewide water supplies are 
significantly below normal water supply conditions and 
significant reductions in projected-deliveries to urban 
and agricultural areas are forecasted to be at critical 
levels. However, other unanticipated conditions could 
lead to extreme water-short periods, such as possible 
future significant restrictions on water storage and 
pumping that could result from actions taken pursuant 
to the State and federal endangered species acts. 
Another possibility is water delivery system outages 
due to facility failures or natural disasters. In such 
cases, the proposed program would presumably in- 
clude development of water transfer mechanisms to 

a1 water supplies made available to reduce or avoid sig- 
nificant economic, environmental, or social disruption 
and losses in are& receiving the water. The relaiively 
high price of water from transfers compared to alterna- 
tives such as increased conservation, rationing, and 
other actions, assumes that water bank supplies would 
be requested only after other reasonable and practica- 
ble alternatives have been implemented. 

The proposed program is a drought water bank. Crite- 
ria to implement the proposed program includes li- 
mitations on deliveries from water supply projects that 
exceed the minimum drought planning delivery 
amounts. For many projects, this is defined as t h e m  
yield of the project. Implementation may be complex 
for those areas that rely on a number of water resources 
projects that draw water from a variety of locations, 
such as occurs in Southern California. Water deliveries 
projected to result in a 50 percent deficiency are used 
as a trigger for areas receiving water from the SWI? Of 



Draft Drought Water Bank Environmental Impact Report 

course, any trigger will need to consider all sources of 
water to such areas, including supplies from the Colo- 
rado River Aqueduct, the Owens River Aqueduct, lo- 
cal projects, and local ground water resources. The 50 
percent trigger is a general guideline; an actual trigger 
will be a function of the overall supply and demand situ- 
ation in any given year. There should be no absolute 
limits in triggering the proposed program, since future 
circumstances in terms of water project reliability could 
change as a s e d  with the reevaluation of delivery ca- 
pability of a number of water projects following the 
1976-77 drought period. 

Different approaches for operating a water transfer 
program include letting water transfers occur by a mar- 
ket mechanism without State sponsorship or any deter- 
mination of critical water nee&, and eliminate or re- 
duce the role of water districts in approving transfers 
from farmers in their districts. The 1991 Emergency 
Drought Water Bank was created when a market mech- 
anism was not working. The Water Bank was intended 
to meet near-emergency needs and complies with the 
Governor's subsequent water policy regarding water 
transfers. A market mechanism for water transfers has 
not proved to be a realistic alternative for meeting all 
critical needs during short-term drought conditions. 
However, a market mechanism may be a dominant fac- 
tor in long-term transfers. The proposed program 
does not foreclose successful water marketing transac- 
tions for meeting critical needs during droughts. Ib the 
extent that market transfers are successful during se- 
vere water shortage conditions, the demand for the 
proposed program would be reduced. The second ap- 
proach to reducing the role of water districts in approv- 
ing water transfers is counter to existing State law and 
is not considered an option. 

Potential Sources of Water Under 
the Proposed Program 

Water could be acquired through three alternative 
methods or combinations of sources. The first is 
ground water substitution or conjunctive use, whereby 
a portion of a water district's or farmer's surface water 
supply would be replaced by pumping an equivalent 
amount of local ground water. This approach would be 
accompanied by ground water monitoring to evaluate 
any impacts of the program on the local ground water 
aquifer. Contracts to aquire water through this alter- 
native would require that pumping be reduced or cur- 
tailed to the extent such pumping is identified as a 
source of significant degradation of ground water lev- 
els or ground water quality, or is identified as a cause 
of subsidence. 

The second alternative source is surface water stored 
in local reservoirs. Acquisition of water stored under 
post-1914 appropriative water rights would need to be 
approved by the State Water Resources Control Board 
(SWRCB) as required by law. Obtaining water stored 
under pre-1914 appropriative water rights would not 
require SWRCB approval. Either way, a release sched- 
ule would be developed in consultation with the De- 
partment of Fish and Game (DFG). In 1991, water was 
aquired .from Yuba County Water Agency's New Bul- 
lards Bar Reservoir and from Oroville-Wyandotte Ir- 
rigation District's reservoir, for a combined total of 
about 140,000 acre-feet. An additional 30,000 acre- 
feet was acquired on behalf of DFG as a related but 
nonbank purchase. In 1992, reservoir water was pur- 
chased from Oroville-Wyandotte Irrigation District, 
Placer County Water Agency, and Merced Irrigation 
District for a combined total of 35,000 acre-feet. In 
the future, the same sellers could be involved. Other 
reservoir operators may also be involved in future wa- 
ter transfers although they cannot be identified since 
no interest has been expressed. 

Although water was not specifically acquired from the 
Water Bank for fish, the operation of State, federal, 
and local reservoirs depended more on instream flow 
needs of fish during 1991 and 1992 than ever before. 
Through consultation with federal and State fishery 
agencies, reregulation of reservoir releases augmented 
instream flows (quantity and quality) for fish at the 
most critical times of need. Fish are expected to contin- 
ue to receive similar benefits whenever the proposed 
program is implemented. 

The third alternative is fallowing. Under this alterna- 
tive, farmers would be paid to withhold or reduce the 
irrigation water normally applied to their farm land. 
This could be done under three circumstances. The 
first curtails irrigation water from crops already 
planted. Examples of crops suitable for this alternative 
are alfalfa, wheat, and sugar beets. The second circum- 
stance pays farmers not to plant crops planned for pro- 
duction such as tomatoes, corn, and rice. This alterna- 
tive is to be accompanied by specific measures to avoid 
or lessen local economic and environmental impacts 
(financial compensation to local governments for iden- 
tified increased costs, limits on acreage and types of 
crops fallowed, or allocation of a portion of the water 
for wildlife mitigation). The third circumstance is crop 
substitution, which would involve substituting a low- 
er-water-use crop for a higher-water-use crop. As 
discussed later, such a scheme could be designed to 
mitigate for potential impacts to wildlife, and possibly 
provide net benefits. It would also keep land in crop 
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The 1991 Water Bank created more storage than would have been available, although storage at New Bul- 
l lards Bar Reservoir was less than normal. This photograph was taken in 1989, the third year of drought. 
The 1991 Yuba County Water Agency transferred 130,000 acre-feet of water from New Bullards Bar Reser- 
voir to the Drought Water Bank and an additional 30,000 acre-feet to the Department of Fish and Game. 

roduction and avoid or significantly reduce local eco- gation measures, as well as allow enough time for the 
omic impacts. seller to alter operations to make the water available. 

Major source areas are expected to be water districts, 
individual farmers, and reservoir operators in areas 
tributary to the Sacramento, Feather, Yuba, American, 
and San Joaquin rivers. Areas expected to receive wa- 
ter include the San Francisco Bay area, San Joaquin 
Valley, and Southern California. Another potential 
source is areas within the northern San Joaquin Valley 
that are not in ground water overdraft conditions. 
I 
Option Contract. A likely future element of drought 
ear water transfers will be an option contract. Such a 

contract would provide a payment of money to a seller 
for the right of the buyer to exercise an option to ac- 
quire a specific quantity of water at a specified price in 
a future drought year. Option contracts could involve I any of the potential sources of water that were compo- 
nents of the 1991 and 1992 emergency drought water 
banks. Such contracts will need to provide appropriate 
decision timeframes to allow implementation of miti- 

Priority of Implementation 

Under the proposed program, the three alternative 
sources of water would be implemented to reduce eco- 
nomic and environmental impacts. The priority of 
source implementation will be a function of the magni- 
tude of critical needs for water. If the demand is not 
great, 200,000 acre-feet of water or less, the strategy 
would be to proceed on a parallel track with ground wa- 
ter substitution arrangements and acquisition of stored 
water from reservoirs. If demand is substantially great- 
er than 200,000 to 300,000 acre-feet, a fallowing or 
crop substitution program would be necessary. Experi- 
ences of the 1991 and 1992 water banks demonstrated 
some practical limits to the quantities of water avail- 
able from ground water substitution and reservoir wa- 
ter acquires during drought conditions. 
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Participant Guidelines 

The proposed program would involve participation by 
willing sellers. Consequently, there would be no restric- 
tions on who could participate, although specific mea- 
sures would be developed for each water source as de- 
scribed in this document to avoid or lessen local 
economic and environmental impacts. The principal 
restriction for purchasers of water would be that their 
needs meet specific criteria for critical water needs. 
Such criteria are set forth below. 

Critical Municipal and Industrial Needs. Maximum 
use of all available supplies would be required, consid- 
ering prudent carryover reserves for future years. In 
general, water could be allocated if total water supplies 
were less than 80 percent of normal water demands at 
the retail level. Normal water demands shall mean pro- 
jected water demands in urban areas based on de- 
mands in 1987 (the most recent year of normal de- 
mand), adjusted for subsequent population growth. 
However, water could be delivered above the 80 per- 
cent level of normal water demands if significant envi- 
ronmental, economic, or social loss or damage might 
otherwise occur if water deliveries were not made. Not- 
withstanding this provision and recognizing the ex- 
traordinary measures taken to implement the pro- 
posed program, no water would be allocated to urban 
areas with total supplies available to meet more than 85 
percent of normal water demands. 

Critical Agricultural Needs. Maximum use of all avail- 
able supplies would be required, considering prudent 
carryover reserves for future years. Water allocation 
would be limited to trees, vines, permanent crops, and 
other crops where the acquired water would have a 
high unit value. 

Critical Fish and Wildlife Needs. Maximum use of all 
available supplies would be required, considering pru- 
dent carryover reserves for future years. Annual crite- 
ria would be developed by DFG for this category and 
would depend on the annual condition of fish and wild- 
life populations and survival conditions. 

There are several ways of acquiring water for environ- 
mental needs. First, water can be acquired from a 
Drought Water Bank similar to purchases made by 
DFG from the 1992 Drought Water Bank The 1992 
Bank provided that DFG could purchase water as a 
buyer, and would receive at no cost, 10 percent of all 
Water Bank supplies above a level of 200,000 acre- 
feet. This provision was included in the 1992 Water 
Bank contract since it was contemplated that purchases 

above that amount could have adverse environmental 
effects. The 200,000 acre-foot level was judged as be- 
ing the rough threshold beyond which l&dfallowing 
might be needed to meet demand. While this approach 
may be considered in the future, a more direct ap- 
proach would be to provide on-site mitigation directly 
for fallowed fields or other actions with potential ad- 
verse environmental effects. Another alternative for 
acquiring water for environmental needs would be to 
purchase water outside of a drought water bank. This 
was also done by DFG, both in 1991 and 1992 for cost 
savings and other needs. 

An additional option would be to impose an environ- 
mental tax of 10 percent of either the water or money 
on all water transfers. Such a tax would be directed at 
providing environmental benefits to augment current 
environmental protection standards, such as existing 
water quality and other standards, to protect the Delta, 
Suisun Marsh, and San Francisco Bay. This option con- 
tinues to be discussed in a number of forums; there are 
a number of advantages and disadvantages. Many 
transfers that occurred as part of the 1991 and 1992 Wa- 
ter Banks provided net benefits to both fish and wildlife 
without imposition of a tax. 

Additional Needs. Exceptions would be made for al- 
location of water needed for extreme critical needs 
such as domestic use, health, sanitation, and fire 
protection. 

Potential Areas Receiving Water 
and Dellvery Pathways 

Most water transfers under the proposed program 
would likely go through the Sacramento-San Joaquin 
Delta, with water derived largely from Delta tributary 
rivers. Water would be transferred from the Delta, ei- 
ther south to the San Joaquin Valley and Southern 
California or west to areaswithin ~iameda, Contra 
Costa, San Francisco, Solano, and Santa Clara coun- 
ties. Potential transfers could also include north-to- 
north arrangements, which might involve a series of 
water exchanges among water users to get water from 
the Sacramento River to regions such as western Yolo 
County and the Tehama-Colusa Canal service area. 
~ n d e ;  near-emergency conditions, it is difficult to 
predict the pathways that transfers might take. An ex- 
ample of an uncontemplated transfer under critical wa- 
ter-short conditions was the construction of the tem- 
porary pipeline across the Richmond-San Rafael 
Bridge during 1977 to provide drought relief water sup- 
plies to Marin County. 

It is also possible that under severe water-short condi- 
tions the State would act to create a water bank in 
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oastal areas (such as the Santa Barbara and Monterey 
egions) to facilitate purchases and sales to meet criti- I ical water needs. In such cases, DWRwill provide advice 

to these areas for establishing local water banks. 

Annual Schedule of 
Implementation 

The proposed program would be implemented annual- 
as needed by an executive order of the Governor or 

the Director of DWR that drought 
and would remain in force until wa- 

returned to noncritical levels. 

Water transfer contracts for program water banks are 
likely to be similar to those used for the 1991 and 1992 
Emergency Drought Water Banks. That is, the con- 
tracts will cover each transfer for just the year of the 
transfer and creation of the annual Drought Water 
Bank. Tkansfers from the same sellers in subsequent 
Bears would be handled by separate contract. This is 

artly due to the fact that there would likely be a differ- 
nt mix of buyers each year that a water bank is created. 
n addition, annual negotiation of contracts allows for i 

kll parties to correct problems and take hito account a 
widening body of institutional and factual knowledge 
about water transfers. The definition of crirical nee& 
would be as set forth in the overall operational contract 
among DWR and the buyers. Such a contract, as in 
1991 and 1992, would set forth allocation procedures 
among competing buyers, as well as the details of deter- 
bination of critical needs. 

program Benefits 

The proposed program is intended to meet critical wa- 
ter needs when developed water supplies are othetwise 
inadequate. Water was acquired through the 1991 and 
1992 Water Banks for urban areas, farming, and for 
State and federal wildlife refuges. Urban area benefits 
are expected to be primarily in the landscaping and in- 
dustrial sectors and are expected to reduce environ- 

ental and economic losses otherwise experienced 
during drought or other legitimate water-short peri- 
ds. Agricultural area benefits are expected to go large- r 

ly to regions and farms for survival of permanent crops 
(such as trees and vines) and other high-value crops. 
Agricultural area benefits are expected to reduce eco- 
nomic losses and unemployment resulting from 
drought conditions. Wildlife area benefits are expected 
to increase water supplies to State and federal wildlife 
refuges to maintain wildlife populations (especially mi- 
ratory waterfowl) at survival levels under conditions 

moderate to severe reductions to nonpublic wet- 

lands habitat. Fishery benefits are expected to derive 
from greater instrearn flows and timing transport of the 
water through the Delta. 

Proposed Actions to Avold Adverse 
Environmental Impacts 

The proposed program is designed to avoid potential 
adverse environmental impacts summarized in the fol- 
lowing paragraphs. Changes in land use create some 
potential impacts. Other impacts are associated with 
changes in stream flow regimes. 

Ground Water Basins. The proposed program will in- 
volve expanded conjunctive use of California's surface 
and ground waters similar to past decades. The pro- 
posed program will be modeled after the 1991 and 1992 
Water Banks, which established ground water monitor- 
ing programs as part of purchases that involved ground 
water pumping as a component of the program. Similar 
to conditions set forth in 1992 Water Bank contracts, 
pumping would be restricted or curtailed under the 
proposed program if monitoring information indicated 
a potential significant adverse impact to subsidence, 
ground water quality, or ground water levels. 

Recent changes in the California Water Code that go 
into effect on January 1, 1993, include the following 
provisions regarding water transfers: 

1745.10. A water user that transfers surface water 
pursuant to this article may not replace that water 
with ground water unless the ground water use is 
either of the following: 

(a) Consistent with a ground water manage- 
ment plan adopted pursuant to State law for the af- 
fected area. 

(b) Approved by the water supplier from 
whose service area the water is to be transferred 
and that water supplier, if a ground water manage- 
ment plan has not been adopted, determines that 
the transfer will not create, or contribute to, condi- 
tions of long-term overdraft in the affected 
ground water basin 

The provisions of these new changes in State law are in- 
tended to reduce potential impacts of water transfers 
to the local economy, as well as reduce potential im- 
pacts to regional ground water resources. Future State 
drought water banks (and, in fact, many or all future 
water transfers) will operate to these provisions. 

Fish. Water transferred through the Delta would be 
held in upstream reservoirs and released when oppor- 



Draft Drought Water Bank Environmental Impact Report 

tunities for fisheries are maximized and potential ad- 
verse impacts to the fishery are minimized. 'Ransfers of 
water under the proposed program will increase in- 
stream flow in rivers tributary to the Delta, particularly 
the Sacramento River. In addition, delaying water 
transfer to the late summer and early fall is expected to 
provide cooler temperatures for migrating salmon in 
the Sacramento River system. 

Mitigation measures required for other species will be 
handled as already provided under existing law and ex- 
isting scope of water project operations. For example, 
the lko-Agency Fish Agreement provides mitigation 
for water pumped through the Harvey 0. Banks Delta 
Pumping Plant regarding impacts to striped bass popu- 
lations. Further, the SWP and CVP will continue annu- 
al consultations with appropriate federal and State 
agencies to deal with potential impacts to threatened 
and endangered species. Consultation under Section 7 
of the Federal Endangered Species Act is expected to 
continue with the U.S. Fish and Wildlife Service and 
the National Marine Fisheries Service. 'Ransporting 
and pumping water under the proposed program is 
considered within the scope of existing operations and 
pumping regimes of these two water projects. 

Mitigation measures will consider any environmental 
benefits to areas receiving water bank supplies, includ- 
ing water provided specifically for environmental 
needs. Reservoir transfers will consider potential im- 
pacts to downstream fisheries as the result of any al- 
tered reservoir release schedule. Coordination on such 
matterswill continue with DFG, U.S. Fish and Wildlife 
Service, and others, as appropriate. 

Wildlife. As part of the 1991 and 1992 Water Banks, 
DFG obtained supplemental water for wildlife refuges, 
principally for migratory waterfowl. Benefits were also 
provided at the refuges for resident wildlife. Wildlife 
impacts resulting from reservoir storage purchases and 
ground water substitution activities are assumed to be 
minor or nonexistent. However, wildlife impacts from 
fallowing farmland may be significant. 

Some grain crops, such as rice and corn, leave behind 
a substantial amount of waste grain after harvest that 
provides food for wildlife. Of particular importance are 
areas that may be flooded following harvest to provide 
habitat for migratory waterfowl, principally for hunt- 
ing. If such grain crops are not grown, there may be re- 
duced food supply in the immediate region available 
for migratory waterfowl. Consequences range from re- 
duced bird weight before migration back to nesting 
areas, to increased pressure on surrounding farmlands 

with either higher bird populations, increased crop 
losses, or both. 

A proposal being examined is the substitution of one 
grain crop for another, where some water savings could 
be made. The substitution of wheat for corn is currently 
being studied by DWR in coordination with DFG and 
Delta fanning representatives. Suggested mitigation 
measures include developing enhanced nesting areas 
and dedicating some percentage of aquired water for 
temporary adjacent waterfowl area development. 

Descriiptions of 1991 and 1992 
Drought Water Bank 

In both 1991 and 1992, the Governor created drought 
water banks to meet critical water needs. Each water 
bank is descriied briefly below. More detailed descrip- 
tions are available separately. 

1991 Drought Water Bank. This program, the first of its 
kind, was implemented in February 1991 against a 
backdrop of projected severe water shortages. Water 
was developed through reservoir storage purchases, 
ground water substitution arrangements, and fallowing 
farm land. The basic water balance of the 1991 Water 
Bank is shown in Bble 1-1. 

In addition, substantial measures were taken to protect 
and provide additional benefits to fish and wildlife. 
Some 50,000 acre-feet of water was aquired by DFG 
through water transfers related to the Water Bank. In 
addition, substantial reregulation of Shasta, Oroville, 
Folsom, and Bullards Bar reservoirs resulted in im- 
proved streamflow conditions for fish. Specific mea- 
sures were taken in the Delta to mitigate for impacts to 
the Delta fishery or to avoid impacts to the endangered 
winter run chinook salmon. Such measures included re- 
regulating reservoirs and Delta pumping to shift trans- 
fers of most of the water through the Delta to the peri- 
od from August to October. Some 300,000 striped bass 
fingerlings were acquired and planted to mitigate for 
incremental increases in projected losses at the SWP 
Delta Pumping Plant. 

Some 160,000 to 170,000 acres of land were part of the 
fallowing component of the 1991 Water Bank. Of this 
total, some 130,000 acres were not planted. The re- 
maining acreage represented mops already planted but 
denied further irrigation. Due to record rainfall in 
March 1991, substantial crop production was realized 
from much of this acreage. 

Delta water requirements are termed caniage water, 
which is the incremental amount of Delta outflow 
needed to prevent reverse stream flows and resulting 



impacts on water quality. Economic and environmen- 
tal effects of Delta carriage water are determined inde- 
pendently of the Drought Water Bank, and, in fact, are 
completely independent determinations that will con- 
tinue to be made with or without the proposed pro- 
gram. The 1991 and 1992 Water Banks treated camage 
water as a requirement under the SWP and CVP Coor- 
dinated Operation Agreement. None of the actions 
contemplated for this program would have any impact 
on possible redetermination of carriage water amounts 
by the SWP and CVP. 

I I Table 1-1. Water Balance of 1991 and 1992 
Drought Water Banks (numbers rounded) 

I I  II 
- 

1 1991 Water I 1 M  Water I 
Bank Amount Bank Amount 

(acre-feet) (acre-feet) 

~allowingl 390,000 0 
Ground water1 285,000 150,000 
Surface water 145,000 35,000 

Total 820,000 185,000 

Delta ~e~uirernents~ -165,000 -31,000 

1 Urban uses 307,000 39,000 

I Agricultural uses 1 83,000 95,000 

1 I Canyover storage 
I I 

I 265,000 1 0 

1 1 ~ota l  allocated I 655,000 1 154,000 
I I 

lThe amounts for fallowing and ground water shown in the table 
for 1991 are those used in the analyses in this report, and agreed 
to by the SWP and CVP as part of the Coordinated Operation 

I I Agreement. One large purchase, included entirely in the ground- 
water category, also included some fallowed acreage. If this had 
been acmunted for in the fallowing category, the fallowing 

I I amount would be about 25,000 acre-feet greater and the ground- I 

I I water amount would be about 25,000 acre-feet less. There would 
be no change in the availability of the water at the Delta, howev- 
er,since this was a transfer from a water supply contractor of the I 

I I federal Central Valley Project andwas provided by the CVP in the 
Delta when it was needed. 
%water required to remain in Sacramento-San Joaquin Delta for 

I I water quality protection and miscellaneous technical corrections 
3more than 40,000 acre-feet of water was provided in bank- I 
related transactions I 

1992 Drought Water Bank. The 1992 Drought Water 
Bank was implemented under less severe conditions 
than 1991 with substantially lower demand for critical- 
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needs water. While this report was being prepared, the 
1992 Drought Water Bankwa still in progress. Current 
statistics for sources and allocations of water are indi- 
cated in n b l e  1-1. No land was fallowed by DWR un- 
der the 1992 program. 

Local Coordination 

The 1991 and 1992 Water Banks included substantial 
coordination in several cases with local interests and lo- 
cal government. W o  key examples were Water Bank 
transfers in Yolo and Butte counties. In February 1991, 
the Yolo County Board of Supervisors adopted a mem- 
orandum of understanding (MOU) with a large water 
user who proposed to transfer water during 1991. This 
MOU set forth monitoring requirements, a coordina- 
tion process, and payments to the county to reimburse 
costs and contribute to an update of the County Water 
Plan. That water user eventually participated in the 
Water Bank and DWR agreed to the terms and condi- 
tions of the MOU. That process, including a 2 percent 
payment to the county, became the foundation of sub- 
sequent Water Bank contracts in the county involving 
ground water substitutions. In addition, DWR staff 
met frequently with local officials to keep them up to 
date on water transfer activities. 

A Rchnical Advisory Committee of local water offi- 
cials was formed to review the results of a comprehen- 
sive ground water monitoring program established to 
measure impacts of water sales. The monitoring pro- 
gram itself was established with substantial involve- 
ment by the county's water consultant. Coordination in 
Yolo County increased in 1992 and the Rchnical Advi- 
sory Committee became an active forum to discuss a 
wide range of local water resources concerns. 

A similar approach to local coordination occurred in 
Butte County. In 1991, Butte County and DWR nego- 
tiated a contract that provided direct 2 percent pay- 
ments to the county for ground water related contracts. 
A ground water monitoring program was established by 
DWR's Northern District in coordination with local 
water districts. Substantial local coordination, involv- 
ing farmers, duck clubs, DFG, and the U.S. Fish and 
Wildlife Service (USFWS), occurred in 1991 regarding 
potential impacts of upstream Water Bank purchases 
on waterfowl areas in the Butte Sink. Butte Creek flow 
issues were resolved in a five-way agreement among 
these parties. Early in 1992, local water users formed 
the Butte Basin Water Users Association. The Associa- 
tion was formed to develop technical knowledge re- 
garding the local ground water basin and to develop po- 
licies concerning water use and water transfers. In 
addition to providing a 2-percent payment to Butte 
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County in 1992, DWR agreed to provide an additional 
payment to the Association in relation to another wa- 
ter purchase, to support their ground water data collec- 
tion and modeling efforts. 

%o other transfers in 1992 resulted in substantial local 
benefits as a result of the transfers. The first was a 
transfer of water from South San Joaquin Irrigation 
District and Oakdale Irrigation District. Both districts 
divert water from the Stanislaus River. The boards of 
these districts required that local benefits to the fishery 
and Delta agriklture be a part of the transfers. The 
districts initiated discussions with DFG, the U.S. Bu- 
reau of Reclamation (USBR), Western Area Power 
Administration (concerning potential impacts to New 
Melones reservoir power generation), and the South 
Delta Water Agency. The resulting transfers provided 
additional benefits to the Stanislaus River fishery and 
Delta agriculture and transferred about 50,000 acre- 
feet to the Water Bank. 

The second such transfer involved a sale of 15,000 
acre-feet of water from Merced Irrigation District to 
the Water Bank. The District took a similar position to 
the one taken by the districts on the Stanislaus River. 
The Merced Irrigation District worked closely with 
DFG to release the transferred water on a schedule 
that would benefit migrating salmon on the Merced 
and San Joaquin rivers. 

CEQA Process 

DWR prepared this program environmental impact re- 
port (EIR) to comply with the requirements of the 
California Environmental Quality Act (CEQA) as set 
forth in Public Resources Code Section 21000, et seq. 
DWR decided to prepare a program EIR for the pro- 
posed Drought Water Bank program because the pro- 
gram is characterized as a series of similar actions that 
may occur in different years. 

The proposed program is intended to be implemented 
quickly and reflects the short decision-making time- 
frames involved in meeting water needs on a real- time 
basis. While this EIR is intended to be a program docu- 
ment, it will not be practical to prepare a supplemental 
EIR each time the proposed program must be imple- 
mented. Consequently, implementation of the pro- 
posed program would proceed within the range and 
scope of effects set forth in this document. As condi- 
tions and knowledge change, it may be necessary to up- 
date information through preparation of a supplemen- 
tal EIR or negative declaration. 

The program EIR includes discussion of environmen- 
tal effects as well as socioeconomic effects of the pro- 
posed Drought Water Bank program. However, CEQA 
specifies that any adverse socioeconomic effects are 
not considered as significant effects on the environ- 
ment, unless such effects cause a physical change in the 
environment. The program EIR discusses potential 
significant environmental effects and mitigation incor- 
porated into the program. 

Legal Constraints 

The California Legislature has established State policy 
to facilitate voluntary water transfers, and directed 
DWR, the SWRCB, and all other State agencies to en- 
courage voluntary water transfers (Sections 109 and 
475 of the California Water Code (CWC)). Water 
rights of those transferring water are not impaired or 
forfeited as a result of water transfers (CWC Sections 
475,1011,1244, and 11961). 

The Legislature declared temporary water transfers 
approved under a certain process by the SWRCB to be 
exempt from provisions of CEQA. Further, the 
SWRCB was authorized to approve temporary water 
transfers without a hearing if legal water users are not 
injured and fish, wildlife, or other instream beneficial 
uses are not unreasonably affected (CWC Section 
1725). However, the SWRCB determined that at some 
point water transfers resulting in increased Delta ex- 
ports could have significant adverse environmental ef- 
fects and, therefore, projects would not be approved 
that involve increased Delta emorts unless an ade- 
quate environmental assessment has been prepared 
that addresses potential fishery impacts and other envi- 
ronmental effects of a project. Environmental analyses 
essentially meeting the requirements of CEQA may be 
necessary to allow the SWRCB to make the required 
finding of no injury to any legal user of water nor unrea- 
sonable effect on fish, wildlife, or other beneficial uses 
(CWC Section 1727). 

The SWRCB can issue four major types of transfer ap- 
provals. If the SWRCB finds an urgent need, a tempo- 
rary urgency permit limited to a duration of 6 months 
may be granted for a new diversion (CWC Section 
1425). An urgency permit may also be granted for a 
change to an existing diversion (CWC Sections 1435). 
The SWRCB may approve a temporary change for tram- 
fer that lasts 1 year or less involving water that is con- 
sumptively used or stored (CWC Section 1725). Such 
transfers must not injure any legal user of water nor un- 
reasonably affect fish, wildlife, or other instream bene- 
ficial uses. Long-term transfers in excess of 1 year may 
be approved provided that no injury to any legal user 



~ n d  no unreasonable effect on fish, wildlife, or other 
beneficial uses would occur (CWC Section 1735). 
Long-term transfers are not exempt from CEQA re- 
quirements. 

Statutes limiting interbasin water transfers to protect 
areas of origin have been enacted by the Legislature. 
Counties and watersheds of origin and immediately ad- 
jacent areas that can be conveniently supplied receive 
priority over SWP and CVP water users (CWC Section 
10505 and 11460). Additional protections against ex- 
ports pursuant to appropriations initiated after Janu- 
ary 1,1985, apply to the Sacramento, Mokelumne, Cal- 
averas, and San Joaquin river systems and the 
Sacramento-San Joaquin Delta (CWC Section 1215). 
Reasonable consumptive uses in the Sacramento-San 
Joaquin Delta also receive priority under the Delta 
Protection Act of 1959. In addition, legislation creating 
water districts often restrids the sale or transfer of dis- 
trict water outside certain boundaries unless the water 
is surplus to the needs of the district. However, this sur- 
plus water restriction was modified in 1992 by AB 2897, 
Chapter 481 of the Statutes of 1992 (CWC Sections 
1745 to 1745.11). Ground water is prohibited from be- 
ing pumped for export irom the Sacramento and Del- 
ta-Central Sierra basins unless pumping is in com- 
pliance with a ground water management plan adopted 
by ordinance approved by the county board of supervi- 
sors (CWC Section 1220). 

Several recent State and federal laws affect the pro- 
posed project. AB 2897, Chapter 481 of the Statutes of 
1992, was signed into law by Governor Wilson in Au- 
gust 1992. The bill makes a number of changes to exist- 
ing law. First, it makes permanent the earlier tempo- 
rary change to allow water suppliers to transfer water 
out of their service areas without making a finding that 
the water is surplus to their needs. Second, it protects 
the water rights of the transferor by reaffirming that a 
water transfer made pursuant to provisions of the bill 
is deemed to be a beneficial use of water. Third, it lim- 
its transfer of water irom a water supplier to 20 percent 
of the supplier's water supplies for theyear of the trans- 
fer, unless the supplier holds a public hearing. Finally, 
the bill places new restrictions on transfers involving 
ground water. It provides: 

1745.10. A water user that transfers surface water pur- 
suant to this article may not replace that water with 
ground water unless the ground water use is either of 
the following: (a) consistent with a ground water man- 
agement plan adopted pursuant to State law for the af- 
fected area; (b) approved by the water supplier from 
whose service area the water is to be transferred and 

Draft Drought Water Bank Environmental Impact Report 

that water supplier, if a ground water management plan 
has not been adopted, determines that the transfer will 
not create, or contribute to, conditions of long-term 
overdraft in the affected ground water basin. 

These new changes in State law are intended to reduce 
potential impacts of water transfers to the local econo- 
my, as well as reduce potential impacts to regional 
ground water resources. Future State drought water 
banks (and, in fact, many or all future water transfers) 
will operate to these r e a f f i e d  or new conditions. 

AB 3030 (Costa), Chapter 947 of the Statutes of 1992, 
provides new authority to water districts and other wa- 
ter suppliers to develop a ground water management 
plan within their service area. The law is permissive, 
and does not require that a plan be developed. Howev- 
er, ground water management plans developed pur- 
suant to this new law fit into the requirements of AB 
2897 (in particular, Water Code Section1745.10 cited 
above). Since no local ground water management 
plans have yet been adopted in areas from which 
Drought Water Bank purchases have come in 1991 and 
1992, it is likely that the provisions of Water Code Sec- 
tion 1745.10 will lead surface water suppliers to devel- 
op ground water management plans to increase their 
control over transfers. This statute now appears in Wa- 
ter Code Sections 10750 to10755.4. 

PL 102-575 (H. R. 429), a new federal law signed by 
President Bush in October 1992, is expected to have far 
reaching implications with regard to water transfers in 
California. The law, which includes separate sections 
applying to federal water facilities in other states, in- 
cludes a major revision to federal law as it applies to the 
Central Valley Project (identified in the bill as Title 
XXXIV, Central Valley Project Improvement Act). A 
major portion of the Act deals specifically with water 
transfers. The Act encourages transfers and allows 
transfers of CVP water out of a service area. As this 
Draft EIR was being prepared, USBR began to devel- 
op proposed regulations and guidelines to carry out 
provisions of the law. The water transfer provisions ap- 
ply to " ... all individuals or districts who receive Central 
Valley Project water under water service or repayment 
contracts, water rights settlement contracts or ex- 
change contracts ..." (Section 3405(a)). There are 
many uncertainties with the Act, including its applica- 
bility to so called "base supply" (that component of a 
CVP water right settlement contract which represents 
the quantity of water associated with a pre existing wa- 
ter right held by the water user). Water purchased for 
the Water Bank from CVP contractors in 1991 and 
1992 was limited to base supply. It is not clear when the 
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uncertainty of applicability of the new rules to base 
supply amounts will be clarified. 

In any event, specific rules apply to transfers that are 
deemed to fall within the definition of the Act. The 
rules that have relevance to this Draft EIR include re- 
quirements that: 

All transfers made pursuant to the Act comply with 
State law, including CEQA. 

Qansfers are subject to a right of first refusal for 90 
days (from the date of intent to transfer) by other 
water users within the CVP service area. 

The Secretary of Interior should review and ap- 
prove all transfers for compliance with the Act and 
that action be taken within 90 days of receipt of a 
completed application for a transfer; if the Secre- 
tary does not take action within 90 days, the trans- 
fer is deemed approved. 

The Secretary shall not approve any transfer unless 
the Secretary determines that it would have no sig- 
nificant long-term adverse impact on ground wa- 
ter conditions in'the seller's area. 

The Secretary shall not approve any transfer that 
" ... would result in a significant reduction in the 
quantity or decrease in the quality of water sup- 
plies currently used for fish and wildlife purposes, 
unless the Secretary determines pursuant to find- 
ings setting forth the basis for such determination 
that such adverse effects would be more than offset 
by the benefits of the proposed transfer; in the 
event of such a determination, the Secretary shall 
develop and implement alternative measures and 
mitigation activities as integral and concurrent ele- 
ments of any such transfer to provide fish and wild- 
life benefits substantially equivalent to those lost 
as a consequence of such transfer ..." (Section 

3405(a)(l)(L))- 

The Secretary shall not approve any transfer that 
might othemke limit the Secretary's ability to 
meet CVP contractual or fish and wildlife obliga- 
tions by displacing canal conveyance andlor pump- 

Other provisions are less relevant to this document, but 
include increased payments to the federal government 
depending on the buyer of the transferred water, and 
additional protections to sellers similar to those con- 
tained in State law. It is unclear how the Act would af- 
fect purchases and operations of a drought water bank. 
First,there is some uncertainty as to whether it applies 
to base supply, the only type of water purchased from 
CVP contractors. Second, it is difficult to imagine how 
a drought water bank process could function success- 
fully in a timing environment where a 90-day right of 
first refusal is required. 

At the time this document was being completed, the 
SWRCB had just released on December 10, 1992 its 
draft Water Right Decision 1630 regarding interim 
protection standards for the San Francisco BayISacra- 
mento-San Joaquin Delta Estuary. The SWRCB's 
draft decision contains specific requirements to be met 
by water users totally on water supplies from the estu- 
ary. There are specific water conservation program re- 
quirements for both urban and agricultural water users. 
Urban water use requirements are tied to specific mea- 
sures set forth in the urban water users MOU discussed 
in this report. Agricultural water use requirements also 
specify required water conservation programs. In addi- 
tion to provisions regarding urban and agricultural wa- 
ter conservation, there are provisions in the draft deci- 
sion providing greater protection to fish and wildlife 
public trust resources in the Estuary, and setting up a 
fish and wildlife mitigation fund supported by required 
payments to in-basin and export water users. The 
SWRCB proposed to adopt Water Right Decision1630 
in late January, 1993. The program proposed in this 
Draft EIR will be further modified as necessary to com- 
ply with the requirements in that forthcoming decision. 

The proposed Drought Water Bank will comply with all 
applicable regulations, including those enacted by the 
Legislature or contained in the California Water Code 
and Fish and Game Code, the federal and State En- 
dangered Species Acts, the Clean Water Act, all ap- 
propriate State and federal laws, and agreements en- 
tered into by DWR. The program does not conflict with 
existing zoning, plans, or land use controls of any local 
or State governmental agency. 

Intended Uses of the EIR 
ing capacity. 

This EIR would be used as a guideline for actual imple- 
Bansfers involving more than 20 percent of a sel- mentation. specific actions involve, in implementing 
ling district's water supply shall be subject to review the proposed program depend on actual conditions, 
and approval by the district via public notice and such as the level of demand of critical water needs, pre- 
hearing. vailing conditions and restrictions for protecting 



threatened and endangered species, and current 
hydrologic and reservoir storage conditions. 

Agencies expected to use this EIR as part of imple- 
mentation include DWR, DFG, SWRCB, and a num- 
ber of local agencies and water districts. This EIR will 
be used to support action taken before the SWRCB in 
approving water transfers under their jurisdiction. In 
addition, this EIR will be used to secure approval from 
~ F G  for any changes in reservoir flow release sched- 
les, as well as any changes in Delta pumping condi- 
'ons that might need to be addressed by the %o- 
gency Fish Agreement. Finally, this EIR will support 
ecisions by boards of appropriate water agencies and 
istricts in approving water sales and purchases. i 

because this document is characterized as program I 
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EIR, later activities implementing a water bank will be 
examined in light of the EIR to determine whether an 
additional document will need to be prepared. If the 
examination shows that no new effects would occur or 
that no new mitigation measures would be required, 
DWR can approve the activity as being within the 
scope of the project covered by the program EIR and 
no new environmental document will be required. 
However, if the examination shows that there would be 
significant environmental effects not examined in the 
program EIR, an additional decision will be necessary. 
DWR will need to decide whether to prepare a new ini- 
tial study leading to a negative declaration or a supple- 
ment to this EIR or to modify the activity to avoid the 
new effects. If the activity is modified, it may then be 
within the scope of this EIR so that no additional envi- 
ronmental documentation would be required. 
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Chapter 2. Environmental Setting 

1 This section describes the environment in the vicinity of the proposed Drought Water Bank program. 
Since the proposed program may operate throughout the State, with the exception of the North Coast 
and Lahontan areas, the environmental setting description is quite detailed. However, specific areas 
where the proposed water bank may obtain and deliver water may vary widely from year to year depend- 
ing on hydrologic conditions in local areas. Therefore, other areas not discussed may become sources 
of drought water bank water or  have need for such water in the future. Areas that may provide or use 

1 drought water bank supplies in the future that are not discussed in this document, will be analyzed prior 
to incorporation into the water bank program for any unique environmental features that may differ from 

I those of areas discussed in this document. 

1 1  / O V ~ W ~ ~ W  Roseville, Placerville, Sacramento, Fresno, and Coal- 
inga also receive all or a portion of their water from the 1 The Drought Water Bank will operate in much of the CVP. East B~~ ~ ~ ~ i c i ~ ~ l  utility ~ i s ~ ~ i ~ ~  and sacra- 

areas for the and 2-1). The mento Municipal Utility District have entered into 
CVP service area extends for about 430 miles through long-tem for CVP water. 1 much of the Central Vallev from Shasta Reservoirs in 

' the north to Bakersfield i;l the south (USBR, 1988). 
The CVP senrice area also includes the San Felipe 
Unit, which is located in the adjacent coastal valley. 
Major facilities of the CVP that may be affected by op- 
eration of the drought water bank include Shasta Dam 

1 on the Sacramento River, Folsom Dam on the Ameri- 
I can River, New Melones Dam on the Stanislaus River, 
and Millerton Dam on the San Joaquin River. All these 
rivers are tributary to the Sacramento-San Joaquin 1 Delta. 

The existing facilities of the CVP provide full, supple- 
mental, or temporary water supply to about 3 million 
acres of agricultural land throughout the Sacramento 
and San Joaquin valleys (USBRIDWR, 1985). At pres- 
ent, the U.S. Bureau of Reclamation (USBR) has con- 
tracted to deliver 8.6 million acre-feet of CVP water 
annually (DWR, 1991a), including the sale of an addi- 
tional 250,000 acre-feet of interim water to the West- 
lands Water District (USBRDWR, 1985). CVP water 
supply contracts contain buildup provisions identifying 
periods during which the contractors may use less than 
their full entitlements. Crops grown on California 
lands irrigated by the CVP had a gross value of about 
$2.4 billion in 1981 (DWR, 1991a). 

The CVP facilities also provide 536,000 acre-feet of 
water for domestic, municipal, and industrial use, and 
generate over 3.5 billion kilowatt-hours of electricity 
annually in addition to supplying the energy needs of 
project facilities (USBR, 1988). The largest share of 
water was delivered through the Contra Costa Canal to 
the cities of Martinez, Antioch, and Pittsburg and to a 
large industrial complex composed of steel, oil, rubber, 
paper, and chemical plants. The cities of Redding, 

The SWP system consists of 22 reservoirs, 17 pumping 
plants, 8 hydroelectric power plants, and 550 miles of 
aqueducts and pipelines (DWR, 1991a). The primary 
storage facilities are located at Oroville on the Feather 
River, which is tributary to the Sacramento River. 
Additional supplies are developed from surplus flows 
in the Sacramento-San Joaquin Delta (DWR, 1987). 
Water from the SWP is transported through natural riv- 
ers and a system of canals and pipelines to the Bay 
Area, San Joaquin Valley, and Southern California for 
agricultural and municipal uses. Some water from the 
program is also delivered to the Feather River region, 
which has area of origin priorities for SWP supplies 
(USBRDWR, 1985). 

The State Water Project has water supply contracts 
with 29 public agencies whose jurisdictions encompass 
a fourth California's land area and two-thirds of the 
population (Figure 2-2). Most SWP water delivered in 
Southern California and the San Francisco Bay area is 
for urban use, while most delivered in the San Joaquin 
Valley is for agricultural use. The agricultural areas 
served by the SWP are mainly in Kings and Kern coun- 
ties, and mainly in the western portions of these coun- 
ties. The one exception is the Oak Flat Water District 
in western Stanislaus County. These areas relied on the 
SWP for 71 percent of their irrigation water supply in 
1981, when the estimated value of crops grown with 
SWP water was $474 million. Cotton accounted for 41 
percent of this total; almonds, oranges, pistachios, 
grapes, cantaloupes, lettuce, onions, alfalfa seed and 
hay, and wheat together accounted for another 41 per- 
cent, and about 40 other crops accounted for the re- 
mainder. 
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Figure 2-1. Major Features of the SWP and CVP 
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Figure 2-2. SWP Service Areas and Contracting Agencies 
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The urban areas served by the SWP include the most 
heavily populated parts of the State (USBRDWR, 
1985). The SWP is a major water supplier for the south 
coastal area where a little over half of all Californians 
live. In 1975, this area relied on the SWP for 15 percent 
of its water requirement of 3.4 million acre-feet. By 
the year 2000, this fast growing area is expected to re- 
quire more than 4 million acre-feet of total water sup- 
ply, with the SWP expected to supply about a third. In 
the San Francisco Bay area, the State's other major 
population center, the SWP supplies a lesser but still 
crucial portion of the area's total. 

Various canals, aqueducts, and storage facilities trans- 
port and store water from the source areas of the two 
projects. The CVP pumps water from the ltacy Pump- 
ing Plant in the Delta to the San Joaquin Valley through 
the Delta-Mendota and San Luis canals, and from the 
Contra Costa Pumping Plant to Contra Costa County 
through the Contra Costa Canal. The CVP also sup- 
plies water upstream of the Delta from facilities that in- 
clude the Tehama-Colusa, Coming, Folsom South, 
Madera, and Friant-Kern canals. The SWP transports 
water from the Delta from the Harvey 0. Banks Delta 
Pumping Plant to the San Joaquin Valley and Southern 
California in the California Aqueduct, and to parts of 
the San Francisco Bay in the North and South Bay 
Aqueducts. Storage facilities of the SWP south of the 
Delta include Pyramid Lake, Castaic Lake, Silverwood 
Lake, and Lake Perris. San Luis Reservoir near Los 
Banos is a joint CVP-SWP facility. 

The CVP and SWP differs in the ratio of urban to agri- 
cultural water users served by each project and yields 
and storage capacities of the projects (USBRDWR, 
1985). Of the water now being delivered, 95 percent of 
CVP water goes to agricultural users, while SWP water 
goes about equally to agricultural and urban use. The 
CVP's storage capacity in Clair Engle, Shasta, and Fol- 
som Reservoirs totals 8 million acre-feet, while the ca- 
pacity of the SWP's single significant upstream storage 
facility at Oroville is 3.5 million acre-feet. Due to its 
lesser upstream storage, the SWP relies more than the 
CVP on exporting surplus unstored flows available in 
the Delta during winter and spring. 

Appropriative and riparian rights of water users along 
streams supplying water to the CVP and SWP deter- 
mine water amounts available for export. However, wa- 
ter development facilities of other agencies, such as 
New Bullards Bar belonging to the Yuba County Water 
Agency on the Yuba River, provide additional oppor- 
tunities to meet the critical water supply needs of 
California. 

Central Valley Basin 

The Central Valley Basin includes two major river ba- 
sins, that of the Sacramento River on the north and the 
San Joaquin River on the south, plus the lblare Lake 
Basin (USBR, 1970,1975). The combined watersheds 
extend nearly 500 miles in a northwest-southeast 
direction, and average about 120 miles in width. The 
watersheds contain about 38 million acres of land, 
which is more than one-third the area of California 
(USBR, 1975a). The basin is entirely surrounded by 
mountains except for a narrow gap on the western edge 
at the Carquinez Straits. The Sacramento River and 
tributaries flow southward draining the northern part 
of the basin. The San Joaquin River and tributaries 
flow northward, draining the central southern portion. 
The two river systems join at the Sacramento-San Joa- 
quin Delta, flow through Suisun Bay and Carquinez 
Straits into San Francisco Bay, and out the Golden 
Gate to the Pacific Ocean. 

The valley floor is a gently sloping, practically unbro- 
ken alluvial plain which occupies about one-third of 
the basin; the other two-thirds are mountainous. The 
valley floor is about 400 miles long and averages about 
45 miles in width. The Cascade Range and Sierra Neva- 
da on the north and east rise in elevation to about 
14,000 feet. The Coast Range on the west generally 
rises to less than 4,000 feet, but rises to as high as 8,000 
feet at the northern end. 

Water supply for the Central Valley is chiefly derived 
from runoff of the mountains and foothills of the Sierra 
Nevada, with minor amounts from Coast Range 
streams entering the west side of the valley (USBR, 
1970). Rainfall contributions on the floor of the basin 
add to the supply. About four-fifths of the annual pre- 
cipitation occurs during the winter between the last of 
October and the fist of April, but snow storage in the 
high Sierra delays the runoff from that area until April, 
May, and June, in which months half the normal annual 
runoff occurs. Annual rainfall averages more than 10 
inches in the Sacramento Valley, and rain or snowfall 
on surrounding mountains averages more than 60 in- 
ches annually over large areas (USBRDWR, 1985). 
Averages are lower in the San Joaquin Valley and sur- 
rounding mountains. Precipitation varies widely, how- 
ever, from year to year. Since a significant portion of 
precipitation in the basin occurs as winter snowfall in 
the mountains, runoff may lag precipitation, and the 
season of runoff often extends into late spring and sum- 
mer as the winter snows melt. The average annual natu- 
ral runoff of the Central Valley Basin for the 60year pe- 
riod beginning in water year 1903 was about 33 million 
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cre-feet, and for the critical 7-year dry period of 
928 to 1934 was about 18 million acre-feet. 

ood control or water storage works exist on all major 
treams in the basin, which alters the natural flow pat- 
ems (USBRDWR, 1985). These facilities store water 
or the dry season and protect against the winter floods 
hat were common before water development. They 1 

also produce hydroelectric power, enhance recreation 
opportunities, and serve other purposes. 

A complex aquifer system underlies the Central Valley. 
The maximum depth to water is more than 900 feet. 
However, ground water may occur near ground sur- 
face. Usable storage capacity in a depth zone of 200 
feet below ground surface has been estimated as be- 

een 80 to 93 million acre-feet in the San Joaquin 
asin and 22 to 33 million acre-feet in the Sacramento 
asin (DWR, 1975a; USBR, 1970). Low yield in some 
reas is considered a limiting factor. Ground water 
emperatures average about 65"E but range from 
bout 45 to 105OF. The dissolved solids content of the 
ater averages about 500 parts per million (ppm), but 

anges from 64 to 10,700 ppm. The predominant water 
e varies with location in the aquifer, but calcium, 

agnesium, sodium, bicarbonates, sulfate, and chlo- i 
~ i d e  are all present in significant quantities. 

The primary use of water in the Central Basin is for the 
production of agricultural crops. However, water is 
also used by urban communities, industrial plants, and 
for other uses (USBR, 1970). Surface water supplies 
have been developed by local irrigation districts, mu- 

F 
icipal utility districts, county agencies, private compa- 
ies or corporations, and State and federal agencies. 

ater quality throughout the Central Valley is ade- 
uate to sustain beneficial uses, with certain exceptions 
USBR, 1970). Quality problems are almost absent in 
he mountainous areas. On the valley floor, streamflow 
nd water quality during the late summer months are 
ependent upon operation of upstream reservoirs. I 

ibacramento Rhrer Basin 

The Sacramento River Basin contains some 16,714,000 
acres and includes the McCloud and Pit River Basins, 
and the Goose Lake Basin in the northeastern extrem- 
ity of California. The Sacramento River Basin is about 
280 miles long and up to 150 miles wide. The area ex- 
;tends from the crests of the Coast Range and Klamath 
Mountains on the west to the crest of the Sierra Nevada 
and Cascade Range on the east, south to and including 
he American River and Putah Creek basins. In addi- 
ion, the basin includes the Feather, Yuba, and Bear 

rivers that flow from the Sierra Nevada into the Sacra- 
mento River, and Cottonwood, Stony, and Cache 
creeks that drain the Coast Range west of the Sacra- 
mento Valley. 

The Sacramento River Basin has about two-thirds of 
the surface water supply of the Central Valley. Average 
runoff from the basin is estimated at 21.3 million acre- 
feet per year (USCE, 1977). Water resources in the ba- 
sin have been extensively developed for a wide range of 
purposes. The area has a total of about 16 million 
acre-feet of surface storage capacity-ver 10.5 mil- 
lion in four major reservoirs Lake Shasta on the Sacra- 
mento River (4.552 million acre-feet), Oroville Reser- 
voir on the Feather River (3.538 million acre-feet), 
Folsom Lake on the American River (1.01 million 
acre-feet), and Lake Berryessa on Putah Creek (1.6 
million acre-feet). Water is also imported into the re- 
gion from the 'Ruckee and Cosumnes rivers and from 
the 'Itinity River Division of the CVI? 

In addition to the major reservoirs built for flood con- 
trol, there are other flood control measures consisting 
of more than 2.2 million acre-feet of potential flood 
control storage (DFG, 1987). These are a highly devel- 
oped system of flood control basins, levees, channels 
and bypasses. Sacramento Valley levees and bypasses 
extend over 150 miles from Red Bluff on the north to 
Suisun Bay on the south, and include the Butte, Colusa, 
Sutter, American, and Yolo basins. The basins are com- 
posed of a series of natural and man-made bypass 
overflow areas that act as auxiliary channels to the Sac- 
ramento River during floodwater times. The bypass 
areas are used for agriculture during the summer and 
fall months and are valuable wetlands during the flood 
season. 

'Ibtal storage capacity of the 22 ground water basins in 
the Sacramento River Basin has been estimated as 139 
million acre-feet. Of these basins, only 8 have suffi- 
cient data available to estimate usable ground water 
storage. The total usable storage for these basins is 22.1 
million acre-feet with 22 million acre-feet in the Sac- 
ramento Valley (DWR, 1975a). The safe ground water 
yield is about 1.6 million acre-feet per year, and the 
annual overdraft is about 140,000 acre-feet (DWR, 
1991a). 

The climate of the valley floor areas of the basin is char- 
acterized by hot, dry summers and mild winters with 
relatively light precipitation. Warm, dry summers and 
cold winters with heavy rain and snow prevail in the 
mountainous areas. The average annual precipitation 
varies with elevation and ranges from less than 10 in- 
ches in the valley to over 95 inches in the Sierra Nevada 
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and Cascade ranges. Valley temperatures normally streams in the basin include chinook salmon, steelhead 
range from winter lows near freezing to summer highs trout, rainbow trout, brown trout, striped bass, Ameri- 
of about 110°F. In the mountains, winter temperatures can shad, sturgeon, black bass, catfish, and non-game 
average about 30°F and occasionally fall below zero. species such as carp, suckers, and squawfish. 

The economy of the Sacramento Basin is based primar- 
ily on production of livestock and diversified crops. Re- 
lated industries include food packing and processing, 
agricultural services and the farm equipment industry. 
Another important segment of the economy in the Sac- 
ramento Basin consists of military and other federal 
government establishments, the State government, 
and the aerospace industry. Lumber industries are cen- 
tered in the Sierra Nevada, Cascade Range, Modoc 
Plateau, and a portion of the Coast Range. Industries 
engaged in timber byproducts were once located 
throughout the valley. Other industries are engaged in 
extraction or mining and production of natural gas, 
clay, limestone, sand, gravel, and other minerals. The 
basin is served by a highly developed transportation 
system including federal and State highways, airlines, 
railroads, and waterways. 

The 1985 population for the Sacramento Valley region 
exceeded 1.8 million people (DWR, 1991a). Major ur- 
ban areas include Sacramento, West Sacramento, Red- 
ding, Chico, Davis, Placerville, Woodland, Roseville, 
Yuba City, Auburn, Marysville, Oroville, Willows, Red 
Bluff, Quincy, Nevada City, and Alturas. Population 
growth has given rise to many service industries. 

Water quality problems associated with irrigated agri- 
culture and municipal and industrial discharges are rel- 
atively minor compared with other parts of the Central 
Valley (USBR, 1970). This has resulted in part from the 
use of the Sacramento River to convey increasing 
quantities of water developed within the Sacramento 
Basin or imported from the North Coastal Basin. 
Drainage from abandoned mines and tailings has upon 
occasion caused severe local losses of fish in the upper 
watershed. 

The Sacramento River Basin supports a large variety of 
game and non-game species (Appendix A-1). Big 
game animals include blacktailed deer, black bear, and 
mountain lion. Valley quail, mountain quail, mourning 
dove, bandtailed pigeon, pheasant, turkey, sooty 
grouse, gray squirrel, Douglas squirrel, blacktailed jack 
rabbit, and brush rabbit are the common species of 
upland game (DWR, 1975b). Furbearers include bad- 
ger, beaver, bobcat, coyote, ermine, fisher, gray fox, red 
fox, marten, mink, muskrat, opossum, river otter, rac- 
coon, ringtailed cat, striped skunk, spotted skunk, and 
weasel. The Sacramento Valley also supports millions 
of wintering waterfowl. Fish supported by rivers and 

Over 2 million visitors participate in recreational acti- 
vities along the Sacramento River annually (USBR, 
1991). Fishing and relaxation are the most popular rec- 
reational activities. Other types of recreation include 
boating, swimming, camping, picnicking, hiking, and 
outdoor sports. Between Shasta Dam to the Red Bluff 
Diversion Dam, total annual recreation participation 
has been estimated at 1,076,000 hours. Winter-run 
salmon fishing was very popular prior to the severe de- 
cline in the population and current State restrictions. 
Steelhead trout and spring, fall, and late fall salmon 
runs remain popular among recreational anglers along 
the river. Ocean sport fishing also accounts for a large 
percentage of the Sacramento River anadromous fish 
catch. 

Upper Sacramento River. The drainage area of the 
Sacramento River above Shasta Dam encompasses 
6,649 square miles, producing a mean unimpaired 
annual flow of 5.7 million acre-feet (USBRIDWR, 
1985). Runoff from the upper Sacramento River wa- 
tershed of the northern Sierra and southern Cascade 
mountains is stored in Shasta Reservoir near Redding. 
Major tributaries above Shasta Dam are the Sacramen- 
to, Pit, and McCloud rivers. 

The climate in the Shasta Lake drainage basin is of the 
dry summer subtropical (Mediterranean) type (USGS, 
1983). Precipitation is highly variable both temporally 
and spatially in the basin. Average annual precipitation 
at Shasta Dam is about 60 inches. Rainfall dominates 
the type of precipitation at Shasta Lake, while snow is 
the principal form of precipitation in the northern part 
of the basin at higher elevations. The normal monthly 
air temperatures at Shasta Lake vary from 46°F in Jan- 
uaIy to 83°F in July. 

Sacramento River. The Sacramento River originates as 
the north, middle, and south forks on the east slopes of 
the 'Rinity Divide in Siskiyou County (DFG, 1991). A 
few miles downstream from the confluence of the three 
forks, water is impounded behind Box Canyon Dam 
forming Lake Siskiyou with a storage capacity of 26,100 
acre-feet. A minimum flow of 40 cubic feet per second 
(cfs) is maintained below the dam. From Box Canyon 
Dam, the river flows about 47 miles to Shasta Lake. Nu- 
merous small tributaries enter the Sacramento River 
between Box Canyon Dam and Shasta Lake. The 
drainage area of the Sacramento River above Shasta 
Lake is 425 square miles, and produces an average 
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annual yield of 868,700 acre-feet (USGS, 1988). The 
Sacramento River contributes about 13.9 percent of 
the total average annual surface inflow to Shasta Lake. 

Elevations range from about 6,500 feet in the headwa- 
ters to 3,000 feet at Box Canyon Dam and 1,065 feet at 
Shasta Reservoir. The drainage consists of mountains 
and foothills, with the river flowing through a steep 
canyon downstream from Box Canyon Dam. 
I 

The upper reach of this portion of the Sacramento Riv- 
er is a highly productive, cold-water mountain stream 
for most of its length due to cold, nutrient rich and well 
oxygenated water from Lake Siskiyou and numerous 
springs (DFG, 1991). Environmental conditions vary 
along the length of the river. Late summer tempera- 
tures range from the low 505°F in the river immediately 
below Box Canyon Dam to the high 60s°F above Shas- 
ta Lake. The upper portion of the river is generally 
swifter with a steeper gradient, longer riffles, and 
shorter shallower pools than the lower portion of the 
river. 

l~efore JUQ 1991, the river below Box Canyon Dam was 
planted with catchable trout, while the lower portion 
was managed as awild trout stream. Rainbow trout was 
the dominant salmonid in the river, with some brown 
trout also present. Other species included hardhead, 
Sacramento squawfish, California roach, speckled 
dace, Sacramento sucker, and riffle sculpin. Also found 
in the lower reaches of the river were smallmouth bass, 
Alabama spotted bass, and channel catfish. On July 14, 

Pacific train derailed 
crossing the Sacramento River just north of 

Loop. The chemical metam 
was released into the river, destroying down- 

life. Fish and other aquatic life are grad- 
from upstream and tributary sources, 

from Shasta Lake. 

Pit River. The Pit River is the most extensive tributary 
to Shasta Reservoir. The North Fork originates in the 
northeastern portion of Modoc County, while the 
South Fork originates in northeastern Lassen County. 
The two forks join at Alturas in eastern Modoc County. 
The Pit River then flows about 160 miles to Shasta Res- 
ervoir (CVRWPCB, 1953). Principal tributaries to the 

River are Fall River and Hat Creek. The drainage 
Shasta Reservoir, excluding 

Lake Basin, is 4,952 square miles, with an 
discharge of 2.7 million acre-feet 

The Pit River contributes about 59.5 
annual surface inflow to Shasta 

ake (USGS, 1983). 
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About two-thirds of the drainage consists of moun- 
tains and foothills, with the remainder as valley and 
mesa lands. Elevations vary from about 7,500 feet in 
the headwaters to about 1,065 feet at Shasta Reservoir. 

The Pit River drainage has been extensively developed 
with impoundments, diversions, and hydroelectric faci- 
lities. Fifteen major impoundments have been 
constructed in the drainage, with the most significant 
being West Valley Reservoir (21, 700 acre- feet), Big 
Sage Reservoir (77,000 acre-feet), Lake Britton 
(40,600 acre-feet), Iron Canyon Reservoir (24,200 
acre-feet), Pit Reservoir No. 6 (15,890 acre-feet), 
and Pit Reservoir No.7 (34,600 acre-feet). Intensive 
use is also made of water for agricultural production, 
with meadow pasture, alfalfa, and grain as the major 
crops (DWR, 1982). Consumptive use during the sum- 
mer depletes the flow of the Pit River in Big Valley, but 
effluent ground water and irrigation return flows usual- 
ly reestablish flow in the river channel near Fall River 
Valley. 

Nutrient and mineral levels in the Pit River are high 
due to intensive agricultural uses of the water. Howev- 
er, other significant water quality impairment is not 
known. 

Streams of the Pit River system above Fall River gener- 
ally do not support significant fish populations due to 
poor mineral quality and intermittent flows, with the 
exception of the South Fork above Likely. Principal 
streams from the standpoint of sport fishing are Fall 
River, Hat Creek, Pit River below Fall River, and head- 
water streams of the South Fork. 

Recreation is an important activity in the region, with 
Hat Creek, Burney Creek, and Fall River areas well pa- 
tronized by vacationers, campers, fishermen, and sight- 
seers. Hunting is also a major activity due to significant 
game and wild fowl populations. 

McCloud River. The McCloud River originates in 
southeastern Siskiyou County at an elevation of about 
4,900 feet. The drainage area is 604 square miles with 
an average annual discharge of 1.23 million acre-feet 
prior to completion in 1965 of McCloud Dam 16.5 
miles upstream from Shasta Lake (USGS, 1988). Lake 
McCloud has a storage capacity of 35,200 acre-feet. 
Water is diverted from Lake McCloud to Iron Canyon 
Reservoir in the Pit River drainage for power produc- 
tion. Since 1965, annual average discharge from the 
McCloud River has been reduced to 592,600 acre- 
feet, representing about 9.3 percent of the average 
annual surface inflow to Shasta Lake. 

The McCloud River is a clear mountainous stream of 
excellent water quality. The McCloud River supports 
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an excellent sport fishery, with rainbow trout the domi- (USGS, 1983). Additional beneficial uses include 
nant species. Access is limited and difficult along much streamflow regulation for navigation and water quality 
of the lower portion of the river. enhancement, irrigation, improvement of fisheries and 

wildlife, and contact and non-contact forms of recre- 
Shasta Dam and Related Facilities. Shasta Dam in ation. The reservoir has a drainage area of 6,665 square 
Shasta County was completed in 1945 as part of the miles and storage capacity of 4.552 million acre-feet 
CVP. Principal purposes of the project are flood con- (USBR, 1975b). Average annual infIow is about 5.7 
trol, water supply, and hydroelectric power generation million acre-feet. 

Major CVP facilities that may be included in operation of the drought water bank include Shasta Dam on the 
Sacramento River. This photograph was taken before the current drought. 

The Shasta Powerplant is just below Shasta Dam. Wa- maximum of 88"E during the summer of 1976, with 
ter from the dam is released through five 15 foot diam- bottom temperatures of 47.S°F for the same period 
eter penstocks leading to the five main generating units (USBR, 1991). 'Qpically, however, surface water tem- 
and two station senrice units. The total capacity of peratures during the summer range from 70 to 75"F, 
these units is 570,000 kilowatts (USBR, 1991). with bottom temperatures ranging from 40 to 45OE 

Water quality in Shasta Lake reflects the high quality 
of the tributary streams. Mineral and nutrient quality 
is excellent. However, mine and mine tailing contami- 
nated runoff from Squaw and Backbone creeks causes 
localized copper pollution and fish kills (USBR, 1978). 

Shasta Lake thermally stratifies, producing significant 
differences between surface and bottom water temper- 
atures. Surface water temperatures have ranged to a 

Minimum dissolved oxygen levels in Shasta Lake have 
been found near the thermocline during summer ther- 
mal stratification. During the drought year of 1977, dis- 
solved oxygen levels at the thermocline decreased to 
about 3 parts per million (ppm), but in the more normal 
year of 1983 only decreased to about 6 ppm. 

lbrbidity in Shasta Lake follows a seasonal pattern in 
which greatest levels occur in the winter when storm 



Draft 0 
I 
I 

hnoff enters the reservoir. During the summer, turbid- 
ity in Shasta Lake increases with depth (USBR, 1991). 
lkrbidity in the upper 100 feet of the reservoir general- 
ly ranges between 1 and 2 NTU's. Between 100 and 400 
feet in depth, turbidity usually ranges from 4 to 7 
NTU's. Below 400 feet, turbidity ranges between 7 and 
14 NTU's. 

Shasta Lake supports a wide variety of cold and warm 
water fish species (USBR, 1991). Resident species in- 
elude rainbow trout, brown trout, kokanee and land- 
ocked chinook salmon, large and smallmouth bass, 
potted bass, black crappie, green sunfish, bluegill, 
rown bullhead, channel catfish, white catfish, thread- 
m shad, Sacramento sucker, squawfish, and carp. i 
eswick Reservoir. Keswick Dam, located 8 miles 
ownstream from Shasta Dam, impounds a reservoir 
'th a storage capacity of 23,800 acre-feet which regu- 

ates reservoir releases from Spring Creek and Shasta 1 owerplants. Hydroelectric facilities at Keswick Dam 
onsists of three generators with a total output of more 
han 90,000 kilowatts (USBR, 1991). e 

The reservoir supports both rainbow and brown trout 
(USBR, 1991). Some warmwater fish, including large 
and smallmouth bass and crappie, from Shasta Dam re- 
leases are also present. The dam forms a complete bar- 
rier to upstream migration of fish, which are primarily 
chinook salmon and steelhead. Migratory fish trapping 
facilities at the dam are operated in conjunction with 
the Coleman National Fish Hatchery on Battle Creek, 
25 miles downstream (USBR, 1975b). 

Whiskeytown Lake. Whiskeytown Lake is a 241,100 

River. Diverted water is re- 
l b n e l  to the Judge Francis 

to Whiskeytown 
gen- 

Water in Whiskeytown Lake is of excellent mineral 
quality and suitable for domestic, agricultural, and rec- 
reational use. All reported water quality criteria are 
within recommended limits. 
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Spring Creek Debris Dam. The Spring Creek Debris 
Dam is located on Spring Creek above the tailrace of 
the Spring Creek Powerplant. The reservoir has a ca- 
pacity of 5,900 acre-feet, and was constructed to con- 
trol sediment and debris above Spring Creek Power- 
plant and to regulate acid mine drainage from Iron 
Mountain Mine. Releases from Spring Creek Debris 
Dam are made into Keswick Reservoir. 

Keswick Dam to Red Bluff. The Sacramento River 
winds about 56 miles from Keswick Dam to Red Bluff. 
The river in this reach is largely contained by steep hills 
and bluffs. River flows in the upper part of this reach 
are highly controlled by releases from Shasta Reser- 
voir, but become more influenced by tributary inflow 
downstream toward Red Bluff. 

Tomwavhv. From Keswick Dam to Redding, the Sacra- 
mento River flows through steep, rugged foothills and 
high bluffs made up primarily of volcanic and sedimen- 
tary rocks, some of which have been strongly metamor- 
phosed (USCE, 1975). From Redding to Anderson the 
river winds through gravelly sediment originating from 
the Klamath Mountains and northern Coast Range, 
and generally encounters less resistance to erosion 
than above Redding, forming a wider flood plain char- 
acterized by agricultural flatland. Below Anderson, the 
terrain is characterized by hills and dissected uplands, 
and the river in several locations encounters high 
bluffs. The most prominent land features below Ander- 
son are nble  Mountain and Iron Canyon, both of 
which contain steep slopes rising about 250 feet above 
the river channel. 

L-a Along the Sacramento River, soils are deep 
and fine textured and are suitable for a wide variety of 
field and orchard crops (DWR, 1965). Crops presently 
grown are corn, milo, sugar beets, safflower, strawberry 
plants, alfalfa, and hay. Orchards are planted to apples, 
olives, walnuts, almonds, prunes, and peaches. In addi- 
tion, large farming areas are devoted to the raising of 
beef and dairy cattle. 

West of the Sacramento River, the land rises in paral- 
lel, narrow, alluvial valleys separated by moderately 
high granitic ridges. Through these valleys, many 
streams empty into the Sacramento River. In the val- 
leys along the watercourses of the Cottonwood Creek 
area, agriculture is highly developed. Toward the foot- 
hills, where the soil thins and becomes rocky, cattle 
raising is almost the only use made of the land. In the 
extreme western sections of the area at the higher 
elevations, pines grow in profusion. In the central sec- 
tion at the lower elevations, the natural forest consists 
of sparse cottonwood, scrub oak, and manzanita. 
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Ground water may be either abundant or sparse. The 
lack of water has precluded major development in the 
upper areas. However, in the few areas along the high- 
er ridges and terraces where water is available, one- 
half to five acre homesites are rapidly being developed. 

Clear Creek, the second largest tributary on the west 
side of the basin, drains into the Sacramento River be- 
tween Redding and Anderson. The only developed 
agricultural areas within the Clear Creek area are con- 
centrated in Happy Valley about 2 miles west of Ander- 
son and 4 miles northwest of Cottonwood. The Happy 
Valley area has formed a public water district and con- 
tracted with USBR for water from Whiskeytown Res- 
ervoir. 

The lower foothill lands of the eastside are largely de- 
voted to cattle raising with spots of imgated meadow 
supplied by ground water. Forested areas of Douglas fir 
and pine lie in scattered parcels along the higher foot- 
hill elevations, usually along intermittent or ephemeral 
streams which interlace the area. The upper edge of the 
area is heavily forested with pine and fir. Lumbering is 
one of the major activities in this area, and many small 
mills dot the landscape. 

Agriculture in the eastside area consists largely of pas- 
ture, but also includes small acreages of walnuts and 
strawberry plants. Much of the pasture is grown on irri- 
gated lands adjacent to the creeks running through the 
area. Most of the irrigation is done by direct diversion 
from the creeks, although limited use is made of 
ground water in some areas. Very little irrigable land 
exists in the northeastern portion of the area. In this 
area, the land is hilly and rocky, leaving only scattered 
patches of irrigable land. For a part of the year, cattle 
can be grazed in the mountains, but as the soil moisture 
is depleted and the grasses die, the cattle are moved to 
better pasturage. 

Climete, Precipitation averages about 31 inches annu- 
ally, occurring mostly as low intensity winter rains. 
Amounts of average annual precipitation vary consid- 
erably, ranging from about 22 inches near Red Bluff to 
50 inches near Keswick Dam. 

Annual precipitation in the mountainous areas to the 
west and east averageq 42 inches, occurring mostly in 
the form of low intensity winter and spring rains, or 
snow where elevations exceed 5,000 feet. Amounts of 
annual precipitation vary considerably, ranging to 
about 90 inches at Lassen Peak. Runoff is very respon- 
sive to rainfall and the pattern of runoff follows the sea- 
sonal distribution of precipitation. 

Surface Water Hydrology. Major tributaries to the Sac- 
ramento River between Keswick Dam and Red Bluff 
include Cow, Stillwater, Bear, Battle, Paynes, Cotton- 
wood, and Clear creeks. Surface water development 
within the drainage has been minor, with the exception 
of Whiskeytown Dam on Clear Creek. Minimum re- 
leases from the 241,000 acre-foot Whiskeytown Lake 
flow to the Sacramento River between Redding and 
Anderson. 

The Wintu Pumping Plant in Shasta County delivers 
about 23,000 acre-feet from the Sacramento River for 
agricultural, municipal, and industrial use on land east 
of Redding in the Belle Vista Water District (USBR, 
1975a). The pumping plant, with a capacity of about 
100 cfs, lifts water 295 feet into the 8 mile long Bella 
Vista Conduit. 

The Anderson-Cottonwood Irrigation District 
(ACID) maintains a flashboard and buttress dam 
across the Sacramento River near Redding with a stor- 
age capacity of about 100 acre-feet. Water is diverted 
from the Sacramento River for irrigation of about 
17,000 acres. The District has rights to divert about 
165,000 acre-feet from the Sacramento River, and has 
contracted with USBR for an additional 10,000 acre- 
feet (DWR, 1981). Water use by ACID between the 
months of April and October comprises about 80 to 85 
percent of the approximate 200,000 acre-feet diverted 
from the river annually between Redding and Red 
Bluff. The remaining percentage is diverted by the City 
of Redding, industry, private farms, and small towns. 

Misselbeck Dam supplies water to the Igo-Ono Com- 
munity Services District, encompassing about 8,500 
acres along the North Fork of Cottonwood Creek, of 
which about 4,800 acres are arable (DWR, 1990a). The 
Clear Creek Community Services District, encompas- 
sing about 5,000 acres further south, receives up to 
15,000 acre-feet of water from Whiskeytown Lake 
through the Muletown Conduit. Additional supplies in 
these areas are obtained from diversions from the 
North Fork of Cottonwood Creek and its tributaries. 
Imgated lands along the Middle and South Fork of 
Cottonwood Creek obtain water by diversion of 
streamflow and ground water pumping (DWR, 1965). 

Several small storage reservoirs are maintained along 
Battle Creek. Coleman Forebay impounds 73 acre- 
feet, while Macumber and North Battle reservoirs 
store 425 and 1,016 acre-feet, respectively. Numerous 
other smaller reservoirs and ponds provide additional 
storage. 

Ground- The Redding Ground Water 
Basin contains most of the usable ground water in this 
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wrtion of the Sacramento River drainage (DWR, 
965). This basin lies partly in south central Shasta 
ounty and partly in north central 'lkhama County. It 

s bounded on the north by the Klamath mountains, on 
he west by the foothills of the Klamath Mountains and 1 he northern Coast Range, and on the south by the Red 

bluff arch, a structural uplift which trends northeaster- 
ly aqross the Sacramento Valley in the vicinity of Red 
Bluff. The eastern boundary is arbitrarily defined as 
being at the foothills of the Cascade Range although it 
is recognized that a small part of the basin extends fur- 
ther to the east. 

Jmportant freshwater bearing geologic formations in 
the basin are alluvium, the Red Bluff formation, and 
the Rhama and lhscan formations. The lhscan and 

hama formations comprise the principal water bear- 
ng deposits in the basin. The ground water basin in the 
ottonwood Creek area is composed of Continental 
nd Marine sediments. The Marine sediments consist 
f a  thick succession of sandstones and shales which are 1 

either impervious, or contain saline waters of unusable 
quality. The Continental sediments comprise the 
ground water reservoir and consist of a heterogeneous 
mass of clays, silts, sands, gravels, or mixtures. Most of 
the Cottonwood area is underlain by several hundred 
feet of water-bearing materials. Even though these 
materials are mostly fine grained and have relatively 
low specific yields, the large volume of materials pro- 
vides considerable storage capacity. 

echarge of the ground water is accomplished mainly 
y percolation of water at higher elevations followed by 
low subsurface movement to the valley. Some direct 
echarge occurs in the valley areas from infiltration of 
ainfall, and deep percolation of stream and applied 1 ater. The recharge has been sufficient in the past to 

allow only minor seasonal fluctuations in the level of 
the water table. No determination of the safe ground 
water yield has been made, though the basin may be 
reaching a safe yield threshold. 'Ibtal storage in the ba- 
sin is about 5.5 million acre-feet. About 290 thousand 
acre-feet was pumped for water supplies during 1990, 
resulting in a reduction of storage of about 41.5 thou- 
sand acre-feet from the spring to the fall. Water im- 
orted from the 'Ztinity River to the Happy Valley area 
nd the Bella Vista Water District provides additional 

to the Redding ground water basin. 

rrigation wells in the Redding Ground Water Basin I enerally range in depth between 100 and 500 feet, 
though in portions of the basin ground water can be 
found as near as 9 feet from the ground surface. Most 
of the area is underlain by several hundred feet of water 
bearing materials. 

Most ground water development has occurred south of 
the Redding Municipal Airport. However, good irriga- 
tion wells have been drilled to the north, and the Enter- 
prise Public Utility District recently completed an ex- 
cellent municipal well in the northwest portion of the 
area. Wells in this area produce up to 1,600 gallons per 
minute and often yield over 100 gallons per minute per 
foot of drawdown. 

Sur/ae W e  O u a h  Surface waters in the Sacramento 
River area between Keswick Dam and Red Bluff are an 
excellent mineral quality suitable for most beneficial 
uses. Most of the water can be classed as calcium-mag- 
nesium bicarbonate in type. Exceptions to this classifi- 
cation include waters in the upper reaches of Churn 
and Stillwater Creeks, which are classed as magne- 
sium-sodium bicarbonate, and Clear Creek, which is 
classed as calcium-sodium bicarbonate. Detrimental 
concentrations of minerals have not been detected in 
any of the major streams or their tributaries. River wa- 
ter is soft to slightly hard, and varies only slightly in 
mineral content as indicated by electrical conductivity 
values that range from 93 to 146 pmhos at Keswick and 
increase slightly up to 160 pmhos at Red Bluff. Water 
in this area is considered class 1 (excellent to good) for 
irrigation purposes. This water is slightly hard, but 
would generally require no softening. The water would 
also generally be of satisfactory mineral quality for do- 
mestic and municipal uses. 

Many tributaries drain into the river and water quality 
does not deteriorate, indicating the excellent quality of 
the tributary waters. lbrbidity is generally less than 10 
NTU's the entire river length from Keswick to Red 
Bluff. lbrbidity levels occasionally become elevated in 
the river primarily as a result of high flows in Cotton- 
wood Creek This tributary is in a drainage basin that 
is highly susceptible to sediment loading during periods 
of high runoff. lhrbidity during such periods have 
reached 838 NTU's. As flows recede and stabilize, the 
creek becomes quite clear with turbidity values gener- 
ally less than 5 NTU's. 

Waste discharges originating from industrial and mu- 
nicipal developments enter the Sacramento River 
along the entire length from Keswick to Red Bluff. 
Lumber by-product industries, cities and towns, light 
industries, food product plants, and a considerable vol- 
ume of irrigation return flow all contribute a significant 
waste load to the Sacramento River. 

A few miles northwest of Redding lies the Iron Moun- 
tain region containing metallic ore deposits, some of 
which are presently being mined. Water draining from 
this area, especially via Spring Creek, is frequently 
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acidic and has undesirable concentrations of copper, 
zinc, iron, aluminum, and other toxic salts which are 
leached from tailings of both operating and abandoned 
mines. Water from this area is at times lethal to fish, 
and adversely affects animal and plant organisms on 
which fish feed. Ib alleviate this problem, USBR 
constructed the Spring Creek debris dam near the 
mouth of Spring Creek, which drains to Keswick Reser- 
voir. Since high flows cause frequent uncontrolled re- 
leases of toxic laden water to Keswick Reservoir, USE- 
PA has declared the Iron Mountain complex a 
Superfund site and has initiated actions to reduce the 
output of toxic materials. 

Dioxins, which are a closely related group of highly tox- 
ic compounds produced as byproducts of various indus- 
trial processes, were discovered as a byproduct of the 
pulp bleaching process of paper mills in 1987. High lev- 
els of dioxins are discharged with mill wastes into the 
Sacramento River near Anderson. The Department of 
Health Services has issued an advisory not to eat resi- 
dent fish from the Sacramento River between Keswick 
and Red Bluff. The Central Valley Regional Water 
Quality Control Board has ordered the paper company 
to reduce dioxins concentrations in the discharge. 

Conversion to regional sewer plants rather than indi- 
vidual septic systems, while alleviating much of the con- 
cern for ground water contamination, has resulted in 
effluent with concentrated nutrient loads. This concen- 
trated effluent is discharged to the Sacramento River 
by the cities of Redding south of Clear Creek, Red 
Bluff upstream from the diversion dam, and Chico. Co- 
liform bacteria levels have occasionally exceeded a 
monthly average of 5,000 mean probable number per 
100 milliliters, indicating that Sacramento River water 
requires treatment prior to use for drinking. Sewer 
treatment plant failure, due to overloading of capacity 
or malfunction, creates a health hazard from the dis- 
charge of raw sewage. Sewer treatment plant failure 
has occurred at the Red Bluff facility, resulting in the 
discharge to the Sacramento River of untreated do- 
mestic and municipal effluent. 

The Sacramento River downstream from Keswick 
Dam has been designated as spawning waters for 
anadromous fish, with a minimum allowable dissolved 
oxygen level of 7 mg/L (USBR, 1991). The Sacramento 
River, measured at the Red Bluff Diversion Dam, 
maintains oxygen levels near saturation. Data collected 
since 1977 show a range between 90 and 110 percent of 
saturation the vast majority of the time. Dissolved oxy- 
gen concentrations have ranged from slightly below 10 
mg,L to over 12 m g L  Overall, the river remains well 

oxygenated throughout the reach from Keswick Dam 
to the Red Bluff Diversion Dam. 

Warm water temperatures in the Sacramento River 
downstream from Shasta Dam have affected upstream 
salmon migration and caused egg mortalities (USBR, 
1978). Temperatures are generally too warm for opti- 
mum spawning and rearing in the late summer and fall, 
and too cold for optimum juvenile growth in the spring 
(USBR, 1991). The problem is most severe in the early 
fall during dry years when low flows of relatively warm 
water are further influenced by high ambient air tem- 
peratures. Although high water temperatures occur 
naturally in the river, operation of Shasta Dam has ag- 
gravated the problem. Fall release temperatures from 
Shasta Dam are too warm for salmon spawning during 
dry years. 'Ikmperatures are partially controlled by mo- 
difying operations and importing colder water from 
Clair Engle Lake. Operations modifications include 
release of colder water through lower dam outlets, 
which result in loss of power generation through hydro- 
electric facilities at the dam. The SWRCB has estab- 
lished a temperature objective of 56°F to be attained 
to the extent controllable throughout the spawning 
area between Keswick Dam and Hamilton City. The 
current interim bypass operation at Shasta Dam is ex- 
pected to meet thk-56"~ iemperature objective most of 
the time immediately below Keswick Dam (USBR, 
1991). Bmperatures below the upper lethal tempera- 
ture of 62°F are maintained between Keswick Dam 
and Red Bluff except during the months of August, 
September, and October, when temperatures may ex- 
ceed this level on occasion. lkmperatures remain be- 
low 62°F at Red Bluff in 75 percent of the years during 
September. 

Effects of Shasta Dam releases on upper Sacramento 
River water temperatures decrease with downstream 
distance. River temperatures are greatly affected by 
ambient air temperature between the point of release 
and the Red Bluff Diversion Dam, particularly during 
the summer months (USBR, 1991). Ambient air tem- 
perature and tributary accretions combine to produce 
high summer river temperatures detrimental to some 
fishery resources in the river between Keswick Dam 
and the Red Bluff Diversion Dam. The effects of high 
summer water temperatures are compounded in mini- 
mal water years. 

Elevated river temperatures during late summer and 
early fall is a primary factor limiting winter-run chi- 
nook salmon survival, which has been listed as an en- 
dangered species by the State and a threatened species 
by the National Marine Fisheries Service (USBR, 
1991). 



' Ground water is generally of ex- 
z z a l = t y  and is considered class 1 for ir- 
rigation purposes. This water is generally suitable for 
domestic and industrial uses. Poor quality water, how- 
ever, does exist in the basin fringe area near the base 
of the foothills where the salt water bearing Chico 

1 formation rises near the surface. 

Wild& The wildlife resources in the vicinity 
1 -h riparian, oak woodland, marsh, and 
grassland habitat in addition to agricultural lands. The 
riparian corridor along the river below Keswick Dam is 

1 characterized by willow, cottonwood, sycamore, elder- 
berry, coyote bush, poison oak, tule, cattail, 

1 smartweed, dock, watergrass, Johnson grass, Bermuda 
grass, and Baltic rush. This area is inhabited by passer- 
ine bird species including flycatchers, wrens, sparrows, 1 swallows, finches, and blackbirds. Waterfowl (mallard, 
wood duck, common merganser, geese, and coots), 
shore and wading birds (herons, egrets, and kingfish- 
ers), upland game birds (ring-necked pheasant, 
turkey, mourning dove, and valley quail), and raptors 
(wintering bald eagles, osprey, red-shouldered hawk, 
red-tailed hawk, kestrel, and great-horned owl) may 
also be present. 

River otter, beaver, and muskrat utilize the riverine 
and riparian habitat extensively. Riparian areas are 
also valuable habitat for blacktail and mule deer, feral 
hogs, coyote, striped and spotted skunk, raccoon, opos- 
sum, bobcat, mink, weasel, badger, red and grey foxes, 
cottontail and brush rabbit, blacktail hare, grey squir- 
rel, and small rodents. 

I 
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Anadromous fish species migrating to the Sacramento 
River between Red Bluff and Keswick Dam include 
steelhead trout, American shad, white sturgeon, and 
four races of chinook salmon (USBR, 1991). Resident 
species include rainbow and brown trout, largemouth 
and smallmouth bass, channel catfish, riffle sculpin, 
western and Sacramento sucker, hardhead, and carp. 

Steelhead 'Rout - Steelhead trout comprise an impor- 
tant recreational fishery within the Sacramento River 
ky stem. Approximately 15 percent of the annual steel- 
head runs in the Sacramento River are the result of 
stocked fish released as smolts and fingerlings (JSA, 1 1987). 

American shad - American shad were introduced into 
the Sacramento River system from the East Coast 
hrough a series of plantings between 1871 and 1880. 
kh e population expanded rapidly to levels that sup- 

I 

ported a commercial fishery from 1879 to 1957. Aprob- 
able population decline began in the mid-1940s. In 
1957, the commercial fishery was eliminated. A popu- 
lar sport fishing effort is still present in the Feather, 
American and Yuba rivers. However, indications are 
that in recent years the number of adults entering these 
streams has declined. 

American shad migrate up their natal rivers to spawn. 
In the Sacramento River system, adult migration oc- 
curs during April, May, and June. Spawning in the Sac- 
ramento River and its tributaries is usually completed 
by June. The distribution of first time spawning shad 
among tributaries appears to be related to the magni- 
tude of the tributary flow relative to the mainstem flow. 
Higher numbers of first time spawners are attracted to 
tributaries when the proportion of tributary flow to 
mainstem flow is higher (Richard Painter, DFG, pers. 
comm.). lkmperature is likely to be a factor in initiat- 
ing migration spawning. 

Shad spawn in schools in the main channels of rivers in 
depths of 3 to 30 feet or more. They are broadcast 
spawners with spawning intensity related to water tem- 
perature. Most American shad die after spawning, 
though a few survive to move downstream to the Bay 
and ocean and make the return spawning journey the 
following year. 

Although shad eggs are semibuoyant and drift down- 
stream after spawning, they gradually sink to the bot- 
tom. In water with temperature in the low 60s°F, in- 
cubation is about 3 to 6 days. Juvenile shad often spend 
considerable rearing time in their natal streams, but 
many may rear in the Delta as well. Juveniles may re- 
main in the Delta from several weeks to several 
months, but gradually move toward the ocean. Little is 
known of their life history between the juvenile and 
spawning stages. 

Chinook Salmon - The chinook salmon has the broad- 
est geographic range of any of the Pacific salmon spe- 
cies and is an important recreational and commercial 
species throughout most of its range. Runs of chinook 
salmon are found along the northern Pacific Ocean and 
tributary drainages and around the Pacific Rim from 
northern Japan to souther California. In spite of its 
wide distribution, the chinook salmon is the least abun- 
dant of Pacific salmon species. As a species, the chi- 
nook salmon is distinguished by its highly variable life 
history, and many rivers have more than one distinct 
stock identifiable by their life history patterns. 
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The chinook salmon has the broadest geographic range of any of the Pacific salmon species and is an im- 
portant recreational and commercial species throughout most of its range. The 1991 and 1992 Drought Wa- 
ter Bank operations were designed to reduce impacts to this and other fishery species as well as increase 

stream flows. 

The life span of chinook salmon may range from 2 to 25  feet per second just above the surface of the gravel 
7 years. Although chinook salmon can spend from 1.5 bed. As the female lays the eggs in the redd, one or 
to 5 years in the ocean before maturing and returning more male salmon fertilize the eggs. The female subse- 
to natal streams to spawn, most return to fresh water quently buries the eggs in the redd by displacing gravel 
2.5 years after entering the ocean. upstream of the redd onto the eggs. 

Chinook salmon eggs are laid in nests, referred to as 
redds, excavated by the female in loose gravel. Ap- 
propriate gravel beds selected by female chinook salm- 
on consist mainly of gravel ranging from 1 to 6 inches 
in diameter. Optimal survival of eggs and pre-emer- 
gent fry occurs when the largest portion of the redd is 
composed of smaller gravel. The female seeks out grav- 
el beds with water depths and velocities sufficient for 
spawning activities and egg incubation. Depths range 
from shallow riffle areas (0.5 to 2 feet ) to deep runs or 
glides (5 feet to over 20 feet). Spawning depth is a func- 
tion of physiological requirements, available habitat, 
and specific differences between stocks of salmon. For 
instance, some winter run chinook salmon have been 
observed to spawn on gravel in deeper water than the 
other three Sacramento River salmon runs. Preferred 
spawning velocities are generally in the range of 1.5 to 

Eggs hatch generally in about 40 to 60 days after an in- 
cubation period that is dependent on water tempera- 
ture. Maximum survival of incubating eggs and pre- 
emergent fry occurs at water temperatures between 40 
and 56°F The newly hatched larvae, or pre-emergent 
fry, remain in the redd and absorb the yolk stored in 
their yolk sacs to grow into fry. Larval incubation lasts 
about 2 to 4 weeks depending on water temperatures. 
The fry then wiggle out of the redds into the water 
above. The fry seek out shallow areas near shore with 
slow current and vegetative or boulder cover nearby, 
where they begin to feed on insects and crustaceans 
drifting in the currents. As they grow, the juvenile salm- 
on move out into the deeper, swifter water for rearing, 
but continue to remain near boulders, fallen trees, and 
other such cover to reduce chances of being preyed 
upon and to minimize energy expenditure. 
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Juvenile salmon may emigrate downstream toward the 
estuary at any time from immediately after emerging 
from the redd to after spending more than a year in 
fresh water. The length of juvenile residence time in 
fresh water and estuaries varies between salmon runs 
and depends on a variety of factors, including season of 
emergence, streamflow, turbidity, water temperature, 
and interactions with other species. There are two gen- 
eral types of chinook salmon life history strategies, the 
stream and ocean types. Stream type juveniles remain 
in the river for one or more years before migrating to 
the ocean. Ocean type juveniles typically move to the 
ocean during their first few months of life. In general, 
stream types are found north of the Columbia River 
and have long stream migratory routes such as the 
Snake River in Idaho. Although California races more 
typically follow the ocean pattern, some fall, late fall, 
and spring run juveniles may emigrate as age one 
smolts. Apparently all winter run salmon migrate dur- 
ing the first few months after emergence (Frank Fisher, 
DFG, pers comm.). 

sacramento River chinook salmon runs are designated 
by the season during which they enter the river to begin 
their upstream spawning migration. The four runs of 
chinook salmon in the Sacramento River are the fall, 
late fall, winter, and spring runs. Each of the freshwater 
life stages may be found in the same portion of the up- 
per river every month of the year. The actual timing of 
each life stage varies somewhat from year to year and 
is primarily a function of weather, strearnflow, and wa- 
ter temperature. 
I 

The population sizes of all four runs in the upper Sacra- 
mento River system have shown declines in recent 
years. These declines are due to natural conditions 
(such as drought and El Nino) and human causes (wa- 
ter development, pollution, and harvest). In the San 1 oaquin River, run size has declined dramatically dur- 
ing the drought. Escapement of fall run salmon to the 

erican, Yuba, and Feather rivers have been some- 
hat more stable probably due to hatchery production. 

The presence of four races of chinook salmon in Cen- 
tral Valley streams results in an extended period of 
emigration. However, during the summer months of 1 uly, August, and September, this emigration is mini- 
mal, probably because of low water levels and high tem- 

eratures. This lull in emigration provides a potential 
'ndow for Water Bank transfers. F 

Adult fall run chinook salmon migrate from the ocean 
to the river system from July to December at three to 
our years of age. Spawning occurs between October k nd December, depending upon specific streamflows 
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and temperatures. Incubation occurs from October 
through March. Juvenile rearing and emigration occur 
from January through June. Most of the juveniles mi- 
grate to the ocean within a few months following emer- 
gence. A small number will remain in freshwater and 
migrate as yearlings. Most of the historic spawning 
grounds of the fall run were downstream from current 
dam sites, which lends this run to hatchery production. 
Presently the fall run is by far the dominant run in the 
Central Valley. 

The late fall run adult immigration occurs fiom Octo- 
ber to April. Spawning occurs between January and 
April, and incubation occurs from January through 
June. Rearing and emigration occurs from April to Oc- 
tober. 

Adult winter run salmon migrants enter the Sacramen- 
to River from December through July, with spawning 
taking place in the mainstem near Redding. A possible 
remnant of winter run spawners migrate to the Cala- 
veras River. Spawning occurs from April through July, 
peaking typically in May and June. Eggs incubate 
through August. Although juveniles begin to move out 
of the upper river as early as August, the main migra- 
tion through the Delta occurs in January through April. 
Cool water temperatures during the summer (56°F in 
July and August, 60°F in September, and 62°F in Octo- 
ber) are necessary to insure the swival of eggs and fry. 
Historically, this race spawned in the McCloud River 
but access was blocked by construction of Shasta Dam. 
However, through the 1940s and 1 9 5 0 ~ ~  cool water re- 
leases from the dam enabled the winter run to survive 
in the Redding area just downstream from the dam. 

Like the winter run, the spring run traditionally 
spawned in the upper reaches of the Central Valley riv- 
ers and their tributaries, which are areas now blocked 
by dams. Although at one time the spring run was prob- 
ably dominant in the San Joaquin River, it is now extir- 
pated from that system. The run in the Sacramento 
River system generally enters freshwater between 
March and June. The distinguishing feature of this run 
is that the adults hold over during the summer months 
in colder pools in the upper river areas and do not 
spawn until the fall, sometime between late August and 
October. 

Spring and fall run spawning periods overlap in the up- 
per Sacramento and Feather rivers. Historically, the 
runs were geographically separated and did not inter- 
breed. There is general agreement among fishery sci- 
entists that there has been sufficient crossbreeding be- 
tween the fall and spring runs to result in one 
protracted late summer through fall spawning run in 
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the mainstem of the Sacramento River and the Feather 
River. The exception to this may be spring run stocks 
utilizing small tniutaries, such as Mill and Deer creeks. 
Spring run are also produced at the Feather River 
Hatchery, and this production may have resulted in 
additional loss of the spring run's genetic integrity. 

Of the four runs of chinook salmon (fall, late fall, win- 
ter, and spring) that inhabit the river, the greatest con- 
cern is for the winter run. In recent years, the winter run 
has declined from an average escapement (fish return- 
ing to spawn) of 80,000 adult fish to 191 fish in 1991. 
This precipitous decline has prompted listings by the 
State as endangered and by federal agencies as threat- 
ened. While the majority of the winter run spawn up- 
stream from Red Bluff, all four runs use the river as far 
down as Colusa for rearing young. 

Recreation, Numerous public and private facilities pro- 
vide recreational access along the Sacramento River. 
Fishing is excellent in the river between Keswick Dam 
and Red Bluff. Rafting, kayaking, and canoeing are 
also popular because the river is fast flowing and there 
are a number of riffle areas. Picnicking, camping, and 
sightseeing are other important recreation activities. 

Fishing and hiking occur throughout the year, while 
picnicking and camping are limited to the spring 
through fall months. Water contact sports, such as 
swimming, kayaking, and canoeing, are generally re- 
stricted to the summer months where the daytime tem- 
peratures are often over 100°F. The Anderson-Cot- 
tonwood Irrigation District Diversion Dam, located 
about 3.7 miles downstream from Keswick Dam, is a 
barrier to boat traffic. However, there are boat launch- 
ing ramps above and below the dam. Some recreation 
activities, in particular hiking, are impeded by private 
development along the river frontage. 

With the possible exception of fishing, most of the rec- 
reation use originates locally, particularly from the sur- 
rounding communities of Redding, Enterprise, and 
Anderson. 

Red Bluff to the Delta. The Sacramento River enters 
the Sacramento Valley about 5 miles north of Red 
Bluff. The 98 miles of river between Red Bluff and Co- 
lusa is a meandering stream, migrating through alluvial 
deposits between widely spaced levees. From about 
Colusa to the Delta, the Sacramento River is regulated 
by the Sacramento River Flood Control Project system 
of levees, weirs, and bypasses. The flood control system 
includes Moulton Weir at River Mile 158, Colusa Weir 
at River Mile 146, and Tisdale Weir at River Mile 118, 
which divert floodwaters in the Sacramento River into 

the Sutter Bypass (USCE, 1975). Sutter Bypass, run- 
ning roughly parallel and between the Sacramento and 
Feather Rivers, receives additional flow from the 
Feather River, and the combined flow enters the Yolo 
Bypass at Fremont Weir near Verona. American River 
floodflows enter the Yolo Bypass through the Sacra- 
mento Weir at River Mile 63. The Yolo Bypass returns 
the entire excess flood flow to the Sacramento River 
about 10 miles above Collinsville. The system provides 
flood protection to about 800,000 acres of agricultural 
lands and many communities, including the cities of 
Sacramento, Yuba City, and Marysville. 

-auhv. h a t e d  in the middle of the Sacramento 
Valley, this area along the valley floor is relatively flat 
with elevations from about 60 to 300 feet (USFWS, 
1987). The mountainous areas bordering the valley to 
the west and east range in elevation to over 5,000 feet, 
with long steep ridges and narrow valleys. 

The action of the Sacramento River (e.g., meandering, 
flooding and overbank flow, erosion, cutoffs) within 
the floodplain plays a key role in shaping the topogra- 
phy and determining land uses within the valley (WCC, 
1986). The lands within the floodplain are generally 
low and flat, and are characterized by meandering 
channels, natural levee terraces, wales, and associated 
wetlands, swamps, and ponds. 

Soil types in the flood basin correspond to flow and in- 
undation patterns of the river. As the river moves later- 
ally back and forth, silt, sand, and gravel are deposited 
adjacent to the river to form gravel points and bars. The 
river banks, or natural levees, consist of deposits of 
sandy loams. Beyond the levees, fine clays and alkaline 
soils are carried into the floodplain. While flooding oc- 
curs across much of the overflow area, deposition of 
clays and soils on the floodplain primarily affects lands 
adjacent to the river. Waterways within the floodplain, 
such as sloughs and oxbows, provide valuable wetland 
areas and wildlife habitat. 

@matet The area is characterized by hot dry summers 
and mild wet winters. Precipitation is heaviest from 
November through March, when 80 percent of the 
annual rainfall occurs. Normal annual precipitation va- 
ries from about 22 inches near Red Bluff to about 15.7 
inches at Colusa and 17 inches near Sacramento. The 
increase near Sacramento is due primarily to topogra- 
phy and proximity of the Sacramento-San Joaquin 
Delta and San Francisco Bay systems. These factors 
tend to superimpose a milder, Mediterranean-type 
climate, particularly below Verona. Precipitation in- 
creases in the mountainous areas, with average annual 
precipitation ranging up to about 40 inches to the east 



and west of the valley floor. Snow comprises much of 
the precipitation in the eastern mountains where 
elevations exceed 5,000 feet. 
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Average temperatures range from about 38°F in the 
winter to 95°F in the summer. During the summer, 
daytime temperatures occasionally exceed 100°F. 

L M ~  Many individual residences and small com- 
munities exist along the upper river, such as lkhama, 
Los Molinos, Hamilton City, Princeton, and Butte 
City. Further from the river, larger towns and cities in- 
clude Chico, Willows, and Colusa. Along the lower riv- 
er, major urban development from the City of Sacra- 
mento fronts the river, with minor residential and 
commercial development at Knights Landing, Rio Vis- 
ta, Isleton, Walnut Grove, Locke, Hood, Clarksburg, 
and Freeport. Marinas are common along the river in 
this reach, especially between Clarksburg and just up- 
stream of Discovery Park. 

Alluvial soils eroded from the surrounding mountains 
are well suited for a variety of agricultural uses, and his- 
torically supported extensive riparian forests. Riparian 
woodland and grass lands have largely been converted 
t o  agricultural uses, with orchards predominating in 
the upper portion of this reach and row crops dominat- 
ing in the lower portion. 'I)pical agricultural crops in- 
clude almonds, pears, peaches, rice, tomatoes, sugar 
beets, wheat, corn, and seed crops such as melons and 
sunflowers (USCE, 1985). Thousands of acres of wet- 
lands and refuges also occur in the area. 

Orland, and to the Interstate 5 Freeway. The reservoir 
also helps to reduce floodflows along the Sacramento 
River. The reservoir provides about 57,000 acre-feet 
of water annually for irrigation. 

Over 200,000 acres in the Sacramento Valley in %ha- 
ma, Glenn, Colusa, and Yolo counties are served by the 
Sacramento Canals Unit of the Central Valley Project, 
which consists of the Red Bluff Diversion Dam, Corn- 
ing Pumping Plant, and several canals (USBR, 1975a). 
The Red Bluff Diversion Dam, which creates a 3,900 
acre-foot lake on the Sacramento River, diverts water 
from the river at Red Bluff to the %hama-Colusa Ca- 
nal service areas. The Corning Pumping Plant, in the 
canal about half a mile downstream from the Diversion 
Dam, lifts water 56 feet from the Tehama-Colusa Ca- 
nal into the 21 mile long Corning Canal. The capacity 
of the Corning Canal varies from 500 d s  at the Pump- 
ing Plant to 88 cfs at the terminus 4 miles southwest of 
Corning. The 122 mile long 'lkhama-Colusa Canal, 
which terminates in the northern part of Yolo County, 
has an initial diversion capacity of 2,300 cfs. 

Agriculture is the most important segment of the econ- 
omy for the smaller communities, while manufacturing 
and services form a larger portion of the economy of 
the larger towns. 

Surface Streamflow in the Sacramento 
River is modified well upstream by Shasta Dam and 
several diversion structures, especially the Sacramento 
River Flood Control Project. Major streams entering 
the Sacramento River include Thomes, Elder, Stony, 
and Putah creeks from the west, and Antelope, Mill, 
Deer, and Big Chico creeks and the Feather and Amer- 
ican rivers from the east. Numerous small tributaries 
drain the low foothills on either side of the valley. 

Reservoirs on Stony Creek include Black Butte 
(144,000 acre-feet), East Park (51,000 acre-feet), 
and Stony Gorge (50,055 acre-feet) (USCE, 1977, 
1987). Black Butte Reservoir provides flood protection 
to 64,000 acres of farmland lying along the lower reach- 
es of Stony Creek, to the towns of Hamilton City and 

The Glenn Colusa Irrigation District (GCID) supplies 
water from the Sacramento River near Hamilton City 
to about 175,000 acres of land, including 25,000 acres 
of three federal wildlife refuges (GCID, 1989). The 
GCID diverts a maximum seasonal total of 825,000 
acre- feet from April through October. The diversion 
has a capacity to pump 3,000 cfs with a 9 foot lift. 

Butte Creek, originating in the Sierra Nevada and 
dropping through a steep canyon to the Sacramento 
Valley near Chico, flows southwesterly in the valley 
paralleling the Sacramento River. The creek flows into 
Butte Slough south of Colusawhere it is either released 
to the Sacramento River or diverted to the Sutter By- 
pass. Most often the water flows to the Sutter Bypass, 
and is discharged through Sacramento Slough to the 
Sacramento River just above the confluence of the 
Feather River. 

During the peak irrigation season, most of the flow of 
Butte Creek is diverted above the City of Durham. The 
Western Canal, which is a major agricultural diversion 
carrying irrigation and duck club water into the Butte 
Basin from the Feather River, flows into and across 
Butte Creek below Durham. Consequently, most of the 
flow in Butte Creek below Western Canal during the ir- 
rigation season is Feather River water. The lower por- 
tion of the Butte Basin is known as the Butte Sink. This 
area is one of five major flood basins in the Sacramento 
Valley and often floods during the winter with high 
flows from Butte Creek and the Sacramento River. 
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The Colusa Basin drainage area consists of 1,619 
square miles of watershed west of the Sacramento Riv- 
er, extending from Orland to Knights Landing (Figure 
2-3). The basin contains some 350,000 acres of rolling 
foothills intersected by several stream channels located 
along the eastern slopes of the Coast Range, and about 
650,000 acres lying in the flat agricultural lands of the 
Sacramento Valley. A multi-purpose drain (Colusa 
Basin Drain) flows southerly along the eastern bound- 
ary of the basin, and is used both as an irrigation supply 
canal and as an agricultural return flow facility. The ca- 
nal eventually discharges into the Sacramento River 
through the regulated outfall gates at Knights Landing 
or into the Yolo Bypass through the Knights Landing 
Ridge Cut ( D M ,  1990b). 

During the irrigation season, Sacramento River water 
is diverted through Glenn-Colusa Canal, %hama- 
Colusa Canal, and other small diversions including 
westside streams and ground water. During 1988, total 
water imports were about 1,800,000 acre-feet. The re- 
sultant surface water outflow at Knights Landing was 
273,000 acre-feet, which represents only 15 percent of 
the total applied. During the winter months, high preci- 
pitation levels have caused flooding for as many as 
100,000 acres. These floods cause the Colusa Basin 
Drain to become inundated and the majority of outflow 
is through the ungauged Knights Landing Ridge Cut. 

The Yolo Bypass, a low lying area of about 40,000 acres 
bordered by flood control levees (Figure 2-4), is part 
of the Sacramento River Flood Control Project 
(USCE, 1991). The flood control project consists of 
about 1,000 miles of levees plus overflow weirs, pump- 
ing plants and bypass channels that provide flood 
protection to urban areas, communities, and agricul- 
tural lands in the Sacramento Valley and Sacramento- 
San Joaquin Delta. A deep channel, the 'Ibe Drain, 
borders the east levee. Water enters the Yolo Bypass 
from the Sacramento River flood flows, local and re- 
gional stormwater runoff, tidal action, wastewater dis- 
charge, and direct diversion for agriculture. Water is 
present in the Bypass throughout the year, with peak 
flows occurring during the winter in response to storm 
events. 

During high flows, water is diverted into the Yolo By- 
pass from the Sacramento River via the Fremont and 
Sacramento Weirs near Knights Landing and West Sac- 
ramento, respectively. When the Yolo Bypass floods, 
large areas of seasonal wetlands, seasonal mud flats, 

and deep, open water cover types are created. Several 
private duck clubs with wetlands are located in the Yolo 
Bypass. In the summer, agricultural return flows enter 
the area primarily along the west side bypass levee. 
Additional water enters the Yolo Bypass through the 
Willow Slough Bypass, Putah Creek, Cache Creek (by 
way of the Cache Creek Settling Basin), and the 
Knights Landing Ridgecut. The El Macero drain car- 
ries storm water runoff from the City of Sacramento 
and agricultural return flows. Water in this drain is 
pumped through the west bypass levee and then con- 
veyed to the 'Ibe Drain on the east side of the bypass. 
The Toe Drain flows south to Prospect Slough in the 
Delta. 

The Lisbon Weir is a weir and culvert structure in the 
'Ibe Drain. Incoming tides from the Delta pass over the 
weir and are trapped by flap gates on the subsequent 
culverts. Water stored behind the weir recharges the 
'Ibe Drain, assuring virtually year round availability of 
water. Canals convey water laterally across the area 
from the Toe Drain. Irrigation return waters are dis- 
charged into South Putah Creek, are used to irrigate 
land south of Putah Creek, and eventually drain south- 
east to the Toe Drain. 

On the Feather River, Oroville Reservoir controls po- 
tential floodwaters, conselves water for release down- 
stream, stores water for power generation, and pro- 
vides recreation opportunities. The reservoir has a 
capacity of over 3.5 million acre-feet. Electrical power 
is generated in the Hyatt-Thermalito complex at the 
base of the dam. The intake structure to the power- 
plant is designed so water can be drawn from various 
depths in the reservoir pool, thus allowing adjustments 
in the temperature of released water. Water released 
through the powerplant enters the Thermalito Diver- 
sion Pool created by the Thermalito Diversion Dam 
about 4,000 feet downstream from Oroville Dam. 

A portion of the fish maintenance is released directly 
to the Feather River from the Diversion Pool, but 
greater volumes of water are diverted to two imgation 
canals, the Feather River Fish Hatchery, and the Ther- 
malito Powerplant. Four canals divert from the After- 
bay of the Thermalito Powerplant. Return flows from 
the fish hatchery and Thermalito Afterbay releases for 
fish and the Delta make up river flow below the After- 
bay outlet. The Feather River then flows south for 65 
miles before emptying into the Sacramento River near 
Verona, about 21 river miles above Sacramento. 
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Figure 2-4. Yolo Bypass Flood Control System 
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Storage at Shasta, Oroville, and Folsorn reservoirs was significantly less than normal during the drought. 
This photograph shows Oroville under normal conditions 

~ b o v e  Oroville Dam, the Feather River drains 3,634 
square miles of watershed with an average annual 
runoff of 4.2 million acre-feet (USBRfDWR, 1985). 
Three small reservoirs (Davis, Frenchman, and Ante- 
lope) on separate forks of the Feather River have a 
combined storage capacity of 162,414 acre-feet and 
provide local irrigation, recreation, and incidental 
flood control (USBRDWR, 1985). All three reservoirs 
are stocked with trout, and water releases are regulated 
to improve downstream fish habitat. Below Oroville 
Dam, an additional 2,297 square miles of watershed 
contributes 1.5 million acre-feet annually, principally 
by two large tributaries, the Yuba River and the Bear 
River. 

The Yuba River, on the western slope of the Sierra Ne- I ada mountains, has a watershed of about 1,300 square 
miles. Flows in the North Yuba River are impounded 
in the Yuba County Water Agency's New Bullards Bar 
Reservoir about 29 miles northeast of Marysville. The 
reservoir has a storage capacity of 966,000 acre-feet, II 'th a usable capacity of 727,380 acre-feet (DWR, 
1988a).Releases from New Bullards Bar Reservoir join 

the Middle Yuba River and flow into Englebright Res- 
ervoir (Figure 2-5), which stores 70,000 acre-feet. 
The South Yuba River also flows into Englebright Res- 
ervoir. Releases from Englebright Dam flow westerly 
12.7 miles to Daguerra Point Dam and then 11.4 miles 
to join the Feather River at Marysville. Daguerra Point 
Dam serves both as a barrier to impair downstream 
movement of mining debris and the point of diversion 
for the major water irrigation districts utilizing Yuba 
River flows. Operation of the facilities for power pro- 
duction, fisheries maintenance, water supply, recre- 
ation, and flood control are presently beneficial uses. 

Minimum releases to the North Fork Yuba River 
downstream from New Bullards Bar Reservoir are 5 
ds. However, releases through the Colgate Power- 
plant, downstream from the dam, for power generation 
increase flows by about 550 to over 1,000 cfs (DWR, 
1988a). Minimum flow requirements downstream 
from Englebright Dam are variable, ranging from 1,000 
to 1,850 cfs from January 1 to January 15,600 cfs from 
January 16 through March 31,70 cfs from July 1 to Sep- 
tember 30, and 400 cfs from October 1 to December 31. 
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Figure 2-5. Water Resources Developments on the Yuba and Feather Rivers 
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1 Flows in the Yuba River are reduced by diversions at 
Daguerra Point Dam. Minimum flow requirements 
downstream from Daguerra Point Dam are 245 cfs 
from January 1 through June 30,70 cfs from July 1 to 
September 30, and 400 cfs from October 1 through De- 
ember 31. Releases may be reduced during critical dry 
ears. 

The American River drains a 1,921 square mile area in 
the north-central portion of the Sierra Nevada 
(USBRDWR, 1985), with mean annual unimpaired 
runoff estimated at 2.6 million acre-feet (at Fair 
Oaks). CVP facilities on the American River include 
Folsom Dam and reservoir, with 1,010,000 acre-feet 
of storage capacity, and Nimbus Dam which impounds 
Lake Natoma as an afterbay for Folsom Dam. These 
facilities regulate river flow for irrigation, power, flood 
ontrol, municipal and industrial use, and other pur- l oses. The project provides about 500,000 acre-feet 

annually for irrigation and municipal water supplies. 
The American River joins the Sacramento River about 
25 miles downstream from Nimbus Dam. 

umerous small diversions along the Sacramento Riv- 
er provide irrigation to riparian lands. Some of the 
arger diverters include the Provident Irrigation Dis- r 

trict at River Mile 9, Princeton-Cordora-Glenn Ir- 
rigation District at River Mile 177.6 and 165.0, and 
Reclamation District 1004 at River Mile 164.8 (USCE, 

round W a r  Hvd- The Sacramento Valley 
ground water basin encompasses about 5,000 square 
miles, extending from Red Bluff to the Sacramento- 
San Joaquin Delta (DWR, 1978). The basin includes all 
utter County and portions of Yuba, Tkhama, Glenn, 
utte, Colusa, Yolo, Solano, Placer, and Sacramento 
ounties. Large quantities of water are stored in thick 1 

kedimentaxy deposits in this area The total ground wa- 
ter in storage to a depth of 600 feet is estimated to be 
113.6 million acre-feet. 

round water is used intensively in some areas and 
nly slightly in others where surface water supplies are I? 

abundant. However, overall consumption has been in- 
creasing steadily since the early 1900s. In 1990, ground 
water accounted for about 29 percent of all agricultural 
water in the valley. The total amount of Sacramento 

alley ground water pumped represents about 12 per- 
ent of the 15 million acre-feet pumped annually from k 

all basins in the State. 

About 7.77 million acre-feet of applied water were 

u sed by farms and cities in the Sacramento Valley north 

of the Rio Vista area during 1990. Of this, about 29 per- 
cent, or 2.27 million acre-feet, came from wells, and 
the remainder, 5.5 million acre-feet, from surface 
sources. Crops irrigated by ground water used an aver- 
age of 3.2 acre-feet per acre, as compared to 4.2 acre- 
feet per acre for those using surface sources. The lower 
use is attributed to a tendency for ground water irriga- 
tors to apply water more efficiently and to grow crops 
with a higher economic return and smaller water re- 
quirement. 

Fedom Beneath the Sacramento Valley floor is a thick 
sequence of sedimentary materials deposited in both 
marine and nonmarine environments. The upper, non- 
marine portion attains a maximum thickness of about 
3,000 feet. Materials in this portion consist of volcanics 
transported to the valley as mudflows and fragmental 
rock eroded from the surrounding mountains and 
transported by stream action. As these were deposited, 
the structural trough gradually downwarped or sub- 
sided. As a result, a large volume of material accumu- 
lated without significant changes in surface elevation. 
Fresh ground water occurs in the void spaces between 
these granular materials to a maximum depth of about 
3,000 feet in the southvalley. Throughout the basin, sa- 
line water underlies the fresh water. 

Several formations of post-Eocene age present in the 
valley are important sources of ground water. They in- 
clude the Tbscan, Mehrten, Tehama, Laguna, and Vic- 
tor Formations and several unnamed alluvial units, 
principally alluvial fans and flood plain deposits. The 
T h a n  Formation in the northeastern portion of the 
valley contains fresh water to depths of 1,500 feet in 
moderately permeable sand aquifers. Also present are 
beds of tuff breccia (volcanic mudflows) of low perme- 
ability which act as confining beds and restrict the up- 
ward movement of water from the underlying aquifers. 
Wells drilled through these beds may encounter water 
under sufficient pressure to force it to the surface. 

South of Oroville, along the east side of the valley, the 
Mehrten Formation is particularly important, especial- 
ly in Sacramento County. Permeability of this forma- 
tion is quite variable due to the presence of permeable 
sediments and impermeable tuff breccia. The upper 
part of the formation may have a higher percentage of 
clay and fine grained sediments than the middle or low- 
er portions, tending to confine ground water in the 
more permeable underlying sand and creating the pres- 
sure conditions found throughout much of the forma- 
tion. The sand and gravel strata are generally moder- 
ately to highly permeable and yield large quantities of 
good quality water to irrigation and industrial wells. 
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The Tehama Formation is a source of ground water for 
irrigation in most areas along the west side of the 
valley. Although this formation is mostly fine grained, 
it contains sufficient sand or gravel zones in many areas 
to provide large quantities of ground water. In certain 
areas along the west side of the valley, this formation 
is predominantly clayey, particularly in the area be- 
tween Willows and Williams. Wells in these areas gen- 
erally will not yield large quantities of water, and those 
which penetrate the entire thickness of the formation 
may yield water of poor quality because some of the 
basal sands contain connate water derived from under- 
lying marine sediments. 

Along the east side of the valley, the Laguna Formation 
is a wedge shaped deposit that thins toward the foot- 
hills and thickens to more than 9,800 feet along the 
valley axis. Fine grained materials seem to predomi- 
nate in the Laguna, with lenticular sands and gravels 
occurring sporadically. Gravels are more common to- 
ward the east but they may be clayey or cemented. This 
formation is tapped by domestic, irrigation, and indus- 
trial wells throughout much of the east valley area. 
Most wells in this area do not draw all their water from 
the Laguna Formation, but are perforated or gravel 
packed so that they may also receive part of their yield 
from underlying and overlying formations. 

The Victor Formation is an assemblage of old alluvial 
deposits which include lenticular bodies of silt, sand, 
and gravel. The formation occupies the low alluvial 
plain on the east side of the valley. lbgether with the 
underlying Laguna Formation, the Victor constitutes 
the most important source of ground water on the east 
side of the valley south from the vicinity of Gridley. 

The fanglomerate unit (not given a formation name) is 
an assemblage of partially cemented layers of sand and 
gravel with thick layers of clay and silt. The sediments 
were derived from large areas of k c a n  rock in the 
Cascades and now overlie the Tbscan Formation in the 
northeast margin of the valley. This unit is similar to 
the Tbscan Formation from which it was derived except 
that it does not contain tuff breccia. It supplies moder- 
ate quantities of water to moderately deep wells on the 
east side of the valley north of Chico. 

Along the east margin, near Oroville and in small iso- 
lated areas south to Sacramento County and west of 
Red Bluff, Corning, and Orland, are gravelly deposits 
belonging to the Red Bluff Formation. In Sacramento 
County, similar deposits are known as the Arroyo Seco 
and South Fork gravels. These are all surficial deposits 
that occur mostly above the zone of saturation and 

have little importance as sources of ground water. Col- 
lectively they are known as the Pleistocene gravels. 

Alluvial fans, stream channel deposits, flood plain, and 
flood basin deposits are the most recently deposited 
materials and represent important water sources. Allu- 
vial fans occur mostly on the west side adjacent to the 
Coast Range, around the Sutter Buttes, and at Chico. 
They are relatively thin, but most contain highly per- 
meable materials. Stream channel and flood plain de- 
posits consist of well sorted sand, gravel, and silt adja- 
cent to the major streams. The deposits are up to 8 
miles wide and 200 feet thick in the north valley area. 
Flood basin deposits are the finest grained materials, 
consisting mostly of clay and silt. Five major flood ba- 
sins occupy large areas adjacent to the Sacramento Riv- 
er. Their deposits are thin and poorly permeable and 
therefore unimportant for ground water development, 
but the older alluvium underlying the basin sediments 
often contain highly productive aquifers, particularly 
in the north valley. 

Seven major structural features influence the occur- 
rence and movement of ground water in the Sacramen- 
to Valley: 

1) The Chico monocline, extending from the vicinity of 
Red Bluff southeast to Chico, tends to facilitate ground 
water inflow to the valley from areas outside the basin; 

2) The Red Bluff arch, forming the northern boundary 
of the basin is a series of paralleling faults and gentle 
foldswhich tend to restrict movement of water between 
the Redding ground water basin and the Sacramento 
Valley ground water basin; 

3) The Corning anticline impedes the eastward move- 
ment of ground water between Red Bluff and Corning; 

4) The Sutter Buttes, northwest of Yuba City, are the 
surface expression of coalescing domes that were 
thrust from below, tilting, faulting, folding, and expos- 
ing at the surface the intruded Cretaceous to Pliocene 
sediments. The Buttes divert ground water around 
their flanks. Marine sediments surrounding them have 
been flushed of their saline water by meteoric water to 
great depths. This flushing action may be related to the 
shallow connate water found in the Sutter Basin to the 
south; 

5) The Dunnigan anticline, which has folded the l'kha- 
ma and Red Bluff Formations, diverts ground water 
southeast into Hungry Hollow; 

6) The Plainfield Ridge, possibly a southern continua- 
tion of the Dunnigan anticline, impedes the flow of 



ground water toward the east, causing it to flow 
through notches in the anticline and southeast toward 
putah Creek; and 
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7) The Willows Arch, located just west of Artois and ex- 
tending northward toward Orland, is probably the 
lnorthern extension of an anticlinal structure which oc- 
curs in the Beehive Bend gas field to the southeast. It 
appears to be a partial barrier to southwesterly move- 
ment of ground water from Stony Creek. 

Ceohvdrolonv. Ground water occurs in both confined 
and unconfined conditions through most of the Sacra- 
mento Valley Basin. Generally unconfined in the rela- 
tively shallow alluvial fan, flood plaiq and stream chan- 
nel deposits, ground water appears partially confined 
in and under the flood basin deposits. In the older 
Pleistocene and Pliocene formations, especially at 
deeper levels, water is confined beneath impervious 
thick clay and mudflow strata. 

In the low lying central portion of the basin, from the 
Delta north to Glenn and Butte counties, depth to wa- 
ter in wells is 10 feet or less. Depth to water increases 
to 80 to 100 feet and more toward the basin margins. 

 levat ti on contours of the upper surface of the ground 
water body in the north valley indicate that the general 
direction of movement is toward the Sacramento Riv- 
er. In the valley floor south of Sutter Buttes, the upper 
surface of the zone of saturation is virtually flat, so 
there is no marked movement toward the river under 
present conditions. Under natural conditions ground 
hater moved from the margins of the valley to its floor 
with a nearly flat gradient, sloping toward the lower 
Sacramento River or the Delta, but intensive develop- 
ment of ground water since 1914 created three pump- 
ing depressions along the east side from Marysville to 
Sacramento County and one on the west side in Solano 
Countv. By 1971, these deuressions were modified in 
size &d dkpth, &creasing b r  decreasing according to 
lchanges in withdrawal rates. In 1971, they were located 
in Sacramento County south of the State capitol, in 
southwestern Placer County, in Yuba County at Marys- 

r lle, and in Solano County south of Davis. Ground wa- 
ter moves toward these areas of heavy pumping rather 
than toward the central part of the valley or the Delta 
as it did in the early 1900s. 

s round water levels fluctuate according to supply and 
demand on daily, seasonal, annual, and even longer 
bases. Short term and long term water level changes 
/have been recorded for wells since the first docu- 
mented measurements in 1929. In the north valley, 
there have been no consistent downward trends but at 

the southern representative wells show long term de- 
clines in nearly all counties since early measurements 
were made. 

Well yields and specific capacities of wells generally in- 
crease toward the center of the valley. Ateas of high 
yield and capacity correspond to areas of coarse 
grained alluvial fans and floodplain deposits. Along the 
margins of the valley, where older more compact 
formations occur, yields and capacities are low. The 
greatest incidence of wells with high specific capacity 
and potentially high yields occur in the north central 
portion of the valley, where there is a concentration of 
coarse materials deposited by the Sacramento River 
and its main tributaries. 

'Bansmissivity values range from 4,300 to 64,500 
square feet per day. The area of highest values extends 
north of Sutter Buttes along the Sacramento River and 
west into the Stony Creek alluvial fan area. They are 
slightly lower toward the east basin boundary. Except 
for small areas along the Sacramento River, the lowest 
values are found in the south Sacramento Valley. 

Storage coefficient was found to vary from 0.04 to 0.12, 
when averaged over specific areas. In an unconfined 
system, the& values are related to specific yields of 4 
to 12 percent. Areas of highest specific yield (8 to 12 
percent) occur where streams have deposited coarse al- 
luvial materials on flood plains and alluvial fans. Exam- 
ples are found along the Feather River near Oroville, 
at Cache and Putah Creeks near the edge of the valley, 
the lower portion of the Stony Creek alluvial fan, Yuba 
River, American River, and Sacramento River be- 
tween Stony Creek and Sutter Buttes. Gravels carried 
downstream along the Sacramento River from Stony 
and Chico creeks have resulted in high specific yields 
in the flood plain north of Sutter Buttes. Most other 
areas in the valley have specific yields in the 4 to 8 per- 
cent range. 

Replenishing ground water occurs through deep per- 
colation of streamflow, precipitation, and applied ir- 
rigation water. Stream percolation and deep percola- 
tion of rainfall combine to provide a greater amount of 
recharge than does applied irrigation water. Recharge 
by subsurface inflow is considered negligible compared 
to other sources. Approximately two-thirds of the ba- 
sin's total recharge under natural conditions occurs 
north of the Sutter Buttes, with the remainder in the 
south valley. 

Average annual recharge from deep percolation of ap- 
plied irrigation water was estimated for the period of 
1961 through 1970 at nearly 600,000 acre-feet, and 
from streams and precipitation at nearly 1.2 million 
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acre-feet, for a total of nearly 1.8 million acre-feet 
annually. During this 10 year period, accumulated wa- 
ter in storage increased about 320,000 acre-feet, or an 
average of about 32,000 acre-feet annually, indicating 
a greater amount of recharge than discharge. Most of 
this increase occurred in the north valley. 

Discharge exceeded recharge in three areas over the 10 
year period from 1961 to 1970. These areas were Sacra- 
mento County, a portion of Yolo County, and a portion 
of Glenn County near the west basin boundary. In 
three other areas recharge about equalled discharge, 
and in the remaining areas, recharge exceeded dis- 
charge. 

Average annual ground water pumpage, the principal 
method of discharge, was about 1.8 million acre-feet 
for the years 1961 and 1970. Approximately two- 
thirds of this pumpage was in the south valley, with the 
remaining one-third in the north valley. 

Butte Basin. The Butte Basin comprises the low, poorly 
drained lands south of Durham and between the Ther- 
malito Afterbay and Feather River on the east side, to 
the Sutter ~ u t t e s  on the south and the Sacramento Riv- 
er on the west. The area is about 15 miles in an east- 
west direction by 20 miles north to south and encom- 
passes about 170,000 acres. Elevations vary from 120 
feet at the north to 60 feet at the south, giving a low g a -  
dient to streams flowing through the area. Drainage 
from this almost featureless plain is provided by Butte 
Creek and Cherokee Canal to the west of the Sutter 
Buttes and bv Momson Creek to the east. With the 
nearly flat lkd, high water table, and abundant supply 
of water, the area is ideal for the growing of rice. 

Ground water occurs at depths of 10 feet or less 
throughout most of the Butte Basin area. Ground wa- 
ter occurs under unconfined to partially confined 
conditions in the shallow zones. At depths of more than 
200 feet, confined conditions are prevalent. However, 
there are extensive clay layers at shallow depths which 
would also cause confined conditions. Shallow ground 
water in the flood basins can be considered as being 
confined, but the hydrostatic head is so low that water 
in the shallow zone can be considered to be unconfined. 
Nearly 4 million acre-feet of ground water are stored 
from a depth of 20 feet to 500 feet. 

Ground water moves in a southwest direction toward 
the Sacramento River on a low gradient of about 3 feet 
per mile.. The Sacramento River, therefore, acts as a 
drain and does not recharge the basin unless pumping 
near the river lowers water levels and establishes a gra- 
dient from the river to the pumping depression. 

Ground water is recharged primarily by subsurface in- 
flow from the northeast under present water level 
conditions. No water is contributed from the Feather 
River except farther south in the Marysville area. How- 
ever, ground water may discharge to the Feather River 
under normal conditions. Recharge by subsurface in- 
flow has been calculated as 6,000 acre-feet per year. 
Additional recharge from applied water and precipita- 
tion is estimated at 13,000 acre-feet. 'Ibtal recharge, 
therefore, is about 19,000 acre-feet per year. Ground 
water discharge from the area should be of the same 
magnitude since annual change in storage is small. 

Colusa Basin. The Colusa Basin is a shallow trough 
lower in elevation than the Sacramento River that bor- 
ders it on the east. In its natural state, the basin was sub- 
jected to overflow from the Sacramento River whenev- 
er the capacity of the river channel was exceeded 
during winter storms and spring snowmelt. Annual 
flooding was common. Precipitation within the area, as 
well as runoff from the western foothills, added to the 
flooding. Many of the flood control works protecting 
the basin from floods have been constructed as part of 
the extensive Sacramento River Flood Control Project. 

There is an estimated 5 million acre-feet of ground 
water stored in the top 200 feet of sedimentary deposits 
of the Sacramento Valley beneath the Colusa Basin wa- 
tershed (DWR, 1990b). Ground water also occurs in 
more limited amounts in the foothill regions in the sed- 
imentary "hard rocks." There was an estimated 
200,000 acre-feet of ground water extracted from this 
area in 1989. 

Ground water flows in a southeasterly direction north 
of Maxwell and in an easterly direction south of Max- 
well. The flow is toward the Sacramento River except 
during high river stages (flood flows) when the ground 
water flow direction is locally away from the river (a 
phenomenon called seepage). 

Many areas in the basin experienced gradual declines 
in ground water levels prior to the importation of sur- 
face water, with some areas exhibiting spring to fall 
ground water level fluctuations of from 15 to 20 feet. 
Ground water in these areas has since risen because 
pumpage was reduced and recharge increased from ap- 
plied surface water obtained from the Glenn-Colusa 
Irrigation District and lkhama-Colusa Canal. Pres- 
ently, ground water level fluctuations have been re- 
duced to less than 10 feet as a result of reduced pump- 
age. In other areas, wells show almost no seasonal 
fluctuation and the ground water table is near the sur- 
face due to little use of the ground water. Deep per- 
colation from surface water irrigation keeps the ground 
water basin full. 



Draft Drought Water Bank Environmental Impact Report 

ost of the Colusa Basin has less than 5 feet of change 
ground water level from spring to fall. This lack of 

kround water storage space increases surface runoff 
because the ground water basin quickly fills and rejects 
Bny rain, which then must run off. 

Southern Sacramento Valley Ground Water Basin. 
The southern portion of the Sacramento Valley ground 
water basin occupies the area generally south of the 
Sutter Buttes and north of the Sacramento-San Joa- 
uin Delta. This area includes the Yolo Bypass, Feath- 

River, Yuba River, and American River areas. 

$'he base of the useable ground water basin is near the 
base of the continental rocks and occurs at a depth of 
1000 to 3000 feet. The rocks below this depth contain 
saline water and are not suitable as a source of agricul- 
tural or domestic water supplies. Ground water is pres- 
ent throughout this area although its use may be lim- 
ited by localized areas of poor quality and by poor 
roductive capability. Ground water levels are relative- 

y near the surface in much of the basin although some 
egional pumping depressions are present. Overall, 
bout 57 million acre-feet of ground water is in stor- 
ge to a depth of 600 feet. Extensive ground water de- 
elopment has occurred to support irrigated agricul- 1 

ture and ground water provides the principal source of 
municipal water in much of the area. 

Ground water in the basin occurs under conditions that 
range from confined, particularly in the flood basins 
{hat have thick sequences of clayey sediments near the 
surface, to nearly completely unconfined in parts of 

uba and Placer Counties. In general, the aquifer sys- 
em can be thought of as being semi-confined and ex- 
ibiting greater degrees of confinement with depth. k 

$%is means that for short term stresses, like seasonal or 
water bank pumping, water levels will initially respond 
as though confined and may decline rapidly but will 
change to a slower unconfined response aswater begins 
to drain down from shallower levels. This can be seen 
in the significantly different water level measurements 
taken from production wells as opposed to monitoring 

ells that measure water levels in specific horizons. 

ile ground water is present throughout the basin, its 
evelopment is uneven. This is partly a response to the P 

availability of surface supplies and partly to conditions 
within the ground water basin. Ground water develop- 
ment has been limited in areas near the Sacramento 
and Feather rivers which have provided an inexpensive 
and readily available water supply to these areas. In 
addition, ground water conditions west of the Sacra- 

ento River tend to be of lesser than desired quality 
wells often have limited production capability. The 

portions of the basin in much of Yuba, part of Sutter, 
and western Yolo counties have historically relied 
heavily on ground water for irrigation and have experi- 
enced declining ground water levels. These declines 
have largely been eliminated and water levels have ris- 
en as a result of the importation of new surface water 
supplies into these areas. In very dry years, these areas 
can revert to substantial reliance on ground water. Oth- 
er areas, like central Yolo County continue to rely on 
ground water as the soul source of irrigation supply and 
most of the urban areas rely completely on ground wa- 
ter. 

In the north part of this area, ground water flows to the 
south and away from the valley walls. The Sacramento 
River is a gaining stream north of Colusa and is a major 
ground water discharge zone. South of Colusa, the Sac- 
ramento River becomes a losing stream, contributing 
water to the adjacent sediments. In the east-central 
part of the valley from Oroville to Marysville, the 
Feather and Yuba Rivers recharge the ground water 
near the valley margin. Once on the valley floor, the 
Feather River becomes a gaining stream east of Sutter 
Buttes, but below Marysville it begins to lose water to 
pumping depressions to the east and west. A large 
pumping depression in the southeast draws water from 
the American and Sacramento rivers in the vicinity of 
Sacramento. Depressions in the water level caused by 
pumping also appear between Marysville and Wheat- 
land and in the Pleasant Grove area 

An additional potential limit on ground water develop- 
ment in the basin is the potential for inducing land sub- 
sidence when ground water levels decline. The only 
area with documented land subsidence in the valley is 
the Yolo-Zamora area extending southward to Davis 
in Yolo County. However, the potential for land subsi- 
dence is present elsewhere in the valley. In areas where 
conditions susceptible to subsidence occur (confined 
aquifers and thick fine grained deposits) additional de- 
velopment will require careful evaluation. 

ce Water The Sacramento River between 
Red Bluff and the Delta is generally good quality. Al- 
though the river appears suitable for beneficial uses, 
periodic degradation occurs from the discharge of tox- 
ins, untreated sewage, and other nonpoint source con- 
taminants. In the lower Sacramento River, water quali- 
ty is affected by intrusion of saline sea water, which is 
of increasing concern as consumptive uses of freshwa- 
ter continue to increase statewide. 

The upper reaches of major tributaries, including the 
Feather, Yuba, and American rivers, all have excellent 
water quality characteristics. Downstream from stor- 
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age reservoirs, however, some degradation occurs due high concentrations of sodium, chloride, and sulfate 
to various discharges. Downstream water temperature waters occur with TDS concentrations of 500 mg/L or 
is a concern on the Yuba and American rivers. more. Some of these waters are unsuitable for irriga- 

tion and drinking. 
Agricultural drainage is the major source of waste wa- 
ter, and contributes to lower water quality during low 
flow periods in the Sacramento River and lower reach- 
es of the major tniutaries. Rice field herbicides cause 
the most significant degradation, but recent efforts by 
the State Department of Food and Agridture and 
Central Valley Regional Water Quality Control Board 
are reducing levels of these contaminants. 

Water quality concerns in tributaries include low dis- 
solved oxygen levels in Butte Slough, Sutter Bypass, 
and Colusa Basin Drain, high water temperatures be- 
low diversion structures on Butte Creek; concentra- 
tions of minor elements (chromium, copper, iron, lead, 
manganese, selenium, and zinc) that exceed beneficial 
use criteria in the Sutter Bypass; and pesticide residues 
in the Sutter and Yolo bypasses and Colusa Basin 
Drain; Additional concern exists for effects of tributary 
discharges to the Sacramento River, including elevated 
temperature, dissolved solids, minor elements, pesti- 
cides, and turbidity, especially from the Sutter and 
Yolo bypasses and Colusa Basin Drain. 

Ground Quality of ground water is gener- 
ally excellent throughout the Sacramento Valley and is 
suitable for most uses. Concentration of total dissolved 
solids (TDS) is normally less than 300 m&, although 
water ih some areas may contain solids t o  500 m a .  
Ground water beneath the eastern basin is commonly 
a magnesium-calcium or calcium-magnesium bicar- 
bonate water. In portions of the area, calcium, magne- 
sium, and sodium are present in equal amounts as the 
dominant cations, while bicarbonate is nearly always 
the dominant anion. High concentrations of sodium 
chloride waters are found at Robbins, Clarksburg, and 
several areas near the edge of the basin where Creta- 
ceous-age rocks are nearby. There are also some areas 
where iron, manganese, and boron are present in unde- 
sirable amounts, but the water generally remains suit- 
able for most purposes. 

In terms of mineral content, ground water in the west 
half of the valley is significantly poorer than that in the 
east half. This is a reflection of the rock types in the 
Coast Range, which contain more soluble minerals and 
saline connate waters than do the igneous and meta- 
morphic rocks in the Cascade Range and Sierra Neva- 
da. Calcium-magnesium and magnesium-calcium bi- 
carbonate types are common here as well, but there are 
areas near Maxwell, Williams, and Arbuckle where 

At a considerable depth beneath the valley, nearly all 
ground water contains sodium chloride. Depth to the 
base of fresh water is about 1,100 feet beneath most of 
the north valley and commonly over 1,500 feet in the 
south valley. W o  exceptions are in the Robbins area 
south of Sutter Buttes, and the Colusa area where sa- 
line water occurs at shallow depths. Depth of saline wa- 
ter may be similarly shallow at the valley margins on 
both sides. 

Butte Basin - Ground water quality is generally good 
for domestic and agricultural purposes along the east- 
ern Sacramento Valley comprising the Butte Basin. 
Most of the ground water recharge for this area comes 
from surface infiltration through volcanic and meta- 
morphic rock in the Sierra Nevada and Cascade moun- 
tain ranges. Ground water generally moves from the 
northeast to the southwest, but may be more westerly 
in the shallower zones. 

Most ground waters in both the Butte and contiguous 
Sutter basins are magnesium and calcium bicarbonate 
in type. Some areas in the Sutter Basin are sodium bi- 
carbonate in nature and often have elevated con- 
centrations of sodium, chloride, sulfate, and total dis- 
solved solids. Ground water use in these areas could be 
limited in the future for irrigation of sensitive crops. 

Many wells in both the Butte and Sutter basins have 
shown an increase in electrical conductivity over their 
periods of record. The conductivity of Butte Basin 
wells have not deteriorated to the point of posing a haz- 
ard to beneficial uses. Some Sutter Basin wells are at or 
nearing levels that could present problems for irriga- 
tion of sensitive crops. If the use of ground water for ir- 
rigation increases, there may be a potential for increas- 
ing salt loading to soils, ground water, and surface 
water, since ground water supplies are usually higher in 
mineral concentrations than are surface water sup- 
plies. 

Nitrogen and phosphorus levels are usually higher in 
ground water than surface water in the Butte and Sut- 
ter basins. Since the bulk of ground water use is for ir- 
rigation of crops, these higher nutrient concentrations 
are probably more of a benefit than a detriment. Ni- 
trate concentrations have at times exceeded drinking 
water standards to protect infants from the temporary 
blood disorder, methemoglobinemia. Nitrate contami- 
nation does not appear to be awidespread problem and 
is usually associated with shallow domestic wells. 



'There are generally negligible amounts of toxic trace 
elements in ground water from the Butte and Sutter ba- 
sins. Iron and manganese do exceed secondary drink- 
ing water standards in some wells. Exceeding second- 
ary standards does not present a health hazard but 
means the consumer may experience objectionable 
tastes, odors, staining of plumbing fixtures, or accu- 
mulation of deposits in pipes. Arsenic, chromium, bari- 
um, copper, selenium, and zinc have all been detected 
in ground water from the basins, but not at levels detri- 
mental to beneficial uses. 
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Pesticides in ground water have received a great deal of 
attention in recent years. Contamination of ground wa- 
ter with organic pesticides is not a widespread problem 
in the Butte Basin. Atrazine, bentazon, 54-D, dichlo- 
roprop, and DDE have all been detected. Bentazon is 
the only compound that showed relatively widespread 
contamination. Its use as a rice herbicide was discon- 
tinued in 1989 because management practices could 
not be developed to prevent its movement into ground 

I water. 

Widespread contamination of ground water in Sutter 
County was limited to bentazon and dibromochloro- 
propane (DBCP). DBCP use was suspended in 1977 
due to widespread detection in California ground wa- 
ter. Bromacil and 1,2-D have also been detected in 
Sutter County ground water. The use of 1,2-D as an 
active ingredient has not been allowed since 1984, and 
bromacil use is restricted in certain areas that were 
found to be sensitive to ground water contamination. 

Colusa Basin - Ground water quality is generally good 
for domestic and agricultural purposes in the Colusa 
Basin. North of Colusa the ground waters are calcium 
bicarbonate in type. The ground water around the Co- 
lusa area is sodium-calcium bicarbonate in nature 
with the ground water turning to sodium bicarbonate 
in type below Colusa. Some areas south of Colusa often 
have elevated concentrations of boron, chloride, and 
sodium. Ground water use in these areas could be lim- 
ited in the future for irrigation of sensitive crops. 

Many wells in the Colusa Basin have shown an increase 
in electrical conductivity over their periods of record. 
The conductivity of a few wells pose a hazard to benefi- 
cial uses. Some Colusa Basin wells are at or near levels 
that could present problems for irrigation of sensitive 
crops. The use of ground water for irrigation may be in- 
creasing the salt loading to soils, ground water, and sur- 
face water, since ground water supplies are higher in 
mineral concentrations than are surface water supplies 
in the Colusa Basin. The pumping depressions increase 

the electrical conductivity due to the decrease of water 
moving out of the basin which would flush salts out of 
the soils. 

Nitrogen and phosphorus levels are usually higher in 
ground waters than surface waters in the Colusa Basin. 
A few of the domestic wells contain levels of nitrate ex- 
ceeding the recommended drinking water standards. 
Nitrate appears to be a point source contamination in 
a few wells and does not appear to be a widespread 
problem. 

'Itace elements are found in Colusa Basin ground water 
at levels below recommended limits for drinking and 
agricultural use. Manganese has been detected at levels 
above the drinkingwater standards in one well but does 
not present a health hazard. 

Pesticide sampling in ground water has revealed a 
widespread problem in the Colusa Basin. Pesticides 
have been found in several wells throughout the basin 
at levels above water quality standards. Dacthal, dala- 
pon, dithiocarbamates, dichloromethane, bentazon, 
ethylene dibromide, and dibromochloropropane have 
been detected in the Colusa Basin. Dithiocarbamates 
is a group of fungicides used on fruits and vegetables. 
Bentazon, dacthal, dalapon, and dichlorprop are herbi- 
cides with most reported use from treating landscape 
and rights of way. The soil fumigants DBCP and ethyl- 
ene dibromide were reported from a few wells in Colu- 
sa Basin but did not show widespread contamination. 

Southern Sacramento Valley Ground Water Basin - 
The overall quality of ground water in the lower Sacra- 
mento Valley Basin is considered good for irrigation 
and domestic uses. Ground water is predominantly cal- 
cium-magnesium bicarbonate in type, but in the area 
from Gridley to north of Marysville changes to a mag- 
nesium-calcium bicarbonate characteristic. The so- 
dium ion increases in areas north of Sacramento to 
produce sodium bicarbonate characteristics. South of 
Sacramento, the water is magnesium-bicarbonate 
with high sodium and chloride levels, which causes fluc- 
tuations of water types in localized areas to magne- 
sium-sodium bicarbonate, sodium chloride, or so- 
dium - magnesium chloride. 

Electrical conductivity measurements tend to increase 
from north to south in the basin, and indicate water 
that is excellent to good for all beneficial uses. Hard- 
ness is attributable principally to calcium and magne- 
sium ions. Hardness values range from moderately 
hard to very hard water (80 to 334 mg5) in the Feather 
River basin, moderately hard to very hard (80 to 600 
mgL) in the Yuba River basin, and soft to very hard (23 
to 200 mgL) in the American River basin. 
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Nitrate levels are higher in ground water than surface 
water with most wells at concentrations below the rec- 
ommended drinking level. Water samples from scat- 
tered wells contained concentrations as high as 60 
mg/L. For most agricultural purposes, nitrate in irriga- 
tion water is considered an asset because of its fertiliz- 
ing value. No limits for nitrate in irrigation water have 
been established. Nitrate contamination does not ap- 
pear to be a widespread problem since most wells are 
well below drinking water quality limits. 

Small amounts of trace elements in the ground water 
have been detected. Iron and manganese have exceed- 
ed recommended drinking water limits in some wells. 
Iron and manganese are both essential mineral ele- 
ments for human beings, and are considered relatively 
non-toxic to man and not a public health hazard be- 
cause, before toxic concentrations are reached in wa- 
ter, the taste becomes quite unpleasant. Iron and man- 
ganese tend to precipitate as hydroxides, stain laundry 
and porcelain fmtures, accumulate as deposits in pipes, 
and have objectionable odors. Chromium, barium, 
copper, selenium, and zinc have been detected in 
ground water from the basin at levels not detrimental 
to beneficial uses. Elevated levels of arsenic have been 
detected in localized ground water areas, such as in the 
area surrounding Robbins, and are largely thought to 
be the result of past agricultural practices. However, 
elevated concentrations of arsenic near the Sutter 
Buttes are likely from previous volcanic activity in this 
area. 

There is a potential for water quality problems in the 
Yolo Bypass area and the southern part of the Feather 
River basin, particularly in the area west of the Feather 
River, south of Yuba City, and extending southward 
into the Sutter Basin where concentrations of chloride 
and sulfate are higher than in any other part of the 
area. Some wells exceed the limit for chloride and sul- 
fate in drinking water. These higher concentrations 
could limit future agricultural activities for chloride 
and sulfate sensitive crops. 

Results from water samples indicate that a boron haz- 
ard generally does not exist in the ground water. 'Ikro 
wells in the northeastern area of the basin were found 
with boron concentrations of 5.3 and 6.5 mg/L. These 
two wells are in the foothill area of the eastern Sacra- 
mento Valley and tap aquifers that contain water of 
high dissolved sdids concentration. These wells do not 
represent all wells tapping foothill ground water 
sources and are probably small isolated aquifers. Near 
the Sutter Buttes, recent monitoring has found boron 
concentrations ranging to 4.2 mg/L. High boron levels 
occur in much of eastern Yolo County. 

South of Oroville, ground water contamination has 
been detected at Koppers and Louisiana Pacific lum- 
ber companies. Polynuclear aromatic hydrocarbon 
compounds (naphthalene, phenanthrene, benzo(a)an- 
thiaene, and fluorene), fluoranthene, pyrene, chry- 
sene, and benzo(a)pyrene have been detected. Clean- 
up of soils is in progress, with ground water monitoring 
continuing. 

Contamination of ground water with organic pesticides 
is not known to be a widespread problem in the area. 
In 1979, four wells supplying McClellan Air Force Base 
and one well supplying the City of Sacramento were 
found to be contaminated with TCE. All five wells ex- 
ceeded the action level for TCE and were taken out of 
service. Further studies have determined ground water 
contamination at a few localized spots. The Sacramen- 
to Army Depot has ground water contaminated with 
diazinon, dursban, and lindane. Water analyses of wells 
at McClellan and Mather Air Force bases have de- 
tected aldrin, alpha-BHC, beta-BHC, delta-BHC, 
lindane, 4,4-DDD, 4,4,DDE, 4,4,DDT, dieldrin, al- 
pha-endosulfan, endosulfan sulfate, heptachlor, hep- 
tachlor epoxide, 2,4-D, 2,4,5-T, and 2,4J,TF? 
Ground water cleanup is underway at these sites. 

Bentazon has been found throughout the Feather Riv- 
er Basin in Butte, Yuba, Placer, and Sutter counties 
and isolated wells in the Yuba and American River ba- 
sins. 

The area west of the Yolo Bypass has four locations 
with ground water contamination. Ethylene dibromide 
was detected at a fertilizer company in Davis and in one 
municipal well which also contained 1,2-dichloroe- 
thane (1,2-D). The DOW Elanco Davis Agricultural 
Research well had picloram, dinoseb, and 1,2-D. 
Chlorpyrifos, dicamba, atrazine, and aldrin were de- 
tected in the ground water at the University of Califor- 
nia at Davis. All sites are involved in cleanup and con- 
tinued ground water monitoring. 

f i ~ e t d o n ~  The Sacramento River between Red Bluff 
and Colusa contains most of the river's remaining natu- 
ral riparian vegetation, with only a small fraction of the 
original acreage of woody riparian vegetation still in- 
tact and relatively undisturbed in the reach of the Sac- 
ramento River between Colusa and the Delta (JSA, 
1987). Riparian trees and shrubs occur along the Sacra- 
mento River in widths ranging from a few yards where 
the levee is the riverbank, to a flood plain riparian for- 
est several hundred yards wide (USCE, 1985). The 
riparian community is a combination of multilayered 
and single layer vegetation. The overstory is dominated 
by cottonwood, box elder, California sycamore, valley 
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oak, and black walnut. The midstory is composed pri- 
marily of elderberry, Oregon ash, black locust, various 
willow species, and smaller individuals of the overstory. 

' The understory contains the largest number of species, 
dominated by blackberry, poison oak, wild grape, wild 
rose, and numerous grass, forb, and shrub species 

aster, California hibiscus, Mason's lilaeopsis, and Del- 
ta tule pea. 

The Suisun Marsh aster is known from 14 sites in the 
Sacramento-San Joaquin River Delta in the region 
from Suisun Marsh east to Jersey Island on the San Joa- 
quin River, and southeast to the Discovery Bay area. 
No populations are reported upstream of River Mile 6 
along the Sacramento River. Based upon its restriction 
to tidally influenced estuarine and freshwater marsh 
habitat in the Delta, the Suisun Marsh aster is not ex- 
pected to occur upstream of Walnut Grove (River Mile 
27) along the Sacramento River or upstream of Ho- 
ward Landing on Steamboat Slough. Tidal fluctuation 
upstream of these sites is minimal and the emergent 
marsh vegetation associated with tidally influenced 
areas in the Delta is absent. 

The primary wetland types along this portion of the 
Sacramento River are defined in USFWS' National 
Wetlands Inventory as: 1) palustrine forested, scrub- 
shrub, or emergent wetlands, which are freshwater wet- 
lands dominated by trees, shrubs and emergent vegeta- 
tion, and 2) riverine wetlands, which are freshwater 
wetlands contained within a channel. These wetlands 
types are in decline according to USEWS's National 
Wetlands Priority Conservation Plan. USFWS is com- 
mitted to protecting these wetlands according to the 
emergency Wetlands Resources Act of 1986.. 

DFG's Natural Diversitv Data Base (NDDB) records 
69 California hibiscus gtings from ~ L t t e  to  an Joa- 
quin counties. Populations are not known to occur in 
river channels with strong currents, intense flood 
forces, or steep banks. 'Qpically, the California hibiscus 
occurs along quiet backwaters with emergent marsh ve- 
getation, such as along sloughs, oxbows, irrigation ca- 
nals, and related wetlands. This plant is known to occur 
in nearby wetlands in Butte, Glenn, and Colusa coun- 
ties. In 1891, a population was recorded in the lower 
river and slough reaches near Rio Vista, but a search in 
1974 failed to relocate the population. The urban, agri- 
cultural, and flood control projects in this area prob- 
ably eliminated the population. 

Historically, freshwater marshes were widespread 
throughout the Delta and backwaters of the upper 

Sacramento River. Many wetlands and their inhab- 
itants have disappeared. Water transfers can pro- 

Currently, 32 populations of Mason's lilaeopsis are re- 
corded by the NDDB. Most of these are located south 
and west of the area at the Delta mouth and along the 
lower San Joaquin River and tributaries. Five popula- 
tions are known from the lower Sacramento River, be- 
tween Horseshoe Bend (River Mile 7) and Grand Is- 
land (River Mile 15). It is highly probable that other 
populations occur in this vicinity because of the abun- 
dance of unsearched, suitable habitat. Mason's lilaeop- 
sis requires tidally inundated habitats with emergent 
marsh vegetation and a specific type of rooting sub- 
strate. These habitat requirements and the species 
present range indicate that it does not occur north of 
Walnut Grove (River Mile 27) on the Sacramento Riv- 
er or Howard Landing on Steamboat Slough. 

vide additional supplies to managed wetland areas me Delta tule pea is reported from 16 locations within 
during drought conditions. a wide geographic area from the Sacramento-San Joa- 

quin Delta south and southeast to the San Joaquin 
Special Status Plant Species - Four special status plant Valley and southern Sierra Nevada. Originally, the spe- 
species may occur within habitats along this portion of cies was believed to be restricted to the Delta, but sev- 
the Sacramento River. These include the Suisun Marsh eral populations from inland areas have recently been 
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identitied. Most of the known local populations are in 
the region from the Delta mouth, east to near Stock- 
ton. Wo populations on Grand Island (Sacramento 
River Mile 7.8 and 8.0) have been noted. Based upon 
the Delta tule pea's reported distribution along the 
Sacramento River, it would not have been expected to 
occur north of Walnut Grove. However, the wide dis- 
tribution of this species in the San Joaquin Valley, its 
rather general habitat requirements, and the discovery 
of a new site near Butte City indicate that this species 
could potentially occur throughout the area. 

WiMkfe and FEsht Populations of most species 
dependent on riparian, oak woodland, marsh, and 
grassland habitats have declined with the conversion of 
these habitats to agriculture and urban areas. Popula- 
tions of some Sacramento Valley species have declined 
so greatly that they have been listed as threatened or 
endangered, or are under study for future listing. In 
many cases, most of the remaining habitat for these 
species in the Sacramento Valley occurs along the Sac- 
ramento River. 

DFG's Wildlife Habitat Relationship Program indicate 
a total of 249 species of wildlife using the valley foothill/ 
riparian habitat of the Sacramento Valley (USFWS 
1989). Included in this total are 151 species of birds, 65 
species of mammals, and 33 reptile and amphibian spe- 
cies. Riparian zones also provide food and cover to oth- 
er wildlife species more typical of adjacent upland 
areas and provide migratory corridors for many others. 

Many bird species are common year-round or season- 
al residents of the Sacramento Valley, while others are 
migrants or only occasional visitors (USCE, 1985). 
Wetland areas of the basin are important as prime wa- 
terfowl wintering areas in the Pacific Flyway, and the 
wintering waterfowl population often exceeds three 
million birds. Waterfowl in the valley include the mal- 
lard, pintail, widgeon, whistling swan, Canada goose, 
snow goose, and other less common species. Shorebird 
species such as the great blue heron, great egret, and 
spotted sandpiper utilize riverbanks, sandbars, ripari- 
an vegetation, and emergent or submerged aquatic ve- 
getation and forage on small mollusks, fish, and crusta- 
ceans. Passerine (songbirds) are found in great 
numbers in the riparian vegetative cover along the Sac- 
ramento River and tniutaries because of the excellent 
food and habitat value. The American goldfinch, song 
sparrow, rufow sided towhee, and American robin use 
the tree, shrub, and herbaceous plant species of the 
riparian habitat, while others such as the western 
meadowlark, loggerhead shrike, and common crow are 
found in the grassland and agricultural areas. Raptor 
species such as hawks and owls nest within the larger 

trees of the riparian and grassland habitat and feed on 
small animals that also inhabit the area. The most com- 
monly observed raptors are the red-tailed hawk, 
marsh hawk, American kestrel, and burrowing owl. 
Game birds found in the area include the ring-necked 
pheasant, mourning dove, and quail. 

'ljyical mammals of the Sacramento River basin ripari- 
an habitats include the mule deer (blacktailed subspe- 
cies), opossum, ringtail, raccoon, red fox, striped 
skunk, river otter, beaver, muskrat, western gray squir- 
rel, ground squirrel, cottontail, and many small rodents 
(USFWS 1989). DFG conducted a field study of fur- 
bearers inhabiting the riparian vegetation of the Sacra- 
mento River and recorded 14 species. Thirteen species 
were found in climax, high terrace vegetation which in- 
cluded dense stands of large sycamore, black walnut, 
cottonwood, and oak trees. The study concluded that 
much of the Sacramento River riparian vegetation pro- 
vides high quality habitat for furbearers. 

Reptile and amphibian species are associated with both 
grasslands and riparian vegetation (WCC 1986). The 
western lizard, common king snake, and gopher snake 
inhabit grasslands, while amphibians such as the com- 
mon bullfrog, Pacific treefrog, western toad, and other 
less common species are found in riparian habitat. 

The Sacramento River and tributaries between Kes- 
wick Dam and the Delta provide important habitats for 
a diverse assemblage of fish, both anadromous and res- 
ident species. Anadromous fish include chinook salm- 
on (four races), steelhead trout, striped bass, American 
shad, green and white sturgeon, and Pacific lamprey. 
Resident fish can be separated into warmwater game 
fish (such as largemouth bass, white crappie, black 
crappie, channel catfish, white catfish, brown bullhead, 
yellow bullhead, bluegill, and green sunfish), coldwater 
game fish (such as rainbow and brown trout), and non- 
game fish (such as Sacramento squawfish, Sacramento 
sucker, and golden shiner). Native non-game fish such 
as the Sacramento perch (California's only native sun- 
fish) and the viviparous tule perch still persist in the 
Sacramento River. Remnant populations of the Sacra- 
mento perch occur in the Sacramento River system. Al- 
though the species is thought to be threatened with ex- 
tinction in the Sacramento River, it is presently listed 
as status undetermined pending collection of addition- 
al information. Baseline resource information on this 
species is lacking. 

The river upstream from Colusa produces about half of 
the Central Valley chinook salmon population. About 
one third of the river's naturally spawning salmon 
(mainly the fall run) spawn directly in the reach from 
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Colusa to Red Bluff (mainly above Chico Landing), 
and all the salmon use the river for rearing and migra- 
tion. Most salmon spawning occurs where bank erosion 
and meandering processes are active and gravel is 
available. 

Approximately two-thirds of the striped bass popula- 
tion in the State spawn in the Sacramento River sys- 
tem, while the remainder spawn in the lower San Joa- 
quin River. Juvenile and adult striped bass abundance 
has declined over the last 15 to 20 years, and intensive 
studies have been conducted to determine the causes. 
DFG recently testified before the SWRCB that the 
striped bass decline has been due to cumulative im- 
pacts, changes in outflow, and losses of larval and juve- 
nile striped bass at the CVP and SWP export facilities. 
Other possible contributors to the decline may be toxi- 
cants (specifically agricultural pesticides) and de- 
creased food availability for juvenile striped bass. 

Spawning in the Sacramento-San Joaquin Delta usu- 
ally occurs during April and May. Further up the Sacra- 
mento River, spawning occurs from about mid-May 
though mid-June. The difference in timing is due to 
ltemperatures rising more slowly in the Sacramento 
River than the lower San Joaquin River. Eggs drift with 
river currents and are carried downstream. Larvae 
hatch two to three days after spawning. Initially, the 
larvae receive nourishment from the yolk sac, which is 
absorbed in five to ten days. As they move downstream 
toward the Delta, larvae begin feeding on small zoo- 
plankton. Upon reaching the western Delta, which is 
presently their primary rearing area, larvae are large 
enough to begin feeding on larger organisms such as 
the opossum shrimp (Neomysis). Neomysis remains the 
main food source until the stripers reach their second 
year when they become large enough to feed on bay 
shrimp and small forage fish. 

Striped bass in the Sacramento-San Joaquin Delta 
system spend most of their time in the estuary, with 
only limited migration north and south of the Golden 
Gate. They reach maturity at 3 to 4 years of age and 
may live to 20 to 30 years of age. In recent years, most 
of the adult striped bass in the Bay-Delta system are 
in the 4 to 7 year age classes. The older, more fecund 
fish, are no longer present in great numbers. 

Butte Basin - Butte Creek supports a small 
anadromous fishery that includes steelhead and spring 
and fall run chinook salmon. The anadromous fish runs 
in Butte Creek face many problems, including inade- 
(quate instream flow to allow both upstream and down- 
stream passage of migrants, many diversion stmctures 
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with inadequate or nonexistent ladders to allow pas- 
sage, numerous unscreened diversions that result in 
the loss of fish due to stranding, high water tempera- 
tures that can stress and at times kill fish, high sediment 
loads, lack of adequate spawning gravels in some reach- 
es, and unknown water quality effects of agricultural 
return flows. 

Butte Basin is best known for its waterfowl, but also 
provides excellent habitat for mammals, song birds, 
raptors, shore birds, reptiles, and amphibians. Four 
community types are present, including riparian, per- 
manently flooded lowlands, intermittently flooded 
lowlands, and uplands. Uplands are subdivided into 
grasslands and oak woodland. The upper portion of the 
basin has been extensively altered in the past for agri- 
cultural use and contains very little native vegetation. 
The lower section of the basin, known as the Butte 
Sink, still has extensive marshland and riparian habitat. 
The basin is probably one of the least developed flood- 
plains in the Sacramento Valley and is one of the finest 
wetland wintering complexes in North America. The 
Butte Basin lies in the heart of the Pacific Flyway and 
over 50 percent of the ducks and geese that overwinter 
in California use the basin. Thirty-seven species of 
waterfowl, including one swan, seven geese, and 22 
duck species, occur in the basin. Pintail, mallard, gad- 
wall, widgeon, and green-winged teal are the most 
common species. Mallard, gadwall, cinnamon teal, sho- 
veller, ruddy duck, pintail, redhead, and wood duck all 
nest in the area. Goose species are almost exclusively 
Snow and Ross's geese, with the lower Butte Basin rec- 
ognized as an important wintering ground for Ross's 
geese. Much of the land in the basin is owned by private 
duck clubs devoted to waterfowl habitat and mainte- 
nance of natural wetlands. Additionally, DFG owns 
and operates Gray Lodge State Wildlife Refuge and 
the Upper Butte Basin Wildlife Area. USFWS oper- 
ates the Sutter National Wildlife Refuge within the 
Sutter Bypass. 

Human alterations, mostly in the form of flood control, 
have reduced the intensity and duration of flooding in 
the Butte Basin. The maintenance of wetlands requires 
artificial flooding with the greatest water use between 
August and December. Water sources include irriga- 
tion return flows, Sacramento River flood flows, Butte 
Creek, Feather River imports, rainfall, and ground wa- 
ter. 

Colusa Basin Drainage Area - The basin has valuable 
wildlife habitat for waterfowl and pheasants that in- 
clude three National Wildlife Refuges (Sacramento, 
Colusa, and Delevan), several private gun clubs, and 
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other wetland areas. The basin is an important winter- 
ing ground for Pacific flyway waterfowl. 

Another important resource in the Colusa Basin is the 
warmwater fishery. Catfish, bluegill, sunfish, and bass 
are fished extensively in the drains, channels, and 
ponds throughout the basin. 

Yolo Bypass. Birds, such as Swainson's hawks, red- 
tailed hawks, northern harriers, great egrets, cinnamon 
teal, mallards, coots, white pelicans, and greater yel- 
lowlegs, are currently the dominant vertebrates (Ap- 
pendix A-3), largely because they are mobile enough 
to use the area without being dependent on it. The 
non-native Eucalyptus stand provides forage for win- 
tering hummingbirds. It also provides low to moderate 
habitat value for passerine birds, raptors, and small 
mammals. Mammal numbers are low, while reptiles 
and amphibians are generally confined to the ditches, 
drains, and remnant riparian areas. The frequency of 
flood inundation adverselv affects these less mobile 

steelhead trout, American shad, Pacific lamprey, and 
the four races of chinook salmon may be present in the 
Bypass when it is flooded. 

Feather River - Construction of Oroville Dam elimi- 
nated spawning areas for salmon and steelhead up- 
stream of the dam. 'Ib compensate for this loss, the 
DWR built the Feather River Fish Hatchery down- 
stream from Oroville Dam on the northern bank of the 
Feather River. The Feather River Fish Bamer Dam, 
about a half mile downstream from Thermalito Diver- 
sion Dam, diverts migrating salmon and steelhead into 
the Feather River Fish Hatchery for artificial spawn- 
ing. 

Most of the 40 mile reach of the Feather River below 
the Fish Barrier Dam is available for natural spawning. 
Minimum flows are maintained in the 5 mile "low flow 
section" between the Fish Barrier Dam and the river 
outlet from Thermalito Afterbay. About 80 percent of 
the natural spawning occurs within this reach. 

resident species. ~ ~ r i c u l h ; a l  land in the area provides me 36-mile reach of the ~ ~ ~ t h ~ ~  ~i~~~ below the 
low to moderate habitat value to wildlife species, in- mermalito ~ f ~ ~ ~ b ~ ~  river outle4 horn as the $%igh 
eluding sIlIall mammal% game birds, songbirds, black- flow ,ction", receives a minimum flow of about 1,700 
birds, crows, gulls, and raptorial birds. cfs and accommodates about 20 ~ercent of the natural- 

The seasonal wetlands and, at certain times, the un- 
flooded agricultural lands, provide important feeding 
and resting areas for a wide range of migratory and res- 
ident birds, including waterfowl, shorebirds, and other 
water birds. Aerial surveys conducted by DFG show an 
average of about 320,000 wintering waterfowl have 
used the Yolo Basin during a recent 10 year period 
(1978-1987). During drier winters, however, the Yolo 
Bypass and Basin provide rather limited wetland habi- 
tat, and migrating waterfowl must generally bypass this 
critical area and use the wetlands, mainly State and fed- 
eral refuges, located to the north and south. 

Most of the Yolo Bypass is dry and cultivated during 
much of the year, and does not provide fisheries habi- 
tat. There are, however, irrigation and drainage canals, 
and borrow ditches which support warmwater fish. 
Resident species of the Sacramento River may also 
occupy the bypass during flooding, or from one of the 
west side tributaries (Cache Creek, Willow Slough, 
Willow Slough Bypass, and South Fork Putah Creek). 
Common game fish species caught in the area include 
largemouth bass, black and white crappie, bluegill, red- 
ear and green mfish, white and channel catfish, and 
black bullhead. Several non-game fish such as carp, 
goldfish, inland silverside, mosquitofish, bigscale log- 
perch, and other minnows are also present. Sacramen- 
to sucker and Sacramento squawfish may also be found 
in the bypass. Anadromous fish, such as striped bass, 

ly spawning salmon. The entire 40 mile reach below the 
Fish Bamer Dam is used for juvenile salmon rearing. 
Spawning escapement totals about 50,000 chinook 
salmon, mostly fall run with some spring run, of which 
from 3,000 to 5,000 enter the hatchery. Other species 
include American shad, striped bass, steelhead trout, 
and many resident warmwater and coldwater species 
(Appendix A-4). 

Yuba River - Yuba River instream flows are governed 
by a 1965 agreement between the Yuba County Water 
Agency and DFG. Provisions include minimum flows 
for maintenance of fish at various points of the Yuba 
River drainage and controls aimed at minimizing fluc- 
tuations in streamflows. The status of Yuba River flow 
requirements is currently being reviewed by SWRCB as 
part of the Yuba County Water Agency's water rights 
hearings. These hearings were held at the request of a 
coalition of angler groups who filed a complaint in 1988 
that existing instream flow requirements and screening 
facilities do not adequately protect fishery resources. 
DFG has developed the lower Yuba River Fisheries 
Management Plan which is being reviewed as part of 
the process. The plan includes recommendations on in- 
stream flow, water temperature, and flow fluctuations. 

New Bullards Bar Reservoir is considered good poten- 
tial environment for nesting bald eagles, but there are 
currently no nesting pairs at the reservoir (DWR, 
1988a). As many as eleven bald eagles, however, have 



been observed at the reservoir during one day, mid- 
January surveys. One pair of osprey, a federally sensi- 
tive species and DFG species of special concern, began 
nesting at New Bullards Bar in 1986 and 1987. 

Surveys conducted in 1976 identified twenty-eight 
species of resident and anadromous fish in the Yuba 
River system (Appendix A-5). Anadromous fish of 
special concern include chinook salmon, steelhead 
trout, and American shad. New Bullards Bar Reservoir 
supports both warmwater and coldwater fisheries. 
Common and abundant coldwater species include rain- 
bow and brown trout, while warmwater species include 
smallmouth and largemouth bass, crappie, bluegill, cat- 
fish, carp, Sacramento squawfish, Sacramento sucker, 
and threadfin shad. No rare or endangered species are 
known to occur in the reservoir. 

The fall run chinook salmon is the most important and 
abundant anadromous fish in the lower Yuba River sys- 

~ tem. Historically, the Yuba River supported up to 15 
percent of the fall run of the Sacramento River. In sur- 
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veys from 1953 to 1989, the total number of adult fish 
ranged from a low of 1,000 in 1957 to a high of 39,000 
in 1982. Fall run chinook salmon typically begin the 
migration into the Yuba River in late September. Low 
river flows and high water temperatures may delay 
migration into the river, resulting in late spawning 
(Wooster and Wickwire, 1970). Peak spawning occurs 
in October and November but has been known to last 
into January. Fry emerge from the gravel between De- 
cember and March. Some emigrate within a few weeks 
of emergence while others rear in the river until June 
(Moyle, 1976). 

The original spring run population had disappeared 
from the Yuba River by 1959. The remnant spring run 
present today is the result of strays from the Feather 
River or the infrequent stocking of hatchery reared fish 
by DFG. Spring run chinook salmon migrate into the 
Yuba River as early as March and as late as August. 
Generally, the majority of the run occurs in May and 
une. The adults spend the summer in deep pools in the 
arrows reach of river, where water temperatures sel- 
om exceed 60°E Spawning can begin in August but 
he peak is between September and October. Fry emer- 
ence begins in November and extends through Janu- I 

ary. Emigration can occur within a few weeks of emer- 
gence or the juveniles can rear in the area until June. 

The adult winter run steelhead trout enter the Yuba 
River to spawn as early as August. Peak arrivals occur 
between October and February and can extend through 

arch. Spawning takes place from January to April. In- 
and emergence is completed by May or June. 

The American shad population has declined in the 
Yuba River. Sport fishing still occurs between Daguer- 
ra Point Dam and the confluence of the Feather River 
from April through July. American Shad migrate up 
their natal river drainage to spawn. In the Sacramento 
River, the distriiution of first time spawning shad ap- 
pear to be related to the magnitude of the tributary 
flow relative to the mainstem flow. The greater the trib- 
utary flow, the greater the attraction for first time 
spawners. Preliminary investigations show that to 
maintain historic distributions of first time spawning 
shad, May through June flow in the Yuba River should 
not be less than 33 percent of the Feather River flow 
and the Feather River flow should not be less than 34 
percent of the Sacramento River flow (Painter, 1979). 

Adult shad arrive at the Yuba River between April and 
June. Spawning can begin as early as April, but usually 
does not begin until May and can be completed as late 
as July. The shad eggs hatch in about 3 to 6 days, and 
larvae are washed downstream to the Sacramento- 
San Joaquin Delta nursery area. 

A small run of striped bass reaches the lower Yuba Riv- 
er, but have not been found upstream of Daguerra 
Point Dam. Adults and juveniles are found in the river 
in May and June. This corresponds to the spawning pe- 
riod in the rest of the Sacramento River system. How- 
ever, eggs and larvae have never been found in the 
Yuba River, leading to the possibility that the river is 
utilized as a feeding and rearing area for those stripers 
spawning and hatching in the Feather River. 

American River - Large and smallmouth bass, white 
catfish, brown bullhead, channel catfish and several 
sunfishes are among the fish species found in Folsom 
Reservoir. During normal water years, DFG plants 
hatchery-spawned rainbow trout and manages for 
previously planted kokanee salmon. 

Downstream from Folsom Dam and 30 miles upstream 
from the mouth of the American River is the Lake Na- 
toma-Nimbus Dam afterbay complex. The daily 4- 
to-7-foot lake level fluctuations, cold water tempera- 
tures, and limited food production support few fish. 
Anadromous fish cannot pass Nimbus Dam. 

The Nimbus Salmon and Steelhead Hatchery is located 
on the downstream side of Nimbus Dam. For the peri- 
od 1969 to 1981, the spawning escapement of salmon to 
the river and Nimbus Salmon and Steelhead Hatchery 
averaged 47,500 fish. Of these, about 60 percent were 
produced from fish spawning naturally in the river and 
40 percent from hatchery operations. During pro- 
longed drought conditions, low water levels at Folsom 
Dam have resulted in warmer water releases which 
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range from marginal to lethal temperature thresholds 
for salmon eggs spawned both in the river and the 
hatchery. 

Steelhead trout escapement, supported entirely by the 
hatchery, runs as high as .15,000 to 20,000 annually. 
Natural production of steelhead in the lower American 
River is negligible because of the lack of cold water dur- 
ing spring and summer months. 

The lower American River aquatic habitat includes a 
meandering streambed in a broad flood plain which is 
delineated from surrounding urban areas by 30 foot le- 
vees. The waters' edge is bordered by native riparian 
vegetation, backwaters, dredge ponds, and urban rec- 
reational areas such as parks and golf courses. The riv- 
er and backwater areas support at least 41 species of 
fish, including chinook salmon, steelhead trout, striped 
bass, and American shad. Common resident fish in- 
clude the Sacramento sucker, black bass, carp, squaw- 
fish, and hardhead. 

SWRCB Decision 893 currently governs releases from 
the Folsom-Nimbus complex. The requirements are 
500 d s  flow between September 15 and January 1, and 
a minimum of 250 cfs during the remainder of the year. 
However, because of other recreational restrictions on 
flow and overall CVP operations, flows have almost al- 
ways exceeded those levels. The exception occurred 
during the 1976-77 drought. 

Species occurring in the basin that are either federally 
or State listed as threatened or endangered include the 
greater sandhill crane, bank swallow, least Bell's vireo, 
Swainson's hawk, western yellow billed cuckoo, 
California black rail, willow flycatcher, bald eagle, 
American peregrine falcon, Aleutian Canada goose, 
giant garter snake, valley elderberry longhorn beetle, 
and winter run chinook salmon. Five candidate species 
occur in the area (California tiger salamander, trico- 
lored blackbird, white-faced ibis, snowy plover, Sacra- 
mento anthicid beetle, and Sacramento splittail), as 
well as five species recommended for candidate species 
(western spadefoot toad, vernal pool fairy shrimp, 
California linderiella, conservancy fairy shrimp, and 
vernal pool shrimp).The California hibiscus is a species 
of special concern that occurs in the area. 

Bank swallows, designated as threatened by the State, 
are generally considered a riverine riparian species. 
Swallows nest colonially in earthen banks and bluffs, 
and in sand and gravel pits. Intensive surveys of the 
Sacramento River from Shasta Dam to the Delta iden- 
tified 60 colonies which supported an estimated 16,149 

breeding pairs. This represents about 70 to 80 percent 
of the total population in California. 

The vireo was formerly considered common or abun- 
dant in lowland riparian habitats throughout Califor- 
nia, but its population is now limited to a few areas in 
Southern California. This bird no longer occurs within 
the Central Valley of California, though formerly oc- 
curring at least as far north as Red Bluff in Ehama 
County. USFWS has identified the riparian zone of the 
Sacramento River as a prime reintroduction site for 
this species, which is listed as endangered by both the 
State and federal governments. 

The Swainson's hawk, listed as a threatened species by 
the State, is closely associated with valley riparian sys- 
tems. The hawk is limited to the Central Valley and 
portions of the extreme northeastern part of the State. 
The species occupies nesting habitat in California from 
April until August and spends the remaining 7 months 
in wintering habitat in South America and in migration 
(JSA, 1987). The Central Valley is estimated to support 
280 (75 percent) of the remaining pairs in California. 
The distribution of Swainson's hawk nest sites ranges 
from Chico in the northern Sacramento Valley, south 
to near Fresno in the San Joaquin Valley. Most Central 
Valley territories are in Yolo, Sacramento, and San 
Joaquin Counties. 

The western yellow-billed cuckoo, a State listed en- 
dangered species, specifically requires riparian habi- 
tat. The management plan developed by USFWS for 
this species recommends the protection of existing 
riparian habitat and the establishment of a protected 
riparian corridor along the Sacramento River. 

The endangered bald eagle and peregrine falcon also 
occur within the riparian zone. About 20 to 30 eagles 
use the area during the wintering period, with a few in- 
dividuals observed throughout the year. Peregrine fal- 
cons are being seen with increasing frequency during 
the winter months. 

The giant garter snake, a subspecies of the western 
aquatic garter snake, is designated as threatened by the 
State. The giant garter snake formerly ranged from the 
Sacramento Valley south to Buena Vista Lake in Kern 
County. Agricultural development has caused it to be 
extirpated from the southern San Joaquin Valley. Its 
present range extends from Fresno County north 
through the Central Valley to the vicinity of Gridley in 
Butte County, but has not been observed along the Sac- 
ramento River. 

The valley elderberry longhorn beetle, a federally listed 
threatened species, is a pith borer upon its host plant 



[elderberry) which occurs on floodplains of the Sacra- 
inento and San Joaquin Valleys. The actual distribution 
and abundance of the species is little known. The 
beetle has been collected at locations along the Sacra- 
mento River in Sutter, Colusa, Glenn, Butte, and lbha- 
ma counties; the American and Cosumnes rivers in 
Facramento County; and Putah Creek in Solano and 

olo counties. Surveys suggest that the beetle is wide- 
pread above Colusa along the Sacramento River and P 

less common downstream. 

Xvo additional candidate species for federal listing in 
this reach of the river are the Sacramento anthicid 
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beetle and Sacramento splittail fish. The Sacramento 
knthicid beetle was only recently described and rela- 
tively little is known about its distribution and life his- 
tory. The Sacramento anthicid beetle was probably 
more widely distributed before human activities al- 
tered or eliminated many sand dunes in the Central 
Valley and Delta areas. This beetle is currently found 
at several sites along the Sacramento River, including 
sand dunes under the Ord Ferry Road bridge at River 
Mile 184. 

h e  Sacramento splittail was at one time widely distrib- 
uted in lakes and rivers on the floor of the Central 
Valley (Moyle 1976). The fish now appears to be con- 
fined to the Delta region and from the lower reaches of 
the Sacramento River to the Red Bluff Diversion Dam, 
?here they prefer the slow moving stretches of water. 

P e splittail require dead end sloughs with beds of sub- 
erged vegetation for spawning. Bank protection and 

channelization of the Sacramento River and Delta may 
be disruptive to splittail spawning requirements. 

hours. Nearly 1.9 million recreation hours involved 
fishing in 1980, primarily for anadromous fish. 

Recreational activities are limited in the Yolo Bypass 
due to private ownership of the land. Off road vehicle 
use, target practice, camping, hunting, and fishing acti- 
vities do take place, however. 

Recreational opportunities at the Oroville complex in- 
clude boating, fishing, swimming, waterskiing, camp- 
ing, picnicking, and hunting primarily for waterfowl. 
The Lake Oroville State Recreation Area is operated 
by the California Department of Parks and Recreation. 

Current recreational facilities at New Bullards Bar 
Reservoir include a marina operated by a private con- 
cession, the Yuba County Water Agency's Cottage 
Creek Boat Ramp and a related picnic area, and the 
U.S. Forest Service's Dark Day Boat Ramp and a re- 
lated picnic area. In addition, the U.S. Forest Service 
operates three drive-to campgrounds (Burnt Bridge, 
Schoolhouse, and Hornswoggle) and three boating 
campgrounds (Garden Point, Madrone Cove, and 
Frenchy Point) around the reservoir. Recreational op- 
portunities include camping, picnicking, boating, fish- 
ing, waterskiing, and swimming. Some funding for the 
New Bullards Bar Reservoir was provided for recre- 
ation under California's Davis-Grunsky Act. 

Englebright Reservoir also receives recreational use. 
Most of the recreation is in the form of day use includ- 
ing boating, waterskiing, fishing, and picnicking. The 
reservoir is served by Skipper's Cove Marina. 

Recreation in the Yuba River from Englebright Dam to 
the Feather River is primarily in the form of fishing, 
swimming, and rafting. Recreation. Little recreational land is available in the 

Sacramento Valley floor outside of riparian corridors. Folsom b k e  is heavily used for recreation, with an 
Sacramento River environment is the primary 18,000 acre park that is the most popular unit of the 

corridor in the valley, providing the California State Park System. Recreation use of Fol- 
@ost important recreational resource for local resi- Lake and b k e  N~~~~~ runs about 2 million +i- 
dents. Public access to the river for recreational use is tor days annually. Fishing, swimming, and waterskiing 
limited by the amount of public lands along the river. are the main attractions. 
About 65 percent of the total recreational use on the 
river at i d  above Sacramento is by people living in 
counties adjacent to the river. Ninety percent of the 
summer day use activity is by local residents. 

kecreational use of the Sacramento River is diverse. 
Recreationists spent an estimated 2 million user days 
on the river in 1980, and present use is probably higher. 
Popular uses include fishing, boating, water skiing, 

camping, and bird watching. Shore and boat 
39 percent of the annual recreational 

Delta-Central Sierra Area 

The Delta-Central Sierra area includes the Cosum- 
nes, Mokelumne, Calaveras River Basins and the Sac- 
ramento-San Joaquin Delta, totaling 3,109,000 acres 
(USBR, 1970). The Delta area forms the lowest part of 
the Central Valley bordering and lying between the 
Sacramento and San Joaquin Rivers and extending 
from the confluence of these rivers inland as far as Sac- 
ramento and Stockton (Figure 2-6). 
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Figure 2-6. Slatutory Delta Servicc Area 
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The Sacramento-San Joaquin Delta, a 738,000 acre 
eegion of low lying land and waterways at the landward 
nd of the estuary, is mainly farmland (USBRDWR, 
985). Prior to development, which began in the ti id-19th century, the Delta was mainly tule marsh 

and grassland, with some high spots rising to a maxi- 
hum of about 10 to 15 feet above mean sea level. The 
low dikes of early Delta farmers became a system of le- 
vees that now protect about 520,000 acres of farmland 
on 60 major islands and tracts (DWR, 1991a). There 
are now about 1,100 miles of levees, some standing 25 
feet high and reaching 200 feet across at the base. 

ehind the levees, peat soils have subsided over the 
ears due to oxidation, shrinkage, and soil loss by wind fi 

erosion. As a result, some of the island surfaces now lie 
more than 20 feet below mean sea level and as much as 
30 feet below high tide water levels in surrounding 
channels. All the major tracts and islands have been 
flooded at least once since their original reclamation, 
and a few have been allowed to remain flooded. Delta 
ands in the areas of deep peat soil, where subsidence 
as been greatest, are expensive both to protect from 
nundation and to reclaim from inundation once 1 ooded. 

The Delta is an important agricultural area. Historical- 
ly, the areawas noted for its truck crops, such as aspara- 
gus, potatoes, and celery, but since the 1920s, there has 
been a shift toward lower valued field crops. Corn, 
rain, hay, and pasture currently account for more than 
5 percent of the region's total production. The change 
as been attributed mainly to market conditions, al- 
hough technological change and changes in growing 
onditions have also played a role. Delta farming pro- i 

duces an average gross income of about $375 million 
(DWR, 1991a). 

The Delta is generally bordered by the cities of Sacra- 
mento, Stockton, Tracy, and Pittsburg (DWR, 1991a). 

e small cities of Antioch, Brentwood, Isleton, Pitts- 
urg, and 'Racy, plus about 14 unincorporated towns 
nd villages also lie within the Delta area. The popula- 
ion of the Delta is about 200,000 people, most of which 

is in upland areas on the eastern and western fringes. 
Most Delta islands are sparsely populated, though 
some, including Byron Bact and Bethel Island, have 
large urban communities. i 

ydrology. The Sacramento and San Joaquin rivers 
I nite at the western end of the Sacramento-San Joa- 
1 uin Delta at Suisun Bay. The Sacramento River con- 
ributes roughly 85 percent of the Delta inflow in most 
ears, while the San Joaquin River contributes about 
0 to 15 percent. The minor flows of the Mokelumne, i 
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Cosumnes, and Calaveras rivers, which enter into the 
east side of the Delta, contribute the remainder. The 
rivers flow through the Delta and into Suisun Bay. 
From Suisun Bay water flows through the Carquinez 
Strait into San Pablo Bay, which is the northern half of 
San Francisco Bay and then out to sea through the 
Golden Gate. 

Tidal influence is important throughout the Delta. His- 
torically, during summers when mountain runoff di- 
minished, ocean water intruded into the Delta as far as 
Sacramento. During the winter and spring, fresh water 
from heavy rains pushed the salt water back, sometimes 
past the mouth of San Francisco Bay. 

With the addition of Shasta, Folsom, and Oroville 
dams, salt water intrusion into the Delta during sum- 
mer months has been controlled by reservoir releases 
during what were traditionally the dry months. 'I)pical- 
ly, peaks in winter and spring flows have been damp- 
ened and summer and fall flows have been increased. 
In very wet years, such as 1969,1982,1983, and 1986, 
reservoirs are unable to control runoff so that during 
the winter and spring the upper bays become fresh and 
even at the Golden Gate the upper several feet consists 
of fresh water. 

On the average, about 21 million acre-feet of water 
reaches the Delta annually, but actual inflow varies 
widely from year to year and within the year (USBRI 
DWR, 1985). In 1977, a year of extraordinary drought, 
Delta inflow totaled only 5.9 million acre-feet, while 
inflow for 1983, an exceptionally wet year, was about 70 
million acre-feet. On a seasonal basis, average natural 
flow to the Delta varies by a factor of more than 10 be- 
tween the highest month in winter or spring and the 
lowest month in fall. During normal water years, about 
10 percent of the water reaching the Delta would be 
withdrawn for local use, 30 percent would be withdrawn 
for export by the CVP and SWP, 20 percent would be 
needed for salinity control, and the remaining 40 per- 
cent would become Delta outflow in excess of mini- 
mum requirements. The excess outflow would occur al- 
most entirely during the season of high inflow. 

Hydraulics of the estuary system are complex. The in- 
fluence of tide is combined with freshwater outflow re- 
sulting in flow patterns that vary daily. Delta hydraulics 
is further complicated by a multitude of agricultural, in- 
dustrial, and municipal diversions for use within the 
Delta itself and export by the SWP and CVP. 

Climate. The Delta area has a Mediterranean climate 
with warm, rainless summers and cool, moist winters 
(DWR, 1991a). The annual rainfall varies from about 
18 inches in the eastern and central parts to about 12 


















































































































































































































































































































































































