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oreword

In 1957, the Department of Water Resources published Bulletin 3, The California
er Plan, a comprehensive plan to guide and coordinate the current and future

ficial use of California’s water resources. Bulletin 3 became the foundation for a
es of water plan updates, now known as the Bulletin 160 series. The updates were
lished five times between 1966 and 1987. While they generally did not contain
rific blueprints for water management and development, they described California’s
r use and supply at the time of their publication, projected future water needs, and
yided information to guide beneficial use of the State’s water resources. Each of the
ates presented the overall outlook for water conditions throughout the State by
mining total water supply and demand with the technology and analytical methods
rent at the time the updates were being prepared.

The scope of the updates has remained essentially the same; however, each took
bwn distinctive approach to water resources planning, reflecting the issues or
cerns prevalent at the time the update was being developed. Bulletin 160-93, The
fornia Water Plan Update, continues this tradition but differs from its predecessors

estimating environmental water needs separately and accounting for these needs
along with urban and agricultural water demands:

recognizing and presenting water demand management methods, including
conservation and land retirement, as additional means of meeting water needs; and,

presenting two separate water balance scenarios. The first compares average
demands with average supplies, which portrays the general picture. The shortage
shown under average conditions is chronic and indicates the need for additional
long-term measures. The second water balance compares drought year demands
with drought year supplies. The shortage illustrated under drought conditions
requires both long-term and short-term drought management measures,
depending on local water service reliability requirements.

This water plan update consists of two volumes. Volume I focuses on statewide

issues and reports the status of water use and supply. It also discusses the nature of
watgr resource management planning, reliability and shortages, and it recommends

opti

sup

bns for balancing water demand and supply in the future. Volume II presents

ly conditions by region.

issuIes specific to each of the ten major hydrologic regions and chronicles water use and
D

Bulletin 160-93 was developed with extensive public involvement in accordance

withh amendments to Sections 10004 and 10005 of the California Water Code. An
outrleach advisory committee made up of representatives of urban, agricultural, and
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environmental interests was established in July 1992 to assist the Department of
Water Resources in preparing Bulletin 160-93. The commmittee met regularly to review
and comment on the content and adequacy of work in progress. Public hearings in each
of the State’s ten major hydrologic regions were held by the California Water
Commission to receive comments from the public. Summaries of the comments
received during the public hearing and comment period are appended to this report.

The inclusion of environmental water needs, the commitment to implementation
of extensive water conservation measures, and the public involvement in developing
this plan reflect current socioeconomic priorities. Water resource management has
become increasingly complex, and this water plan update reveals many of the changes
now shaping water management decisions in California.

R\ S~ SV I

David N. Kennedy
Director
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A Lefter from the California Water Commission

STATE OF CALIFORNIA - THE RESOURCES AQENCY

Department of Water Resources

CALIFORNIA WATER COMMISSION Please Address Communications fo:

1416 NINTH STREET, ROOM 1104-4 The Chal of the C: i

SACRAMENTO, CALIFORNIA 85814 P.O. Box 942836
Sacramento, CA 94238-0001

Audrey Z. Tennis, Chalr - Chico Phone: (916) 653-5958

Katherine Ounlap, Vice Chair - Los Angeles FAX: (916) 6539745

Stanley M. Barnes - Visalla
Kenneth S, Caidwell - Camarillo
Clair A. Hill - Rodding
Michael D, Madigan - San Diego
Martin A. Matich - San Bemardino

April 1, 1994

Mr. David N. Kennedy, Director
Department of Water Resources
1416 Ninth Street, Room 1115
Sacramento, California 95814

Dear Mr. Kennedy:

The Water Code directs the Department of Water Resources to update the
California Water Plan every five years, and it requires the Department to release a
preliminary draft of the Plan for review and comment. As a part of this process, the
Department, or at the Department’s request, the California Water Commission must
conduct a series of hearings with interested persons, local, State and Federal agencies
and representatives of the diverse geographical areas and interests of the State. In
response to these requirements, the Department prepared a draft of Bulletin 160-93,
California Water Plan Update, which was released to the public for comments in
November, 1993, and the California Water Commission conducted the public hearings
on this Draft.

The members of the Commission conducted ten hearings in January and early
February, 1994. One hearing was conducted in each of the State’s ten major hydrologic
regions. Comments were received from more than one hundred individuals. The
Commission appreciates the detailed and cogent comments by many of those who
participated in the hearings, which reflected a great deal of thought and analysis of the
technical material and issues covered in the Draft.

The range of comments on the Draft, as well as issues raised in the Draft itself,
point out that there is a serious and long-standing gap between planning on the one hand
and construction and operation of water supply facilities on the other. To bring these
together will require accommodation of engineering, economic and socio-political
considerations. The comments highlight a number of serious problems in meeting
California’s water needs and strong political forces appear to be pulling in opposite
directions. Bulletin 160 will provide factual information which should be helpful in
reaching some reasonable accommodation. California can and must provide adequate
supplies of good quality water to its citizens, industries, and lands in concert with a
suitable environment for its fish and wildlife.
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A Letter from the California Water Commission (continued)

Mr. David N. Kennedy
April 1, 1994
Page Two

The Commission believes that the Department of Water Resources staff has done
an excellent job of developing and presenting the extensive material in the Draft. It
represents the most thorough and comprehensive analysis of California’s water needs and
future supply options since the publication of Bulletin 1 in 1951, Bulletin 2 in 1955, and
Bulletin 3 in 1957. Most witnesses at the hearings complimented the Department on the
breadth and quality of the report and they indicated that the final report should be very
helpful for their local planning efforts.

The Commission also appreciates the efforts of the Bulletin 160 Advisory
Committee members who contributed substantial amounts of time and effort in reviewing
and commenting on earlier administrative drafts. The quality of the Draft is in no small
part the result of the Advisory Committee’s efforts.

The Commission has considered the statements presented at each of the ten
hearings, and has developed its own comments and recommendations on the Draft.
These are set forth in the enclosed memorandum. We commend the Department’s staff
for its fine efforts, and we look forward to publication of the final document.

Sincerely,
A 2 ; \%w/

Awdrey Z. Tennis
Chair

Enclosure

vi
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changes to the institutional framework for water management in California and

Cco

ay

ntinues by presenting: (1) California’s existing water supplies along with water
ality considerations, (2) the plan's assessment of the need and demand for water,

and (3) options for balancing those demands with supply. Finally, recommendations

ar
in

c highlighted. Discussion of regional issues and the results of regional analyses used
developing the California Water Balance can be found in Volume II.

Effects of Recent Changes in the Institutional Framework

Chapter 2, The Institutional Framework for Water Resource Management in

Cqlifornia, presents an overview of the major constitutional requirements, statutes,

CO

irt decisions, and agreements that form the framework for many water resource

mgnagement and planning activities in California.

C

Probably the most far reaching action affecting water resources management in
lifornia in the last decade was the federal listing of the winter-run chinook salmon

and the Delta smelt, combined with the biological opinions on operations of the CVP
and SWP that followed. The opinions effectively pre-empted short-term measures to
provide environmental protection for the Bay-Delta as proposed by the State Water
Resources Control Board's Draft Water Right Decision 1630. The actions and
regtrictions on water project operations contained in the biological opinions have
immediate and future consequences on Delta export capability. The precise extent of

th

se consequences is, thus far, unknown. Furthermore, the CVPIA reallocates a

portion of CVP supplies for environmental purposes. About 400,000 af of the
reallocation was used in 1993 to benefit winter-run salmon and Delta smelt; however,
ho the environmental water will be used on a long-term basis will be determined
uppn completion of a programmatic Environmental Impact Statement.

Other major actions (discussed in Chapter 2) that could have far reaching

coTsequences are the EPA’s proposed standards for the Bay-Delta estuary, future
SWRCB Bay-Delta standards, and more stringent and costly drinking water quality
standards. Recent decisions and laws that affect current water supply reliability are
the Mono-Owens decision, which reduced the imports of supplies historically available

to

he South Coast Region, and a multitude of water management and water transfer

legfslation that has begun to open up the water market in California.

The Governor’'s Water Policy

Here are key elements of the Governor's water policy as announced on Aprit 6,
I 1992. As the Governor stressed, each of these elements must be linked In such a way
| that no single interest (urban, agricultural, or environmental) gains at the expense of

another.
g Fixing the Delta O Water Conservation
- O Reduction of Ground Water a Water Recycling
Overdraft o Desalination
1 O Water Marketing and Transfers a Transfer of the federal Central
{0 Additional Water for Fish and Valley Project to State Control
1 Wildiife o Colorado River Water Banking

i - Additional Storage Facilities
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Cadlifornia’s Water Supplies

In the day-to-day planning and management of California’s water resources, the
term “reliability” is defined as a measure of a water service system’s expected success
in providing an adequate supply that meets expected demand and in managing
shortages without serious detrimental effects. Reliability is not strictly a water supply
characteristic because it includes demand management actions that can mitigate the
effects of shortages (such as emergency water allocation programs during drought
years). Given this definition, California generally had an adequately reliable supply to
meet the 1990 level of urban, agricultural, and environmental water demands.
However, in certain regions, the 1990 drought experience found some California
communities and the environment suffering from a somewhat less than reliable
drought supply to meet drought year needs. The following sections describe
California’'s surface and ground water supplies and summarize water quality
considerations.

Surface Water Supplies

The Sacramento and San Joaquin rivers have provided Californians with an
average of nearly 15.5 maf annually for urban and agricultural uses. However, recent
and future actions to protect aquatic species and reallocation of a portion of the
Central Valley Project water supplies to the environment could reduce the existing
annual supply availability for urban and agricultural uses by about 1 to 3 maf. This
range envelops proposed additional environmental water needs.

Colorado River supplies to the South Coast Region for urban and agricultural
uses could eventually decline from about 5.2 maf to California’s apportionment of 4.4
maf annually. Historically, Arizona and Nevada have used less than their apportion-
ment of water, making their unused supply of Colorado River water available to meet
California’s requirements. Southern California was spared from severe rationing
during most of the 1987-92 drought primarily as a result of the 600,000 af annually of
surplus and unused Colorado River water that was made available to the Metropolitan
Water District of Southern California. Even with this supply, however, much of
Southern California experienced significant rationing in 1991. Supplemental Colorado
River water cannot be counted on to meet needs in the future as Arizona and Nevada
continue to use more of their allocated share of Colorado River water.

In response to the 1987-92 drought, many creative approaches to cope with
water shortages were implemented throughout California, including construction of
more interconnections between local, State, and federal water delivery facilities. The
City of San Francisco’s connection to the SWP's South Bay Aqueduct allowed
emergency drought supplies to be conveyed into the city’s system for use by
communities along the San Francisco peninsula. Toward the end of the drought, the
City of Santa Barbara constructed a sea water desalination facility and received limited
SWP supplies through an emergency interconnection and a series of exchanges with
other water agencies. Throughout California, water agencies were buying and
exchanging water to meet critical needs. The State Drought Water Bank played a vital
role in meeting some of those critical water needs.

Prior to changes in water availability from the Sacramento-San Joaquin and
Colorado river systems, California had roughly enough water to meet average annual
urban and agricultural water demands at the 1990 level while complying with existing
SWRCB standards, as specified in Water Rights Decision 1485. (See Chapter 2 for
details about D-1485.) Chapter 3 summarizes historical water supply and discusses
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(Decision 1485 Operdating Criteria for Delta Supplies)
(millions of acre-feet)

Table 1-1. California Water Supplies with Existing Facilities and Programs

Supply 1990 2000 2010 2020
average drought average drought average drought average drought
Surface
Local 10.1 8.1 10.1 8.1 10.2 8.3 10.3 8.4
Local imports® 1.0 0.7 1.0 0.7 1.0 0.7 1.0 0.7
Colorado River 5.2 5.1 4.4 4.4 44 4.4 4.4 4.4
Cvp 75 5.0 77 5.1 77 52 77 52
Other federal 1.2 0.8 1.3 0.8 1.3 0.8 1.3 0.8
SWPpH 2.8 2.1 3.2 20 3.3 20 3.3 20
Reclaimed 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Ground water?? 7.1 11.8 7.1 12.0 7.2 121 7.4 12.2
Ground water overdraft® 1.3 1.3 — —_ - — — —
Dedicated natural flow 27.2 15.3 27.4 154 27.4 15.4 27.4 15.4
TOTAL 63.5 50.4 62.4 48.9 62.7 491 63.0 49.4

thg current supply system. Table 1-1 shows California’s water supply with existing
facjlities and programs as operated in accordance with D-1485 for Delta supplies.

Average annual supplies at the 1990 level of development are about 63.5 maf

(in¢ludes natural flows dedicated for instream use and ground water overdraft) and
coyld decrease to 63.0 maf by 2020 without any additional facilities or programs. A

po
tr

sible substantial reduction in Colorado River supplies could be offset by short-term
sfers and increased SWP Delta diversions, in addition to water management

programs of the MWDSC. The 1990 level of development drought year supplies are
abdut 50.4 maf and could decrease by about 1.0 maf by 2020 without additional
storage and water management options. However, until comprehensive solutions to

CO

plex Delta problems are identified and implemented, SWP and CVP Delta

diversions will continue to be impaired.

Ground Water Supply

California’s ground water storage is about 850 maf, roughly 100 times the State’s

anrjual net ground water use, stored in some 450 ground water basins statewide.
Propably less than half of this total is usable because of quality considerations and the
cosf of extraction. However, the large quantity of good-quality ground water makes it a
crugial component of California’s total water resource.

In a year of average precipitation and runoff, an estimated 15 maf of ground

water is extracted and applied for agricultural, municipal, and industrial use. This is
over 20 percent of the total applied water supply statewide, and ranges from 20 to 90
per¢ent locally, depending on the area. However, because of deep percolation and
exténsive reuse of applied water, the 1990 level average annual net ground water use
was about 8.4 maf, including about 1.3 maf of ground water overdraft. Overdraft
estifnates include 0.2 maf due to possible degradation of ground water quality in the
trough of the San Joaquin Valley ground water basins. In drought years, the net use of

(1} 1990 SWP supplies are normalized and do not reflect additional supplies delivered to offset the reduction of supplies from the Mono and Owens basins fo the South Coast

hydrologic region.

(R) Average ground water use is prime supply of ground water basins and does not include use of ground water which is artificially recharged from surface sources into the ground
water basins.

(B) The degree future shortages are met by increased overdraft is unknown. Since overdraft is not sustainable, it is not included as a future supply.
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Table 1-2. Use of Ground Water by Hydrologic Region®

(thousands of acre-feet)

Hydrologic Region 1990 2000 2010 2020
average drought average drought average drought average drought
North Coast 263 283 275 295 286 308 298 316
San Francisco Bay 100 139 126 174 160 174 165 174
Central Coast 688 762 694 769 695 776 698 781
South Coast 1,083 1,306 1,100 1,325 1,125 1,350 1,150 1,375
Sacramento River 2,496 2,865 2,463 2,985 2,426 3,033 2,491 3,038
San Joaquin River 1,098 2,145 1,135 2,202 1,156 2,227 1,161 2,252
Tulare Lake 915 3,773 918 3,758 921 3,726 926 3,758
North Lahontan 121 146 128 154 138 165 147 173
South Lahontan 221 252 220 237 226 27 258 27
Colorado River 80 80 79 79 80 80 79 79
TOTAL 7,100 11,800 7,100 12,000 7,200 12,100 7,400 12,200

(1) Average year ground water use represents use of prime supply of ground water basins. Ground water overdraft is not included.

ground water increases significantly to 13.1 maf (also including 1.3 maf of overdraft),
which indicates the importance of the State’s ground water basins as storage facilities
to meet drought year water needs (see Chapter 4). Table 1-2 shows regional ground
water use.

Between 1980 and 1990, annual ground water overdraft had been reduced by
about 0.7 maf from the 1980 level of 2 maf. The reduction is mostly in the San Joaquin
Valley and is due primarily to the benefits of imported supplies to the Tulare Lake
Region, construction and operation of new reservoirs in the San Joaquin River Region
during the 1960s and 1970s, and prudent management of surface and ground water
resources, including conjunctive use of those supplies. Table 1-3 shows 1990 level
regional overdraft. However, until key Delta issues are resolved and additional water
management programs are implemented, the reductions in overdraft seen in the last
decade in the San Joaquin Valley will reverse as more ground water is pumped to make

Table 1-3. Ground Water Overdraft by Hydrologic Region

(thousands of acre-feet)

Region 1990
North Coast 0
San Francisco Bay 0
Central Coast 240
South Coast 20
Sacramento River 30

- San Joaquin 210
Tulare Lake 650
North Lahontan 0
South Lahontan 70
Colorado River 80
STATEWIDE 1,300
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up for reductions in surface water supplies from the Delta. In the long-term, continued
overdraft is not sustainable and must be addressed in local and State water
management plans. As such, overdraft is not included as a future supply.

Efficient use of surface and ground water through conjunctive use programs has
become an extremely important water management tool. Conjunctive use programs
promise to be less costly than new traditional surface water projects because they
indrease the efficiency of existing water supply systems and generally have less adverse
enyironmental impact than new surface water reservoirs. Conjunctive use programs
muyst address potentially undesirable results such as loss of native vegetation and
welland habitat; adverse effects on'third parties and fish and wildlife; land subsidence;
an{d degradation of water quality in the aquifer. There are also questions about the
fegsibility and legal complexity of water transfers involving ground water.

Waier Qualify Considerations

Water quality considerations directly affect the quantities of water available for
us¢ in California. Poor water quality for the intended use has inherent costs, such as
treatment and storage costs for drinking water, reduced crop yields, higher handling
cogts, and damage to fish and wildlife. The real challenge is to avoid these costs by
protecting water sources from degradation in the first place.

Of critical importance to many Californians is the water quality of the
Sa¢ramento-San Joaquin Delta. Municipal and industrial waste discharges and
agricultural drainage increase the salt content of water as it flows from higher
eleyations to the Delta. Sea water intrusion is a major source of salts in Delta supplies.
Bromides from sea water are of particular concern because in combination with
distsolved organic compounds present in soil they contribute to the formation of
ul disinfection byproducts of drinking water treatment. On the average, Delta
uences are responsible for elevating the salt concentration at Banks Pumping Plant
abgut 150 milligrams per liter above that of the fresh water inflows to the Delta. Most
of the SWRCB's Delta water quality objectives relate to salinity. The SWP and CVP are
required to operate to meet Delta salinity standards.

Disease-causing organisms and other harmful microorganisms which are found
in raw water can pose serious health risks. New and more costly federal and State
surnface water treatment rules, effective in June 1993, require that all surface water
supplied for drinking receive filtration, high-level disinfection, or both. The cost to
construct new filtration facilities to meet new regulations can be quite high.

Human activities introduce a variety of pollutants which contribute to the
degradation of water quality. Mining can be a major source of acids and toxic metals.
Agricultural drainage may contain chemical residues, toxic elements, salts, nutrients,
and elevated concentrations of chemicals which cause harmful disinfection bypro-
dugts. Municipal and industrial discharges, including storm runoff, are regulated by
Stalte and federal environmental protection laws and policies. Waste water must be
treated to render it free of certain disease-carrying organisms and reduce its
environmental impact. Unfortunately, normal waste water treatment plant processes
may not completely remove all water-borne synthetic chemicals. The above water
quadlity concerns and others are detailed in Chapter 5.

Ther Need and Demand for Water

Prior California Water Plan updates determined the existing “base case” for water
supply and demand, then balanced forecasted future demand against existing supply
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and future supply and demand management options. To better illustrate. overall
demand and supply availability, two water supply and demand scenarios, an average
year and a drought year, are presented for the normalized 1990 level of development
and for projections to 2000, 2010, and 2020.

Shortages shown under average conditions are chronic shortages indicating the
need for additional long-term water management measures. Shortages shown under
drought conditions can be met by both long-term and short-term measures, depending
on the frequency and severity of the shortage and water service reliability
requirements. Urban, agricultural, and environmental water needs, along with water
for recreation, are detailed in Part III of this report. The main conclusions are:

Q California’s population is projected to increase to 49 million people by 2020 (from
about 30 million in 1990). Even with extensive water conservation, urban annual
net water demand will increase by about 3.7 maf to 10.5 maf by 2020. Nearly half
of the increased population is expected to occur in the South Coast Region,
increasing that region’s annual urban water demand by 1.8 maf. (See Chapter 6.)

Q  Irrigated agricultural acreage is expected to decline by nearly 400,000 acres, from
the normalized 1990 level of 9.2 million acres to a 2020 level of 8.8 million acres,
representing a 700,000-acre reduction from the 1980 level. Reductions in
projected irrigated acreage are due primarily to urban encroachment onto
agriculturalland andlandretirement in the western SanJoaquin Valley where poor
drainage and disposal conditions exist. Increases in agricultural water use
efficiency, combined with reductions in agricultural acreage and shifts to growing
lower-water-use crops. are expected to reduce agricultural annual net water
demand by about 1.9 maf by 2020. (See Chapter 7.}

Q The 1990level and projections of environmental water needs to 2020 include water
needs of managed fresh water wetlands (including increases in supplies for refuges
resulting from implementation of the CVPIA}, instream fishery requirements, Delta
outflow, and wild and scenic rivers. Environmental water needs during drought
years are considerably lower than average years, reflecting principally the
variability of natural flows in the North Coast wild and scenic rivers. Average
annual net water demand for environmental needs is expected to increase by 0.4
maf by 2020. Furthermore, regulatory agencies have proposed a number of
changesininstream flowneeds for majorrivers, including the Sacramento and San

Cadlifornia’s Water Supply Availability

Average year supply is the average annual supply of a water development
system over a long period. For this report the SWP and CVP average year supply is
the average annual delivery capdabllity of the projects over a 70-year study period
(1922-91). For alocal project without long-term data, it is the annual average deliver-
les of the project during the 1984-1986 period. For dedicated natural flow, It is the
long-term average natural flow for wild and scenic rivers, or it is environmental flows
as required for an average year under specific agreements, water rights, court deci-
sions, and congressional directives.

Drought year supply is the average annual supply of a water development
system during a defined drought period. For this report, the drought period is the
average of water years 1990 and 1991, For dedicated natural flow, it Is the average
of water years 1990 and 1991 for wild and scenic rivers, or it is environmental flows as
required under specific agreements, waterrights, court decisions, and congressional
directives.
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Joaquin. These proposed flow requirements are not necessarily additive: however.
an increase from 1 to 3 mafis presented to envelop potential environmental water
needs that could result from proposed additional instream needs and actions
under way by regulatory agencies. (See Chapter 8.)

Q| With California’s increasing population and higher levels of affluence since World
War II, water-based recreation has become an integral part of satisfying urban
society’s ability and need for escape from the congestion of growing urban areas.
State, federal, and local public water supply projects have helped to provide
recreationalfacilities inaddition tonaturallakes and streams. In some cases, these
projects have enhanced downstream flows during times of year when natural flows
are diminished, thus creating whitewater rafting opportunities that were not
possible before reservoir regulation. Often there are conflicting values and needs
for the same river system. Recreation at reservoirs, natural lakes, and streams
must be managed to prevent overuse and degradation. (See Chapter 9.)

Table 1-4 shows California’s regional net water demands. A majority of the
environmental net water demand occurs in the North Coast hydrologic region,
reflecting the large dedicated natural flows of the North Coast wild and scenic rivers
sydtem, about 17.8 mafin an average year. The Tulare Lake Region has the largest net
water demand for agriculture, about 7.7 maf in an average year, and the South Coast
Region has the highest net water demand for urban use, about 3.5 maf in an average
yedr. Dedicated instream flow under D-1485 makes up the largest portion of the San
Frdncisco Bay Region’s net water demand (about 4.6 maf), while urban and
agricultural net water demands for the region amount to 1.3 maf.

Will There Be Enough Water?

Today, areas of the State relying on the Delta for all or a portion of their supplies
find those supplies unreliable. Annual reductions in total water supply for urban and
agricultural uses could be in the range of 500.000 af to 1 maf in average years and 2
to 8 maf in drought years. These reductions result mainly from compliance with the
ESA biological opinions and proposed EPA Bay-Delta standards. While these impacts
do not consider the potential reductions in Delta exports due to “take limits” under the
biological opinions, they basically fall within the 1-to-3-maf range for proposed

Table 1-4. Net Water Demand by Hydrologic Region
(thousands of acre-feet)

Hydrologic Region 1990 2000 2010 - 2020
average drought average drought average drought average drought
North Coast 20,035 10,159 20,182 10,306 20,213 10,337 20,238 10,364
Spin Francisco Bay 6,071 4,652 6,185 4,756 6,253 4,852 6,296 4,895
entral Coast 1,143 1,213 1,194 1,269 1,245 1,321 1,291 1,379
Sputh Coast 4,379 4,521 4,812 4,974 5319 5,499 5,903 6,110
Spcramento River 11,734 11,921 11,841 12,065 11,907 12,204 12,036 12,238
Spn Joaquin River 6,826 7,190 6,847 7187 6,764 7,055 6,763 7,068
Tolare Lake 8,136 8,308 8,031 8,198 7,932 8,090 7,844 7,995
orth Lahontan 514 566 518 571 520 573 537 590
Sputh Lahontan 555 554 577 581 648 653 735 744
lorado River 4,124 4,124 4,041 4,041 4,018 4,018 4,012 4,012
TOTAL 63,500 53,200 64,200 53,900 64800 54,600 65700 55,400
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additional environmental demands for protection and enhancement of aquatic species.
Such uncertainty of water supply delivery and reliability will continue until issues
involving the Delta and other long-term environmental water management concerns
are resolved.

In 1990, average annual supplies, including 1.3 maf of ground water overdraft,
were generally adequate for 1990 level average demands. However, 1990 level
drought-year supplies were insufficient to meet 1990 level drought-year demands.
which is illustrated by a shortage of over 2.7 maf under D-1485 criteria in 1990. In the
drought years 1991 and 1992, these shortages were reflected in urban mandatory
water conservation (rationing), agricultural land fallowing and crop shifts, reduction of
environmental flows, and short-term water transfers. Basically, shortages in supply
exist today and are best illustrated by the year 2000 water budget.

After accounting for future reductions of 1.3 maf in net water demand resulting
from implementation of urban Best Management Practices and agricultural Efficient
Water Management Practices (discussed in Chapters 6 and 7), and another 0.1 maf
reduction due to future land retirement, projected 2020 net demand for urban,
agricultural, and environmental water needs amounts to 65.7 maf in average years and
55.3 maf in drought years. As noted, these demand amounts could increase by 1 to 3
maf.

By 2020, without additional facilities and improved water management, annual
shortages of 3.7 to 5.7 maf could occur during average years depending on the
outcome of various actions taking place to protect aquatic species. Average year
shortages are considered chronic and indicate the need for implementing long-term
water supply augmentation and demand management measures to improve water
service reliability. Similarly, by 2020, annual drought year shortages could increase to
7.0 to 9.0 maf under D-1485 criteria, also indicating the need for long-term measures
in addition to short-term drought management measures.

Water managers are looking into a wide variety of management actions to
supplement, improve, and make better use of existing resources. The single most
important action will be solving key issues in the Delta. This water plan update
presents both long-term and short-term water management and supply augmentation
options for meeting future water supply needs. Future water management options are
presented in two levels to better reflect the status of investigations required to
implement them.

Q Levelloptionsarethose programsthat haveundergone extensive investigation and
environmental analyses and are judged to have a higher likelihood of being
implemented by 2020.

Q Levelll options are those programs that could fill the remaining gap shown in the
balance between supply and urban, agricultural, and environmental water
demands. These options require more extensive investigation and analyses of
alternatives.

Implementation of Level I water management programs could reduce but not
eliminate projected shortages. Included are short-term drought management options
(demand reduction through urban rationing programs or water transfers that
reallocate existing supplies through use of reserve supplies and agricultural land
fallowing programs) and long-term demand management and supply augmentation
options (increased water conservation, agricultural land retirement, additional waste
water recycling, benefits of a long-term Delta solution, more conjunctive use programs,
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and additional south-of-the-Delta storage facilities). (Chapter 11 explains these
options.) If all Level I options were implemented, there would still be a potential
shartfall in annual supplies of about 2.1 to 4.1 maf in average years and 2.9 to 4.9 maf
in drought years by 2020 that must be made up by Level Il water supply augmentation
and demand management programs. (Chapter 11 explains these programs.) Table 1-5
shgws California’s water supplies with Level | water management programs.

The California Water Budget, Table 1-6, compares total net water demand with
supplies from 1990 through 2020. The water budget also indicates the potential
mapgnitude of water shortages that can be expected in average and drought years if no
actlons are taken to improve water supply reliability. Figure 1-2 illustrates the water
supply benefits of short- and long-term water management programs under Level 1
options and the need for further investigating and implementing Level II options.

Recommendations

The Delta is the hub of California’s water supply infrastructure; key problems in
the[Delta must be addressed before several of the Level I options in the California Water
Plan Update can be carried out. It is recommended that finding solutions to those
problems be the first priority. Also, a proactive approach to improving fishery
conditions—such as better water temperature control for spawning, better screening of
diversions in the river system to reduce incidental take, and better timing of reservoir
relgases to improve fishery habitat—must be taken so that solutions to Delta problems
mesh with basin-wide actions taken for improving fishery conditions. To that end,
many of the restoration actions identified in the Central Valley Project Improvement
Actffor cost sharing with the State can improve conditions for aquatic species. Once a
Delta solution is in place and measures for recovery of listed species have been initi-
ated, many options requiring improved Delta export capability could become feasible.

Table 1-5. California Water Supplies with Level | Water Management Programs
(Decision 1485 Operating Criteria for Delta Supplies)
(millions of acre-feet)

Supply 1990 2000 2010 2020
average drought average drought average drought average drought
Surface
Local 10.1 8.1 10.2 8.2 10.2 8.3 103 84
Local imports™ 1.0 0.7 1.0 0.8 1.0 1.0 1.0 1.0
Colorado River 5.2 51 4.4 4.4 4.4 4.4 4.4 4.4
CcvpP 75 50 7.7 5.2 7.7 5.2 7.7 52
Other federal 1.2 0.8 1.3 0.8 1.3 0.8 1.3 0.8
SWPM 2.8 2.1 3.4 2.1 3.9 3.0 4.0 3.0
Re¢laimed 0.2 0.2 0.7 0.7 0.8 0.8 0.9 0.9
Grpund water? 7.1 11.8 7.1 11.9 7.2 12.2 7.3 12.3
Grpund water overdraft® 13 1.3 - — — — — —
Deficated natural flow 27.2 15.3 275 15.4 27.5 15.4 275 15.4
TOTAL 635 50.4 63.3 495 64.0 51.2 64.5 51.6

[4)] L?zo ?WP supplies are normalized and do not reflect additional supplies delivered to offset the reduction of supplies from the Mono and Owens basins to the South Coast
¥drologic region. ’

{2) Average ground water use is prime supply of ground water basins and does not include use of ground water which is arfificially recharged from surface sources into the ground

ater basins,

w
{3) The degree future shortages are met by increased overdraft is unknown. Since overdraft is not sustainable, it is not includ

d as a future supply.
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Table 1-6. California Water Budget

(millions of acre-feet)
Water Demand/Supply 1990
average drought
Net Demand . ;
Urban—with 1990 level of conservation ) 68 71
—reductions due to long-term conservation measures {Level I) 0 o
Agricultural—with 1990 level of conservation 268 282
—reductions due to long-term conservation measures (Level 1) 0 0
—land retirement in poor drainage areas of San Joaquin Valley (Level ) — =
Environmental 284 164
Other®? . 15 1S5
Subtotal . 63.5 53.2
Proposed Addifional Environmental Water Demands!?
Case | - Hypothefical 1 MAF — -
Case Il - Hypothefical 2 MAF — —
Case lll - Hypothetical 3 MAF - —
Total Net Demand 63.5 53.2
Case | — —_
Case ll — -
Case lll — —
Water Supplies w/Existing Faciliies Under D-1485 for Delta Supplies
Developed Supplies L B o
Surface Water®® 279 221
Ground Water 7.1 11.8
Ground Water Overdraf® oW 13
Subtotal 363 32
Dedicated Natural Flow 272 153
TOTAL Water Supplies 635 50.5
Demand/Supply Balance 0.0 27
Cose | . - T
Case ll - —
Case lll - -
Level 1 Water Management Programs'!
Long-term Supply Augmentation ‘
Reclaimed _— ——
Local — —
Central Valley Project — -
State Water Project — —
Short-Term Drought Management
Potential Demand Management — 1.0
Drought Water Transfers - 08
Subtotal - Leve! | Water Management Programs — 18
Net Ground Water or Surface Water Use Reducfion
Resulting from Leve! | Programs — 0.0
NET TOTAL Demand Reduction/Supply Augmentation 0.0 1.8
Remaining Demand/Supply Balance Requiring Level [l Options 0.0 0.9

Casel
Case ll
Case lll

ds—Case I-lll

d and uncertain d Is and have

{I ; Includes mclor conveyunoe Fucnluiy losses, recreation uses, and energy production.
2} P

and futul
wquences on supplies from Ihe Delta, beginning with actions in 1992 and 1993 to protect winter run salmon and delta smelt {actions

which could also protect other fish species).
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after accounting for reuse. Implementation of agricultural EWMPs, which increase
agricultural irrigation efficiencies, could reduce agricultural applied water
demands by 1.7 maf and net water demand by 0.3 maf, after accounting for reuse.
In addition, lining of the All-American Canal will reduce net water demand by
68,000 af.

p» | Land fallowing and water bank programs during droughts—temporary,
compensated reductions of agricultural net water demands and purchases of
surplus water supplies could reallocate at least 0.6 maf of drought-year supply.
However, such transfers are impaired until solutions to Delta transfer problems
are identified and implemented.

p | Drought demand management—voluntary rationing averaging 10 percent
- statewideduringdrought couldreduceannualdrought-yearurbanappliedand net
" water demand by 1.0 maf in 2020.

P | Land retirement—retirement of 45,000 acres with poor subsurface drainage and
disposal on the western San Joaquin Valley could reduce annual applied and net
water demand by 0.13 maf by 2020.

Supply Augmentation

p> | Water reclamation—plans for an additional 1.2 maf of water recycling and ground
water reclamation by 2020 could provide annual net water supplies of nearly 0.8
maf after accounting for reuse.

» | Solutions to Delta water management problems—improved water service
reliability and increased protection for aquatic species in the Delta could provide
0.2t0 0.4 mafannually of net water supplies (under D- 1485) and make many other
water management options feasible, including water transfers.

P | Conjunctive use—more efficient use of major ground water basins through
programs such as the Kern Water Bank could provide 0.4 maf of drought-year net
water supplies (under D-1485).

p> | Additional storage facilities—projects such as Los Banos Grandes (SWP), could
provide 0.3 maf of average and drought-year net water supplies (under D-1485),
and Domenigoni Valley Reservoir (MWDSC) could provide 0.3 maf of drought-year
net water supplies.

In the short-term, those areas of California relying on the Delta for all or a portion
of their supplies face uncertain water supply reliability due to the unpredictable
outtome of actions being undertaken to protect aquatic species and water quality. At
the|same time, California’s water supply infrastructure is limited in its capacity to
transfer marketed water through the Delta due to those same operating constraints.
Untjil solutions to complex Delta problems are identified and put in place, and demand
management and supply augmentation options are implemented, many Californians
will| experience more frequent and severe water supply shortages. For example, in
1993, an above-normal runoff year, environmental restrictions limited CVP deliveries
to 50 percent of contracted supply for federal water service contractors in the area from
Tragy to Kettleman City. Such limitations of surface water deliveries from the Delta will
exacerbate ground water overdraft in the San Joaquin River and Tulare Lake regions
because ground water is used to replace much of the shortfall in surface water
supplies. In addition, water transfers within these areas will become more common as
farmers seek to minimize water supply impacts on their operations. In urban areas,
water conservation and water recycling programs will be accelerated to help offset
short-term reliability needs.
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Finally, it is recommended that Level Il options be evaluated, expanded to include
other alternatives, and planned for meeting the potential range of average-year short-
ages of 2.1 to 4.1 maf and the potential range of drought-year shortages of 2.9 to 4.9
maf. Level Il options include demand management and supply augmentation mea-
sures such as additional conservation, land retirement, increased water recycling and
desalting, and surface water development. Several mixes of State and local Level II op-
tions should be investigated, and their economic feasibility ascertained, to address the
range of demand and supply uncertainty illustrated in the California Water Budget.
Such uncertainty will affect the identification and selection of Level II options needed
to meet California’s future water supply needs.
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Water Right Decision 1485 established salinity control standards for the
Sacramento-San Joaquin Delta and Suisun Marsh. D-1485, the recently
enacted Central Valley Project Improvement Act of 1992, and biological
opinions under the Endangered Species Act all affect the timing and amount

of water flowing through the Delta at any given time.
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Chapter 2

Water resource management in California is at a critical juncture as evolving
cies and physical limits of the State’s water supply infrastructure collide. Three
or interest groups—urban, agricultural, and environmental—must work their way

through California’s institutional framework toward solutions that should benefit all
Californians and their environment.

Since 1957, when the first comprehensive California Water Plan was published,

attitudes toward and methods for managing the State’s natural resources have gone
through many changes. Californians have become more environmentally sensitive, as
reflected in statutes such as the California Environmental Quality Act, the State Endan-
gergd Species Act, and the State Wild and Scenic Rivers Act.

The situation in the Sacramento-San Joaquin Delta is a prime example of an area

where concerns about aquatic species compete with urban and agricultural water

sup,
spe

ply needs. The Delta provides valuable habitat and migration corridors for many
ties, including the winter-run salmon and Delta smelt, which are listed under the

State and federal Endangered Species Acts. The Sacramento split—tail is also being

con
Nat

sidered for listing under the State and federal acts because of its low populations.
iral resource managers are looking for ways to help these species recover. Biological

opinions have been issued under the federal Endangered Species Act; these opinions

affe

cthowwater supply projectsin the Delta are operated. Essentially, the opinions have

increased the amount of water allocated to environmental uses in the Delta over SWRCB

D-1
sup,

485, and they affect when water projects in the Delta can pump or convey the
lies that eventually serve about two-thirds of California’s population and much of

its farmland. California’s population will require even more water as it grows by nearly
60 percent by the year 2020, making it clear to resource managers that something must
be done to address water supply reliability for urban, agricultural, and environmental

nee:

cate
proy
govy

(s in the Delta.

In California, water use and supplies are controlled and managed under an intri-
system of federal and State laws. Common law principles, constitutional
risions, State and federal statutes, court decisions, and contracts or agreements all
srn how water is allocated, developed, or used. All of these components, along with

the responsible State, federal, and local agencies, compose the institutional framework
for allocation and management of water resources in California.

agin
ovel

This chapter presents an overview of California’s institutional framework for man-
1g water resources in California. It highlights some of the changes that have occurred
'the last decade, as new statutes have been enacted and earlier laws, decisions, and

agreements reinterpreted. Summarized here are major constitutional requirements,

stat

utes, court decisions, and agreements that form the groundwork for many water

The Institutional Framework

The Institutional
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Water Resource
Management in
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resource management and planning activities. (General references and citations to the
laws and cases discussed are contained in Appendix A.)

Allocation and Management of California’s Water Supplies

The following subsections condense the basic water rights laws and doctrines
governing allocation and use of California’s water supplies.

Cadlifornia Constitution Arlicle X, Section 2

The keystone to California’s water law and policy, Article X, Section 2 of the
California Constitution, requires that all uses of the State’s water be both reasonable
and beneficial. It places a significant limitation on water rights by prohibiting the waste,
unreasonable use, unreasonable method of use, or unreasonable method of diversion
of water.

Riparian and Appropriative Rights

California operates under a dual system of water rights for surface water which
recognizes both the doctrine of riparian rights and appropriative rights. Under the
riparian doctrine, the owner of land has the right to divert but not store a portion of the
natural flow of water flowing by his land for reasonable and beneficial use upon his land
adjacent to the stream and within its watershed, subject to certain limitations. General-
ly, all riparian water right holders must reduce their water use in times of water
shortages. Under the prior appropriation doctrine, a person has a right to divert, store,
and use water regardless of whether the land on which it is used is adjacent to a stream
or within its watershed, provided that the water is used for reasonable and beneficial
uses and is surplus to water from the same stream used by earlier appropriators. The
rule of priority between appropriators is “first in time is first in right.”

Water Rights Permits and Licenses

The Water Commission Act, which took effect in 1914 following a referendum,
recognized the overriding interest of the people in the waters of the state but provided
that private rights to use the water may be acquired in the manner provided by law. The
act established a system of state-issued permits and licenses to appropriate water.
Amended over the years, it now appears in Division 2 (Commencing with Section 1000)
of the Water Code. These provisions place responsibility for administering appropriative
water rights with the State Water Resources Control Board; however, the permit and
license provisions do not apply to pre-1914 appropriative rights (those initiated before
the act took effect in 1914). The act also provides procedures for adjudication of water
rights, including court references to the State Water Resources Control Board and
statutory adjudications of all rights to a stream system.

Ground Waler Management

Generally, ground water is available to any person who owns land overlying the
ground water basin. Ground water management in California is accomplished either by
a judicial adjudication of the respective rights of overlying users and exporters, or by
local management of rights to extract and use ground water as authorized by statute
oragreement. Most of the larger ground water basins in Southern California and the San

Francisco Bay area are managed either pursuant toa court adjudication orbyanagency
with statutory powers; however, most basins in Northern California are not somanaged.
Statutory management may be either by powers granted to a public agency that also
manages surface water, or by a ground water management agency created expressly for
that purpose.

20
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In 1992, the Legislaturerepealed the water code sections that authorized manage-
ment in specific critically overdrafted basins and adopted new sections to authorize any
local agency which provides water service to adopt a ground water management plan
ifthie ground water is not subject to management under other provisions of law or a court
decree. Specific notice and hearing procedures must be followed. If protesting landown-
ersrepresent more than 50 percent of the assessed valuation of land within the local
agency, the ground watermanagement plan may not beadopted. Elements ofa plan may
include control of saline water intrusion, identification and protection of well head and
recharge areas, regulation of the migration of contaminated water, provisions for aban-
donment and destruction of wells, mitigation of overdraft, replenishment, monitoring,
facilitating conjunctive use, identification of well construction policies, and construc-
tion} of cleanup, recharge, recycling, and extraction projects by the local agency.

Public Trust Doctrine

In the 1980s, the Public Trust Doctrine was used by courts to limit traditional
water rights. Under the Equal Footing Doctrine of the U.S. Constitution, each state has
title to tidelands and the beds of navigable lakes and streams within its borders. The
Public Trust Doctrine—recognized in some form by most states—embodies the principle
thaf the state holds title to such properties within the state in trust for the beneficial use
ofthe publicand that public rights ofaccess to and use of tidelands and navigable waters
arejinalienable. Traditional public trust rights include navigation, commerce, and fish-
ing| California law has expanded the traditional public trust uses to include protection
of fish and wildlife, preserving trust lands in their natural condition for scientific study
and scenic enjoyment, and related open-space uses.

In 1983, the California Supreme Court extended the public trust doctrine’s
tation on private rights to appropriative water rights. In National Audubon Society
uperior Court of Alpine County, the court held that water right licenses held by the
City of Los Angeles to divert water from streams tributary to Mono Lake remain subject
to ongoing State supervision under the public trust doctrine. The court held that public
trust uses must be considered and balanced when rights to divert water away from
navigable water bodies are considered. The court also held that California’s
appropriative rights system and the public trust doctrine embody important precepts
ch “...make the law more responsive to the diverse needs and interests involved in
planning and allocation of water resources.” Consequently, in issuing or reconsidering
any rights to appropriate and divert water, the State must balance public trust needs
with the needs for other beneficial uses of water.

What Is Navigable?

The law has a number of different—and often confusing—definitions of “naviga-
i ble” rivers and lakes (all tidal areas are considered navigable). For purposes of deter-

mining state title to the beds of rivers and lakes, they must have been capable of carry-
i ing commerce at the time the state entered the union. *Commerce”includes more

‘thanboats carrying persons and cargo. The courts have found streams to be "naviga-

ble” where they have carried saw logs or shingle bolts. For purposes of some federal
i regulatory programs, a waterway must have carried, orbe capable of carrying, inter-
- state commerce. Other federal regulatory programs (e.g., the Federal Power Act) in-
| clude waterways which could carry interstate commerce with reasonable modifica-
‘flons. Finally, the Clean Water Act defines *navigable” waters to Include all waters of
the United States which may affect or be affected by interstate commerce. This in-
. cludes most water bodies in the nation.

The Institutional Framework
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Since the 1983 National Audubon decision, the public trust doctrine has been
involved in several other cases. In United States v. State Water Resources Control Board
(commonly referred to as the Racanelli Decisionand discussed later in this chapter), the
State Court of Appeal reiterated that the public trust doctrine is a significant limitation
on water rights. The public trust doctrine was also a basis for the decision in
Environmental Defense Fund v. East Bay Municipal Utility District. In this case, EDF
claimed that EBMUD should not contract with the U.S. Bureau of Reclamation for water
diverted from the American River upstream of where it flowed through the Sacramento
urban area in a manner that would harm instream uses including recreational, scenic,
and fish and wildlife preservation purposes. The Superior Court upheld the validity of
EBMUD’s contract with USBR but placed limitations on the timing and amounts of
deliveries to EBMUD. As a result of these cases, the SWRCB now routinely implements
the public trust doctrine throughregulations and through appropriate terms and condi-
tions in water rights permits and licenses.

The public trust decisions reflect changes in our attitudes about using water
resources. The earliest cases involved rights of public access to tidelands around San
Francisco Bay and San Pablo Bay. Later cases involved public trust rights to inland
water bodies such as Clear Lake and Lake Tahoe. Modification of water rights is the most
recent application of this doctrine.

Federal Power Act

The Federal Power Act has, at times, conflicted with the administration of State
water rights involving hydroelectric projects. The act creates a federal licensing system
administered by the Federal Energy Regulatory Commission and requires that a license
be obtained for nonfederal hydroelectric projects proposing to use navigable waters or
federal lands. The act contains a clause modeled after a clause in the Reclamation Act
of 1902, which disclaims any intent to affect state water rights law.

In a number of decisions dating back to the 1940s, the U.S. Supreme Court held
that provisions of the Reclamation Act and the Federal Power Act preempted inconsis-
tent provisions of state law. Decisions under both acts found that these clauses were
merely “saving clauses” which required the United States to follow minimal state proce-
dural laws or to pay just compensation where vested non—federal water rights are taken.
However, in California v. United States, the U.S. Supreme Court overturned a number
of earlier Supreme Court decisions which found that the Reclamation Act substantially
preempts state water law. It held that the Reclamation Act clause requires the Bureau
of Reclamation to comply with conditions in state water rights permits unless those
conditions conflict with “clear Congressional directives.”

In Californiav. FERC (1990), commonly referred to as the Rock Creek Decision. the
U.S. Supreme Court rejected California’s argument that the Federal Power Act clause
required deference to state water law, as the Reclamation Act’s did. The court pointed
out that the Federal Power Act had been construed in a number of cases to preempt
inconsistent state law, beginning with First Iowa Hydroelectric Cooperative v. Federal
Power Commission (1946)

First Iowa involved a state law which required that water be returned to a river at
the first available point below the dam in order to receive a state permit. The project
licensed by the FPC did not do this. The Supreme Court held that the Federal Power Act’s
reference to state law was merely a “savings clause” intended only to require
compensation ifvested propertyrights are taken. Inallotherrespects, the Federal Power
Act could supersede inconsistent state laws. The Court noted that Iowa law sought to
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reghlate “. . .the very requirements of the project which the Congress has placed in the
dis¢retion of the Federal Power Commission.”

Thus, in California v. FERC, the court declined to interpret the Federal Power Act
in the same manner as the Reclamation Act. It distinguished between the two acts,
finding that the Federal Power Act envisioned a broader and more active federal over-
sight role than did the Reclamation law.

The Federal District Court case of Sayles Hydro Association v. Maughan (February
1993}, reinforced this view by holding that federal law has “occupied the field,” prevent-
ing jany state regulation of federally licensed power projects other than determining
proprietary water rights. In Sayles, the SWRCB refused to issue a permit to the propo-
nents of a hydro project until they had completed numerous environmental reports and
sttﬁiies. The proponents sought and received a declaratory judgment that no more
environmental reports were necessary because the Board did not have the authority to
impose environmental conditions in the permit beyond what was required in the al-
readly-issued FERC license.

Preemption of state law by terms and conditions in Federal Power Act licenses is
likely toremain a significant problem for water management in the western states. There
have been instances where holders of Federal Power Act licenses have claimed preemp-
tion} from state safety of dams requirements, minimum stream flow requirements, and
state designation of wild and scenic streams.

Area of Origin Statutes

During the years when California’s two largest water projects, the Central Valley
Project and State Water Project, were being developed, area of origin legislation was
enalcted to protect local Northern California supplies from being depleted as a result of
the projects. County of origin statutes provide for the reservation of water supplies for
counties in which the water originates when, in the judgment of the State Water Re-
soches Control Board, an application for the assignment or release from priority of
State water right filings will deprive the county of water necessary for its present and
future development. Watershed protection statutes are provisions which require that
the construction and operation of elements of the Federal Central Valley Project and the
State Water Project not deprive the watershed, or area where water originates. or
immediately adjacent areas which can be conveniently supplied with water, of the prior
right towater reasonably required to supply the present or future beneficial needs of the
watershed area or any of its inhabitants or property owners.

The Delta Protection Act, enacted in 1959 (not to be confused with the Delta
Protection Act of 1992, which relates to land use), declares that the maintenance of an
adefjuate water supply in the Delta—to maintain and expand agriculture, industry,
urban, and recreational development in the Delta area and provide a common source
of fiesh water for export to areas of water deficiency—is necessary for the peace, health,
safety, and welfare of the people of the State, subject to the County of Origin and
Watershed Protection laws. The act requires the State Water Project and the federal CVP
to provide an adequate water supply for water users in the Delta through salinity control
or through substitute supplies in lieu of salinity control.

In 1984, additional area of origin protections were enacted covering the Sacramen-
to, Mokelumne, Calaveras, and San Joaquin rivers; the combined Truckee, Carson, and
Walker rivers; and Mono Lake. The protections prohibit the export of ground water from
the fombined Sacramento River and Sacramento-SanJoaquin Delta basins, unless the
export is in compliance with local ground water plans. Also, Water Code Section 1245
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holds municipalities liable for economic damages resulting from their diversion of water
from a watershed.

The Current Regulatory and Legislative Framework

California’s developed water supplies have become less reliable and more costly
for urban and agricultural users as State and federal regulations to protect the public
and its environment have increased. Environmental actions and regulations to protect
both water quality and fish and wildlife have had far reaching effects on water use and
management and involve several regulatory agencies. A few important examples are:

Q Fish and Wildlife

U.S. Fish and Wildlife Service and National Marine Fisheries Service enforce rules and
regulations under the federal Endangered Species Act.

California Department of Fish and Game enforces rules and regulations under the State
Endangered Species Act.

Q Water Quality

State Water Resources Control Board and Regional Water Quality Control Boards enforce rules
and regulations under the Porter—Cologne Water Quality Control Act.

Federal Environmental Protection Agency has delegated primary water quality control and
enforcement authority under the Clean Water Act to the SWRCB and its regional boards.

Regulatory actions, in combination with costs of compliance, have brought
California’s water development close to a standstill fornearly 15 years. During this time,
water resource managers have implemented a number of strategies to help Californians
become more efficient in their water use, thus stretching existing supplies. But Califor-
nia’s increased demand for water to meet the needs of a growing population and to
protect the environment all point to the necessity of addressing the problems and
moving forward with cost effective and environmentally sound water supply develop-
ment combined with more efficient water management.

Many of the current issues regarding the storage, allocation, distribution, and use
of water in California involve environmental concerns. Environmental laws are inextric-
ably intertwined in all of the State’s major water supply programs, and environmental
concerns play a major role in water policy and planning. Following is a summary of the
major environmental laws influencing water supply facility planning, construction, and
operation.

Protection of Fish and Wildlife

Endangered Species Act. Under the federal ESA, an endangered species is one
that is in danger of extinction in all or a significant part of its range, and a threatened
species is one thatislikely to become endangered in the near future. The ESA is designed
to preserve endangered and threatened species by protecting individuals of the species
and their habitat and by implementing measures that promote their recovery.

The ESA sets forth a procedure for listing species as threatened or endangered.
Final listing decisions are made by the United States Fish and Wildlife Service or the
National Marine Fisheries Service. Presently over 650 species have been listed in the
United States, of which 110 are native to California—the largest number in any state.

Once a species is listed, Section 7 of the act requires that federal agencies, in
consultationwith the U.S. Fish and Wildlife Service or National Marine Fisheries Service,
ensure that their actions do not jeopardize the continued existence of the species or
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habitat critical for the survival of that species. The federal wildlife agencies are required
to provide an opinion as to whether the federal action would jeopardize the species. The
opinion mustinclude reasonable and prudent alternatives to the action that would avoid
jeopardizingthe species’existence. Federal actions subject to Section 7 includeissuance
of federal permits such as the dredge and fill permit required under Section 404 of the
federal Clean Water Act, which requires that the project proponent demonstrate that
there is no feasible alternative consistent with the project goals that would not affect
listed species. Mitigation of the proposed project is not considered until this hurdle is
passed.

State agencies and private parties are also subject to the ESA. Section 9 of the ESA
prohibits the “take” of endangered species and threatened species for which protective
regulations have been adopted. Take has been broadly defined to include actions that
harm or harass listed species or that cause a significant loss of their habitat. State
agencies and private parties are generally required to obtain a permit from the USFWS
or NMFS under Section 10(a) of the ESA before carrying out activities that may inciden-
tallyresultin the take of listed species. The permit normally contains conditions to avoid
take of listed species and to compensate for habitat adversely impacted by the activities.

The ESAhasbeen interpreted to apply not just to new projects, but also to ongoing
project operation and maintenance. For example, maintenance activities along the
California Aqueduct right-of-way may impact the San Joaquin kit fox, the blunt-nose
leopard lizard, and the Tipton kangaroo rat, all species that have been listed as endan-
gered. DWRinitiated the Section 10(a) process to obtain a permit for the incidental take

biological opinions to protect the winter-run salmon and the Delta smelt.

California Endangered Species Act. The California Endangered Species Act is
similar to the federal ESA and must be complied with in addition to the federal ESA.
Listing decisions are made by the California Fish and Game Commission.

All state lead agencies are required to consult with the Department of Fish and
Game about projects that impact State listed species. DFG is required to render an
opintion as to whether the proposed project jeopardizes a listed species and to offer
alternatives toavoidjeopardy. Stateagenciesmustadoptreasonable alternatives unless
there are overriding social or economic conditions that make such alternatives infeasi-
ble.

Many California species are both federally listed and State listed. CESA directs
DFG to coordinate with the USFWS and NMFS in the consultation process so that
consistent and compatible opinions or findings can be adopted by both federal and State
agencies.

Natural Community Conservation Planning. Adopted in 1991, California’s
Natural Community Conservation Planning Act establishes a program to identify the
habijtat needs of species before they become listed as threatened or endangered, and to
develop appropriate voluntary conservation methods compatible with development and
growth. This program is designed to preserve habitat for the variety of species that are
depgndent upon each other. Participants in the program develop plans to protect certain
habitat and will ultimately enter into agreements with DFG to ensure that the plans will
be carried out. Plans must be created so that they are consistent with endangered
spedies laws. A pilot program has been established in Riverside, Orange, and San
Bernardino counties for the Coastal Sage Scrub, which exists in a habitat that has been
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diminishing. A number of endangered species, including the gnatcatcher, depend on
this habitat. The Secretary of the U.S. Department of the Interior has endorsed this
process, which may evolve into the approach of the future. Participation in these plans
is not mandatory.

The Natural Conservation Planning Act is likely to play an important role in water
developmentinthe future. Water suppliers may participatein plans for habitat impacted
directly by new water projects and indirectly in the areas that receive water supplies.

Dredge and Fill Permits. Section 404 of the federal Clean Water Act regulates
the discharge of dredged and fill materials into waters of the United States, including
wetlands. The term “discharge of dredged and fill material” has been defined broadly to
include the building of any structure involving rock, sand, dirt, or other construction
material. No discharge may occur unless a permit is obtained from the U.S. Army Corps
of Engineers. Generally, the project proponent must agree to mitigate or have plans to
mitigate environmentalimpacts caused by the project before a permit isissued. The U.S.
Environmental Protection Agency has the authority to veto permits issued by the Corps
for projects that have unacceptable adverse effects on municipal water supplies, fish-
eries, wildlife, or recreational areas.

Section 404 permits the issuance of a general permit on a State, regional, or
nationwide basis for certain categories of activities that will cause only minimal environ-
mental effects. Such activities are permitted without the need of an individual permit
application. Installation of a stream gauging station along a river levee is one example
of an activity which falls within a nationwide permit.

The Corps also administers a permitting program under Section 10 of the 1899
Rivers and Harbors Act. Section 10 generally requires a permit for obstructions to
navigable water. The scope of the permit under Section 10 is narrower than under
Section 404 since the term “navigable waters” is more limited than “waters of the United
States.”

The majority of water development projects must comply with Section 404, Section
10, or both. For example, proposed facilities such as Los Banos Grandes and Phase II
ofthe Coastal Branch for the SWP and Los Vaqueros for the Contra Costa Water District,
aswellasactivities within Delta channels, are subject to 404 jurisdictionand regulation.

Public Interest Terms and Conditions. The Water Code authorizes the SWRCB
to impose public interest terms and conditions to conserve the public interest, specifi-
cally theconsideration ofinstream beneficial uses, whenitissues permits toappropriate
water. It also considers environmental impacts of approving water transfers under its
jurisdiction. Frequently, it reserves jurisdiction to consider new instream uses and to
modify permits accordingly. D-1485 fish and wildlife conditions that regulate CVP and
SWP Delta operations were imposed under a reservation of SWRCB's jurisdiction.

Releases of Water for Fish. Fish and Game Code Section 5937 provides protec-
tion to fisheries by requiring that the owner of any dam allow sufficient water at all times
to pass through the dam to keep in good condition any fisheries that may be planted
or exist below the dam. In California Trout, Inc. v. the State Water Resources Control
Board (1989), the court determined that Fish and Game Code sections 5937 and 5946
require the SWRCB to modify the permits and licenses issued to the City of Los Angeles
to appropriate water from the streams feeding Mono Lake to ensure sufficient water
flows for fisheries purposes. In a subsequent case, the court of appeal ordered the
Superior Court to set interim flow standards for the four streams feeding Mono Lake and
from which the City diverts. The Alpine County Superior Court entered a preliminary
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injynction prohibiting Los Angeles from diverting water whenever the Mono Lake level
falls below 6,377 feet.

Streambed Alteration Agreements. Fish and Game Code Sections 1601 and
1603 require that any governmental entity or private party altering a river, stream, or
lake bed, bottom or channel enter into an agreement with the Department of Fish and
Game. Where the project may substantially impact an existing fish or wildlife resource,
DF(x may require that the agreement include provisions designed to protect riparian
habhitat, fisheries, and wildlife. New water development projects and on-going mainte-
narice activities are often subject to these sections.

Migratory Bird Treaty Act. This act implements various treaties for the protec-
tion of migratory birds and prohibits the “taking” (broadly defined) of birds protected by
those treaties without a permit. The Secretary of the Interior is directed to determine
conditions under which a taking may occur, and criminal penalties are provided for
unlawful taking or transportation of birds. Liability imposed by this act was one of
several factors leading to the decision to close the Kesterson Wildlife Refuge. (See the
dis¢ussion of the San Joaquin Valley Drainage Program under Management Programs
in this chapter.)

Environmental Review and Mitigation

Anotherset of environmental statutes compels governmental agencies and private
individuals to document and consider environmental consequences of their actions.
They define the procedures through which governmental agencies consider environ-
mental factors in their decision—making process.

National Environmental Policy Act. NEPA directs federal agencies to prepare
an environmental impact statement for all major federal actions which may have a
significant effect on the human environment. It states that it is the goal of the federal
government to use all practicablemeans, consistent with other considerations of nation-
al policy, to protect and enhance the quality of the environment. It is a procedural law
reqiring all federal agencies to consider the environmental impacts of their proposed
actions during the planning and decision-making processes. The content of an EIS is
very similar to that required by the California Environmental Quality Act for a State
environmental impact report.

California Environmental Quality Act. CEQA, modeled after NEPA, requires
Caljfornia public agency decision makers to document and consider the environmental
impacts of their actions. It requires an agency to identify ways to avoid or reduce
environmental damage and to implement those measures where feasible. It also serves
as 4 means to encourage public participation in the decision-making process. CEQA
applies to all levels of California government, including the State, counties, cities, and
locdl districts.

CEQ@QArequiresthat a public agency carrying out a project with significant environ-
mental effects prepare an environmental impact report. An EIR contains a description
ofthe project; adiscussion of the project’s environmental impacts, mitigationmeasures,
and alternatives; public comments; and the agency’s responses to the comments. In
other instances, a notice of exemption from the application of CEQA may also be
appropriate.

NEPA does not generally require federal agencies to adopt mitigation measures or
alternatives provided in the EIS. CEQA, on the other hand, does impose substantive
dutjies on all California governmental agencies approving projects with significant envi-
ronmental impacts to adopt feasible alternatives or mitigation measures that
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substantially lessen these impacts, unless there are overriding reasons why they can-
not. When a project is subject to both CEQA and NEPA, both laws encourage the
agencies to cooperate in planning the project and to prepare joint environmental docu-
ments.

Fish and Wildlife Coordination Act. The Fish and Wildlife Coordination Act and
related acts express the policy of Congress to protect the quality of the aquatic environ-
ment as it affects the conservation, improvement, and enjoyment of fish and wildlife
resources. Under this act, any federal agency that proposes to control or modify any
body of water, or to issue a permit allowing control or modification of a body of water,
must first consult with the U.S. Fish and Wildlife Service and State Fish and Game
officials. This requires coordination early in the project planning and environmental
review processes.

Protection of Wild and Natural Areas

Water use and management are also limited by several statutes designed to set
aside resources or areas to preserve their natural conditions. This precludes certain
activities, including most water development projects, within the areas set aside.

Federal Wild and Scenic Rivers System.In 1968, Congress passed the National
Wild and Scenic Rivers Act to preserve in their free-flowing condition rivers which
possess “outstandingly remarkable scenic, recreational, geologic, fish and wildlife, his-
toric, cultural, or other similar values.” The act also states: “ . . . that the established
national policy of dam and other construction at appropriate sections of rivers of the
United States needs to be complemented by a policy that would preserve other selected
rivers or sections thereof in their free-flowing condition to protect the water quality of
such rivers and to fulfill other vital national conservation purposes.”

The act prohibits federal agencies from constructing, authorizing, or funding the
construction of water resources projects having a direct and adverse effect on the values
for which the river was designated. This restriction also applies to rivers designated for
potential addition to the National Wild and Scenic Rivers System. California rivers
included in the system include portions of the Middle Fork Feather, North Fork Ameri-
can, Tuolumne, Merced, Kings, North Fork Kern, South Fork Kern, Smith, Sisquoc, and
Big Sur Rivers, and Sespe Creek (Figure 2-1). Also included in the system are most rivers
protected under the State Wild and Scenic Rivers Act; these rivers were included in the
national system upon California’s petition on January 19, 1981. The West Walker and
East Fork Carson rivers are not included in the federal system.

California Wild and Scenic Rivers System. In 1972, the California legislature
passed the State Wild and Scenic Rivers Act, declaring that specified rivers possess
extraordinary scenic, recreational, fishery, or wildlife values that should be preserved
in a free-flowing state for the benefit of the people of California. It declared that such
use of the rivers would be the highest and most beneficial use within the meaning of
Article X, Section 2 of the California Constitution. The act prohibits construction of any
dam, reservoir, diversion, or other water impoundment on a designatedriver. Diversions
needed to supply domestic water to residents of counties through which the river flows
may be authorized, if the Secretary of the Resources Agency determines that the diver-
sionwill not adversely affect the river’s free-flowing character. The State systemincludes
portions of the Klamath, Scott, Salmon, Trinity, Smith, Eel, Van Duzen, American, West
Walker, and East Fork Carson rivers. While not technically a part of the system, similar
protection also extends to portions of the McCloud River.

The major difference between the national and State acts is that if a river is
designated wild and scenic under the State act, the Federal Energy Regulatory Commis-
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Ngtional Pollutant Discharge Elimination System

Section 402 of the Clean Water Act established a permit system known as the
National Pollutant Discharge Elimination System to regulate point sources of dis-
charges in navigable waters of the United States. The EPA was given the authority to
implement the NPDES, although the act also authorizes states to implement the act in
liewt of the EPA, provided the state has sufficient authority.

In 1972, the California Legislature passed a law amending the Porter-Cologne Act
which gave California the authority and ability to operate the NPDES permits program.
Before a permit may be issued, Section 401 of the Clean Water Act requires that the
Regional Water Quality Control Board certify that the discharge will comply with appli-
cable water quality standards. After making the certification, the regional board may
isstie the permit satisfying both State and federal law. The State Water Resources
Control Board is currently reviewing the activities subject to nationwide permits to
detprmine if they qualify for water quality certification.

In 1987, Section 402 was amended to require the regulation of storm water runoff
under the NPDES, despite the fact that it comes from a large variety of sources which
the|EPA in the past claimed were too diffuse to be controlled. The EPA and the State
Bodrd have adopted some regulations and general permits for certain categories of
storm water discharges. but regulations covering all sources have not yet been ap-
proyed.

Drinking Water Quality

The Federal Safe Drinking Water Act, enacted in 1974 and significantly amended
in 1986, directed the Environmental Protection Agency to set national standards for
drinking water quality. It required the EPA to set maximum contaminant levels for a
widp variety of contaminants by establishing maximum allowable concentrations in
drinking water supplies. The local water suppliers were given the responsibility to
monitor their public water supplies to assure that MCLs were not exceeded and report
to the consumers if they were.

The 1986 amendments set a time table for the EPA to establish standards for
spetific contaminants and increased the range of contaminants local water suppliers

Point-Source Versus Nonpoint-Source Pollution

A permit systern prohibiting point-source discharges of poliutants may not be
effective as the sole method of implementing water quality control plans. The clas-
‘sic example of this occurs in the Sacramento-San Joaguin Delta where a major wa-
i ter quality problem is the intrusion of salt water from the San Francisco Bay. When
" flows from rivers feeding into the Delta are reduced, whether naturally or by up-
I 'stream dliversions, salt water from the bay intrudes into the Delta. High salinities can
cause problems for agricultural, municipal and industrial diverters in the Delta; for
fish, wildlife, and their habitat; and for water quality af the CVP and SWP pumps in
-the southern Delta.

The Porter~-Cologne Water Quality Control Act requires SWRCB to “establish
such water quality objectives. . . as in fts judgment will ensure the reasonable
| protection of beneficial uses. . . .” Beneficial uses inciude domestic, municipal, agri-
cultural and industrial supply; power generation; recreation, aesthetic enjoyment;
novlgoﬂdn; and preservation and enhancement of fish, wildlife, and ofher aquatic
resources or preserves. Establishing water quality objectives for the Delta and de-
termining how to implement them is a major ongoing water management issue in
California.
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were required to monitor to include contaminants that did not yet have an MCL estab-
lished. They also strengthened enforcement authority, required filtration and
disinfection of surface supplies not adequately protected, banned future use of lead pipe
and lead solder, and required the EPA to evaluate monitoring methods for deep-well
injection waste-disposal sites. They included a wellhead protection program, a grant
program for designating sole—source aquifers for special protection, and grant programs
and technical and financial assistance to small systems and states.

In 1976, California enacted its own Safe Drinking Water Act requiring the State
Department of Health Services to administer laws relating to drinking water regulation,
including: setting and enforcing both federal and State drinking water standards, ad-
ministering water quality testing programs, and administering permits for public water
system operations. The federal Safe Drinking Water Act permits the State to enforce its
own standards in lieu of the federal standards so long as they are at least as protective
as thefederalstandards. Significantamendments tothe State’sactin 1989incorporated
the new federal safe drinking water act requirements into California law, gave DHS
discretion to set more stringent MCLs, and recommended public health levels for
contaminants. DHS was authorized to take the technical and economic feasibility of
reducing contaminants into account in setting MCLs. The standards established by
DHS are found in the California Code of Regulations, Title 22.

California voters have also passed a series of bond laws to finance grants and
low-interest loans to local water suppliers to bring domestic water systems up to
drinking water standards. These grant and loan programs are jointly administered by
DWR and DHS Office of Public Drinking Water.

San Francisco Bay and the Sacramento-San Joaquin Delta

Any discussion of California water policy in the 1990s must include a discussion
of issues involved in the Delta because almost all developing areas of law, as well as the
CVP and SWP operations, are inextricably intertwined in this complex set of issues. A
discussion of Delta issues can provide an interesting example of how a great deal of the
institutional framework already discussed in this chapter interrelates. Delta issues
include water quality, threatened and endangered species such as winter-run salmon
and Delta smelt, water rights, the public trust doctrine, and operation of California’s two
major water projects.

State Water Project and Federal Central Valley Project

The California Central Valley Project Act was approved by the voters in a referen-
dumin 1933, which authorized construction of the Central Valley Project. The State was
unable to construct the project at that time because of the Great Depression; portions
of the CVP were subsequently authorized and constructed by the United States. Other
portions of it were constructed by the State after the Depression as part of the State
Water Project, as authorized in 1960 under the Burns-Porter Act. Principal facilities of
the State Water Project include Oroville Dam, Delta Facilities, the California Aqueduct,
and North and South Bay Aqueducts. Principal facilities of the federal CVP include
Shasta, Trinity, Folsom, Friant, Clair Engle, Whiskeytown, and New Melones dams,
Deltafacilities, and the Delta Mendota Canal. Joint SWP/CVP facilities include San Luis
Reservoir and Canal and various Delta facilities. Specific laws authorizing construction
of elements of both the State and federal projects are listed in Appendix A.

The SWRCB issued the first water rights permits to the USBR for operation of the
CVPin 1958, and to DWR for operation of the SWP in 1967. Key features of these water
rights permits were the ability to divert water from the Delta and send it west to the San
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Francisco Bay area and south to San Joaquin Valley farms and Southern California
urpan areas. In these and all succeeding permits issued for the CVP and SWP, the
SWRCB reserved jurisdiction to formulate or revise terms and conditions relative to
salinity control, effect on vested rights, and fish and wildlife protection in the
Sacramento-San Joaquin Delta. The Board has a dual role of both issuing water rights
permits and regulating water quality.

Decision 1485

On April 29, 1976, the Board initiated proceedings leading to the adoption of Water
Right Decision 1485 in 1978. Decision 1485 set forth conditions—including water
quality standards, export limitations, and minimum flow rates—for SWP and CVP
opgrations in the Delta and superseded all previous water rights decisions for the SWP
and CVP operations in the Delta. Among beneficial uses to be protected by the decision
werre (1) municipal and industrial water supply, {2) agriculture, and (3} fish and wildlife.
chision 1485 established flow and water quality standards to protect these beneficial

uses.

In formulating Decision 1485, the SWRCB asserted that Delta water quality
shpuld be at least as good as it would have been if the SWP and CVP had not been
constructed. In other words. both the SWP and the CVP were to be operated to meet
“without project” conditions. Decision 1485 standards included different levels of
tection to reflect variations in hydrologic conditions during different types of water

To help implement these water quality standards, Decision 1485 also mandated
anlextensive monitoring program. It also called for special studies to provide critical data
abput major concerns in the Delta and Suisun Marsh for which information was insuffi-
cient. Decision 1485 included water quality standards for Suisun Marsh, as well as for
the¢ Delta, requiring DWR and the USBR to develop a plan for the marsh that would
ensure meeting long-term standards for full protection by October 1984, later extended
to October 1988.

Recognizing that the complexities of project operations and water quality condi-
tiohs would change over time, the SWRCB also specified that the Delta water right
hearings would be reopened within ten years of the date of adoption of Decision 1485,
depending upon changing conditions in the Bay-Delta region and the availability of new
evidence on beneficial uses of water.

Racanelli Decision

Lawsuits by various interests challenged Decision 1485, and the decision was
overturned by the trial court in 1984. Unlike its predecessor, D-1379, whose standards
hadl been judicially stayed, D-1485 remained in effect. In 1986, the appellate court in
the Racanelli Decision (named after Judge Racanelli who wrote the opinion} broadly
interpreted the SWRCB's authority and obligation to establish water quality objectives
angd itsauthority to set waterrights permit terms and conditions that provide reasonable
protection of beneficial uses of Delta water and of San Francisco Bay. The court stated
that SWRCB needed to separate its water quality planning and water rights functions.
SWRCB needs to maintain a “global perspective” in identifying beneficial uses to be
protected (not limited to water rights) and in allocating responsibility for implementing
water quality objectives (not just to the SWP and CVP, nor only through the Board’s own
wa1ter rights processes). The court recognized the SWRCB’s authority to look to all water
rights holders to implement water quality standards and advised the Board to consider
the effects of all Delta and upstream water users in setting and implementing water
quality standards in the Delta, as well as those of the SWP and the CVP.
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Coordinaled Operation Agreement

Later in 1986, DWR and the USBR signed the landmark Coordinated Operation
Agreement obligating the CVP and the SWP to coordinate their operations to meet
Decision 1485 standards, in order to address overlapping concerns and interests in the
Sacramento-San Joaquin Delta. The agreement authorizes the Secretary of the Interior
to operate the CVP in conjunction with the SWP to meet State water quality standards
forthe San Francisco Bay and the Delta (unless the Secretary determines such operation
tobe inconsistent with Congressional directives), and provides a formula for sharing the
obligation to provide water to meet water quality standards and other in-basin uses. It
sets forth the basis upon which the CVP and the SWP will be operated to ensure that
each project receives an equitable share of the Central Valley’s available water and
guarantees that the two systems will operate more efficiently during periods of drought
than they would were they operated independently of one another. Under the COA, the
USBR also agreed to meet future water quality standards established by the SWRCB
unless the Secretary of the Interior determines that the standards are inconsistent with
Congressional intent.

SWRCB Bay-Deita Proceedings

Hearings to adopt a water quality control plan and water rights decision for the
Bay-Delta estuary began in July 1987. Their purpose was to develop a San Francisco
Bay/Sacramento-San Joaquin Delta water quality control plan and to consider public
interest issues related to Delta water rights, including implementation of water quality
objectives. During the first phase of the proceedings, State and federal agencies, includ-
ing DWR, public interest groups, and agricultural and urban water purveyors provided
many expert witnesses to testify on a variety of issues pertaining to the reasonable and
beneficial uses of the estuary’s water. This phase took place over six months, and
generated volumes of transcripts and exhibits.

The SWRCB released a draft Water Quality Control Plan for Salinity and Pollutant
Policy Document in November 1988. However, the draft water quality control plan, a
significant departure from the 1978 plan. generated considerable controversy through-
out the State. The Pollutant Policy Document was subsequently adopted in June 1990.

In January 1989, the SWRCB decided to significantly amend the draft plan and
redesign the hearing process. The water quality phase was to continue. an additional
scoping phase would follow, and issues related to flow were to be addressed in the final
water rights phase. Concurrently, DWR and other agencies offered to hold a series of
workshops to address the technical concerns raised by the draft plan. These workshops
were open to the public and benefited all parties involved by facilitating a thorough
discussion of technical issues. After many workshops and revisions to the water quality
control plan, the SWRCB adopted a final plan in May 1991. The federal EPA rejected this
plan in September 1991.

With the adoption of the Water Quality Control Plan, the SWRCB began the EIR
scoping phase and held several workshops during 1991 to receive testimony regarding
planning activities, facilities development, negotiated settlements, and flow objectives.
The goal was to adopt an EIR and a water right decision by the end of 1992.

In response to the Governor's April 1992 water policy statement, SWRCB decided
toproceed with a process to establish interim Bay-Delta standards to provide immediate
protection for fish and wildlife. Water right hearings were conducted from July through
August 1992, and draft interim standards (proposed Water Right Decision 1630) were
released for public review in December 1992. Concurrently, under the broad authority
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of the Endangered Species Act, the federal regulatory process was proceeding toward
development of Delta standards and upstream measures applicable tothe CVPand SWP
for|the protection of the threatened winter-run chinook salmon. In February 1993, the
National Marine Fisheries Service issued a long-term biological opinion governing op-
ergtions of the CVP and SWP with Delta environmental regulations that in certain
mgnths were more restrictive than SWRCB's proposed measures. On March 1, 1993,
the U.S. Fish and Wildlife Service officially listed the Delta smelt as a threatened species
angl shortly thereafter indicated that further restrictions of CVP and SWP operations
would be required.

In April 1993, the Governor asked the SWRCB to withdraw its proposed Decision
1630 and instead, to focus efforts on establishing permanent standards for protection
of the Delta since recent federal actions had effectively pre-empted State interim stan-
dards and provided interim protection for the Bay-Delta environment. On December 15,
1993, EPA announced its proposed standards for the estuary in place of SWRCB water
quality standards EPA had rejected in 1991; USFWS proposed to list the Sacramento
splittail as a threatened species; and NMFS announced its decision to change the status
of winter-run salmon from threatened to endangered.

In April 1994, the SWRCB began a series of workshops to review Delta protection
standards adopted in its 1991 Water Quality Control Plan for Salinity and to examine
proposed federal EPA standards issued in December 1993. These processes seek to
inviolve both SWRCB and EPA and are intended to establish a mutually acceptable draft
CB Delta regulatory plan scheduled for release in December 1994. The plan will be
developed in accordance with the Triennial Review requirements of the Clean Water Act.

The California Water Policy Council, created to coordinate activities related to the
Stdte’s long-term water policy, and the Federal Ecosystem Directorate (sometimes
referred to as “Club Fed”), comprising representatives from the EPA, NMFS, USFWS,
and the USBR, have developed and signed a framework agreement for the Bay-Delta
Estuary. Theagreement providesforimproved coordination and communicationamong
State and federal agencies with resource management responsibilities in the estuary.
It covers the water quality standards setting process; coordinates water supply project
operations with requirements of water quality standards, endangered species laws, and
the Central Valley Project Improvement Act; and provides for cooperation in planning
andl developing long-term solutions to the problems affecting the estuary’s major public
values.

Coordination of State—federal resource management and long-range planning in
the Bay-Delta Estuary is necessary to promote regulatory consistency and stability and
to address the estuary’s environmental problems in a manner that minimizes the costs
to the State in water for urban and agricultural uses and in dollars.

Fish Protection Agreement

To mitigate fish losses at Delta export facilities, both the SWP and the CVP have
entered into agreements with DFG. The SWP’s Harvey O. Banks Delta Pumping Plant
lies at the head of the California Aqueduct near the City of Tracy. When the plant was
inifially constructed, seven of the eleven pumping units planned were installed. The
rerhaining four units were only recently installed to provide more operational flexibility.

During the environmental review process for installation of the remaining four
pumps, DFG and DWR began negotiating an agreement for the preservation of fish
potentially affected by the operation of the pumps. A unique aspect in the development
of this agreement was the assistance provided by an advisory group made up of repre-
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sentatives from United Anglers, the Pacific Coast Federation of Fishermen's
Associations, the Planning and Conservation League, and the State Water Contractors.

The Fish Protection Agreement was signed by the directors of the two departments
in December 1986 and identifies the steps needed to offset adverse fishery impacts of
the Banks Pumping Plant. It sets up a procedure to calculate direct fishery losses
annually and requires DWR to pay for mitigation projects that would offset the losses.
Losses of striped bass, chinook salmon, and steelhead are to be mitigated first. Mitiga-
tion of other species is to follow as impacts are identified and appropriate mitigation
measures found. In recognition of the fact that direct losses today would probably be
greater if fish populations had not been depleted by past operations, DWR also provided
$15 million to initiate a program to increase the probability of quickly demonstrated
results.

Suisun Marsh Preservation Agreement

Decision 1485 ordered USBR and DWR to develop a plan to protect the Suisun
Marsh. The Suisun Marsh consists of a 55,000-acre managed wetland area in southern
Solano County, just beyond the confluence of the Sacramento and San Joaquin rivers.
One of the largest contiguous brackish water marshes in the United States, the Suisun
Marsh is a unique and irreplaceable resource for migratory waterfowl. During the fall
and winter, waterfowl traveling along the Pacific Flyway depend on the marsh as a
feeding and resting area. An adequate supply of water is essential to maintain the health
of the marsh. Upstream water diversions have reduced the Delta outflows that maintain
the water quality required by the marsh ecosystem.

The Suisun Marsh Preservation and Restoration Act of 1979 authorized the
Secretary of the Interior to enter into a Suisun Marsh cooperative agreement with the
State of California to protect the marsh, and specified the federal share of costs for
facilities. The plan was subsequently developed by DWR and other interested parties,
and the initial facilities were completed in 1981. A salinity control structure on
Montezuma Slough, consisting of radial gates and a boat lock, was completed in 1989.
Negotiations among the Suisun Resource Conservation District, DFG, DWR, and USBR
resulted in an agreement that would moderate the adverse effects of the SWP, CVP, and
other upstream diversions on the water quality in the marsh. The agreement, along with
amonitoring agreement and amitigation agreement. approved inMarch 1987, describes
proposed facilities to be constructed, a construction schedule, cost-sharing responsibi-
lities of the State and federal governments, water quality standards, soil salinity, water
quality monitoring, and purchase of land to mitigate the impacts of the Suisun Marsh
facilities themselves.

A significant feature of the agreement is the schedule and sequence of construc-
tion for the facilities of the Plan of Protection which provides for test periods during
which the effectiveness of the constructed facilities is to be evaluated. Assessments will
then be made to determine whether additional facilities will be needed to meet the water
quality standards of the agreement.

Surface Water Management
The following sections are brief descriptions of major statutes affecting surface

water management in California.
Regional Water Projects

The statutes authorizing the major regional water projects in California are listed
in Appendix A and include: the Hetch Hetchy Project, which supplies Tuolumne River
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water to the City and County of San Francisco and other Bay Area cities; the Colorado
Riyer Aqueduct, which supplies water from the Colorado River to serve several major
urban areas in Southern California; the Los Angeles Aqueduct, which delivers water
from the Owens Valley to the City of Los Angeles; and the Mokelumne River Aqueduct
operated by the East Bay Municipal Utility District, which transports Sierra Nevada
wdter from Pardee Reservoirtoeastern San Francisco Bay cities. These projectsaremore
fuﬂly described in Chapter 3, Surface Water Supplies.

Besides the major regional projects, there are over 40 different statutes under
which local agencies may be organized and have, among their powers, the authority to
distribute water. In addition, there are a number of special act districts, such as the
Megtropolitan Water District of Southern California. DWR Bulletin 155-94, General
Comparison of Water District Acts (March 1989), presents a comparison of various water
district acts in California.

=

Central Valley Project Improvement Act of 1992

On October 30, 1992, the President signed PL 102-575 into law, Title XXXIV of
which is the Central Valley Project Improvement Act. The act is the first major piece of
legislation to deal with the Central Valley Project since the Reclamation Reform Act of
1982, which made major reforms to acreage limitations and subsidies. The act makes
significant changes to the management of this federal reclamation project, and creates
a complex set of new programs and requiremerts applicable to the project. The USBR
angd the U.S. Fish and Wildlife Service, as directed by the Secretary of the Interior, are
beginning to put into place the interim guidelines and procedures necessary to imple-
ment the act's provisions; however, it will take a number of years to complete all of the
specified actions called for in the legislation.

The act covers five primary areas: limitations on new and renewed CVP contracts,
waLer conservation and other water management actions, water transfers, fish and
wildlife restoration actions, and establishment of an environmental restoration fund.
With a few exceptions, new contracts for CVP water are prohibited until several require-
ments have been met, including completion of a programmatic Environmental Impact
Statement analyzing direct and indirect impacts and benefits of implementing the act,
including fish, wildlife, and habitat restoration and the potential renewal of the existing
CVh—’ water contracts.

Renewals of existing water service contracts are limited to a term of 25 years, and
contracts can only be renewed on an interim basis until environmental documentation
required by theactis completed. Specified water conservation provisions are tobe added
to the renewed, amended, and new water service contracts. Project water can now be
transferred outside of the CVP service area on a willing seller/willing buyer basis,
subject to approval of the transfer by the Secretary of the Interior and a number of other
limiting conditions, some of which are discussed below in the Water Transfers section.

Implementation of environmental restoration measures is a major goal of the act,
which specifically reauthorizes the CVP to establish fish and wildlife mitigation, protec-
tion, and restoration on a par with domestic and irrigation uses of water, and
additionally places fish and wildlife enhancement on a par with hydropower generation.
The act requires that 800,000 af annually of project yield be dedicated to general fish
and wildlife, and habitat, purposes. It establishes a goal of doubling the natural produc-
tion of anadromous fish in Central Valley rivers and streams (except for part of the San
Jogquin River, which is treated separately) by 2002. The act further requires dedication
of gdditional water for Trinity River instream flows, and for wetlands habitat areas in
the| Sacramento and San Joaquin valleys. The Secretary of the Interior is directed to
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undertake a number of physical measures to restore the fishery and habitat, such as
construction of a temperature control device at Shasta Dam, and establishment of fish
screening programs. The act requires that the Secretary enter into a cost-sharing
agreement with the State of California for some of these mandated restorationmeasures.
However, California’s continuing budget difficulties make cost sharing problematic at
this time. Funding for the restoration measures also comes from increased payments
by CVP water and power users, from the federal treasury, and from a fee of $25 per
acre—foot levied on water transferred to non-CVP municipal and industrial water users.

Transfer of the CVP

As early as 1952, in a report titled Feasibility of State Ownership and Operation
of the Central Valley Project of California, the State recognized that State ownership of
the CVP would be in its best interests. Transfer of the CVP to the State of California is
one of the elements of the Governor’s Long-Term Water Policy Framework for California.
The policy recognizes that transfer of the CVP to California will optimize operational
flexibility of the CVP and the SWP, and it could assure that California, rather than the
federal government, has the authority for planning and allocating the State's water
resources.

In March 1992, California’s Governor and the federal Secretary of the Interior
designated representatives to negotiate the transfer of control of the CVP to the State.
Any such transfer will require: (1) authorizing legislation from Congress, (2) compliance
with NEPA, CEQA, and other applicable State and federal laws, and (3) negotiation of
detailed terms and conditions for the transfer. On December 14, 1992, the Governor and
the Secretary of the Interior signed a Memorandum of Agreement outlining the process
necessary to comply with NEPA and CEQA and for developing detailed terms and
conditions. In 1993, the negotiations were stopped as other events affecting the CVP
eclipsed this process.

Trends in Water Resource Management

Factors having major influence on water management and policy over the past six
years have been the 1987-1992 drought, expanding water needs due to growth and
increasing recognition of the need for instream water uses, endangered species consid-
erations, and theincreasing difficulty of developing newwater supplies, dueinlarge part
to environmental restrictions. In response to these problems, water managers are
paying added attention to using water transfers and emphasizing water conservation.
More attention is also being given to solving water management problems on a regional
basis.

Water Transfers

Many water resource managers view water transfers, with appropriate safeguards
against adverse environmental and third-party impacts, as an important tool for solving
some of California’s water supply and allocation problems. In fact, water transfers have
occurred in California since Gold Rush days. There are generally fewer environmental
impacts associated with transfers than with construction of conventional projects, and
althoughdifficult to implement, transfers can be implemented more quickly and usually
at less cost than construction of additional facilities.

Under existing law, holders of both pre~1914 and appropriative water rights can
transfer water. Holders of pre-1914 appropriative rights may transfer water without
seeking approval of SWRCB, provided no other legal user of water is injured. Holders
of appropriative rights may transfer water, but SWRCB must approve any transfer
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requiiring a change in terms and conditions of the water right permit or license, such as
place of use, purpose of use, or point of diversion. Short-term (one year or less) tempo-

‘kentrql Valley Project Improvement Act of 1992, 1993 CVP Operations

j The 1993-94 water yearis the first year of dedicated water use for fish and wildlife
| under the CVPIA (Title 34 of Public Law 102-575). Operations for 1993 dedicated
| 800,000 acre~feet, of which up t0 400,000 Is for the benefit of the Delta smelt. The 1993
i prescribed measures include the following:

{

; Sacramento and American River Basins
1

5 [ At least an 8,000-cublc-foot-persecond pulse flow from Keswick Dam for a

: five—~day period In late Aprll to assist downstream migration of juvenile fall-run
chinook and help provide the pulse flow needed in the Delta for Delta smelt and
striped bass.

0 At lecst 4.000-cfs releases from Keswick Dam to the Sacramento River from

| October throughMarch, and at least 1,750 cfs from Nimbus Dam to the
American River from October through February. These are fo sliminate flow
fluctuations for the spawning, incubation, and rearing of fall-run and late
fall-run chinook saimon and steslhead trout,

i[] Close the Delta Cross Channel gates during May to reduce enfrainment of
downstream migrating fall-run chinook salmon, striped bass eggs and larvae,
and other Delta species.

Stanislaus and San Joaquin River Basins

.d Two pulse flows from New Melones Reservolr of at least 1,500 cfs: (1) from April 24
o May 16 primarily to help move fall-run chinook salmon smolts downstream and
past the Delta pumps, secondarily to benefit Delta smelf; and (2) from May 20to
June 2 primarily to-aid Delta smelt, secondarily to benefit striped bass and fall-run
chinook salmon,

[d Apulse flow of 1,000 to 2,000 cfs below New Melones Reservolr for a 7-to 14-day
period in fall 1993 to attract upstream migrating fall-run chinook salimon.

{0 Abaseflowrelease of atleast 300 cfsfrom New Melones Reservolr o the Stanisiaus
| River from October through March to improve spawning and rearing conditions
| for fall-run chinook salmon.

{1 A carryover of 100,000 to 115,000 acre-feet in New Melones Reservoir beyond
; spring of 1994 for improved water femperatures and as a contingency against
drought.

The Delta

‘ 4 Noreverse flow In the western Delta in May and June, maximum reverse flow of
1.000cfsin July, and maximum reverse flow of 2,000 cfs In August, December, and
January, specifically o benefit Delta smelt.

[ A springtime pulse flow of about 4,500 cfs on the San Joaquin River side of the
* Delta. (Stanislaus River pulses and releases from other fributaries described above
should provide this flow.)

[ Apulse flow of at least 18,000 cfs from about Aprl 20 o May 4 in the Sacramento

1 River side of the Delfa at Freeport. (The Keswick Dam pulse described above
should confribute greatly to this.) From April 20 through May 30, the 14-day
running average flow at Freeport should be at least 13,000 cfs, with daily
minimums of at least 9,000 cfs.

O Base flows at Chipps Island between 14,000 and 7,700 cfs from May through July.

O Pumping reductions to 1,500 cfs (federal and State combined) from April 26 to
May 16 (during the San Joaqguin River pulse flows). Increased pumping to 4,000 cfs
for the remainder of May. and 5,000 cfs for the month of June.

The prescribed Delta measures will benefit outrigrating salmonids,
striped bass, and Delta smelt. as well as other migratory and resident estua-
| rine species. :
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rary transfers of water are exempt from compliance with CEQA, provided SWRCB
approval is obtained. SWRCB must find no injury to any other legal users of the water
and no unreasonable effect on fish, wildlife, or other instream beneficial uses. CEQA
compliance is required for long-term transfers. (See Table 2-1 for further details.)
Because of complex environmental problems in the Delta, SWRCB has announced it will
not approve long-term transfers that increase Delta pumping until completion of an
environmental evaluation of the cumulative impacts. In addition, permits from fish and
wildlife agencies may be required if a proposed transfer will affect threatened or endan-
gered species.

Water held pursuant to riparian rights is not transferable from place to place,
although downstream appropriators may contract with riparians to leave water in a
stream for potential downstream diversion. Water rights along an adjudicated stream
that prior to the adjudication would have been considered riparian may be transferred
subject to the terms of the court decree. Similarly, contractual water rights based upon
an exchange for riparian rights may be transferable subject to the terms of the exchange
contract. Transfers of ground water, and ground water substitution arrangements
whereby ground water is pumped as a substitute for transferred surface water, may be,
in some cases, subject to statutory restrictions designed to protect ground water basins
against long-term overdraft and to preserve local control of ground water management.
Under Water Code Section 1707, SWRCB can authorize conversion of any existing water
right into an “instream appropriation” to benefit fish, wildlife, or other instream benefi-
cial use. The potential of this new code section is just beginning to be explored. If the

Table 2-1. California Water Code Requirements for Water Transfers
Transfer Type Water Code Requirements Environmental =~ Comments
Section Actions
Temporary Urgency 1435 1. Urgent need Normal CEQA 1. Petition must be filed with SWRCB
Change {one year 2. No injury fo vested rights process 2. Change good for up to 180 days
or less) 3. No unreasonable effect 3. Can be renewed
on fish and wildlife 4. Board notice and action

4. Use in public interest

5. Show diligence in
seeking the permit or
long-term change

Temporary Change 1725-1732 1. If applicable, petitioner must Exempt from 1. Permittee notifies SWRCB of
for Transfer {one have been diligent in petition- ~ CEQA proposed change
year or less) ing for a permanent change 2. SWRCB must make findings
2. Involves only water consump- 3. Hearing may be required
tively used or stored 4. Effective 5 days after SWRCB
3. No injury fo vested rights approval
4. No unreasonable effect on fish 5. Good for 1 year or less
or wildlife
Long-term Transfer 1735 1. No injury fo vested rights Normal CEQA 1. Petition must be filed with SWRCB
(more than one year} 2. No unreasonable effect on process 2. SWRCB provides nofice and
fish or wildlife opportunity for hearing
3. Goced for any period in excess of
1 year
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parties to a transfer intend to use facilities belonging to the SWP, CVP, or other entity
for transporting the water, permission must be sought from the owner of the facility.

Water obtained pursuant to a water supply contract is also potentially transfer-
able.However, most water supply contracts require the consent of the entity delivering
the water. Almost all types of water rights can also be transferred in California, but
typical transfers are structured so that water is transferred, while the original holder
retains the water right. Several statutes provide that transfers of water do not impair or
causg forfeiture of water rights.

As a result of conditions in California during the 1987-92 drought, transfers of
water between suppliers or users who could temporarily reduce their usage toareas with
water shortages have become more prevalent. Some of these transfers have been within
the context of a State Drought Water Bank first created by Governor Wilson in 1991 and
administered by DWR. The water bank was designed to move water from areas of
greatest availability to areas of greatest need. There were three sources of water for the
1991 State Drought Water Bank: temporary surplus inreservoirs, surface supplies freed
up by the use of ground water, and surface supplies freed up by fallowing agricultural
lands. The 1992 State Drought Water Bank did not purchase surface supplies freed by
fallowing of agricultural lands. Transfers of water outside the State-sponsored Water
Bank have also become more prevalent, and many of these transfers involve DWR
because they require conveyance of the transferred water through SWP facilities.

In 1991, temporary changes to the law designed to facilitate the State Drought
Water Bank were enacted. These changes were made permanent in 1992. The law now
authorizes water suppliers (local public agencies and private water companies) to con-
tractwith water users to reduce or eliminate water use for a specified period of time, and
to transfer the water to a State Drought Water Bank or other water suppliers and users.
It also provides that water proposed for transfer need not be surplus to requirements
within the supplier’s service area and specifies that use for a transfer is a beneficial use.
Substitution of ground water from an overdrafted ground water basin for transferred
surfice water is prohibited unless the water was previously recharged to the basin as
part of a ground water banking program. The amount of water made available by land

Water Transfer Criteria

In his water policy statement of April 6, 1992, the Governor stated that the following
five criteria must be met in developing a fair and effective water transfer policy.

Q Watertransfers must be voluntary, and they must result in transfers
that are real, not paper water. Above all, water rights of sellers
must not be Impaired.

Water fransfers must not harm fish and wildiife resources or their
habitats.

There needs to be assurances that transfers will not cause
overdraft or degradation of ground water basins.

Entities recelving fransferred water should be required to show
that they are making efficlent use of existing water supplies,
Including carrying out urban Best Management Practices or
agricultural Efficient Water Management Practices.

Q Waterdistricts and agencies that hold waterrights or contractsto
transferred water should have a strong role in deciding how
transfers are carried out. Impacts on the fiscal integrity of the
districts and on the economies of small agricultural communities
must be considered.

The Institutional Framework

4




Bulletin 160-93

The California Water Plan Update

fallowing is limited to 20 percent of the amount applied or stored by the water supplier
unless the supplier approves a larger amount at a hearing.

Although these changes do much to facilitate water transfers by water suppliers,
they do not address the issue of “user-initiated transfers” where the water user is not
the holder of the water right, but has a contractual entitlement to water from the water
supplier. There is much interest in developing legislation acceptable to suppliers, users,
and potential buyers, whereby users can initiate transfers subject to reasonable terms
and conditions imposed by suppliers to protect their legitimate interests and those of
other water users.

The Central Valley Project Improvement Act of 1992 also contains provisions
intended to increase the use of water transfers by providing that all individuals and
districts receiving CVP water (including that under water right settlement and ex-
change contracts) may transfer it to any other entity for any project or purpose
recognized as a beneficial use under State law. The Secretary of the Interior must
approve all transfers. The affected district must approve any transfer involving over 20
percent of the CVP water subject to long-term contract with the district. Section 3405
(a) (1) also sets forth a number of conditions on the transfers, including conditions
designed to protect the CVP's ability to deliver contractually obligated water or meet
fish and wildlife obligations because of limitations in conveyance or pumping capacity.
The conditions also require transfers to be consistent with State law, including CEQA.
Transfers are deemed to be a beneficial use by the transferor, and are only permitted
if they will have no significant long-term adverse impact on ground water conditions
within the transferor district, and will have no unreasonable impact on the water
supply, operations, or financial conditions of the district.

Water Use Efficiency

Article X, Section 2 of the California Constitution prohibits the waste, unreason-
able use, unreasonable method of use, or unreasonable method of diversion of water.
It also declares that the conservation and use of water “shall be exercised with a view
to the reasonable and beneficial use thereof in the public interest and for the public
welfare.” Although provisions and requirements of the Constitution are self executing,
the Constitution states that the Legislature may enact statutes in furtherance of its
policy. Water Code Section 275 directs the Department of Water Resources and the State
Water Resources Control Board to “take all appropriate proceedings or actions before
executive, legislative, or judicial agencies to prevent waste or unreasonable use of
water."SWRCB's Water Right Decision 1600, directing the Imperial Irrigation District to
adopt a water conservation plan, is an example of an action brought under Article X,
Section 2. The board’s authority to order preparation of such a plan was upheld in 1990
by the courts in Imperial Irrigation District v. State Water Resources Control Board.

Urban Water Management Planning Act. Since 1985, this act has required
urban water suppliers serving more than 3,000 customers or more than 3,000 acre-feet
per year to prepare and modify urban water conservation plans. The act authorizes the
supplier to implement the water conservation program. The plans must contain a
number of specified elements, including: estimates of water use; identification of exist-
ing conservation measures; identification of alternative conservation measures; a
schedule of implementation of actions proposed by the plan; and, identification of the
frequency and magnitude of water shortages. In 1991, the act was amended inresponse
to the drought to require water suppliers to estimate water supplies available at the end
of one, two, and three years, and to develop contingency plans for severe shortages.
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Water Conservation in LandscapingAct. The Water Conservation in Landscap-
ing Act required DWR, with the assistance of an advisory task force, to adopt a model
water efficient landscape ordinance. The model ordinance was adopted in August 1992,
and has been codified in Title 23 of the California Code of Regulations. It establishes
methods of conserving water through water budgeting plans, plant use, efficient irriga-
tion,|auditing, and other methods.

Cities and counties were required to review the model ordinance and adopt awater
efficient landscape ordinance by January 1, 1993, if they had not done so already.
Alternatively, cities and counties could make a finding that such an ordinance is
unnecessary due to climatic, geological, or topographic conditions, or water availability.
If a cjty or county failed to adopt a water efficient landscape ordinance or make findings
by January 31, 1993, the model ordinance became effective in that jurisdiction.

Agricultural Water Management Planning Act. Under this act, agricultural
water suppliers supplying greater than 50,000 af of water were required to submit a
report to DWR indicating whether there exists a significant opportunity to conserve
water or reduce the quantity of highly saline or toxic drainage water through improved
irrigation water management. The act provided that agricultural water suppliers, who
indic¢ated that they had an opportunity to conserve water or reduce the quantity of highly
saline or toxic water, were to prepare a water management plan and submit it to DWR
no later than December 31, 1991. The act provides that the contents of the water
management plans include a discussion of the water conservation practices currently
used and a determination of whether, through improved management practices, an
opportunity exists for additional water conservation. DWR was required to review the
plans and submit a report to the Legislature by January 1993. Currently, almost 60
information reports and plans have been submitted to DWR.

Agricultural Water Suppliers Efficient Management Practices Act. The Agri-
cultyiral Water Suppliers Efficient Management Practices Act, adopted in 1990, requires
that DWRestablish an advisory task force toreview efficient agricultural water manage-
ment practices. DWR is required under the act to offer assistance to agricultural water
sup;lfliers seeking to improve the efficiency of water practices. Members of the Commit-
tee have been selected and are working on methods to promote efficient practices. At
the request of the Governor, the committee is working on a Memorandum of Under-
standing to implement the practices. A subcommittee is meeting on a monthly basis to
complete this task. The proposed EWMPs are listed in Chapter 7.

Agricultural Water Conservation and Management Act of 1992. This act
gives any public agency that supplies water for agricultural use, authority to institute
water conservation orefficient management programs. The programs canincludeirriga-
tion|management services, providing information about crop water use, providing
irrigation consulting services, improving the supplier’s delivery system, providing tech-
nicall and financial assistance to farmers, encouraging conservation through pricing of
water, and monitoring.

Urban Best Management Practices MOU. The Urban BMPs are being imple-
mented under the auspices of the California Urban Water Conservation Council. This
council consists of about 150 water agencies, environmental organizations, and other
interested parties. The council is responsible for quantifying BMPs, reviewing exemp-
tions requested by water agencies from certain BMPs, and evaluating potential BMPs.
The BMPs and potential BMPs are discussed in Chapter 6, under Urban Water Conserva-
tion|
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Water Recycling Act of 1991. This act makes legislative findings regarding the
environmental benefits and public safety of using recycled water as a reliable and
cost—effective method of helping to meet California’s water supply nceds. It sets a
statewide goal to recycle 700,000 AF per year by the year 2000 and 1,000,000 AF by
2010.

Management Programs

Management programs are increasingly being used as an approach to solving
complex sets of regional water management problems. Three management programs
that have had some success in dealing with regional issues are discussed below. Both
the Sacramento River Fishery and Riparian Habitat Restoration Plan and the Manage-
ment Plan for Agricultural Subsurface Drainage and Related Problems on the Westside
San Joaquin Valley (San Joaquin Valley Drainage Program) have been completed and
are currently being used in making decisions affecting those resources. As discussed
below, the San Joaquin drainage program addresses significant agricultural drainage
issues, and elements of the plan are being implemented under both the 1992 CVPreform
legislation and state legislation, particularly in the areas of water marketing and trans-
fers, land fallowing, and conservation efforts. The San Joaquin River Management
Program is still in the process of developing a management plan as of the writing of this
Bulletin, and it appears a similar approach may be used by the Bay-Delta Oversight
Council appointed by the Governor to “fix the Delta” in accordance with his April 1992
Water Policy.

Sacramento River Fishery and Riparian Habitat Restoration. In 1986, State
legislation was enacted calling for a management plan to protect, restore, and enhance
the fish and riparian habitat and associated wildlife of the Upper Sacramento River. The
plan was prepared by an advisory council working closely with an action team, both
composed of people representing a wide range of federal, State, and local agencies and
private interests concerned with promoting the renewed health of the upper Sacramento
River system. It was prepared with a spirit of cooperation and consensus and was
published in January 1989. In September 1989, Senate Concurrent Resolution No. 62
declared that it is the policy of the State to implement the actions recommended in the
Upper Sacramento River Fisheries and Riparian Habitat Management Plan. The plan
recommends 20 fishery improvement items, several of which are contained in the CVP
Improvement Act. Some items such as gravel restoration and Mill and Clear Creeks’
restoration are receiving attention from various agencies.

San Joaquin Valley Drainage Program. The San Joaquin Valley Drainage
Program was a federal and State interagency program established in August 1984 by
the Secretary of the Interior and the Governor of California to study agricultural drain-
age problems in the San Joaquin Valley. The study was, in large part, a response to
drainage problems that came to a head with the discovery of deformities and deaths of
aquatic birds at Kesterson National Wildlife Refuge in 1983 that were determined to be
caused by selenium poisoning.

The SanJoaquin Valley has had along history ofinadequate drainage disposal and
accumulation of salts on agricultural land. With importation of water for agricultural
irrigation by the CVP and SWP, the problems were exacerbated. The original CVP and
SWP plans called for the construction of the San Luis drain, with an outfall in the
western Delta, as a joint federal and State facility. The State declined to participate, but
the USBR eventually built the initial portion of the drain, about 120 miles of collector
drains, and the first phase of a reservoir (Kesterson) designed to temporarily retain
drainage water.
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The drain never reached the proposed outlet into the Delta because in the
mid-1970s questions about the potential effects of untreated agricultural drainage
water on the quality of water in the Delta and San Francisco Bay were raised. Around
that time it was decided that Kesterson should be used to store and evaporate drainage
water until the outlet to the Delta could be built. Once the deformities and deaths of
aquptic birds were discovered, however, use of Kesterson was halted and the reservoir
was eventually closed in 1988.

In September 1990, the San Joaquin Valley Drainage Program published its final
report, A Management Plan for Agricultural Subsurface Drainage and Related Problems
on the Westside San Joaquin Valley. The recommended plan was regional and provided
a framework designed to permit the present level of agricultural development in the San
Joaguin Valley to continue for a few years while protecting fish and wildlife and helping
to restore their habitat to levels existing before direct impact by contaminated drainage
water.

The major components of the plan included: (1) control of the source of contami-
nated water by reducing application of irrigation water; (2) reuse of drainage water on
progressively more salt-tolerant plants; (3) use of an evaporation system with safe-
guards for wildlife; (4) retirement of land with shallow ground water, elevated selenium,
and soils that are difficult to drain; (5) management of ground water by pumping water
suitable for irrigation or wildlife habitat from deep within the aquifer in order to lower
surface water tables; (6) limited discharges to the San Joaquin River that meet water
quality objectives; (7) protection, restoration, and provision of substitute water supplies
for fish and wildlife habitat and fresh water supplies for wetlands habitat; and (8)
institutional changes such as tiered pricing, water marketing and transfers, improved

. delivery scheduling, and formation of regional drainage management organizations.

To facilitate carrying out the plan component involving land retirement, the
Legjslature in 1992 enacted the San Joaquin Valley Drainage Relief Act, which permits
DWR to acquire land and manage it (or enter into agreements to have the land managed
by DFG or nonprofit organizations) as upland habitat, wetlands, or riparian habitat. In
order tomake the program self-supporting, water conserved as aresult of theretirement
of land would be sold and the proceeds used to purchase and retire additional lands.

The act requires DWR to maximize the water available for environmental needs
and permits local agencies to use up to one-third of the water conserved and not sold
for environmental purposes. The act recognizes that taking land out of production may
impact local economies and directs DWR to consider these effects in purchasing land.
It also directs DWR to coordinate with both the USBR, which provides much of the water
tothese areas, and local water agencies. Finally, the act expresses legislative intent that
water distributed under the program be deemed contributions to a water resources
mitigation bank, if such a bank is established.

The Central Valley Project Improvement Act also contains provisions relating to
the|San Joaquin Valley Drainage Program’s plan. Section 3405 (e) establishes an office
chdrged with developing criteria for and evaluating the adequacy of CVP contractors’
water conservation plans. The office is required to give recognition to the final report of
the| San Joaquin Valley Drainage Program, among other things, in developing the
criteria. Section 3406(b)(3) requires the Secretary of the Interior toimplement a program
to develop supplemental environmental water in conformance with the plan to double
anadromous fisheries and the waterfowl habitat measures. “[Tlemporary and perma-
nent land fallowing, including purchase, lease, and option of water, water rights and
associated agricultural land” are specifically mentioned as methods of developing the
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additional environmental water. Section 3408(h) specifically authorizes the Secretary of
the Interior to purchase land to retire from irrigation if it would assist in water conserva-
tion or improve agricultural drainage or waste water problems. Once again the San
Joaquin Valley Drainage Program report was specifically referred to. Finally, Section
3408(j) requires the USBR to develop a plan to replace water supplies for those used for
fish and wildlife purposes within 15 years through a variety of means, including the
purchase and idling of agricultural land.

San Joaquin River Management Program. In 1990, California legislation
created a program “. . .to provide for the orderly development and management of water
resources of the San Joaquin River system to accomplish compatible improvements of

" the system for flood protection, water supply, water quality, and recreation, and for the

protection, restoration and enhancement of fish and wildlife.” It created an Advisory
Council and Action Team with members representing a wide range of State and local
governmental, private, environmental, and other interests. The members meet on a
regular basis. Their meetings formally began in November 1990 and are open to the
public. Their objectives are to identify and describe issues and problems, establish a
series of priority actions, identify proposed funding sources, and facilitate coordinated
actions in the area. They are required to submit an annual report to the Legislature.

interstate Water Resource Management
Colorado River

The Colorado River provides a primary source of supply for the South Coast and
Colorado River regions. In addition to California, the states of Arizona, Nevada, Wyo-
ming, Colorado, New Mexico, and Utah, and the Republic of Mexico, all use water from
the Colorado River. In 1922, the seven states entered into an interstate compact which
includes a provision for the equitable division and apportionment of the use of the waters
of the Colorado River system. The Boulder Canyon Project Act of 1928 provided, among
other things, for the construction of works to protect and develop the Colorado River
Basin by the Department of Interior.

In the California Limitation Act of 1929, the State Legislature limited California's
use of Colorado River water in response to requirements of the Boulder Canyon Project
Act. Priorities within California were listed in a Seven Party Agreement of 1931. The
United States-Mexico water treaty, signed in 1944, obligates the U.S. to deliver 1.5 maf
per year to Mexico (up to 1.7 maf in surplus years). The U.S. Supreme Court Decree in
Arizonav. California, 1964, established several additional dimensions to the apportion-
ment of Colorado River water, including apportionments to the lower basin
states—Arizona, Nevada, and California. In 1968, the Colorado River Basin Project Act
authorized the Central Arizona Project and specified how water would be allocated to
the lower basin states in years of insufficient runoff in the main stream (river) to satisfy
the specified consumptive use of 7.5 maf. The act provided that California allocations
of 4.4 maf have priority over allocations to the Central Arizona Project.

The Colorado River Board of California is the state agency with statutory responsi-
bility to represent and protect the interests of California, its agencies, and its citizens
concerning the water and power resources of the Colorado River system.

Truckee-Carson-Pyramid Lake Water Righis Settflement Act of 1991

Throughout the 1950s and. 1960s interstate disputes over the waters of Lake
Tahoe and the Truckee, Carson, and Walker rivers led the states of California and
Nevada to negotiate an interstate compact equitably apportioning these waters. The
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Catl‘igornia—Nevada Interstate Compact was adopted by the two states in 1968 and
ratified by their legislatures. Efforts of the two states to have the California-Nevada
Interstate Compact approved by Congress were unsuccessful. Although numerous
consent bills were introduced in Congress from 1971 to 1986, consent was never
forthcoming. After 1986, the two states gave up trying to obtain congressional consent
to the Compact.

The states did not give up other Congressional action. Anewround of negotiations
amgngthestates, thefederal government, the Pyramid Lake Paiute Tribe of Indians, and
othér interested parties led to the federal Truckee-Carson-Pyramid Lake Water Rights
Settlement Act. Section 204 of this act specifies an apportionment of Lake Tahoe and
the Truckee and Carson rivers between California and Nevada. It is the first Congressio-
nal apportionment since the Boulder Canyon Project Act of 1928. The act also addresses
anuymber of other issues, including settlement of certain water supply disputes among
the Pyramid Lake Tribe and other users of the Truckee and Carson rivers. The act also
addresses a number of environmental issues, including recovery of Pyramid Lake fish
species listed under the federal Endangered Species Act and protection and restoration
of Lahontan Valley wetlands. Many of the act’s provisions, including the interstate
apportionment, willnot become effective until a number of conditions are met, including
dismissal of certain lawsuits and the negotiation of an operating agreement for the
Trugkee River between the United States, the two states, the Tribe, the Sierra-Pacific
Power Company, and other parties.

For further information on the history of the Truckee River water rights disputes,
and how they are addressed by the Settlement Act, see DWR's June 1991 Truckee River
Atlas, and the December 1991 Carson River Atlas.

Klamath Project

Interstate aspects of the shared upper Klamath River and Lost River basins are
addressed through the Klamath River Basin Compact. Negotiated by the states of
Oregon and California, approved by their respective Legislatures, and consented to by
the U.S. Congress in 1957, the compact is to (1) facilitate orderly development and use
of water, and (2) further cooperation between the states in the equitable sharing of water
resources. The compact is administered by the Klamath River Compact Commission,
which s chaired by afederal representative appointed by the President. The commission
provides a forum for communication between the various interests concerned with
watpr resources in the upper Klamath River Basin. Its recent activities have focused on
watger delivery reductions caused by the drought and operating restrictions to protect
two|species of endangered sucker fish. Other pressing issues are water supplies for
wildlife refuges and upper basin impacts on anadromous fisheries in the lower Klamath
River.

The Institutional Framework
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Silverwood Lake stores and regulates State Water Project supplies and
provides water-related recreation. Located on the west _fork of the Mojave
River in San Bernardino County, the reservoir stores up to 78,000 acre—feet
behind a 236-foot-high dam.
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Figure 3-6.
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Local and Imported Supplies

Local water projects were constructed and are operated by a wide variety of water
and irrigation districts, agencies, municipalities, companies, and even individuals. Ini-
tially, local projects consisted of direct stream diversions. When these proved
inadequate during the dry season, storage dams were built. As nearby sources were
fully developed, urban areas began to reach out to more distant sources. Local agen-
cies are finding it increasingly difficult to continue to undertake new water projects to
meet their needs because potential sites for additional water projects are either envi-
ronmentally sensitive, too costly to develop, or both. Rural areas, in particular, have
limited means of repaying loans for water projects. Opportunities for local conjunctive
use programs are limited because mountain and foothill ground water basins tend to
be limited. On average, local surface water supply projects meet about one-third of
California’s water needs.

The majority of local water supplies are in—area (within one region) diversion and
storage systems. Most local surface projects are relatively small, but some are large-
volume projects. Some examples of these projects are the Exchequer and Don Pedro
(bgth old and new) dams on the Merced and Tuolumne rivers. Another example is
Bullards Bar Dam on the Yuba River, built by Yuba County Water Agency. Some irriga-
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tion districts have taken advantage of upstream projects built primarily for
hydroelectric power production. These facilities also incidentally regulate stream flows,
create more usable water supplies during the dry summer months, and provide flood
control and recreational benefits.

Figure 3-9 shows regional water transfers at the 1990 level of development. Most
of these transfers are through the Delta, the hub of California’s surface water delivery
system. Until solutions to complex Delta problems are identified and put into place.
1990 level water transfers cannot be sustained in the future.

The first long-distance, inter-regional water transfer project in California was the
Los Angeles Aqueduct, completed by the City of Los Angeles in 1913. The aqueduct
stretches over 290 miles from the Owens Valley and had an original capacity of
330,000 af per year. A second section was added in 1970, which increased its potential

Possible Effects of Global Climate Change

Much concern has been expressed about possible future climate change
caused by burning fossil fuel and other modern human activities that increase car-
bon dioxide and other frace greenhouse gases In the atmosphere. World weather
records indicate an overall warming frend during the last century, with a surge of
warming priorto 1940 (which cannotbe attributed to greenhouse gases) and amore
recent rise during the 1980s. The extent fo which this latest rise is reatl or an artifact of
instrument location (heat island effect of growing cities) or a femporary anomaly Is
debated among climatologists. For now, most of the projections of future climate
change are derived from computer climate simulation studies. Not yet well-repre-
sented in the simulation models are cloud effects, which can have alarge influence
on the study results.

The studies generally indicate a global average temperature rise of about 2 to
5 degrees Celsius over the next century, or about 3°C as an average, for a doubled-
CO, atmosphere. Figures for regional changes are less dependable because of re-
gional weather influences.

Although studles assume a doubling of atmospheric carbon dioxide conient,
the same effect would be produced by some combination of increased CO, and
trace greenhouse gases, such as methane and chiorofiuorocarbons, which, in fotal,
produce the same effect as doubled CO,. Carbon dioxide in the aimosphere has
increased from an estimated 280 parts per million about 200 years ago toroughly 315
ppm in 1960 and about 355 ppm in 1993,

Although the climate models also show precipliation, there Is less confildence in
those results. The most Important hydrologic parameter affecting water resources is
regional precipitation, and model results are not considered reliable enough to use
for any decisions. Some researchers have examined scenarios with ranges of preci-
pitation, for example 10 percent drier or wetter, to obtaln insights into how sensitive
water systems are to these changes.

Sealevelrise is inferred largely from projected temperature increases and is less
certain, Causes would be thermal expansion as the ocean warms and melting of
permanentice fields and glaciers. Average projections of sea level rise call for about
1 foot by the middie of the next century, which would represent a strong increase
over the roughly 0.5-foot rise estimated for the past 100 years.

Reduced Mountain Snowpack and Shift in Runoff Patterns

For California, if global warming occurs, the most likely impact would be a shift
In runoff patterns, with less and earlier runoff from snowmelt and more winter runoff
from the higher mountain areas. This change in runoff directly relates to the temperao-
ture; the warmer temperatures would mean higher snow levels during winter storms,
more cool-season runoff, and less camyover into late spring and summer (assuming
precipitation remains the same).
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Figure 3-9. Regional Water Transfers at 1990 Level of Development
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The All-American Canal System was authorized under the Boulder Canyon Proj-
ect Act of December 21, 1928. It diverts Colorado River water to the Imperial and
Coachella valleys. Construction began in 1934, following construction of Hoover Dam
on the Colorado River. The first deliveries of irrigation water to Imperial Valley were in
1940. The Coachella Canal and distribution system was completed in 1954. The Impe-
rial Irrigation District assumed responsibility for operation and maintenance of the
All-American Canal in 1952. The Coachella Valley Water District is responsible for the
operation and maintenance of the Coachella Canal portion of the system. The system
has the capacity to divert over 3 maf annually from the Colorado River for use in the
Imperial and Coachella valleys.

The fifth major inter-regional conveyance project in California built by a local
agency is the Colorado River Aqueduct, which diverts Colorado River water from Lake
Havasu above Parker Dam to the South Coast Region. Constructed in the 1930s by the
Metropolitan Water District of Southern California, this aqueduct began operation in
1941. The Colorado River Aqueduct was sized for about 1.2 maf per year but has car-
ried as much as 1.3 maf during some of the recent drought years. (See the Colorado
River section in this chapter.)

The preceding local import systems are not the only ones in California, but they
account for over 95 percent of the local project water transferred among hydrologic
regions.

State Water Project

Planning for the multipurpose State Water Project began soon after World War II
when it became evident that local and federal water development could not keep pace
with the state’s rapidly growing population. Voters authorized construction of the
project in 1960 by ratifying the Burns—Porter Act. At that time, the plans recognized
that there would be a gradual increase in water demand and that some of the supply
facilities could be deferred until later. The SWP's major components include the
multipurpose Oroville Dam and Reservoir on the Feather River, the Edmund G.
Brown California Aqueduct, South Bay Aqueduct, North Bay Aqueduct, and a portion
of San Luis Reservoir. Delta water transfer facilities were part of the original plan, and
additional Sacramento and North Coast basin supply reservoirs were envisioned.
Contracts were signed for an eventual delivery of 4.23 maf. Service areas of the
present 29 contracting agencies are shown in Figure 3-10. Figure 3-12 depicts a
history of SWP water deliveries from 1962 to 1993. Generally, San Joaquin Valley use
of SWP supply has been near full contract amounts since about 1980 (except during
very wet years and during deficient-supply years), whereas Southern California use
has only built up to about 60 percent of full entitlement.

The initial features of the SWP begin with three small reservoirs in the upper
Feather River basin in Plumas County: Lake Davis, and Frenchman and Antelope
Lakes. Farther downstream in the foothills of the Sierra Nevada is the 3.5-maf Lake
Oroville, the second largest reservoir in California, where winter and spring flows of the
Feather River are stored (see Figure 3-11). The 444-mile California Aqueduct is the
state’s largest and longest water conveyance system, beginning in the southwest Delta
at Banks Pumping Plant and extending to Lake Perris south of Riverside. in Southern
California. Delta water is pumped southward and westward, with amounts exceeding
immediate needs temporarily stored in the 2.0-maf San Luis Reservoir (which is shared
with the CVP). Of the contracted amounts, about 2.5 maf of water is destined for south
of the Tehachapis, nearly 1.36 maf to the San Joaquin Valley, and the remaining 0.37
maf to the San Francisco Bay and Central Coast regions and the Feather River area. At
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Figure 3-10. State Water Project Service Areas
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Figure 3-11. Major State Water Project Facilities
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Million Acre-Feet
3.0

2.5

1985

Entitlement Water Surplus and Unscheduled

southern end of the San Joaquin Valley, pumps at the Edmonston Pumping Plant

lift water 1,926 feet, sending flows through the Tehachapi Mountains by tunnels and
into Southern California. Slightly over 1.5 maf was pumped at Edmonston Pumping
Plant in 1990.

The estimated seven-year average dry-period yield of the SWP with its current

facilities operating according to Water Right Decision 1485 requirements is about 2.4
maf| per year. Entitlement demand of SWP contractors for the year 2010 is an esti-
mated 4.1 maf. To augment project supply, additions to the SWP are proposed and

incl
Gra|

nde: Delta facilities: interim south Delta facilities: the Kern Water Bank; Los Banos
ndes; and possible conjunctive use of surface storage and ground water in the Sac-

ramento and San Joaquin valleys; and short- and long-term water purchases. These

proj

thei|

ects and programs are discussed in Chapter 11.

In the short-term, SWP contractors relying on the Delta for all or a portion of
supplies face great uncertainty in terms of water supply reliability due to the un-

certain outcome of a number of actions currently being undertaken to protect aquatic
speties in the Delta. Until solutions to complex Delta problems are identified and put
into| place, many will experience more frequent and severe water supply shortages.

Ce

age
proj

tral Valley Project

The U.S. Bureau of Reclamation’s Central Valley Project is the largest water stor-
and delivery system in California, covering 29 of the State’s 58 counties. The
ect's features include 18 federal reservoirs, plus 4 additional reservoirs jointly

owrnled with the State Water Project (primarily the San Luis Reservoir). The keystone of

the

CVP is the 4.6-maf Lake Shasta, the largest reservoir in California. The reservoirs

in this system provide a total storage capacity of slightly over 12 maf, nearly 30 percent
of the total surface storage in California, and deliver about 7.3 maf annually to agricul-
turgl, urban, and wildlife uses.

rize

The federal government began construction of the CVP in the 1930s, as autho-
d under the Rivers and Harbors Act of 1937. CVP purposes expanded to include

Figure 3-12.
State Water
Project Deliveries
1967-1993
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Table 3-2. Major Central Valley Project Reservoirs

Reservoir Name Capacity
(thousands of acre-feet)
Shasta 4,552
Clair Engle 2,448
Whiskeytown 241
Folsom W
New Melones 2420
Millerton . 50
San Luis {federal share} 971

river regulation, flood control, and navigation; later reauthorization included recre-
ation and fish and wildlife purposes. Initial authorization covered facilities such as
Shasta and Friant Dams, Tracy Pumping Plant, and the Contra Costa, Delta-Mendota,
and Friant-Kern Canals. Later authorizations continued to add additional facilities
such as Folsom Dam (authorized in 1949), San Luis Unit (authorized in 1960), and
New Melones Dam (authorized in 1962).

A large 2.3-maf multipurpose dam, primarily for flood control and water supply
on the American River, Auburn Dam, was authorized by Congress in 1965 as an addi-
tion to the Central Valley Project. Foundation and other preparatory work for
construction were halted by concerns for safety caused by the 1975 Oroville earth-
quake. After study, the dam’s design was changed in 1980 from a concrete arch to a
gravity structure. Cost estimates have exceeded the original authorization, so new au-
thorization is needed before work can resume. The proposed dam is now a source of
controversy between proponents and those who wish to preserve the American River
canyon as is. As currently planned, Auburn Reservoir could have provided somewhat
over 0.3 maf per year of new water yield to the CVP.

The flood of 1986 revealed that flood protection in the metropolitan Sacramento
area is inadequate. In 1992, a proposal by the Corps of Engineers to build a 500,000-
acre—foot “dry dam” for flood control only at the Auburn site did not pass Congress
because of opposition from environmentalists and from supporters of a multipurpose
dam. The Corps of Engineers and USBR, in cooperation with local agencies and the
State, are continuing studies to develop a management plan for the American River to
provide for the area’s flood control and water supply needs.

The CVP supplies water to over 250 long-term water contractors in the service
areas shown in Figure 3-13, whose contracts total 9.3 maf including 1.4 maf of Friant
Division Class 2 supply available in wet years. Of the 9.3 maf, 6.2 maf is project water
and 3.1 maf is water right settlement water. Average-year deliveries in the past decade
have been around 7 maf. Water right settlement water is water covered in agreements
with water rights holders whose diversions were in existence before the project was
constructed. Since construction of project reservoirs altered the rivers’ natural flow
upon which these diverters had relied, contracts were negotiated to serve the users
stored water to supplement river flows available under their rights. CVP water right
settlement contractors (called prior right holders) on the upper Sacramento River re-
ceive their supply from natural flow and storage regulated at Shasta Dam; settlement
contractors on the San Joaquin River (called exchange contractors) receive Delta water
via the Delta-Mendota Canal as explained below.

About 90 percent of the CVP water has gone to agricultural uses in the recent
past: this includes water delivered to prior right holders. CVP water is used to irrigate
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Figure 3-13. Central Valley Project Service Areas
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Figure 3-14.

Central Valley Project
Deliveries
1960-1993

some 19,000 farms covering 3 million acres. Currently, increasing quantities of water
are being served to municipal customers. Urban areas receiving CVP water supply in-
clude Redding, Sacramento, Folsom, Tracy, most of Santa Clara County, northeastern
Contra Costa County, and Fresno. Recent firming up of environmental supplies under
the provisions of the CVP Improvement Act of 1992 are described in Chapter 2.

Water stored in CVP northern reservoirs is gradually released down the Sacra-
mento River into the Sacramento-San Joaquin Delta, where it helps meet demand
along the river and quality and flow requirements in the Delta. The remainder is ex-
ported via the Contra Costa Canal and the Delta-Mendota Canal. Excess water during
the winter is conveyed to off-stream San Luis Reservoir on the west side of the valley for
subsequent delivery to the San Luis and San Felipe units. A portion of the Delta-Men-
dota exports are placed back into the San Joaquin River at Mendota Pool to serve, by
exchange, water users who have long-standing historical rights to use of San Joaquin
River flow. This exchange enabled the CVP to build Friant Dam, northeast of Fresno,
and divert a major portion of the flow there farther south in the Friant-Kern Canal (and
some water northward in the Madera Canal). The Corning and Tehama—-Colusa Canals
serve an area on the west side of the Sacramento Valley. Other water supplies are fur-
nished to districts and water rights holders in the Sacramento Valley. American River
water stored in Folsom Reservoir is used mainly for stream flow and Delta require-
ments, including CVP exports. More recently, the San Felipe Unit was added to serve
coastal counties west of San Luis Reservoir. New Melones Reservoir will be serving an
area on the eastern side of the San Joaquin Valley as well as providing downstream
water quality and fishery flows. Operations in the Delta are coordinated with the SWP
to meet water quality and other standards set by the State Water Resources Control
Board. and more recently by federal fisheries agencies.

Figure 3-14 shows historical CVP water deliveries since 1960. The drop in 1977
and 1990-92 deliveries was caused by shortages in supply during the critically dry
years. CVP water deliveries to agricultural and urban users have been reduced by the
passage of the CVP Improvement Act of 1992. As a result, CVP contractors will under-
go more frequent and severe shortages. (A more comprehensive discussion about the
CVP Improvement Act is in Chapter 2.) Figure 3-15 shows a history of CVP hydroelec-
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Figure 3-15.
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NOTE: Total 1991 California electrical energy consumption was obout 223 billion kilowatt hours.

tricf energy production since 1960. Note the substantial drop in hydroelectric
production during the 1987-92 drought.

In the short-term, CVP contractors relying on the Delta for all or a portion of their
supplies face great uncertainty in terms of water supply reliability due to the uncertain
outcome of a number of actions currently being undertaken to protect aquatic species
in the Delta. Until solutions to complex Delta problems are identified and put into
place, many will experience more frequent and severe water supply shortages. For ex-
ample, in 1993, an above-normal runoff year, environmental restrictions limited CVP
deljveries to Westlands Irrigation District to only 50 percent of contracted supply. Fur-
ther, the CVPIA reallocates 800,000 af of CVP supplies for fisheries in Central Valley
streams; 200,000 af for wildlife refuges in the Central Valley; and about 120,000 af of
increased flow for the Trinity River.

Other Federal Projects

Other federal water projects include those constructed by the U.S. Army Corps of
Engineers or the U.S. Bureau of Reclamation. Some of the larger projects in this cate-
gory are: the Klamath Project on the California—Oregon border; the Orland Project on
Stony Creek (west side of the Sacramento Valley); the Solano Project on Putah
Creek,which stores water in Lake Berryessa in Napa County and conveys water
thrpugh Putah South Canal in Solano County; New Hogan Reservoir in Calaveras
Colinty; the four major dams and reservoirs on the east side of the Tulare Lake Re-
gion—Pine Flat, Terminus, Success, and Isabella; and Cachuma and Casitas reservoirs
in Santa Barbara and Ventura counties. Altogether these projects deliver about 1.2 maf
annually.

Cojorado River

In a 1964 U.S. Supreme Court decree, annual use of 7.5 maf of Colorado River
water was apportioned among the three lower division states of Arizona, Nevada, and
California. Arizona could begin using its apportionment of 2.8 maf now that the
Central Arizona Project is operating, but current repayment issues associated with
sales of water to agricultural users are delaying the buildup in demand. Arizona’s
Colorado River water use in 1993 was 2.2 maf. Nevada’s water use is expected toreach
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Figure 3-16. Colorado River Service Areas
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its 0.3-maf apportionment in a little over a decade. Nevada used 0.18 maf in 1993.
California’s use in 1993 was about 4.8 maf.

California’s basic apportionment of Colorado River supplies is 4.4 maf per year,
pluk half of any excess or surplus water. Because of wet winters in the early to
mid-1980s, and because Arizona and Nevada were not yet using their full apportion-
ment, California has been able to use from 4.5 to 5.2 maf annually between 1986 and
1992. Since 1980, the highest and the lowest sequence of unregulated Colorado River
runoff has occurred, with the peak year in 1984 and the driest in 1990. Between 1988
and 1992, Colorado River runoff was far below average, and by 1991 storage on the
main river system fell to less than average. Runoff in 1993 was above average and, by
July 1, storage in Lakes Mead and Powell had increased about 6 maf over the previous
year’s storage. California’s use of Colorado River water can be limited in the future to
4.4\maf in any year by the Secretary of the Interior.

The agricultural water diverters in the Colorado River Region are Palo Verde
Irrigation District, Imperial Irrigation District, the Reservation Division of the Yuma
Project, and Coachella Valley Water District (see Figure 3-16). These water users have
priority rights to the first 3.85 maf of California’s Colorado River supply. This would
leave 550,000 af, less the water used by Native Americans, for MWDSC'’s Colorado
River Aqueduct, instead of the 1.2 maf that it has been using in recent years. Further
reductions in Metropolitan’s supply are also expected; 55,000 af may be used by Native
American Tribes and others along the Colorado River. To partially offset potential
reductions, MWDSC has executed a number of agreements to increase its water sup-
plies. In December 1988, Imperial Irrigation District and MWDSC reached an
agreement that provides funding for conservation projects in the Imperial Valley after
the| State Water Resources Control Board issued order WR 88-20 requiring IID to
conserve 100,000 af per year within a certain period of time. When completed, these
projects will save an estimated 106,000 af of water annually. MWDSC is funding the
construction, operation, and maintenance of the projects; the estimated total cost is
$222 million (1988 dollars). In exchange, MWDSC will be able to divert additional
water, under certain conditions, from the Colorado River through its Colorado River
Aqueduct. The amount of additional Colorado River water MWDSC diverts is to be
equivalent to the amount of water conserved through the MWDSC-financed projects in
the|event MWDSC's available allocation is reduced to an amount below its aqueduct
capacity. As the result of a contract between the Coachella Valley Water District and
the|United States, the first 49 miles of the Coachella Canal were lined to save 132,000
af annually, which can also be made available to MWDSC under certain conditions.

Water conservation measures implemented by IID since 1954 have decreased the
amount of water entering the Salton Sea. With less relatively fresh water entering the
Salton Sea, its salinity concentrations have increased somewhat more rapidly than
would have happened otherwise and have affected the artificial fishery planted by
DFG. The State Water Resources Control Board considered this matter in issuing order
WR 88-20. Implementation of the water conservation measures has also reduced the
potential for flooding from higher Salton Sea stages.

Wafer Recycling

Water recycling, formerly known as waste water reclamation, has been intention-
ally| used as a source of nonpotable water in California for nearly a century. In recent
years, more stringent treatment requirements for disposal of municipal and industrial
waste water have reduced the incremental cost of obtaining the higher level of
tregtment required for use of recycled water. This higher level is needed so that re-

Surface Water Supplies

69




Bulletin 160-93 The California Water Plan Update

cycled water can be safely used for a wider variety of applications. Part of the recycled
water used will lessen demand for new fresh water supplies.

Technology available today allows municipal waste water treatment systems in
some regions to consistently produce safe water supplies at competitive costs. The de-
gree of treatment depends on the intended use, and public health protection is the
paramount criterion for judging the level of treatment needed. As a minimum, waste
water is treated to a secondary level to remove dissolved organic materials. Secondary
effluent can be treated to a tertiary level by additional filtering and disinfecting, but the
cost can be high in comparison to other fresh water supply augmentation options.
Sometimes reverse osmosis desalination may be required to reduce the salt content; in
such cases, it is possible for the recycled water to be of higher quality than the original
source. However, the added costs of desalination can make water recycling infeasible
in many regions.

A July 1993 report
by the WateReuse Asso-
ciation of California
summarized presentand
future potential water
recycling data gathered

Figure 3-17.
Present Use of
Recycled Water

Wildlife

8%
L < Other during a 1992 survey.
11% Agriculture

21% About 240 agencies were
contacted, and 111
Landscape responded to the survey.
Ground Water Recharge 2% Its purpose was to de-
48% termine the agencies’
plans, projections, and
vision for future water
reuse. One of the pur-
poses ofthe surveyreport
was to encourage agen-
cies to set realistic goals,
and develop long-term strategies to better meet future water needs. It was noted that
water reuse had increased from about 270,000 af per year in 1987 to over 380,000 af
per year by 1993. Water reuse as reported in the 1993 survey is shown in Figure 3-17
and Table 3-3. Future estimates for water recycling are discussed in Chapter 11.

Table 3-3. Present Use of Recycled Water by Category

Type of Reuse Rate of Reuse Percent of Total
(thousands of acre-feet per year)

Agricultural Irrigation 80 21
Ground Water Recharge 185 48
Landscape Irrigation 47 12
Environmental Uses (Wildlife Habitat) 29 8
Industrial, Seawater Intrusion Barriers, 43 11

and Miscellaneous Uses
(Recreational and Others)

TOTAL 384 100
Adopted from WateReuse 1993 survey, Future Water Recycling Potential, July 1993. (1992 level of recycling)
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Most of the 384.000 af recycled is in the South Coast, Central Coast, and Tulare
Lake regions. Some uses of recycled water, such as environmental enhancement or
landscape projects, are new uses that would not have received fresh water in the ab-
sence of a water recycling project because imported fresh water was too costly or not
available. In addition, outflow from waste water treatment plants in the Central Valley
is generally put into streams or ground water basins and reused. Recycling of such
outflow, therefore, does not generate new water supply. ’

Some constraints to fully implementing all potential water recycling options in-
clude:

Q| Distances to potential applications, particularly as nearby agricultural land is
displaced by urban development.

Q| Relatively high mineral content of waste water, especially where the quality of water
supply is poorer or sewage is contaminated by saline ground water.

Acceptance by the public and health authorities.

Regional economics, energy, and funding for new water recycling plants.
Regulatory requirements, including Regional Water Quality Control Board, health
agency, and other governmental approvals necessary to implement new projects.
On the other hand, some regulations (for example, Chapter 553 of the California
Code of Regulations) can encourage reuse by prohibiting use of fresh water for

certain purposes, such as golf courses or parks, when suitable reclaimed water is
available.

Q| Salt disposal problems.

Table 3-4 specifies a number of possible nonpotable uses of recycled water and
the degree of treatment necessary for the type of use, as assessed by the California
Department of Health Services in 1992. The “Disinfected Secondary-2.2" column indi-
cates the higher standard of 2.2 coliform bacteria per 100 milliliters, and the
“Disinfected Secondary-23” column indicates the less-treated reclaimed water con-
taining 23 coliform bacteria per 100 milliliters.

© C O

The potential for increased use of recycled water in the future depends on many
factors and is discussed in Chapter 11. The primary source of raw supply would be the
estimated 2.5 to 3 maf of treated wastewater discharged annually into the ocean from
California’s coastal cities. Smaller amounts of reclaimed water could come from re-
claiming brackish ground water, including contaminated ground water or ground
water with high nitrate content, and from desalination of ocean water.

Other Water Supplies

Several unconventional methods have been used to augment surface water sup-
ply in certain areas of California: use of gray water, long-range weather forecasting,
watershed management, weather modification, and sea water desalination.

Gray Waler

For the residential homeowner, some waste water can be directly reused as gray
water (used household water). Gray water can be used in subsurface systems to irri-
gate lawns, fruit trees, ornamental trees and shrubs, flowers, and other ornamental
ground cover. Water from the bathroom sink, washing machine, bathtub, or shower
is generally safe to reuse, whereas water from a toilet, kitchen sink, or dishwasher or
water used in washing diapers should not be directly reused. Care must be taken so
that children and others do not come in direct contact with gray water, and any food
from areas irrigated by subsurface systems that use gray water should be rinsed and
cooked before being consumed.
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Table 3-4. Suitable Uses of Recycled Water

Conditions in Which Use Is Allowed

Use Disinfected Disinfected Disinfected Undisinfected

Tertiary Secondary Secondary Secondary

Irrigation of:

Parks, playgrounds, schoo! yards, Spray, drip, or Not allowed Not allowed Not dllowed

residential yards, and golf courses surface

associated with residences

Restricted access golf courses, Spray, drip, or Spray, drip, or Spray, drip, or Not allowed

cemeteries, and freeway landscapes surface surface surface

Non-edible vegetation at other areas Spray, drip, or Spray, drip, or Spray, drip, or Not allowed

with limited public exposure surface surface’™ surface'®

Sod farms Spray, drip, or Spray, drip, or Spray, drip, or Not allowed
surface surface surface

Ornamental plants for Spray, drip, or Spray, drip, or Spray, drip, or Not allowed

commercial use surface surface surface

All food crops Sproy#(irip, or Not allowed Not allowed Not allowed
surface

Food crops that are above ground Spray, drip, or Drip or surface Not allowed Not allowed

and not contacted by reclaimed water surface

Pasture for milking animals and Spray, drip, or Spray, drip, or Spray, drip, or Not allowed

other animals surface surface surface

Fodder (e.g., dlfalfa), fiber {e.g., cotton), Spray, drip, or Spray, drip, or Spray, drip, or Drip or surface

and seed crops not eaten by humans surface surface surface

Orchards and vineyards bearing food crops Sproy,rfcirip, or Drip or surface Drip or surface Drip or surface
surface

Orchards and vineyards not bearing Spray, drip, or Spray, drip, or Spray, drip, or Drip or surface

food crops during irrigation surface surface surface

Chrisimas trees and other rees Spray, drip, or Spray, drip, or Spray, drip, or Drip or surface

not grown for food surface surface surface

Food crop which must undergo commercial Spray, drip, or Spray, drip, or Spray, drip, or Drip or surface

pathogen-destroying processing before surface surface surface

consumption (e.g., sugar beets)

Other Uses:

Supply for a nonrestricted impoundment Allowed Not allowed Not allowed Not allowed

Supply for a restricted recreational impoundment  Allowed Allowed Not allowed Not allowed

Industrial cooling using cooling towers, forced Allowed Not allowed Not allowed Not allowed

air evaporation, spraying, or other feature that

creates aerosols or other mist

Industrial cooling not using cooling towers, Allowed Allowed Allowed Not allowed

forced air evaporation, spraying, or other

feature that creates aerosols or other mist

Industrial process with exposure of workers Allowed Not allowed Not allowed Not allowed

Industrial process without exposure of workers Allowed Allowed Allowed Not allowed

Industrial boiler feed Allowed Allowed Allowed Not allowed

{a)} Use is not allowed if part of a park, playground, or school yard.

Gray water has been used by some homeowners in certain coastal urban areas
during extreme drought to save their landscaping. In the past, health concerns and
lack of information limited use of gray water. In 1992, recognizing that gray water
could be used safely with proper precautions, the California Legislature amended the
Water Code to allow gray water systems in residential buildings subject to appropriate
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Table 3-4. Svitable Uses of Recycled Water (Continued)

Conditions in Which Use Is Alfowed

Use Disinfected Disinfected Disinfected Undisinfected

Tertiary Secondary Secondary Secondary

Dampening soil for compaction at Allowed Allowed Allowed Not allowed

co:lstrucﬁon sites, landfills, and elsewhere

Woashing aggregate and making concrete Allowed Allowed Allowed Not allowed

Dampening unpaved roads and Allowed Allowed Allowed Not allowed

other surfaces for dust control

Flushing sanitary sewers Allowed Allowed Allowed Not allowed

Woashing yards, lots, and sidewalks Allowed Allowed Not allowed Not allowed

Supply for landscape impoundment Allowed Allowed Allowed Not allowed

without decorative fountain

Supply for decorative fountain Allowed Not allowed Not allowed Not allowed

lource: California Department of Health Services, August 17, 1992.
Topies of the full text of Draft Language for Amendments to Title 22 are available from Department of Healih Services.

oLn

standards and with the approval of local jurisdictions. Statewide, residential use of
gray water will be legal by fall 1994.

Long-Range Weather Forecasting

Accurate advance weather information—extending weeks, months, and even sea-
sons ahead—would be invaluable in planning water operations in all types of
years—wet, dry, and normal. Had it been known, for instance, that 1976 and 1977
were to be extremely dry years or that the drought would end in 1977, water operations
would have been planned somewhat differently and the impacts of the drought could
haye been lessened. The response to the 1987-92 drought might have been slightly
improved by storing more water in the winter of 1986-87, pursuant to a forecast, and
using more of the remaining reserves in 1992, the.last year of the drought.

The potential benefits of dependable long-range weather forecasts could prob-
ably be calculated in hundreds of millions of dollars, possibly even in billions, and the
value would be national. For this and other reasons, research programs to investigate
and develop such forecasting capability would most appropriately be conducted at the
national level. The National Weather Service routinely issues 30-and 90-day forecasts,
and the Scripps Institution of Oceanography in San Diego, California (until recently),
and Creighton University in Omaha, Nebraska, are engaged in making experimental
forgcasts. However, their predictions are not sufficiently reliable for project operation.
The¢se may be improved by current research on global weather patterns including the
El Nino-Southern Oscillation in the eastern Pacific Ocean.

Weather Modification

Weather modification, commonly known as cloud séeding, has been widely
practiced in California for many years. Most projects have been along the western
slopes of the Sierra Nevada and some of the coast ranges. Before the recent drought,
there were about 10 to 12 weather modification projects operating, with activity
typically increasing during dry years. By spring 1991, the number of programs operat-
ing|in California had increased to 20. New projects started during the drought include
programs involving the Lake Berryessa area; San Gabriel Mountains; Calaveras, Tuo-
lumne, Monterey, San Luis Obispo, San Diego, and eastern Santa Clara counties; and
the| SWP experimental propane project in the upper Feather River basin. A couple of
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programs were dropped in the 1992-93 season, when 18 programs were ready to
operate. (Many areas suspended operations later as the winter turned wet.)

Operators engaged in cloud seeding have found it beneficial to seed rain bands
along the coast and in orographic clouds over the mountains. The projects are operated
to increase water supply or hydroelectric power. Although precise evaluations of the
amount of water produced are difficult and expensive to determine, estimates range
from a 2- to 15-percent increase in annual precipitation, depending on the number
and type of storms seeded.

The Department of Water Resources, on behalf of the SWP, began a planned five—
year demonstration program of cloud-seeding in the upper middle fork Feather River
basin during the 1991-92 season. The project was testing the use of pure liquid pro-
pane injected into the clouds from generators on a mountain-top. The liquid propane
is essentially a chilling agent that helps produce ice crystal nuclei and enhance snow-
fall. The program was terminated after three years, in 1994, due to several overriding
considerations.

A 1993 U.S. Bureau of Reclamation feasibility study for a cloud seeding program
in the watersheds above Shasta and Trinity Dams indicated good potential for the Trin-
ity River Basin, but the study cast doubt about the effectiveness of a project for Shasta
Lake. The Bureau has done substantial cloud seeding research in the Colorado River
Basin. In September 1993, it published Validation of Precipitation Management by
Seeding Winter Orographic Clouds in the Colorado River Basin. However, the Bureau is
phasing out its participation in weather modification projects.

Interest in using cloud seeding to provide both short-term and long-term
drought relief remains high. The technique is more successful in near-normal years,
when more moisture in the form of storm clouds is present to be treated. It is also more
effective when combined with carryover storage to take full advantage of additional
precipitation and runoff.

Watershed Management

Watershed management can increase stream flow by controlling the growth of
vegetation, usually by reducing the density of brush and tree cover and increasing the
portion in grasses. In other cases, vegetation management that encourages growth of
certain species can protect watersheds by reducing soil erosion, thereby reducing sedi-
mentation in reservoirs and canals. Water supply gained by such means, although a
small fraction of total runoff, can cost less than supplies developed by more conven-
tional means. However, extensive expanses of land must be managed to significantly
increase statewide supplies. The primary purposes of vegetation management today
are to improve range, reduce wildfires, and enhance wildlife habitat.

National forest lands provide about half of the stream flow runoff in the state.
National forest management plans show that if the present management plans had
been in place prior to 1982, the average runoff from national forests would have been
increased by about 290,000 acre—-feet (an increase of nearly 1 percent). Much of this
water flows uncontrolled to the sea, either because of location (for example, the North
Coast Region) or because there is no space available in reservoirs to hold the water.
However, about 100,000 af could either be stored in surface reservoirs or ponded and
allowed to percolate into ground water aquifers. There may be a potential to boost
these amounts of runoff and water yield by roughly another 25 percent by implement-
ing recommended or selected forest management plans.
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Sed Water Desalination

Sea water desalination
carnl be a cost-effective
water supply alternative
for some coastal commu-
nities that have limited
100411 supplies and are
relatively far from the
statewide distribution
system, or communities
that are concerned about
water service reliability.
Desalination plants in
Avglon (on Catalina Is-
land) and the City of
Santa Barbara are exam-
ples of such projects.
However, a major limita-
tion for sea water desalt-

inglis its high cost, much of which is directly rela

ted to its high energy requirements.

AN -

Sea water desalting plants could be designed to operate only during droughts to aug-
ment other supplies and avoid the relatively high costs during wet periods. They could
also be downsized and operated continuously in conjunction with ground water, re-
duding ground water pumping during wet periods and providing more ground water
supplies for drought periods. Chapter 11 presents a broader discussion of the poten-

tial|for future desalination in California.

Recommendations

Bulletin 1, Water Resources of California, was published in 1951. DWR should

initiate work to update and maintain this resource document to incorporate more re-
cent hydrologic data, including 40 more years of runoff data.

During the 1987-92
drought, a few
communities had to
resort to nontraditional
means of supplying
water. For example, the
City of Santa Barbara
financed and built a
desalination plant to
increase the reliability
of its supplies.

Surface Water Supplies
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Table 3-5. Major Surface Water Reservoirs in California*

Reservoir Hydrologic Area Capacity Owner Year
{(dom) Region {acres) (1,000 of) Completed
Clear Loke G NG 24800
Tahoe ‘ s NL 122,000 ,
oo ks ; e sﬁ”‘” : 43,800 ,
Hetch Hetchy (O'Shaughnessy Dom) SJ 1,970
Shaver Lake i S 20
Almanor 7 B SR 28,260
Bucks - R a0
Pardee S) 2,130
El Capitan sC 1,560
Havasu (Parker} ' O 20,400
‘Matthews sC 2,750
Lake Crowley (Long Valley) S s TS
Prado 6,700
Shasta 29500
Millerton {Friant) 4,900 520 USBR
Isabella Loke naoo T s U Tusce
Cachuma (Bradbury) 3,090 190 USBR
Thomas A. Edison 1890 125  SCE :
Pine Flat 5,970 1,000 USCE 1954
Lloyd Lake (Cherry Valley) 1,540
Nncimienfo e - LC 5680
Berryessa (Monficello) SR 20700
Vaquero (witchell ¢ 3700
‘Wishon n 970
Courtright e om0 1,630
Casitas sC 2,720
Lake Mendocino (Coyote Valley) - S Nc 1960
Mammoth Pool SJ 1,100
Clir Engle (rnity) ‘ N 16a00
Lake Kawegh (Terminus) T 1,940
Black Butte i T 4560 TR
Camp Far West 2,680
Union Valley 2870 .
Camanche 7,470
Whiskeytown » SR 3200
New Hogan si 440
San Antonio ' cC 5602
French Meadows LL Anderson) SR 1,420
Hell Hole o SR 1,250
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Table 3-5. Major Surface Water Reservoirs in California* (Continued)

Reservoir Hydrologic Area Capacity Owner Year
(dam) Region {acres) {1,000 of) Completed

McClure (New Exchequer) =~ §) o 7,150 1,024 - MID 1967
n Luis s) 13,000 2,039 USBR 1967
ville SR e 15800 3538 _ DWR 1968

New Bullards Bar SR 4,810 966 YCWA 1970 A
Stompede | TN B S T ey 1970
New Don Pedro SJ 12,960 2,030 TID-MID 1971
- sC 220 0 324 ~ DWR 1973
SC 1,300 171 DWR 1973
- sc 1w . . 13 . DWR 1973
H.|V. Eastman (Buchanan) SJ 1,780 150 USCE 1975
indion Valley S SR 4000 300 YCFCWCD 1976
New Melones B SJ 12,500 ’ 2,420 USBR 1979
Lake (Warm Springs) ' NC 3,600 - 381 USCE 1982
New Spicer Meadow SJ 1,990 189 CCWD 1989
Resbrvoir Owners Listed
CCWD: Calaveras County Water District
DWR: California Department of Water Resources
EBMUD: East Bay Municipal Uility District

WP: Los Angeles Department of Water and Power
: Monterey County Water Resources Agency
Merced Irrigation District
Metropolitan Water District of Southern California
Placer County Water Agency
Pacific Gas and Electric Company
Southern California Edison Company
City of San Diego
City and County of San Francisco
Sacramento Municipal Utility District
South Sutter Water District
Turlock Irrigation District and Modesto Irrigation District
U.S. Bureau of Reclamation
: U.S. Army Corps of Engineers
CWCD:  Yolo County Flood Control and Water Conservation District
YCWVA: Yuba County Water Agency

"Reservoirs with capacities exceeding 100,000 acre-feet; listed in chronological order of completi

()

Surface Water Supplies 77




Bulletin 160-93 The California Water Plan Update

Ground water pumping in Yolo County. Ground water provides roughly 25 percent of
the State’s urban and agricultural average annual supply.
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Chapter 4

In an average year, about 40 percent of the urban and agricultural applied water Ground Water
use or over 20 percent of total applied water in California is provided by ground water Su p pIi es
extraction. In drought years, when surface supplies are reduced, ground water
provides an even larger percentage of applied water. This shift from surface to ground
water supplies in drought years is an indication of the sheer magnitude of ground
water storage versus surface storage. Surface water and ground water are really one
source of supply that originates with precipitation and runoff.

DWR’s Bulletin 118, California’s Ground Water, September 1975, identified 450
ground water basins in the state. The statewide total amount of ground water stored in
thesge ground water basins is estimated to be about 850 million acre-feet, about 100
times the annual net ground water use in California. Probably less than half of this
total, under present circumstances, is usable because:

Q |extraction would induce either sea water or saline ground water to intrude into
the aquifer;

Q |the ground water in the basin is naturally too saline or of too poor a quality for
economical present-day use;

Q ithe depth to ground water makes the cost of extraction uneconomical for the
potential use; or

Q [extraction of ground water could cause unacceptable amounts of land surface
subsidence.

The large quantity of good quality ground water in storage makes it an extremely
important component of California’s total water resource that must be managed in
conjunction with surface water supplies to ensure sustained availability. This chapter
presents a definition of ground water and covers the history of ground water develop-
mernt in California, statewide ground water use, ground water overdraft, management
of ground water, the effect of the 1987-92 drought on ground water, and conjunctive
use

Ground Water Defined

Ground water is subsurface water occurring in a zone of saturation. In that zone,
water fills the pore spaces or openings in rock and sediments. Large basins in southern
California and the Central Valley can contain thousands of vertical feet of sediments
wajhed in over millions of years by runoff. The sediments are a randomly interfingered
mixture of fine-grained material that can restrict movement of ground water and
coarse-grained material that constitutes the aquifers within a zone of saturation. An
aquifer is a geologic formation that stores, transmits, and yields significant quantities
of water to wells and springs. Ground water also occurs in limited quantities in
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Figure 4-1.
Components of
Ground Water
Use and
Sources of
Recharge

fractured hard rock and is an important source for domestic supplies in foothill and
mountain communities. However, the following discussion will focus on the ground
water in basins with abundant ground water storage and high well yields.

Ground water basins in California have been defined on the basis of geologic and
hydrologic conditions in DWR Bulletin 118, Ground Water Basins in California,
January 1980. In Bulletin 118-80, some basin boundaries were modified to reflect
political or water district boundaries that constitute potential ground water
management units. Figure 4-1 illustrates components of ground water use and
sources of ground water recharge.

p percolation of
gppﬁed surface and

_ground water

Net Ground Water Use =
Prime supply + overdraft

Perennial Yield =
Extraction — overdraft

Ground Water Development

When Europeans first arrived in California, essentially all of the ground water
basins in the state were full of water. Marshes existed in many parts of California and
many flowing streams were supplied from overflowing ground water basins. As
California settlers began to use water for crop irrigation and for industrial and domes-
tic purposes, readily available and reliable ground water was used to augment surface
water supplies.

As the amount of ground water extraction increased, ground water levels in many
basins began to decline as more of the aquifer in the basin was emptied each year. The
empty portion of the aquifers provided available storage space for any water that was
available for recharge. Some ground water recharge was provided by direct rainfall, but

80
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most recharge resulted from infiltration of surface water runoff directly into the sedi-
ments in the bottoms of stream channels, or by infiltration of a portion of the water
applied to irrigate agricultural crops.

The amount of water flowing in many streams gradually decreased as more water

infiltrated into stream bottoms and recharged depleted aquifers. In some basins, the

ampunt of ground water extracted greatly exceeded the amount of runoff available in :
the streambed to recharge the basins, resulting in no surface flows out of some basins.  ~=3«
In other years when flood flows occurred, surface water would again flow down the

river channels. This process continues today.

Extensive ground water use during California’s early development led to estab-
lishment of vigorous agricultural and urban economies. These sectors were later able
to pay the costs of developing and importing surface water by building dams and con-
veyance systems to meet the growing demand for water; reduce ground water over-
draft; and, in some instances, increase ground water storage.

Statewide Ground Water Use

In a year of average precipitation and runoff, an estimated 15 maf of ground wa-
ter lis extracted and applied for agricultural, municipal, and industrial use. There is a
significant amount of ground water recharge from surface water and ground water
used to irrigate agricultural crops. Some of the irrigation water flowing in unlined
ditches and some of the water that is applied to irrigate crops infiltrates into the soil,
percolates through the root zone and recharges the ground water basins. The annual
net use of ground water is ground water extraction minus deep percolation of applied
water. The 1990 statewide average annual net ground water use was about 8.4 maf.
The use of prime supply from ground water basins for 1990 was about 7.1 maf, and
the remaining 1.3 maf was overdrafted from the basins. (Ground water prime supply is
the long-term average annual percolation into major ground water basins from preci-
pitation and from flows in rivers and streams.) Table 4-1 shows use of ground water
(excluding overdraft) by hydrologic region.

In an average year, the amount of deep percolation from applied surface and
graund water supplies that recharges the aquifers is an estimated 6.5 maf. In addition,

Table 4-1. Use of Ground Water by Hydrologic Region®”
(thousands of acre-feet)

Hydrologic Region 1990 2000 2010 2020
average drought average drought average drought average drought
North Coast 263 283 275 295 286 308 298 316
San Francisco Bay 100 139 126 174 160 174 165 174
Central Coast 688 762 694 769 695 776 698 781
South Coast 1,083 1,306 1,100 1,325 1,125 1,350 1,150 1,375
Sacramento River 2,496 2,865 2,463 2,985 2,426 3,033 2,491 3,038
San Joaquin River 1,098 2,145 1,135 2,202 1,156 2,227 1,161 2,252
Tulare Lake 915 3,773 918 3,758 921 3,726 926 3,758
N'Lrth Lahontan 121 146 128 154 138 165 147 173
South Lahontan 221 252 220 237 226 271 258 271
Colorado River 80 80 79 79 80 80 79 79
TOTAL 7,100 11,800 7,100 12,000 7,200 12,100 7,400 12,200

1) Average year ground water use represents use of prime supply of ground water basins. Ground water overdraft is not included.
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over 7.0 maf recharges naturally from rainfall and streambed seepage. Still more water
is recharged deliberately through artificial means. Statewide, the average amount of
ground water extracted exceeds the average recharge by about 1.3 maf—a considerable
reduction from former estimates of nearly 2 maf—and is largely the result of changes
in water management. Implementation of agricultural water conservation and urban
landscape conservation will decrease deep percolation of applied water, thereby reduc-
ing future ground water recharge and perennial yield of ground water basins. In areas
like San Joaquin and Tulare regions, where deep percolation of applied water is a ma-
jor contributor of ground water perennial yield, this process could exacerbate ground
water overdraft in the future.

In wet years, when more surface water is available, less ground water is ex-
tracted, more recharge occurs, and ground water levels can recover. Conversely, in
years of low runoff, such as the 1987-92 drought, much less surface water is available
for recharge, and much more ground water is extracted. Ground water use also varies
in different areas of the State; ground water may provide as little as a few percent or as
much as 90 percent of the total applied water in an area during an average year.

Table 4-2 shows the normalized 1990 level of development for ground water. The
perennial yields include the benefits of imported surface supplies that have occurred
historically. In areas that rely on SWP or CVP imports from the Delta, future perennial
yields may be reduced because of changes in the amount of surface water that is im-
ported.

Estimating Perennial Yields of Ground Water Basins

Perennial yield is estimated by plotting the change In ground water level versus
the amount of ground water extracted each year over a period of years that are
considered to be representatfive of the long-term average hydrology. For this
analysis, data for 13 years were plotted for each basin analyzed. A “best fit” curve
was drawn and the intersection of the best fit curve with the line showing zero ground
waterlevel change indicated the current estimated perennial yield of ground water
in that basin. The perennial yield is similar to long-term sustained yield, assuming
there are no changes in water management practices.

The procedure probably underestimates perennlal yield, or may not work, In
aquifers where exiraction increases the ground water gradient and induces
additional recharge. The perennial yleld of these aaqulfers would increase as
extraction increased so long as recharge was equal to, or greater than, the
extraction. This procedure does not take Into consideration either existing or
potential problems with ground water quality.
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g Table 4-2. Ground Water Management in California (Continued)
1990 Level of Development

(All quantities are estimates and have been normalized.)

oo}
Basin Extraction  Perennial  Overdraft Usable Pump Lift Number  Most Management and Status of Basin £
(ac-f/yr) Yield (ac-R/yr)®  Storage [est. feet)”) of Wells  Recent %
(ac-f/yr) (ac-fi] Monitored  Study -
2}
San Francisco Bay Region, Continued g
Sonta Clara Valley 150,000 Unknown 0 Unknown 50 0 Managed by Santa Clara Valley Water District; ®
o - - stable; some contamination; Superfund site ;
d Livermore Valley 5,500 Unknown 0 200,000 50 0 Managed by ACFWCD, Zone 7 ®
g Marin County 2,220 Unknown 0 Unknown None Q
2 San Mateo County 13,408 Unknown 0 Unkriown =, None %
2 2
3 Central Coast Region S . e , o
Soquel Aptos 9,000 9,000 0 ‘Unknown  Not evaluated 50 1981 Monitoring program =
Pajaro Basin 64,000 53,000 11,000 600,000  Not evaluated 75 1993  Some sea water intrusion; basin management plan %
completed; managed by Pajaro Valley Water %
] Management Agency 5
Salinas Basin 550,000 500,000 50,000 5,500,000 70 400 1992  Study in progress; sea water intrusion; managed by 5
Monterey County Water Agency -S:
So. Santa Clara-Hollister 75,000 75,000 0 1,800,000 230 923 1972  Monitoring program 8‘
Carmel Volley-Seaside 14000 12,000 2,000 133,000 40 50 1993 Monitoring program &
Arroyo Grande
Nipomo Mesa 14,000 ~8,000% 6,000 180,500 Notevalusted Unknown 1991

Santa Maria Valley 129,000 66,0009 63,000 1,000,000 Notevaluated  Unknown

1991 ‘Developing a management plan
]6,000“’ 12,000

Cuyama Valley 28000 B Not evaluated Unknown 1986 None

~ San Anfonio 16,400 74007 9000 300, 000 Notevaluated Unknown = 1991 Nore =
Santa Ynez Valley 67,000 42,000% 25,000 362,000 Notevalugted  Unknown 1991  Developing a management plan
South Central Coast 31,400 . 11,400 20,000 /317,000 Not evaluated 23 1991 None
Carrizo Plain ) 510 60014 0 100,000 Notevaluated  Unknown 1986 None
Upper Salinas 64000 20,000 44000  Unknown Notevaluated Unknown ~  None
San Luis Obispo 13,000 10,000 3,000 Unknown  Notevaluated  Unknown None

South Coast Region - ] -

- Orange County 1 208,000 62,000 0  Notevalugled. 1992 Managed by Orange County Water District; stable -
145,000 45000 0 Not evaluated 1991 Adjudicated; poor water quality in lower - end of bosm
232090n 232,100 0 ~ Not evaluated 1992 Adjudicated; high ground water ct lower end of basin |

Riverside Basin Area ~ 20,390® 21,0801 0 Notevaluated Includedin 1992  Part of San Bernardino adjudication; stable
in San Bernardino Co. San Bernar-

dino Basin




Table 4-2. Ground Water Management in California (Confinued)

1990 Evel 0' Developmel'“
(All quantities are estimates and have been normalized.)

Basin Exiraction  Perennial ~ Overdraft  Usable Pump Lift Number  Most Management and Status of Basin
{ac-f/yr) Yield (ac-f/yrf)  Storage [est. feet]" of Wells  Recent
{ac-f/yr) (ac-h) Monitored  Study
Souih Coast Region, Canhnued Ny
[ Riverside Bosin Area /-  Part of San Bernardino adjudication; stable -
meersideCo . i : ot

Colfon Basm 9,150 Unknown Unknown  Notevaluated Included in 1992  Part of San Bernardino adjudication; stable
San Bernar-
N dino Basin
| Central Basin - « 0 Notevaluated 21 651 1992 - Adjudicated; stable
* West Coast Basin 756,000  Not evaluated 1992 Adjudicated; stable
Notevalua*ed'f ' éAcl;udncawd stable; mrfund sﬁe—groundwater ﬁ

SanFemmdoValley - 96,000 600,000 :
Ad|ud|cabd stable

Not evaluated

Rayrnand Basm =
l San Gabnel 00 Notevaluated 2 - Adjudicated: sfable Supeffuncl sne—ground wafer "
e - confaminafion | Q
“Upper Ojai Valley 2 GWMA formed 10/91; scble E
! FoxCanyon -~  GWMD extraction reduction ordinance; sea water | a
GWMA Area ~_ reduction ordinance; sea water infrusion ot coast, . 5
Y : E e S o o . B . ; : S 2 s mb’e leve[s in.some Gfeﬂs s
o Temecula Valley 25,000  Under study Under 206,000  Not evaluated Ad|ud|cated stable %
]
.é "  San juan”Valley 5,000 Not evaluated  Un - Limited ground water use; some sea waler =
g i st - e ey o .. infrusion; stable .. e - 5
< El Ca|on Valley 5,00019 0 Unknown  Not evaluated - Very limited ground water use; stable .g
& | 'Warner Valley Unknown | Unknown -~ 50-20 . &
= San Luis Ray _Unknown Unknown 50-100 8
| Sweetwater Valley L. 250000 . O " Not evaluated - - 2 o
Otay Valley 1,0001 Not evaluated Some ground water use; no management stable =
&
Sacramento Reglon“ " ‘ E
ButeCounty 385000 7 38500001 0 ' 4300000 ., 1100 DWR 1985 Water Code Section 10750 o
Colusa County 181,000 181,00012 0 4,400,000 80 DWR 1978  None; discussing developing a program; stable ?
w/imported water; local drainage problems caused 8

e by high ground water

l Tehama County 222,000 22200004 0 4,500,000 7720 7T 150 DWR1978  Concem about potentil groundwaterexpan'
T - o : ; e e USGE W WaferCocleSechon 10750 ,




& Table 4-2. Ground Water Management in California (Continued)
1990 Level of Development
(All quantities are estimates and have been normalized.)
jus]
Basin Exiraction  Perennial ~ Overdraft  Usable Pump Lift Number  Most Management and Status of Basin %
(ac-ft/yr) Yield (ac-ft/yr}¥  Storage [est. feet]” of Wells  Recent =
(ac-R/yr) (ac-F) Monitored  Study 2
o
Sacramento Region'"", Continued g
Glenn County 270,000 325,00002 0] 4,800,000 140 126 DWR 1978  Stable; Local districts are considering Water Code
o ; Section 10750 plans ; =
o Sacramento County 348,000 315,000 33,000 4,000,000 15 75 1993 El:gnning under Water Code Section 10750 has g
£ un.
B Western Placer County 56,000 60,000 0 1,300,000 105 9 1978 None =
g  Yuba County 137,000 160,000 0 2,500,000 85 100 1992 Part stable; part recovering; planning under 5
g ‘ ' ; ‘ Water Code Section 10750 hos begun. B
B Sutter County 295,000 300,000 o] 5,000,000 35 150 1978  Planning under Water Code Section 10750 has §
L : o begun. 5
Eastern Solano County 123,000 130,000 0 2,000,000 55 80 1978  Local planning has begun; stable %
Yolo County 338,000 340,000 0 7,000,000 80 320 1978  Local planning has begun; stable; some subsidence 'g‘
Sierra Valley 9,000 less than Under Unknown 130 115 DWR 1982 Ordinance fo stop overdraft in eastern portion of o
9,000 study with updates  valley; two chronic pumping depressions )
Goose Lake Basin 26,700 Unknown 0] Unknown 40 29 DWR 1982 None )
Alturas Basin {Summed  Unknown Unknown 0 Unknown 140 A1 DWR1982 None ®
with Goose Lake Basin) . G '
Big Valley Unknown 0 Unknown 20 38 DWR 1982 None; Water Code Section 10750
Fall River Volley Unkniown O Unknown Notevaluated . 26 . DWRI®82 None . .
Redding Basin Unknown (o] Unknown 130 USGS 1983  None; Water Code Section 10750
 Almarnor Laks Basin CUnknown 0 linknow 0 UUDWR1980 Nome
Indian Valley Unknown 0 Unknown  Not evaluated 6 None
i American Valley Unknown 0 ~ Unknown - 5 None
Mohawk Valley 00! Unknown 0 Unknown  Not evaluated 4 None
Chilcoot Sub-Basin ~~~ Unknown  Unknown 0 Unknown Notevaluated 16 DWR1983 Sierra Valley Ground Water Management
L . o s - . withupdates District Ordinance . = ;
Upper Lake Basin'® 8,300 4,400 Unknown 5,000  Not evaluated 21  DWR 1957 1976 Lake Co. None; Water Code Section 10750
USBR 1988  plan under consideration
e U N T — _1976lake Co. ST
 Lower Lake Basin''® Unknown 800 Unknown _Unknown  Not evaluated 6 lokeCo.1976 None ...
Lake County 9,000 2,300 Unknown 4,500  Not evaluated 13 DWR 1960  Subsidence reported
Scotts Valley!'® USBR 1988
. o , B o I ke Co. 1976
 Kelseyville Valley Basint® 15000 Unknown 60,00 40 W None




| Table 4-2. Ground Water Management in California (Confinued)
| 1990 Level of Development o
(All quantities are estimates and have been normalized.)
Basin Exiraction  Perennial  Overdraft Usable Pump Lift Number  Most Management and Status of Basin
(ac-H/yr) Yield (ac-ft/yr)®  Storage [est. feet)" of Wells  Recent
{ac-fi/yr) (ac-ft) Monitored  Study
Sacramento Region!'!, Continued
High Valley Basin'® 1,400 300 Unknown 900 50 9 Lake Co. 1976 None
Burns Valley'® 300 800 Unknown _ 1,400 Not evaluated - B DWR1960 None
- o -~ USCGS 1955
- o  ldke Co. 1976 .
Coyote Valley® 2,300 ' Unknown 7,000 60 12 Lake Co. 1976  Seasonal depletion of unconfined aquifer
Middletown-Collayomi 2300  Un Unknown 7,000  Notevaluated 16 loke Co.1976 on of unconfined aquifer
Volley?s - - \
San Joaquin Region
Sacramento County 154,000 135,000 19,000 2,000,000 115 40 GWL 1978 Water Code Section 10750 planning has begun
San Joaquin County 830,000 760,000 70,000 6,000,000 110 600 1988  Some management . -
Modesto Basin 236,000 221,000 15,000 1,370,000 75 216 1982  District wells for drainage and supply =3
Turlock Basin 397,000 379,000 18,000 2,443,000 90 293 1982 District wells for drainage and supply Q
Merced Basin 568,000 540,000 28,000 4,312,000 80 272 1982 District wells for drainage and supply %
Chowehilla Basin 252,000 239000 13,000 1,043,000 150 27 1982 Small recharge operations g
quera Basin 580,000 535,000 45,000 2,814,000 160 257 1982  Small recharge operations %
Delta Mendota 503,000 487000 - 16,000 4,440,000 55 755 1982 - Some agencies have wells for drainage and supply - §
SN
Q Tulare Lake Region » %
g Kings Basin 1,699,000 1,454,000 245,000 9,275,000 130 832 1982 Some management 5
a Tulare Lake Basin 528,000 443,000 85,000 1,500,000 250 267 1982 Some management -
§ Kaweah Basin 746000 701,000 45,000 3,395,000 140 642 1982  Some management g
§ Tule Basin 565,000 §OO,®0 65,000 ],880,000 290 403 1982 Some management %
Westside Basin 201,000 171,000 30,000 Unknown 500 847 1982 None -
Pleasant Valley Basin 104,000 74,000 30,000 920,000 330 133 1982 None w
Kem County Basin 1,350,000 1,220,000 130,000 11,200,000 310 1,249 1982  Some management =
North Lahontan Region ?c_
Surprise Valley 44,300 Unknown  Unknown 2,000,000 160 90 DWR 1986 WL Have drafied GWMD legislation; levels currently o)
DWR 1982  dropping g
wQ w
Honey Lake Valley 57,300 Unknown  Unknown 4,000,000 150 137 USGS 1991 GWMD ordinance; locally close to perennial supply
Long Valley Basin 100 Unknown 0 Unknown 80 44 DWR 1963 GWMD ordinance
@ Termo-Madeline Plains 21,000 Unknown 0 800,000 40 23 DWR 1963 None
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Table 4-2. Ground Water Management in California (Continued)
1990 Level of Development
(All quantities are estimates and have been normalized.)

Basin Extraction  Perennial ~ Overdraft Usable Pump Lift Number  Most Management and Status of Basin
(ac-ft/yr) Yield (ac-fi/yr}¥  Storage (est. feet]” of Wells  Recent
(ac-ft/yr) (ac-f) Monitored  Study

North Lahontan Region, Continued

Willow Creek Valley 4,000 Unknown 0 Unknown  Not evaluated 14 DWR 1963  Ground water management district board of
directors has been appoinfed and is working on a

o)
=
=
o
[=x
=
@
?
©
w

g,) ) ’ ground water management plan ?
£ Secret Valley 500 Unknown 0 Unknown  Not evaluated 10 DWR 1963 None ‘ g
a Eagle Lake Basin Unknown Unknown 0 Unknown  Not evaluated ) None 3
= !
% South Lahontan Region %
= Owens Valley 103,000 110,00003 0 Unknown  Not evaluated 600 1993  Cooperative agreement between Los Angeles =
) Department of Water and Power and Inyo Co.; stable =)
Death Valley 12,000 2,000 10,000 Unknown  Not evaluated  Unknown 7 ) Nore 5
Mojave River Valley 129,000 72,0004 57,000 4,370,000  Not evaluated 125 1993  Overdroft; adjudication in progress §
Antelope Valley 26,000 58,000 0 20,000,000  Not evaluated 205 1980  Voluntary with incentives =
9
Colorado River Region ’ B 5y
WarrenValley 274009 9001 1,840 160,000 200-400 24 19921993 Adjudicated; overdraft 5
Coachella Valley 85,000 33,000 52,000 3,600,000  Notevaluated  Unknown 1980 Locally managed, overdrafted
Chuckwalla 27000 4,000 23,000 Unknown  Not evaluated  Unknown Nons : ‘

1) Pump lifts vary considerably within a basin. This number represents an approximate mean.

2) Per DWR Coastal Branch EIR and addendum 1991.

3) Estimated at San Luis Obispo Co. 13.5 TAF/Y, Santa Barbara Co. 52.5 TAF/Y. From DWR Coastal Branch EIR, 1991.

4} Per San Luis Obispo Counfy Master Water Plan update, March 1986,

5} Useable storage above sea level estimated at 100,000 AF. Total usable storage estimated at 400,000 AF

6) Overdraft is indicated as zero when the exact amount of perennial yield is unknown but is greater than current extraction.

7170,034 AF are extracted in San Bernardino Co. and used in Riverside Co. (DAU 98).

8)8,719 AF are used in San Bernardino Co. {6,715 AF pumped by San Bernardino Co. entities, remainder pumped by Riverside Co. enfifies).

9) Adjudicated rights of Riverside Co. entifies only.

10) Estimates based on DWR report “San Diego Ground Water Studies, Phase IV, June 1988.”

11) The Sacramento Valley is defined as one basin in Bulletin 118-80. Ground water data are shown in this basin by county to reflect management units that have been defined since Bullefin 118-80 was published.

12) Perennial yield is estimated because most basins in the Sacramento Valley have not been stressed.

{13) LADWP and Inyo Co. Agreement limits long-term ge ground water pumping to 110,000 AF/Y and the annual maximum pumping fo approximately 200,000 AF/Y.
Source: Mono Basin ER May 1993

14 ) From Mojave Water Agency Nofice of Preparation for Regional Water Management Plan, May 1993.

15) Warren Valley Basin Water Master Report, 1992-93.

16) Ground water data for this basin have been obtained from four studies published between 1957 and 1990. Additional data and evaluation are ¥ to provide more accurate values of annual extraction, perennial yield, overdraft, and usable
storage.
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Ground Water Overdraft

In areas where water demands exceed available surface water and sustainable
graund water supplies, a portion of the difference between supply and demand is often
made up by extracting ground water, thereby decreasing the amount of ground water

Evaluation of Ground Water Overdraft in the San Joaquin Vailley

Ground water overdraft for the San Joaquin Valley was evaluated for each
planning subarea (PSA) using two independent methodologies: the specific yield
method and the water balance method. The specific yleld method examines
changes in ground water storage over a long period; the water balance method is
based on the balancing of water supplies and demands for each PSA.

In computing overdraft using the specific yield method, ground water level
measurementsfrom 1970throughspring 1983 were used. Thisperiod was chosenforthe
following reasons:

o The total water supplies and demands for this period
were nearly the same as the 1990 normailized supplies
and demands.

Qo Onaverage, the local water supplies and deliveries dur-
ing 1970-82 were quite similar to the long-term average
supplies and deliveries. This minimizes the need to correct
for any unusual ground water recharge and pumping.
Also, local stream runoff during 1970-82 was very close to
the long-term average runoff (about 102 percent of the
long-term average). Ground water overdraft was com-
puted based on 100-percent average local runoff and
deliveries.

Q The years preceding the ground water level measure-
ments In 1970 and spring 1983 were both wet years and
quite similar, This similarity reduces the potential for signifi-
cant differences in ground water recharge during unlike
years. Such an occurrence would complicate overdraft
computations using the specific yield method.

The impact of subsidence on water level measurements and the loss of ground
water storage were evaluated using pre-1970 subsidence rates. More recent, but
limited, data from a few locations along the Cadlifornia Aqueduct were also used.

Forthe water balance method, thelong-term average localandimported water
supplies were tabulated, along with the long-term average annual natural
‘percolation to ground water tables. These amounts were then compared fo the
normalized water demand for each PSA, Ground water overdraft was computed as
the difference between water supplies and demands.

The two methodologies produced similar ground water overdraft computations
for most of the PSAs in the San Joaquin Valley. One notable exception is the
Kings-Kaweah-Tule Rivers PSA, where the specific yleld method producedsignificantly
smaller overdraft than did the water balance method. An extensive investigation was
done to understand the reason for such a difference; however, no specific reason for
the large difference could be found. Actual ground water overdraft in the
Kings—-Kaweah-Tule Rivers PSA is probably somewhere between the values produced
by the two methodologies. For this PSA, the California Water Plan Update used the
average of the ground water overdraft values computed using the two different
methods.

Ground water quality degradation is another factor that must be considered
when computing overdraft. Ground water overdraft in @ basin may induce the
subsurface movement of poor-quality water into higher-quality water. The resultant
aquality degradation may reduce the usable storage of a ground water basin. This
adverse effect of ground water overdraft was evaluated and included in the ground
water overdraft computations for the Cdilifornla Water Plan Update.

Ground Water
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In Sacramento,
California, a gasoline
tank suspected of leaking
is being removed to
protect ground water
quality. Until recently,
most types of under-
ground chemical storage
tanks were constructed
in a way that allowed
the tanks to leak contam-
inants into the soil.
SWRCB now manages a
program to control con-
tamination from
underground tanks.

in storage in those basins. Where the ground water extraction is in excess of inflow to
the ground water basin over a period of time, the difference provides an estimate of
overdraft. Such a period of time must be long enough to produce a record that, when
averaged, approximates the long-term average hydrologic conditions for the basin.
Bulletin 118-80 defines “overdraft” as the condition of a ground water basin where the
amount of water extracted exceeds the amount of ground water recharging the basin
“over a period of time.” It also defines “critical condition of overdraft” as water manage-
ment practices that “would probably result in significant adverse overdraft-related en-
vironmental, social, or economic effects.” Water quality degradation and land subsi-
dence are given as examples of two such adverse effects. Table 4-3 shows 1990
estimated ground water overdraft by hydrologic region.

During the 1987-92 drought, ground water, where available, was extracted to
make up for reductions in surface water deliveries. The result was that ground water
levels and the amount of ground water in storage declined considerably. Such a decline
is not considered overdraft, rather it is considered as removal of ground water from
storage, similar to removal of water from a surface reservoir. In the past, such declines
have been reversed during wet years when surface water reservoirs refilled and ground
water aquifers were recharged.

Ground water quality degradation reduces usable ground water storage in
ground water basins. Ground water overdraft in a basin can produce a gradient that in-
induces movement of
water from adjacent
areas. If the adjacent
areas contain poor qual-
ity water, degradation
can occur in the basin.
There is a west-to—east
water gradient in the
San Joaquin valley from
Merced County to Kern
County. Poor (iuality
ground water moves
eastward along this
gradient, displacing
good quality ground wa-
ter in the trough of the
valley. The total dis-
solved solids in the west
side of the valley generally range from 2,000 to 7,000 milligrams per liter, the east side
water from 300 to 700 milligrams per liter. This adverse effect of overdraft and pos-
sible degradation of ground water quality in the San Joaquin Valley has been eva-
Inated and included in ground water overdraft estimates.

In the short term, those areas of California that rely on Delta exports for all or a
portion of their supplies face great uncertainty in terms of water supply reliability due
to the uncertain outcome of a number of actions undertaken to protect aquatic species
in the Delta. For example, in 1993, an above-normal runoff year, environmental re-
strictions limited CVP deliveries to 50 percent of contracted supply for federal water
service contractors from Tracy to Kettleman City. Because ground water is used to re-
place much of the shortfall in surface water supplies, limitations on Delta exports will
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Table 4-3. Ground Water Overdraft by Hydrologic Region
(thousands of acre-feet)
Region 1990
North Coast 0
San Francisco Bay 0
Central Coast 240
South Coast 20
Sacramento River 30
San Joaquin 210
Tulare Lake 650
North Lahontan 0
South Lahontan 70
Colorado River 80
STATEWIDE 1,300
increase ground water overdraft in the San Joaquin River and Tulare Lake regions, and
in other regions receiving a portion of their supplies from the Delta.

' The ground water basins in small coastal areas of the Central Coast Region have

limited storage capacity. During drought periods, water levels in most of these basins
sometimes decline to a point where ground water basins are not usable. However, dur-
ing wet periods, most of these basins recover, thus making evaluation of overdraft or
perennial yields difficult. Overdraft amounts shown for the Central Coast Region were
estimated by reviewing previous studies and could be overestimated. In addition, the
Central Coast presently receives USBR water through San Felipe and will soon receive
SMP water through the Coastal Branch of the California Aqueduct. These imported
supplies could reduce overdraft in the region. A more comprehensive study of the
ground water use in this region is needed to more accurately estimate the overdraft.

Estimated overdraft amounts are based on overdraft being defined as the amount
of ground water extracted for the 1990 level of development that is in excess of the
current perennial yield. “Current perennial yield” is the amount of ground water that
can be extracted without lowering ground water levels over the long-term. Perennial
yield in basins where there is hydraulic continuity between surface and ground water
depends in part on the amount of extraction that occurs. Perennial yield can increase
as extraction increases, as long as the annual amount of recharge is equal to, or greater
than, the amount of extraction. Extraction at a level that exceeds the perennial yield for
a short period does not result in an overdraft condition. In basins with an adequate
ground water supply, increased extraction may establish a new hydrologic equilibrium
with a new perennial yield. The establishment of a new and higher perennial yield re-
quires that adequate recharge be induced. The methods used to estimate perennial
yield and ground water overdraft assume that the amount of ground water extracted
for the 1990 level of development is the amount of extraction that has taken place, or
could take place, without lowering ground water levels over a long period of timne. These
estimates must include evaluation of the existing water management program in the
basin.

Changes in surface water deliveries will undoubtedly change the perennial yield
and overdraft conditions in the future. For example, delivery of surplus surface water
supplies from the SWP and CVP will probably occur much less frequently in the future.

Ground Water
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Such decreases in delivery of surface water will probably decrease perennial yields in
basins that receive SWP and CVP water.

Sea Walter Intfrusion

Along some parts of the coast, declining ground water levels allow sea water to
intrude into fresh water aquifers. Los Angeles County operates sea water intrusion bar-
rier projects in West Basin and Dominguez Gap. Los Angeles and Orange counties
jointly operate a sea water intrusion barrier in Los Alamitos Gap, which straddles the
border between the two counties. In most of these barriers, water from water recycling
facilities or from MWDSC imported deliveries is injected and flows down gradient in
both directions—toward the ocean as well as inland where it mixes with ground water
in the aquifer and can be extracted by irrigation and municipal wells. In some basins,
a sea water intrusion barrier may be a cost—effective management tool that would allow
greater use of the basin’s ground water storage capacity.

In Salinas Valley, sea water intrusion was occurring before the drought began.
During the drought, the rate of intrusion accelerated because of decreased ground wa-
ter recharge and increased ground water extraction. Monterey County Water Re-
sources Agency has formulated long-term plans to construct and operate facilities to
substitute surface water for ground water to alleviate the sea water intrusion problem.
The SWRCB is putting pressure on the Agency to start action immediately to stop the
intrusion, which is now almost 5 miles inland and threatens to contaminate municipal
wells in Salinas. MCWRA is dealing with overdraft and sea water intrusion in the coast-
al areas of the Salinas Basin and is in the process of preparing the Salinas River Basin
Management Plan. Under this plan, MCWRA will screen management alternatives for
preparation of an EIR/EIS. The agency has also adopted eight ordinances including
requiring the metering of all wells with a discharge size greater than three inches, agri-
cultural and urban conservation measures. establishing upper pumping limits, and
ground water management charges with penalties for use exceeding the pumping lim-
its. Sea water intrusion is also occurring in the area of the Pajaro River. Pajaro Valley
Water Management Agency and the City of Watsonville are formulating plans to ad-
dress the problems in that area.

In Ventura County, elevated chloride levels have been measured in much of the
Oxnard Plain since the 1950s. Recent studies have concluded that there are three
sources of chloride: sea water intrusion in a relatively small area; a larger area into
which saline water has migrated from adjacent marine formations; and leakage of chlo-
ride from an upper perched aquifer through failed well casings into an underlying aqui-
fer. The sea water does not appear to be moving inland. Local agencies are developing
programs to address the migration of saline water and the wells that have been im-
properly destroyed. Fox Canyon Ground Water Management Agency, United Water
Conservation District, and City of Ventura are all formulating plans to address the
problems in that area.

Subsidence

In some parts of California, ground water extraction has caused subsidence of
the land surface. Accurate prediction of subsidence is generally not possible with our
present level of knowledge or current data about the extent and properties of aquifer
sediments in subsidence areas. In some areas subsidence occurs when ground water
levels decline below a certain level. Data collected from six extensometers in Westlands
Water District indicate that subsidence occurred in 1990, 1991, and 1992, with the
highest amount of subsidence occurring in 1991. Land subsidence can change canal
gradients, damage buildings, and require repair of other structures. In some instances,
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local water management agencies may determine that a certain amount of land subsi-
dence is allowable as a part of their ground water management program:.

In areas where ground water extraction is proceeding or where such programs
are planned, the potential for subsidence should be evaluated. Water managers may
wish to include extensometer and land surface surveying if subsidence is a real poten-
u

1.
Ground Water Quality

A change in ground water gradient may accelerate movement of contaminants
toward water-producing wells. (See Chapter 5 for an explanation of contaminant
movement and levels.) This accelerated movement of contaminants may be particularly
true where ground water levels have been lowered significantly because of increased
extraction during droughts. However, a ground water monitoring program for water
levels and water quality is necessary to evaluate such changes.

Management of Ground Water Resources

Ground water basin management is defined as: protection of natural recharge
and use of intentional recharge; planned variation in amount and location of extrac-
tion over time; use of ground water storage conjunctively with surface water from lo-
cal and imported sources; and, protection and planned maintenance of ground water
quality. If the basin is managed to achieve these goals, ground water overdraft will be
reduced and water supplies of good quality will be sustainable.

Initial use of ground water in California considered only one aspect—building a
well and extracting ground water. It was only when ground water levels began to de-
cline, or landowners could not extract enough water from their wells, that consider-
ation was given to the second aspect of ground water use—recharge. In contrast, no
one would think of building a dam for water supply purposes before first identifying
and quantifying a source of water to fill the reservoir behind the dam. Water managers
in many areas where ground water was depleted realized that action was required and
requested legislation to provide authority to manage the ground water basins.

The type of management structure and the extent of management of ground wa-
ter) basins in California vary considerably. In part, this variety arose because ground
water was treated as a property right while surface water was treated under a complex
system of riparian and appropriative rights. The result is that ground water is regu-
lated both by statute and by case law from court decisions. As might be imagined, the
combination of the two makes for great complexity in managing this resource.

| Management of ground water in California has generally been considered a local
responsibility. This view is strongly held by landowners and has been upheld by the
Legislature (in a number of statutes that have established local ground water agencies)
and by the courts (in decisions). State agencies have encouraged local agencies to de-
velop effective ground water management programs to maximize their overall water
supply and to avoid lengthy and expensive lawsuits resulting in adjudicated basins.
The end result of either local agency ground water management programs or adjudica-
tion may be similar. Effective management can be achieved through either method.

Thirteen ground water basins have been adjudicated and are operated in accor-
dance with court settlements. A fourteenth watershed has been adjudicated in federal
court, but water users are not limited in their ground water extraction.

The California Water Code provides for management and distribution of surface
water and in many instances provides some limited authority to deal with ground wa-
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ter through a number of types of local water agencies and districts, formed either by
general or special legislation. Nine ground water management agencies have been au-
thorized by the State Legislature. These agencies can enact ordinances affecting
ground water extraction, establish zones of benefits, and charge a ground water ex-
traction fee or levy taxes for actions that benefit the extractors. “Zone of benefit” means
an area, including but not limited to, subbasins within a district which will benefit
from planning, studies, or any management program undertaken by that district in a
manner different from other areas or subbasins within the district (Water Code, Appen-
dix 119-322 and 135-833).

Many water agencies have statutory authority from the Legislature to levy
charges for ground water extraction when it is shown that the surface water conveyed
to the area recharges the aquifer, thereby benefiting the ground water extractors. Not
all of these agencies have exercised that authority. Some of those that have are Orange
County Water District, Rosedale-Rio Bravo Water Storage District, Santa Clara Valley
Water District, Monterey Peninsula Water Management District. and recently, Mon-
terey County Water Resources Agency.

Such charges are colloquially called a “pump tax,” although the term “water re-
plenishment assessment” is used in the Water Code. The water replenishment assess-
ment may consist of a water charge, a general assessment, a replenishment assess-
ment, or a combination of two or more of the above.

In 1992, the Water Code was amended (Water Code Section 10750, et seq.} to
provide authority and define procedures to allow certain local agencies to produce and
implement a ground water management plan. To date, more than 40 local agencies
have expressed interest in using that section of the Water Code provision to adopt a
ground water management program. A number of those agencies have adopted resolu-
tions of intent in accordance with Water Code Section 10750 to adopt a ground water
management plan. Adoption of such a resolution allows the agency two years to adopt
a plan. If no plan is adopted in that time frame, the agency must start the process over
again. The Water Code encourages coordination between agencies in the same basin.
Early indications are that some agencies that share a basin are interested in formulat-
ing their own plans, while some other agencies that share a basin intend to develop one
coordinated cooperative plan for the entire basin. In addition, several mutual water
companies have expressed interest in developing ground water management plans.

Procedure for Adopting a Ground Water Management Plan
in Accordance with Water Code Section 10750

Hold noticed public hearing on Resolution of Intention to Draft a Ground Water
Management Plan.

Wirite and publish a Resolution of Intention to Adopt a Ground Water Management
Plan.

Prepare a draft ground water management plan within two years or restart the pro-
cess.

After the draft plan Is completed, hold a second noticed hearing.

Landowners affected by the plan may file protests.

If amajority protest occurs (representing more than 50 percent of the assessed valu-
ation of the land), the ground water management plan shall not be adopted.

If o majority protest does not occur, the plan may be adopted.

Alocalagency may fix and collect fees and assessments for ground watermanage-
ment costs associated with the implementation of the ground water management
plan, if such authority is approved by a mgjority of votes cast in a popular election.

oo oo o O o
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However, such local entities are not included in the legal definition of “local agency” but
can sign Memorandums of Understanding with local agencies to develop a ground wa-
ter management plan under Section 10750.

Adjudicated Basins

In 13 adjudicated ground water basins, ground water extraction is regulated by
a watermaster that has been appointed by the court. Twelve of these adjudicated ba-
sins are in Southern California and one is in Northern California (Figure 4-2). Ground
water extraction in each of these basins was adjudicated with concern only for ground
water quantity. Ground water quality was not a part of the original court decisions.

The amount of ground water that each well owner can extract is determined by
the court decision and is based on the amount of ground water that is available each
year, as determined by the watermaster. While each court decision may be slightly dif-
ferent, the goal is to avoid ground water overdraft by providing sustainable yield. Adju-
dication of these ground water basins has generally resulted in additional imports of
surface water supplies to make up for reduced extraction.

The thirteen adjudicated ground water basins and watermasters in California
are:

Los Angeles County

Central Basin: DWR

West Coast Basin: DWR

Upper Los Angeles River Area: an individual specified in the court decision
Raymond Basin: management board appointed by the court, DWR staff

© 00 OO0

Main San Gabriel Basin: nine-director board

Kern County
Cummings Basin: Tehachapi-Cummings Water District

(ORN®;

Tehachapi Basin: Tehachapi-Cummings Water District

San Bernardino County
Q Warren Valley: Hi-Desert Water District
Q San Bernardino Basin Area: onre representative each from Western Municipal

Water District of Riverside County and San Bernardino Valley Municipal Water
District

Q | Cucamonga Basin: not yet appointed
Q | Mojave River Basin: Mojave Water Agency

Riverside and San Bernardino Counties
Q | Chino Basin: Chino Basin Municipal Water District

Siskiyou County
Q | Scott River Stream System: two local irrigation districts

L Ground water and surface water in a fourteenth basin, Santa Margarita River
Watershed in Riverside and San Diego Counties, has also been adjudicated by the fed-
eral court. Water users are required by the court decision to report to the court~ap-
pointed water master the amount of surface water they divert from the river, canals, or
ditches, and the amount of ground water they extract from the aquifer. However, the
amount of water they are entitled to is not limited by the decision.

Ground Water
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Figure 4-2. Locations of Adjudicated Ground Water Basins
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The watermaster for Main San Gabriel Basin in Southern California has since
returned to the court and obtained approval of regulations to control extraction for the
purpose of protecting ground water quality. Ground water underflow from Puente Ba-
sin, a part of Main San Gabriel Basin, was addressed in a court decision separate from
the Main San Gabriel adjudication. The court named two individuals to act in the ca-
pacity of watermaster.

Ground Water Management Agencies

The Legislature has enacted several specific statutes establishing ground water
management agencies that can enact ordinances to regulate the amount of ground wa-
ter that is extracted and limit its place of use within the district's boundaries. Nine
ground water management agencies have been formed by such special legislation. {See
Figure 4-3 for their locations.)

While these agencies have the authority to pass ordinances, such ordinances lim-
iting extraction are not popular with landowners within the agency’s boundaries. In
addition, the funding for studies that are required to establish zones of benefit to en-
sure equitable assessments has not been readily available. Therefore, it is not yet clear
whether these agencies will become viable and effective at managing ground water in
a manner that conserves quantity and preserves good quality.

The nine ground water management agencies are:

Lassen County
Q Honey Lake Valley Ground Water Management District: Board of Directors not
yet appointed.

Q Willow Creek Valley Ground Water Management District: Board of Directors has
been appointed.
Lassen and Sierra Counties

Q Long Valley Ground Water Management District: has adopted an ordinance that
requires a permit to export ground water outside the basin.

Sierra County

Q Sierra Valley Ground Water Management District: has called for voluntary
landowner cooperation to reduce extraction and submit records on extraction.
Mono County

Q Mono County Tri-Valley Ground Water Management Agency: is establishing a
network of monitoring wells.
Mendocino County

Q Mendocino City Community Services District: requires well owners to record
their extraction.
Santa Cruz County

Q Pagjaro Valley Water Management Agency: is dealing with sea water intrusion
and high nitrates in ground water. A basin management plan that will address
ground water extraction and surface water imports has been completed, and
fees on extraction have been assessed.

Ventura County

Q Fox Canyon Ground Water Management Agency: has adopted an ordinance
prohibiting export of ground water outside the lateral boundaries of the aquifer.
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Figure 4-3. Locations of Ground Water Management Districts or Agencies
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Q Ojai Basin Ground Water Management Agency: Board of Directors recently
appointed. Water quality of the basins is good, with the apparent exception of
localized, elevated nitrate ion concentrations. Further data collection over a
wider geographic area will be required to identify the severity of the problem.

Water Districts with a Pump Charge

A number of water districts have obtained Legislative authority to levy a pump
charge on wells that extract a certain amount of ground water. Two of these districts
manage their surface water and ground water in a conjunctive operation. The third is
moving in the same direction. These water districts are:

Orange County
Q Orange County Water District

Santa Clara County
Q Santa Clara Valley Water District

Monterey County
Q Monterey Peninsula Water Management District

Other Districts

Desert Water Agency and Coachella Valley Water District are authorized to levy
replenishment assessment charges to fund certain programs. Many other flood control
and water conservation districts, water storage districts, water replenishment districts,
irrigation districts, community services districts, water agencies, and others either
manage surface water only or may be involved in some minor ground water manage-
ment. Management of surface water can affect the timing and location of ground water
extraction, use, and recharge.

Effect of the Drought on Ground Water

The large amount of ground water available in California’s ground water basins
provided a reliable source of water during the 1987-92 drought. During previous
droughts ground water extraction has provided as much as 60 percent of urban and
agricultural applied water statewide. The following sections describe the effects of
drought on ground water levels and storage and potential impacts from overdrafting
basins.

Ground Water Levels and Storage

The depth of water in wells in California’s ground water basins differs consider-
ably among basins and even in different parts of the same basin. The water levels are
affected by many factors, including the amount of recharge that has occurred in pre-
vious years, the ratio of surface water to ground water used, the total number and
location of wells extracting ground water from the basin, the amount of ground water
that flows out of the basin, and the total amount of ground water extracted from the
basin.

While smaller surface water reservoirs can refill in a single year if the precipita-
tion and runoff are above normal, it can take several years of above normal precipita-
tion before ground water levels in a basin recover to pre-drought levels. The increase in
ground water storage is a function of the amounts of pumping and natural recharge, as
well as the contribution to recharge from applied irrigation water or direct recharge
operations.

The amount of ground water currently in storage in the San Joaquin Valley has
decreased considerably since 1987 because of the low amount of recharge from spring
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Figure 4-4.
Cumulative Change in
Ground Water Storage

San Joaquin Valley

1987 through spring 1992, combined with the large amount of ground water that was
extracted during that time.

As a result of the drought, it was expected that the extraction of ground water
through spring 1992 would be much higher than normal. In Kern County, more
ground water was extracted between spring 1991 and spring 1992 than during the
previous four years. However, the amount of ground water extracted between spring
1991 and spring 1992 in Stanislaus, Merced, Madera, Fresno, Tulare, and Kings coun-
ties was significantly less than the amount of ground water extracted during the pre-
vious few years. The reasons for the unexpected decreases in ground water extractions
are still being investigated. Possible factors include rainfall variations, fallowed land,
changes in crops, a high intensity-long duration rainfall in some parts of California in
March 1991, and somewhat better runoff amounts in 1991 than in 1990 for the south-
ern Sierra Nevada. The change in ground water in storage in the San Joaquin Valley is
shown in Figure 4-4.

Ground water levels in most basins rose as a result of ground water recharge
from the storms that passed over California in December 1992 and January through
March 1993 which provided large amounts of precipitation and runoff. Such recovery
of ground water levels in many basins occurs during wet years, primarily as a result of
two factors:

Q Surface water is available and is the primary source of irrigation water, thus
reducing extraction of ground water.

Q Inmany areas, about 15 to 20 percent of the water applied for irrigation moves
past the root zone and results in recharge of the ground water basin. The
amount of such deep percolation varies in different areas.

The net change in the amount of ground water storage during summer 1993 will
not be known until spring 1994 water level measurements are evaluated. The spring
measurements of any year reflect events that occurred during the previous 12 months.
Thus, spring 1993 water level measurements reflect the recharge that occurred in win-
ter 1992-93 and the extraction that took place in summer 1992.

In the Sacramento Valley, ground water levels and storage did not decline signifi-
cantly in Glenn and Colusa counties during the 1987-92 drought. In Butte and

Million Acre-Feet

I QRO SUUUNN TN S TN NN OO SO S
1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992

Unconfined Aquifer

Ground Water




The California Water Plan Update

Bulletin 160-93

Tehama counties, ground water levels declined, but some remained higher than they
were after the 1976-77 drought. The change in ground water storage in the
Sacramento Valley is shown in Figure 4-5.

In coastal areas, some ground water basins have limited storage. Ground water
levels in such basins are often lowered to near critical levels each fall, thus making
evaluation of overdraft or sustainable yield difficult. These basins require relatively
little time to recharge to return to a full condition. As a result, ground water levels in
these basins can rise rapidly due to high rainfall such as occurred in March 1991, De-
cember 1992, and January through March 1993.

The ground water basins surrounding Clear Lake in Lake County also have lim-
ited storage capacity. Each year ground water levels in these shallow ground water ba-
sins decline to a point where ground water quality starts to deteriorate. But each win-
ter these basins normally refill. In these areas of limited storage, ground water has very
little capacity to support additional development.

Ground water levels in the adjudicated basins and managed basins in Southern
California vary. In Main San Gabriel Basin and the coastal plain of Orange County,
water levels are about at the middle of their court-approved operating range. Ground
water levels in San Fernando Valley range from high to low, depending on location.
Levels in Central and West Coast Basins are fairly high.

Wells and Ground Waler Use

Reduction of surface supplies during drought increases ground water extraction
while recharge remains significantly below normal. As ground water levels decline,
more energy is required to lift the water to the surface, adding to the cost of water for
urban and dgricultural use. Furthermore, existing wells often become unusable, re-
quiring deepening or, in some cases, replacement of wells. (Figure 4-6 shows the num-
ber of well completion reports filed, by year, from 1974 through 1992.) Upon the return
of normal or above normal precipitation, such as that occurring in late 1992 and 1993,
ground water extraction decreases markedly as surface water becomes more available.
The shift from using ground water to using surface water results in significant ground
water recharge.
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Figure 4-6.
Annual Well
Completion
Reports
(thousands)

Ground water
recharge in the City
of Bakersfield. The
city operates a
2,800-acre recharge
facility southwest of
Bakersfield where
the city and some
local water agencies
recharge surplus
Kern River water,
and occasionally
SWP and Friant-Kern
Canal water. The
water is withdrawn
in drier times.
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The number of new wells reported as drilled during the 1987-92 drought peaked
in 1990 after increasing during the earlier years of the drought. Slightly over one-third
of the wells reported in 1990 were monitoring wells and many others were either re-
placement or deepening of existing wells.

Conjunctive Use

Conjunctive use is the operation of a ground water basin in coordination with a
surface water system to increase total water supply availability, thus improving the
overall reliability of supplies. The basin is recharged, both directly and indirectly, in
years of above-average precipitation so that ground water can be extracted in years of
below-average precipitation when surface water supplies are below normal. In some
instances conjunctive use is employed for annual regulation of supplies. These pro-
grams involve recharge with surface water or reclaimed water supplies and same-year
extraction for use. Aquifer storage and recovery programs are a good example of con-
junctive use. Following is a discussion of effective conjunctive use programs and the
types of programs in-
place today.

Conjunctive use
programs are designed
to increase the total us-
able water supply by
jointly managing sur-
face and ground water
supplies as a single
source. As such, they
are widespread in
California but differ
greatly in their intensity
and degree of planning.
Management can vary
from recharging a lim-
ited amount of sporadi-
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cally available surface water toa comprehensive management programthat coordinates
surface water use, delivery, recharge, and ground water extraction and use.

In the future, carefully planned conjunctive use will increase and become more
comprehensive because of the need for more water and the generally higher cost of new
surface water facilities. Conjunctive use programs generally promise to be less costly
than new traditional surface water projects because they increase the efficiency of wa-
ter supply systems and cause fewer negative environmental impacts than new surface
water reservoirs.

Various local agencies have implemented programs and coordinated with other
agencies to recharge surface water, when it is available, so that ground water will be
stored in the aquifer until it is needed. These agencies have effectively secured or im-
plemented some or all of the following components of a conjunctive use program:

Q a source of surface water

Q identified usable storage capacity in the aquifer

Q identified possible re-regulation of surface water reservoirs
recharge facilities

extraction facilities

distribution facilities for surface water and ground water
monitoring wells for quantity and quality

©C 00 0O

a means of financing and sharing the costs among the beneficiaries

Carefully planned and implemented conjunctive use programs can be developed
without causing significant adverse impacts. However, the effect of such programs on
native vegetation and wetland habitat, fish and wildlife resources, third parties, land
subsidence, and degradation of water quality in the aquifer must be evaluated. Phrea-
tophytic vegetation may be stressed when ground water levels are lowered because less
water is available in root zones. Similar processes can also affect wetlands. Potential
adverse effects on third parties include lowering of ground water levels below the bot-
tom of wells, or raising ground water levels so that local flooding occurs. Subsidence
caused by extraction of ground water can affect canals, wells, buildings, tanks,
bridges, and levees that require costly repair. Ground water quality can be degraded if
ground water gradients induce movement of lower quality water into the aquifer.

Interest in conjunctive use as a means of augmenting supplies that may then be
exported to areas outside the basin has led to questions about the feasibility and legal
complexity of water transfers involving ground water. Both the State Water Code and
the recently passed Central Valley Project Improvement Act of 1992 specify that any wa-
ter transfers under their respective jurisdictions cause “no significant long-term ad-
verse impact on ground water conditions in the transferor's service area.” The CVPIA
requirement will affect water districts that receive water from the CVP and seek to
transfer either surface or ground water.

Conjunctive Use Programs

A broad range of conjunctive use activities have been undertaken in California,
although many of them probably were not thought of as conjunctive use when devel-
oped. The range of conjunctive use activities in California is illustrated by the following
partial list of examples of programs in place today.

Alameda County Water District, The district is located near the mouth of the
Niles Cone area of Alameda County, adjacent to San Francisco Bay. Historically, ex-
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traction of ground water from the basin lowered ground water levels and allowed sea
water from the Bay to intrude. In response, the district has developed an extensive pro-
gram to recharge local supplies from Alameda Creek and imported supplies from other
surface sources.

Kern County. In Kern County, a mix of local, regional, and State conjunctive use
projects are operating or are under development. The Kern County Ground Water Ba-
sin is in overdraft although changes in storage vary considerably depending on the sur-
face water availability to local agencies. Several districts have responded by building
and operating recharge projects that take advantage of imported and/or local surface
water when available. For example, the Rosedale-Rio Bravo Water Storage District pur-
chases surface water from three sources and recharges ground water via Goose Lake
Slough. Essentially all water use within the district is supplied by ground water.

On an interregional scale, the Arvin—-Edison Water Storage District and the Met-
ropolitan Water District of Southern California are developing a cooperative water
banking project. In this complex program, Arvin-Edison will provide MWDSC water
during dry years from Arvin-Edison’s CVP supply and will replace this water by pump-
ing ground water from a basin previously recharged with surface water supplies made
available by MWDSC from its SWP supply. (See Chapter 11 for more details about the
program.)

The Department of Water Resources, in cooperation with local agencies in Kern
County, is developing the Kern Water Bank project to augment the supplies available
to SWP contractors in drought years. (See Chapter 11 for more details.)

Metropolitan Water District of Southern California. In 1989, MWDSC imple-
mented a seasonal ground water storage program utilizing both direct and in lieu re-
charge and storage in local ground water basins to increase emergency supply and pro-
vide carryover storage for droughts.

Orange County Water District. This district has one of the most elaborate con-
junctive use programs. It purchases imported surface water from MWDSC for ground
water recharge, manages runoff and recycled water in the Santa Ana River, manages
extraction from the basin, operates a sea water intrusion barrier, is contemplating
additional barriers to allow use of even more ground water storage capacity, is improv-
ing ground water quality in areas where it has been degraded, and recharges a large
quantity of recycled water.

Santa Clara Valley Water District. The district provides and operates treat-
ment and distribution facilities for surface water imported from the SWP and the CVP
and recharge sites for local surface and imported water supplies. The basin is managed
to provide an adequate supply of ground water annually, eliminate land subsidence,
and provide carryover ground water storage as a buffer against dry years when local
and imported surface water supplies are reduced.

South Sutter Water District. Irrigated agriculture in this area has relied on
ground water for many years. As a result, a regional ground water depression devel-
oped as local pumping exceeded recharge. In response to the declining ground water
levels, the district constructed Camp Far West reservoir on the Bear River to develop a
partial surface water supply for the district. This has been successful in reducing de-
mand on the ground water basin, which has since recovered. During extended dry pe-
riods, increased ground water use causes ground water levels to fall. The district is
investigating ways to further develop the conjunctive use potential of the basin.
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United Water Conservation District. The district captures winter runoff in
Lake Piru and releases the water each fall down the Santa Clara River to replenish the
ground water basins along the river. These basins have limited storage capacity and
are generally operated on an annual cycle that largely uses the entire capacity. United
also operates two spreading areas to recharge the Oxnard Plain ground water basin in
coastal Ventura County.

Westlands Water District. The early development of irrigated agriculture in
Westlands was based on extraction of ground water from a deep, confined aquifer sys-
tem. This development resulted in extensive land subsidence. To alleviate this prob-
lem, Westlands obtained an imported surface water supply from the CVP that allowed
it to largely eliminate ground water pumping in most years. In years with deficient sur-
face water supplies, water users revert to ground water pumping.

Yolo County Flood Control and Water Conservation District. This district op-
erates Clear Lake and Indian Valley reservoirs to provide a surface water supply for
irrigated agriculture. The district does not have the capability of extracting ground wa-
ter, but local farmers maintain the capability to largely offset dry year surface water
shortages by pumping additional ground water. The district has undertaken a program
to artificially recharge ground water in its service area.

Prospecits for the Future

In the future, conjunctive use is expected to increase and become more compre-
hensive if California’s water needs are to be met in a cost effective and efficient manner
while resolving conflicts with other resources. Conjunctive use programs generally
promise to be less costly than new traditional surface water projects as they increase
the efficiency of existing systems and are expected to cause fewer negative environ-
mental impacts.

Recommendations

The State should encourage efforts to develop ground water management pro-
grams at the local and regional levels and to remove legal, institutional. financial, and
other barriers that limit conjunctive use of ground water basins. The programs should
be focused on solutions to clearly identified problems, such as overdraft, and natural
and human-caused contamination so as to optimize the use of surface and ground
water resources. Specific recommendations are as follows:

1. Local agencies should adopt programs for ground water management with the
following goals: -

a. Identify and protect major natural recharge areas. Devel-
op managed recharge programs where feasible.

b. Optimize use of ground water storage conjunctively with
surface water from local sources, including storage of re-
cycled water and imported sources.

c. Increase monitoring of ground water quality so that the
State can improve its ability to assess and respond to wa-
ter degradation problems. Report trends in the chemical
contents of ground water.

d. Develop ground water basin management plans that not
only manage supply, but also address overdraft, increas-
ing salinity, chemical contamination, and subsidence.
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e. Adopt and implement a public education program to en-
sure that citizens understand the importance of ground
waterand steps they can take to protect and enhance their
water supply.

2. Continuing use of overdraft as a source of supply is not sustainable and must
be addressed in State and local water management plans. Options for addres-
sing the management of overdraft will be strongly influenced by economic fac-
tors that must be considered in such plans.
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Water samples are tested at DWR’s Bryte Lab, located on the west
side of the Sacramento River. The sensitive electronic equipment
used at this lab can detect one part chemical in one billion parts
water.
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Chapter 5

Water has numerous uses, and each use has certain quality requirements that
vary widely. The quality needed to wash cars, for example, is lower than that required
to irrigate orchards or make computer chips. In some cases, different water uses have
conflicting quality requirements; water temperatures ideal for crop irrigation may be
unsuitable for fish spawning, for instance.

Quality considerations have a direct bearing on the quantity of water available for
use. Water quality parameters, such as temperature, turbidity, and oxygen, mineral,
dissolved metal, and nutrient content, all affect the usability of water and, therefore,
affect the total available quantity for specific uses. Although California has accesstoa
virtually unlimited supply of ocean water, it is too salty for most uses without costly
treatment. Water management must consider quality to determine the overall avail-
ability of water supplies in California. The pressures of a steadily growing population,
additional requirements for water to meet environmental needs, and potentially more
frequent water shortages pose serious water management and risk management prob-
lems for California.

This chapter describes factors affecting water quality as they relate to California
water management as well as the regulatory mechanisms designed to correct and
prevent quality problems affecting water supply and beneficial uses. Because the
Sacramento-San Joaquin Delta and its tributaries, the Sacramento and San Joaquin
rivers, are key to California’s water supply picture, water quality issues affecting these
water bodies are discussed. The Colorado River and California’s ground water supplies
are also of great importance, and quality issues affecting these supply sources are also
addressed.

California’s burgeoning population and limited water supplies require maximum
water use efficiency. Water recycling and reuse are important means of stretching
supplies; therefore, quality considerations pertaining to recycling and reuse are re-
viewed. Finally, an overview of some costs of poor water quality makes the importance
of water quality most obvious.

Overview of Water Quality in California

When water falls as snow or rain, it contains very low concentrations of inorganic
minerals and organic compounds, a result of the natural purification processes of
evaporation and precipitation. Once on the ground, much of the water evaporates or is
used by vegetation, some percolates into the ground, and much of the remainder flows
toward the Pacific Ocean. On its way, it is subject to many influences.

Mineralization and Eutrophication

As water passes over and through soils. it picks up soluble minerals (salts) pres-
ent in the soils because of natural processes, such as geologic weathering. As the water
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passes through a watershed and is used for various purposes, concentrations of dis-
solved minerals and salts in the water increase, a process called mineralization. As
Sierra Nevada streams flow into the valleys, they typically pick up 20 to 50 milligrams
per liter (parts per million) of dissolved minerals, which is equivalent to about 50 to
140 pounds of salts per acre—foot. (An acre-foot of water with total dissolved solids of
736 mg/L contains one ton of salt, which is typical of Colorado River water.)

The increased concentration of minerals also results from municipal water uses.
Water passing through a typical municipal water supply system, including waste water
treatment before discharge, typically increases in salt load by about 150 to 200
milligrams per liter. Industrial usage usually contributes to mineralization, which can
be less than or far greater than that resulting from municipal use, depending on the
industry.

In California, a major source of mineralization is sea water intrusion into the
Sacramento-San Joaquin Delta, the export location for much of California’s water
supply. Sea water intrusion in the Delta elevates the salinity (particularly the ions of
concern, sodium, chloride, and bromide) of fresh water, worsening the quality of Delta
water. For example, during the period 1986 to 1992, the average concentration of dis-
solved solids (salt) in the lower Sacramento River was 108 mg/L (parts per million). In
the lower San Joaquin River, the average was 519 mg/L, and at H.O. Banks Pumping
Plant, the southern Delta export location of the State Water Project, the average was
310 mg/L.

The San Joaquin River contributes about 16 percent, on average, of the fresh
water inflow to the Delta, and the Sacramento River contributes about 80 percent. On
average, Delta influences are responsible for elevating the salt concentration at Banks
Pumping Plant about 150 mg/L above the salt concentrations present in the fresh
water inflows to the Delta. Considerable improvement in mineral quality could,
therefore, be achieved if the influence of the Delta (sea water intrusion, island drain-
age, municipal waste water) could be eliminated.

The bromides contributed by sea water intrusion are of particular concern be-
cause they contribute to formation of harmful disinfection byproducts during drinking
water treatment processes. Control of upstream flow by reservoirs greatly enhances
the capability to repel sea water from the Delta. Without these facilities, the entire
Delta would frequently contain salty water from San Francisco Bay and the Pacific
Ocean.

Eutrophication results from addition of nutrients (nitrogen, phosphorus, and
many necessary micronutrients) to surface waters. In the presence of sunlight, algae
and other microscopic organisms are able to use the available nutrients to increase
their populations.

Slightly or moderately eutrophic water, such as the water in Delta channels, can
be healthful and support a complex web of plant and animal life. However, water
containing large populations of microorganisms is undesirable for drinking water and
other needs. Some types of microorganisms can produce compounds that, while not
directly injurious to human health, may cause the water to smell and taste bad and
can be costly and extremely difficult to remove.

Toxic Pollutants

Elements such as nickel, silver, chromium, lead, copper, zinc, cadmium,
mercury, arsenic, and selenium can be toxic or carcinogenic at certain concentrations.
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Many of these are pres-
ent in California’s water
due to runoff from aban-
doned mining
operations, such as the
Iron Mountain Mine on
the Spring Creek
tributary of the upper
Sacramento River. A
large percentage of the
heavy metals toxic to
aquatic life in the
Sacramento River is
thought to be from
abandoned mines in the
upper watershed.

Pathogens

Many people think
water from the mountains is pure and preferable for drinking. They are often unaware
that even in pristine waters, there may be disease—causing organisms. Protozoans are
microscopic organisms; some types of protozoans live in the bodies of warm-blooded
animals and can cause disease in humans who drink water shared with these animals.
Giardia lamblia is common in mountain-dwelling mammals. Giardiasis is a disease in
humans which comes from this organism. Cryptosporidium is another pathogenic or-
ganism found in drinking water supplies as a result of contamination by mammals.

In April 1993, between 200,000 to 400,000 persons in Milwaukee, Wisconsin
became ill of cryptosporidiosis, the disease resulting from the presence of Cryptospori-
dium in their water supply. This outbreak presents a striking example of the
importance of maintaining the quality of source waters. Even well-operated water
treatment facilities can be overwhelmed when the quality of the source water is erratic.

Federal and State Surface Water Treatment Rules, effective in June 1993, require
that all surface waters supplied for drinking receive filtration, high level disinfection, or
both, to inactivate or remove viruses and protozoan cysts such as Giardia and Cryptos-
poridium. However, not all disease-causing viruses, bacteria, and protozoan cysts are
destroyed in conventional drinking water treatment processes, and these may grow af-
ter discharge to waterways. Some urban water agencies routinely find Giardia and
other protozoan cysts in water used to wash their treatment plant filters, even after
rigorous disinfection that kills all other microorganisms. The cost of constructing new
filtration facilities to meet the new regulation can be quite high. San Francisco, for
example, has not previously filtered its water supplies, but may have to as a result of
this regulation.

Disinfection Byproducts

In its journey to the sea, water dissolves organic compounds present in the soil
as a result of plant decay. This organic material includes humic and fulvic acids, and
other organic compounds. High levels of these compounds can be present in drainage
from wooded or heavily vegetated areas and from soils high in organic content, such as
the peat soils which are present in parts of the Delta and other places in California.

Disinfectant chemicals are applied to drinking water to kill pathogenic
organisms. Chemicals such as chlorine, which are capable of efficiently killing such

High concentrations of
iron and other minerals
in drainage from the
abandoned Iron
Mountain Mine affect
water quality in

Spring Creek and the
Sacramento River.
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The Metropolitan
Water District of
Southern California
uses ozone to
disinfect water at
its ozonation plant
in LaVerne,
California. MWDSC
supplies 2.5 million
acre—feet annually
to 16 million water
users.

organisms, are highly reactive and can cause unwanted chemical reactions to occur.
Trihalomethanes are a class of synthetic organic chemicals produced in drinking water
when chlorine, used as a disinfectant, comes into contact with naturally occurring or-
ganic material dissolved in the water. Where present, bromide (a type of salt found in
sea water) enters the reaction to produce bromine-containing trihalomethane com-
pounds.

The organic matter and salts in Delta waters are by themselves not harmful and
only become so when they undergo reaction during water treatment. However,
trihalomethanes are suspected of causing cancer in humans. Maximum Contaminant
Levels of trihalomethanes in drinking water have been established by the U.S.
Environmental Protection Agency and California Department of Health Services, in ac-
cordance with the federal and State Safe Drinking Water laws. The current MCL for
THMs in drinking water is 0.10 mg/L. The regulations establishing the MCLs are being
reviewed, and the stricter standard of 0.08 mg/L is expected to be promulgated. Revi-
sions to the federal regulations are to be proposed in 1994.

There are less
notorious disinfec-
tion  byproducts,
also produced in
drinking water, that
may cause adverse
health effects. The
U.S. EPA and the
World Health Or-
ganization have
identified disinfec-
tion byproducts of
potentially more se-
rious human health
concern than triha-
lomethanes., One of
these is bromate,
formed duringozone
disinfection of wa-
ters containing bro-
mide. Drinking water regulations for disinfection byproducts such as bromate are ex-
pected to be included in the regulations to be proposed in 1994,

Ozone is a powerful oxidant widely used for drinking water disinfection. Its ad-
vantages are that it is a very strong oxidizer that efficiently kills pathogens, destroys
tastes and odors, and minimizes production of trihalomethanes and unwanted by-
products. The problem of bromide in Delta water has serious implications for
California and is discussed in the Sacramento-San Joaquin Delta Water Quality sec-
tion of this chapter.

Agricultural Pollutants

Agricultural pollutants are generally of the nonpoint variety, meaning their
sources are usually diffuse and are not readily subject to control. (By comparison,
point sources are more identifiable and generally more sub—ject to control, such as a
pipe discharging to a water
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body.) Agricultural drainage may contain chemical residues, toxic elements, salts, nu-
trients, and elevated concentrations of chemicals which produce disinfection
byproducts in drinking water. In addition, protozoan cysts from dairies and ranches
can enter waterways through agricultural drainage systems. Sediments resulting from
land tillage can pollute waterways, obstructing water flow and affecting the survival
and reproduction of fish and other aquatic organisms. (For a discussion of a specific
agricultural drainage problem, see the section titled San Joaquin Valley Drainage Pro-
gram in Chapter 2.)

Urban Pollutants

In urban areas, water quality is influenced by nonpoint sources of pollution such
asrecreationalactivities,drainagefromindustrialsites, runofffromstreetsandhighways,
discharges from other land surfaces, and aerial deposition. In California, storm water
runoff, a major source of nonpoint pollution, is regulated by SWRCB on behalf of the
U.S. EPA. (See Water Quality Protection in Chapter 2 for more information.)

Industrial production and municipal activities produce a number of substances
that end up in municipal and industrial waste water discharges (point sources of pollu-
tion). In California, discharge of untreated sewage into the environment is not
permitted. The National Pollution Discharge Elimination System regulates point dis-
charges of waste water into the nation's waterways. Under this system, California
treats waste water to render it free of certain disease-carrying organisms and reduce
its environmental impact.

Most of the industries in California discharge to a publicly-owned waste water
treatment plant and only indirectly to the environment. These industries are required
to provide pre-treatment of their industrial waste prior to its discharge to the munici-
pal waste water treatment plant. Like municipal discharges, industrial discharges are
subject to regulation through the NPDES. Industries discharging directly into the envi-
ronment are required to have an NPDES permit.

Waste water treatment facilities operated under the NPDES have, in general, been
successful in maintaining the quality of California’s water bodies; however, the dis-
charge permits do not regulate all constituents that may cause adverse impacts. For
example, the discharge of organic materials which contribute to trihalomethanes in
drinking water is not regulated. Nor does the NPDES guarantee elimination of proto-
zoan cysts, which are harder to inactivate (disinfect) than most other waterborne
pathogens and are capable of causing disease. In addition, permitted discharges in-
clude nitrogen compounds that can be harmful to aquatic life, cause unwanted
growths of algae in surface water bodies, and force downstream drinking water facili-
ties to increase their use of chlorine.

Synthetic chemicals (manufactured by humans) are very widespread. Unfortu-
nately, some waste water treatment plant processes do not completely remove all
synthetic chemicals that can be present in the water. Depending on the processes
used, some treatment plants may remove most of these compounds, while others are
not able to do as well. As a result, some synthetic organic chemicals, especially from
agricultural and industrial waste water, are emitted into California’s waterways
through treatment plant discharges.

Other Pollutants

There are a number of other sources of water pollution. Mining activities (pre-
viously mentioned in connection with toxic pollutants) can be a major source of acids
and toxic metals. In some rural areas of California. use of septic tanks has resulted in
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bacterial contamination and nutrient pollution of ground water resources. The best
solution to this problem has been installation of sewer collection and treatment
facilities.

Not all sources of pollution are caused by humans. Soil erosion can result from
such natural phenomena as earthquakes, landslides, and forest fires. During wet peri-
ods, eroded soils cause turbidity in the water which can seriously impact aquatic
organisms and adversely affect drinking water treatment processes. Wildlife can also
add nutrients to water bodies, and can host some types of waterborne disease organ-
isms.

Table 5-1 is adapted from the report Drinking Water into the 21st Century,
published in January 1993 by the Office of Drinking Water, Department of Health Ser-
vices. This table summarizes threats to water quality within California.

Drinking Water Regulations and Human Health

Currently, there are State and federal regulations for a variety of physical, chemi-
cal, and microbiologic constituents in drinking water, including pesticides and other
agricultural chemicals, trihalomethanes, arsenic, selenium, radionuclides (suchasra-
dium), nitrates, and toxic metals, as well as treatment and disinfection requirements
for bacteria, viruses, Giardia, and other pathogens. Standards for a total of 83 individ-
ual drinking water constituents will soon be in place under the mandates of the 1986
federal Safe Drinking Water Act amendments. (See Tables 5-2 and 5-3.) This far-reach-
ing act will likely be amended again in 1994. No reduction in the number or scope of
drinking water standards is expected; the trend has been towards regulation of in-
creasing numbers of constituents and lowering acceptable concentrations.

The trend toward ever more numerous and restrictive drinking water regulations
is associated with rapidly escalating complexity and costs of all aspects of drinking
water supply. Previously, treatment processes were deemed sufficiently robust to per-
mit a large degree of variation in source water quality; this is no longer the case. Under
current regulations, it is necessary to operate a very finely tuned treatment system to
provide adequate disinfection while minimizing unwanted chemical byproducts. Sig-
nificant variations in source water quality can upset this fine balance, potentially
resulting in health risks to the population.

The need to modify and add processes to control new categories of chemicals and
provide improved disinfection can result in greatly increased capital and operational
expenditures. Municipal water agencies in California are facing the prospect of signifi-
cant rate increases to recoup these expenditures.

Clearly, the trend toward ever more stringent drinking water regulations is a fac-
tor that will have larde repercussions for the water industry in the State, as the cost of
control measures is felt by the consumers. There is even some concern developing over
whether the complex new regulations will actually improve protection of human
health.

Meeling Water Quality Standards

SWRCB has promulgated the Inland Surface Waters Plan that establishes quality
criteria for pollutant levels in California’s fresh water. The Coastal Bays and Estuaries
Plan establishes quality criteria for protection of the estuarine waters of California.
These criteria are embodied in water quality control plans for each of California’s water
basins, as required under provisions of the federal Clean Water Act. Water quality con-
trol plans, commonly known as Basin Plans, establish specific water quality objectives
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Table 5-1. Threats to Water Quality

Source of Contamination Contaminant

Typical Sites

Natural {occur statewide) Dissolved minerals

Mineral deposits, mineralized waters, hot springs, sea
water intrusion

" Asbestos Mine tailings, serpentine formations k-
Hydrogen-sulfide Subsurface organic deposits, such as Delta Islands and
San Joaquin Valley trough
Radon Most geologic formations
Commercial Businesses Gasoline Service stations’ underground storage tanks
Solvents Dry cleaners, machine shops
Toxic metals Photo processors, laboratories, metal plating works
Municipal Microbial agents, nutrients, and Bacteria and virus confaminants from a variety of

miscellaneous liquid wastes

sources such as sewage discharges and storm water
runoff; contributions from industrial dischargers,
households, and septic tanks

Industrial VOCs, industrial solvents,
toxic metals, acids

Pesticides and herbicides
Wood preservatives

Electronics manufacturing, metal fabricating and
plating, transporters, storage facilifies, hazardous
waste disposal

Chemical formulating planis

Pressure treafing power poles, wood pilings,
railroad ties

Solid waste disposal Solvents, pesticides, toxic mefals, organics,

petroleum wastes, and microbial agents

Disposal sites located statewide receive waste from
a variely of industries, municipal solid wastes, wasted
petroleum products, household waste

Agricultural Pesticides (herbicides, fumigants, Irrigated farm runoff, ag chemical applications,
fungicides), fertilizers, concentrated fertilizer usage, chemical storage at farms and
mineral salts, microbial agents applicators’ air strips, agricultural produce packing

sheds and processing plants, meat processing plants,
dairies, and feed lots

Disasters Solvents, petroleum products, microbial Earthquake-caused pipeline and storage tank

agents, other hazardous materials

failures and damage to sewage treatment and
containment facilities; major spills of hazardous
materials; flood water contamination of storage
reservoirs and ground water sources

Adapted from Drinking Water info the 21st Century—Safe Drinking Water Plan for California, A Report fo the Legislature, California Department of Health Services, Office of Drinking Water,

January 1993, p. 38.

for individual bodies of water. The Basin Plans are master planning documents in-
tended to guide efforts to maintain and restore the quality of California’s waters.

SWRCB also established specific water quality objectives to protect the uses of
water in the Sacramento-San Joaquin Delta. Most of the Delta water quality objectives
relate to salinity. The SWP and federal CVP are required to release sufficient fresh wa-
ter to meet these Delta salinity standards. Chapter 10 contains a more detailed
discussion of Delta water quality standards.

Federal and State drinking water standards have been adopted to protect the
health of consumers. The California Department of Health Services Office of Drinking
Water promulgates and enforces State standards and enforces federal standards. Most
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Table 5-2. Contaminants Regulated Under the Federal Safe Drinking Water Act

August, 1993

1,1-Dichloroethylene cis-1,2-Dichloroethylene Nickel
1,1,1-Trichlorosthane Copper Nitrate
1,1,2-Trichloroethane Cyanide Oxamyl
1,2-Dibromo-3-chloropropane {DBCP) Dalapon Pentachlorophenol
1,2-Dichlorobenzene Dichloromethane Phthalates
1,2-Dichlorosthane Dinoseb Picloram
1,2-Dichloroethylene Diquat Polychlorinated biphenyls (PCBs)
1,2-Dichloropropane Endothall Polynuclear Aromatic Hydrocarbons {PAHs)
1,2,4-Trichlorobenzene Endrin Radium 226
1,4-Dichlorobenzene Epichlorohydrin Radium 228
2,3,7,8-TCDD (Dioxin) Ethylbenzene Selenium
2,4-Dichlorophenoxyacefic acid (2,4-D} Ethylene dibromide (EDB) Silver

2,4,5-TP (Silvex) Flouride Simazine

Acrylamide Giardia lamblia Styrene

Adipates Glyphosate Sulfate

Alachlor Gross alpha particles activities Tetrachloroethylene
Antimony Gross beta particles activities Thallium

Arsenic Heptachlor Toluene

Asbestos Heptachlor epoxide Total coliforms

Atrazine Heterotrophic bacteria Total trihalomethane
Barium Hexachlorobenzene Toxaphene

Benzene Hexachlorocyclopentadiene trans-1,2-Dichloroethylene
Berylium Lead Trichloroethylene
Cadmium Legionella Turbidity

Carbofuran Lindane Vinyl chloride

Carbon fetrachloride Mercury Viruses

Chlordane Methoxychlor Xylenes (total) -
Chromium Monochlorobenzene

Compiled and updated from Status of Contaminants Regulated Under the Safe Drinking Water Act, U.S. Environmental Protection Agency, April 1991.

drinking water quality standards are met by California’s municipal drinking water uti-
lities. However, some drinking water regulatory activities may conflict. For example,
concern over surviving pathogens spurred a rule requiring more rigorous disinfection.
At the same time, there is considerable regulatory concern over trihalomethanes and
other disinfection byproducts, resulting from disinfection of drinking water with
chlorine. The problem is that if disinfection is made more rigorous, disinfection by-
product formation is increased. Additionally, poorer quality source waters with
elevated concentrations of organic precursors and bromides further complicate the
problem of reliably meeting standards for disinfection while meeting standards for dis-
infection byproducts.

The regulatory community will have to carefully balance the benefits and risks
associated with pursuing the goals of efficient disinfection and reduced disinfection
byproducts. One essential corollary action will be to make any source water quality
improvements that are feasible.

The U.S. Environmental Protection Agency estimates the annual nationwide cost
of treating drinking water to meet existing and new standards will be $36 million a year
in the early 1990s, $539 million annually by 1994, and will rise to $830 million, as a
result of the need to make long-term capital investments, before stabilizing at $500
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Table 5-3. Proposed Contaminants to be Regulated Under the Federal Safe Drinking Water Act

August 1993
1,1-Dichloroethane Bromomethane Isophorone
1,1,1,2-Tetrachloroethane Chloral hydrate Lactofen/Acifluorfen
1,1,2,2-Tetrachloroethane Chloramine Manganese
1,2,3-Trichloropropane Chlorate Methomyl
2,4/2,6-Dinitrotoluene Chlorine Methyl ethyl ketone (MEK)
4-Nitrophenol Chlorine dioxide Methyl iscbutyl ketone (MIBK)
Acrylonitrile Chlorite Methy! tertiary butyl ether (MTBE}
Aldehydes Chloroform Metolachlor
Aldicarb Chloropicrin Metribuzin
Aldicarb sulfone cis/trans-1,3-Dichloropropene (Telone) Molybdenum
Aldicarb sulfoxide Cyanazine Naphthalene
Aluminum Cyanogen chloride Pentachlorophenol
Bentazon Dacthal (DCPA} Prometron
Boron Dibromochloromethane Radon
Bromacil Dicamba Trifluralin
Bromate Ethylene thiourea {ETU) Uranium
Bromodichloromethane Hexachlorobutadiene Vanadium
Bromoform lodate Zinc

Compiled and updated from Status of Contaminants Regulated Under the Safe Drinking Water Act, U.S. Environmental Protection Agency, April 1991.

million a year by the year 2000. These estimates demonstrate that major costs will
result from meeting the new standards.

According to data published in Drinking Water into the 21st Century, the current
annual cost-per-service connection for drinking water ranges from about $250 for
large systems to about $312 for very small systems. The added cost to implement new
drinking water regulations already promulgated will range from $16 for large systems
to $205 for very small systems. Additional proposed regulations may increase these
costs from $115 for large systems up to $450 for very small systems. These estimates
demonstrate that small water systems will be disproportionately affected by the new
regulations. Alternatives for mitigating this impact are being studied.

Careful watershed surveys, followed by long-term monitoring and management
plans, are the best tools to define and cope with mineralization, eutrophication, toxic
metals and other chemicals, pathogens, and disinfection byproduct precursors. In re-
sponse to new drinking water regulations, California water utilities began a series of
surveys in 1990 in preparation for development of watershed management plans.
These plans will provide a better definition of other, especially diffuse, pollutant
sources. The California Urban Water Agencies organization has undertaken an inves-
tigation of source water quality upstream of the Delta. Results of this study are
expected in 1994.

Source Protection

Urban and agricultural pollutants, mineralization, eutrophication, toxic chemi-
cals, precursors, and pathogens all affect water quality and present complex challenges
for water managers. Compared to other parts of the country, California has some dis-
tinct advantages in dealing with water quality problems. California was settled only
recently compared to other states, and most of our growth has occurred since World
War II. Generally, we are not faced with the problem of antiquated sewer systems and
other more difficult environmental problems experienced by states with facilities
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installed long before World War II. Fortunately, environmental awareness and regulato-
ry control came about in California before its water resources were severely damaged.
However, certain problems exist, such as siltation and toxic element residues in the
tributaries of the Sacramento-San Joaquin Delta (mostly from hydraulic mining opera-
tions of the late 1800s).

The quality of surface waters in various parts of California is affected by localized
conditions. The SWRCB and its Regional Water Quality Control Boards enforce the fed-
eral Clean Water Act in California on behalf of the U.S. EPA. These agencies document

Principles of Water Utility Management as Set Forth by
. the Source Water Quality Committee of the Californiac-Nevada Section,
American Water Works Association

As a result of the April 1993 outbreak of Cryptosporidiosis in Milwaukee,
President Foster Burba of the American Water Works Association called on fts
membership to test water supplies for the presence of Crypfosporidium, and
said, "Not only are we Issuing this natfional call o action on testing, we're
strongly encouraging water utilities to develop stricter watershed manage-
ment and freatment practices.”

The Source Water Quality Committee of the Cdlifornia-Nevada Section
of the AWWA adopted the following statement on April 14, 1993:

The Source Water Quality Commiitee of the Californiac-Nevada Section
of the American Water Works Association supports the fundamental objec-
tives of providing drinking water from the best quality sources reasonably at-
tainable, and of managing such sources to protect and enhance water quali-
ty.

With increasingly stringent drinking water regulations, it is Important that
water utilities obtain and maintain supply sources of the best available quali-
ty. Water utility managers should implement the following principles:

1. Where aiternative sources of supply are available, drinking water should
be taken from the highest quality source reasonably attainable.

2.  Wherethere are competing uses for water sources, public drinking water
should be the highest priority use.

3. The quality of existing and potential sources of drinking water, including
both ground water and surface water, should be actively and aggres-
sively protected and enhanced. Source water quality protection pro-
grams should:

» Determine and monitor the existing quality, and
future changes of quality, of all water sources.

» Determine factors influencing, and potentiaily of-
fecting, source water quality; including both point
and nonpolnt contaminant sources, and continu-
ous, seasonal, and ephemeral contamination.

» Implement an active program of monitoring and
managing activities in source water bodies, aqui-
fers, and watersheds to minimize contamination
and drinking water degradation.

4. Decislonsregarding alternative resources uses and development should
give full consideration to impacts on water quality—including public
health, economic, aesthetic, and environmental impacts.

5. Encourage water reuse and use of lower quality water for appropriate
purposes.
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many water quality problems and are developing more restrictive water quality criteria
and preparing regulatory actions to make further improvements. The control of disin-
fection byproduct precursor compounds in source waters is a problem that has not
been resolved. but is one of the issues being considered by the Bay/Delta Oversight
Council.

Important among California’s current water quality concerns is the relatively re-
cent discovery that certain widely used chemical agents, particularly chlorinated
solvents, can infiltrate and pollute ground water. This revelation motivated a number
of investigative and regulatory actions. Major urban centers in California have had to
abandon wells or provide expensive treatment to remove chemicals from municipal
ground water supplies. The consequences of this problem are reduced water supply
and water management options for local water agencies.

Regulatory actions, such as requiring leakage protection for underground tanks,
eliminating unlined chemical pits, and regulating disposal practices, are making im-
portant contributions to prevention of further ground water degradation.

A basic tenet of good sanitary engineering practice is to obtain the best quality
drinking water source available and to protect and maintain its quality. By following
this practice, not only are water supplies treatable to meet drinking water standards,
but the variations in source water quality are also minimized to improve treatment reli-
ability.

Some municipal water supply agencies, with the backing of the Department of
Health Services, are able to control and protect the local watershed sources of their
drinking water supplies. This control prevents activities that might reduce the reliabil-
ity of their water treatment processes to produce safe drinking water.

Similar protection for Delta and Colorado River water supplies is out of the ques-
tion. Watersheds tributary to the Delta and Colorado River drain thousands of square
miles of land surface, and it is impossible to prevent activities that affect the quality of
the water. Inability to protect the watershed fully means that water treatment pro-
cesses used may not reliably remove all chemical agents present in the water.

In its 1993 report, Drinking Water into the 21st Century, the California Depart-
ment of Health Services wrote, “Contamination of ground water has received the most
attention due to news media coverage of toxic waste sites and spills. Yet, the exposure
and risks from ground water contaminants are significantly lower than the exposure
and risks from surface water.” The report also contains the quotation, “The Delta,
through which the State Water Project flows, provides the most significant threat to the
quality of drinking water supplies.” This report recommended,

To the extent feasible, measures should be taken to prevent degradation of
the domestic water ftransported through the Delta by minimizing the
infroduction of disinfection byproduct precursors from agricultural operations
and by controlling seawater infrusion into the Delta. The domestic water supply
should be further profected from agricultural drainage and other sources of
potential degradation during fransport through the State Water Project and
other aqueducts.

In 1990, at the request of the Department of Health Services, the State Water
Contractors completed a sanitary survey of the SWP. The survey identified potential
sources of quality degradation in the watersheds tributary to the SWP, with particular
emphasis on the Delta. The resulting report contained a number of recommendations
for correcting identified problems. Since publication of the report, an action plan has
been in the process of development, and is expected to be implemented in 1994,
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Critical Components of State Water Supply

Water quality considerations in the Sacramento-San Joaquin Delta and its tribu-
tary streams (principally the Sacramento and San Joaquin rivers), in the Colorado
River, and in ground water will significantly influence management of these critically
important source water supplies. The following sections summarize water quality con-
siderations in California’s water supply.

Sacramento-San Joaquin Delta Water Quality

Delta waters provide a rich habitat for fish and wildlife and are the major source
of supply for uses throughout the State.

Delta Ecosystem and Water Quality. The Delta provides habitat for many spe-
cies of fish. Unfortunately, some are in serious decline. Striped bass, winter-run
salmon, and Delta smelt are fish whose evident declines have generated much atten-
tion. Pollution has been suggested as a cause of some of the problems. Some studies
indicate a link between the presence of certain chemicals from waste discharges and
the reduced health of fish. Although less well known, other fish species are also in de-
cline in the Delta and are probably affected by some of the same factors as striped bass
and salmon.

The effects of lethal doses of poison on fish are relatively simple to evaluate. Much
more difficult is the problem of assessing chronic low-level effects of toxicants on the
health and productivity of fishery resources. Because fish are residents of the water,
they may be constantly exposed to low-level toxicants. Scientists are learning that, in
some cases, very low concentrations of some chemicals can have health effects on fish.
New methods of analyzing chemicals at very low concentrations are being developed,
along with new methods for testing the effects of low toxicant levels on fish. Unfortu-
nately, inadequate evidence exists to aid basic fishery management decisions.

Drinking Water Supply. Drinking water for about 20 million Californians flows
through the Sacramento-San Joaquin Delta. The water is influenced by so many fac-
tors that it is not always clear which particular influences may be causing problems.
However, some facts are known. It has been clearly established that sources of natural-
ly occurring organic materials in the Delta double the capacity of Delta waters to form
unwanted byproducts in drinking water.

Drinking water produced by treating Delta waters usually meets all State and
federal drinking water criteria. There have, however, been occasions when the existing
trihalomethane regulations have not been met. In addition, compliance with the Sur-
face Water Treatment Rule, required beginning June 1993, has caused some major
Delta water users to change their disinfection practices, which produce even higher
levels of trihalomethanes in some cases.

Measurements by the Department of Water Resources and municipal agencies
that treat and serve Delta water to their customers have demonstrated that concentra-
tions of pesticides, toxic elements, and other chemicals in Delta waters are quite low in
relation to drinking water standards. However, pesticide degradation product studies
in these waters are in early phases and the information is preliminary.

Compared to other sources of drinking water, the Delta is at a disadvantage with
respect to the presence of disinfection byproduct precursors and the ability of urban
water suppliers to provide consistently acceptable drinking water. Bromide is present
in the Delta, chiefly as a result of the intrusion of sea water mixing with the fresh water
in the Delta. Also, the peat soils of the Delta are high in organic content and contribute
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dissolved organic matter to Delta waters. Together, bromide and naturally occurring
organic compounds present in the Delta cause problems for treatment facilities and
their ability to meet current drinking water standards for trihalomethanes.

Figure 5-1 depicts the potential of Delta waters to form trihalomethanes, a form
of disinfection byproducts. (Figure 5-1 was derived from data in The Delta as a Source
of Drinking Water, Monitoring Results, 1983 to 1987, August 1989, Department of Wa-
ter Resources.) The size of each pie is proportional to the capacity to form
trihalomethanes at that location. The shaded portions of each pie depict the influence
of bromide on the total. The Sacramento River is shown as having a considerably lower
capacity to form trihalomethanes, as compared to locations in the southern and west-
ern Delta. Table 5-4 shows averages of selected constituents in the Delta and Colorado
River.

The western Delta has higher organic precursor concentrations, along with much
greater bromide influence. The interior Delta locations depicted are intermediate in or-
ganic precursor concentrations and bromides. Studies indicate that the bromides
present in Delta waters come mainly from sea water intrusion; the naturally occurring
organic compounds in Delta waters come from numerous sources, including signifi-
cant influence of Delta island drainage from soils rich in organic content.

Municipal agencies supplying drinking water taken from the Delta are concerned
that existing regulations for trihalomethanes, coupled with disinfection requirements
of the new Surface Water Treatment Rule may make Delta water difficult and expen-
sive to treat. The expected new, more stringent, drinking water regulations for
trihalomethanes and other disinfection byproducts may particularly increase the diffi-
culty and expense of treating Delta water. Even if drinking water from the Delta meets
the criteria, the desirable level of a carcinogen in drinking water is zero (the maximum
contaminant level goal as defined in the 1986 amendments to the Safe Drinking Water
Act). At best, drinking water from the Delta is not likely to be as low in disinfection
byproducts as water from other sources.

Potentially, it would be possible to improve the quality of Delta drinking water by
taking actions to reduce bromides and naturally occurring organic compounds in the
water supply. Several possibilities are currently being examined through the Municipal
Water Quality Investigations Program, a multi-agency scientific investigation into the
factors contributing to disinfection byproduct formation in Delta waters. Possible
means of improving this aspect of Delta water quality are also being studied. The re-
sults will be used in the Delta planning process.

Salt gets into Delta water from its watersheds and its link with the San Francisco
Bay and the Pacific Ocean. Tidal action from the Bay brings salts into the Delta during
periods when fresh water outflows are low. With the exception of bromide, salts in
drinking water are generally of lesser concern. However, elevated salt concentrations
can make water unpalatable and the health of persons on low-salt diets can be ad-
versely affected. During the 1976-77 drought in California, salt content in water from
the Delta was such that physicians in Contra Costa County recommended bottled wa-
ter for some patients. Similar levels occurred during the recent drought.

Delta influences add about 150 mg/L (parts per million) of dissolved solids (salts}
to waters exported in the SWP. Using generalized cost figures taken from the Costs of
Poor Quality Water section of this chapter, the cost to consumers of this salt is on the
order of $120 per acre-foot, which is roughly the amount of water an average family
uses in a year. These costs arise primarily from the need to use more soaps and deter-
gents, and to more frequently replace plumbing fixtures and water-using appliances.
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Figure 5-1. Disinfection Byproduct Precursors in the Delta: July 1983 to June 1992
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Table 5-4. Average Water Quality of Selected Sources, 1986 to 1992*
(milligrams/liter or ppm)

DS  Fluo- Bromide TOC DOC TFPC Arsenic Barium Cad- Chro- Copper Llead Lithivm Mercury Sele-  Zinc

ride fug/L) mivm  mivm nium

Sacramento River 108 — 0.03 2.34 2.39 28 <0.01 — <0.01 <0.01 <0.01 <0.01 — — <0.001 <0.01
at Greene's Landing

: San Joaquin River 519 —_ 0.42 3.52 3.86 44 _ <1 — <0.005 <0.005 — <0.005 —_ 0.002 0.014
near Vernalis

! Harvey O. Banks 310 0.1 0.35 3.33 4.00 51 0.002 <0.05 <0.005 <0.005 <0.007 <0.005 — <0.001 <0.001 <0.017
Pumping Plant
Colorado River 580 0.29 0.06 2.97 -— 16 0.002 0.153 <0.001 <0.002 <001 <0.005 0.035 <0.0002 0.002 <0.02
Aqueduci**
Colorado River ot 679 — — — — — — — — — — — — — —

Imperial Dam**

Federal Criteria for Drinking Water

. Primary MCLs — 4 — — - - 0.05 2 0.005 0.1 TT(1.3)t TT(0.015)t — 0.002 0.05 —
| Secondary MCLs 500 2 — — — — - — — — 1 — — —_ —

3]

*Not all parameters were sampled for the full period.

** Arithmetic average, not flow wei

tFor lead and copper, treatment technique is used in lieu of numeric maximum contaminant levels.
TDS: fotal dissolved solids

TOC: total organic carbon

TFPC: trihalomethane formation potential carbon

Primary MCL: drinking water standard for protection of health

Secondary MCL: drinEing water standard for profection of aesthefic qualities, such as taste

DOC: dissolved organic carbon

Note: For most of the 1986 to 1992 period, the Sacramento-San Joaquin Delta and its tributaries experienced drier hydrologic conditions than existed in the Colorado River System. in a more normal hydrology, mineral concentrations in Delto waters could be
expected fo be lower than depicted here.
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These costs could be avoided if the effects of ocean salinity intrusion and local Delta
drainage could be eliminated.

Some of the industries in the Delta area, such as paper production facilities, re-
quire water of limited salt content. Satisfying this requirement can present a formidable
challenge in dry years due to sea water intrusion. In the past, this problem has been
dealt with by relying on alternate water supplies and treatment.

Delta Agriculture and Wetlands. While the quality of Delta water available to
agriculture is generally satisfactory. certain conditions create problems with salt con-
tent. Sufficiently high concentrations of salt can stunt or kill plants. When salt content
is high, more applied water is required for irrigation to flush the salts through the root
zone. The San Joaquin River is a significant source of salt due to agricultural drainage
flows into the river upstream of the Delta. Much of this salt load originated in the ir-
rigation water exported from the Delta. At times, salts from this source adversely affect
agriculture in the southern Delta. Recent mitigation measures, such as installing tem-
porary rock barriers in certain Delta channels, improved the overall quality of water in
the southern Delta.

Some Delta lands are used as wetland habitat for waterfowl and other wildlife.
This type of land use is likely to expand in the Delta. The quality of water available to
support wetland habitat is generally adequate.

Water Quality Monitoring in the Delta. DWR and other agencies extensively
monitor water quality in the Delta. The monitoring evaluates Delta waters as a source
of drinking water for humans, as a source of agricultural and industrial water supply.
and as habitat for fish and wildlife. Water quality parameters monitored include miner-
als, nutrients, pesticides, and other constituents such as organic carbon and
trihalomethane-forming capacity. Extensive biological monitoring is also performed.

In a number of locations, such constituents as minerals and photosynthetic ac-
tivity are monitored continuously by permanently installed instruments that provide
information through remote sensing and data transmission. DWR is currently
compiling an inventory of all known water quality monitoring activity in the Delta by
public entities. The compilation indicates a great deal of interest in the quality of Delta
waters. Millions of dollars are invested each year in the pursuit of assessing Delta
water quality.

Sacramento River Region. The Sacramento River, on average, provides about
two-thirds of the water which flows into the Delta. A number of other watersheds are
tributary to the Delta, but of these, only the San Joaquin River is significant in terms
of quantity of flow. The quality of the water in the Sacramento River is generally good,
and mineral concentrations are low. For the period 1983 to June 1992, DWR data indi-
cate that dissolved solids concentrations ranged from about 50 to 150 milligrams per
liter in the Sacramento River at Greene’s Landing, located eight miles south of the town
of Hood. For comparison, the maximum contaminant level for dissolved solids in
drinking water is 500 milligrams per liter. (This “Secondary MCL” was established to
protect the aesthetic appeal of drinking water, as concentrations above the limit result
in noticeably salty tasting water.)

SWRCB has classified 80 miles of the Sacramento River from Shasta Dam to be-
low the town of Red Bluff as impaired with respect to water quality. Twelve miles below
the dam is the confluence of Spring Creek with the Sacramento River. At this point,
significant concentrations of the toxic metals copper, zinc, and cadmium enter the riv-
er as a result of acid mine discharges from mines on Iron Mountain. Several fish kills
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have occurred in the river below the mouth of Spring Creek following heavy runoff from
the Iron Mountain area. The Central Valley Regional Water Quality Control Board has
recently been conducting toxicity bioassay tests on minnows, zooplankton, and algae
using Sacramento River water collected in the reach from Keswick Dam to Hamilton
City. The results-of these tests should help determine the degree of water quality im-
pairment of the river and should show what length of river is affected. Large releases of
fresh water are made annually from Lake Shasta in efforts to dilute the pollution to
nontoxic levels. South of Red Bluff, water quality improves and only periodic toxicity is
observed.

Colusa Basin Drain enters the Sacramento River at the town of Knight’'s Landing.
Bioassay testing has indicated significant toxicity to aquatic life associated with agri-
cultural discharge from this drain. (Bioassays are conducted by exposing test
organisms, such as minnows, to varying concentrations of the water being tested,
mixed with water containing no toxicants. The toxicity of the water can be judged by
observing the effects on the test organisms.)

In the early 1980s, agricultural pesticides used on Sacramento Valley rice fields
were determined to be the cause of fish kills in some agricultural drains and of com-
plaints from Sacramento residents about the taste of the water. A multi-agency team
that included public agencies and agricultural and rice industry participants was es-
tablished to confirm the cause of the problem and find a solution. The team resolved
the problem by designing a monitoring and control program which has been very suc-
cessful in reducing rice herbicide concentrations in the Sacramento River since 1986.
Reductions of molinate and other agricultural chemical residue can also be attributed
to use of improved chemicals requiring lower usage, use of disease-resistant and weed-
resistant rice strains, better water management, and integrated pest management
practices. Figure 5-2 depicts the dramatic reduction in discharges of the rice herbicide
molinate from 1982 through 1992.

While reduction of agricultural drainage is generally desirable for protection of
water quality, it is also true that long-term reductions in drainage can have the unde-
sirable effect of causing salt buildup in agricultural soils. Numerous ancient
civilizations declined as a result of soil infertility associated with salt buildup. There-
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fore, it is necessary to balance the need to protect water quality with the need to
maintain the fertility of our agricultural lands.

Monitoring the lower Sacramento River has shown that levels of pesticides, disin-
fection byproduct precursors, toxic metals, and other constituents of concern are
generally not detectable or have been present only in small concentrations as the river
flows into the Delta. The organic content of the Sacramento River is generally low, and
bromide concentrations are quite low. During the fall when rice fields are drained into
the Sacramento River upstream of Sacramento, the concentration of organic disinfec-
tion byproduct precursors in the river measurably increases.

The Sacramento regional waste water treatment plant discharges into the Sacra-
mento River near Freeport. The plant provides a high level of treatment and is in
compliance with its discharge requirements a high proportion of the time. The plant
does not, however, remove minerals from the water. This causes the total dissolved
solids concentration of the river to increase a few percent in the low flow periods of
summer and early autumn.

San Joaquin River Tributary. On average, about one-sixth of the total fresh
water inflow to the Delta comes in from the San Joaquin River. (Other east side streams
such as the Cosumnes and Mokelumne contribute no more than a few percent of Delta
inflow, and are of generally excellent quality.) Unlike the Sacramento River, the mineral
quality of the San Joaquin River is not very good during low flow periods. During high
flow conditions, the mineral quality of the river can be quite good. The elevated salinity
levels in the river are, in part, a result of significant amounts of valley agricultural
drainage returning to the Delta through the San Joaquin River. At certain times, most
of the river flow can be composed of agricultural drainage. In recent years, releases
from reservoirs such as New Melones have helped meet water quality standards in the
lower San Joaquin River. Data from 1982 through May 1992 indicate levels of dis-
solved solids in the San Joaquin River near Vernalis have ranged from about 110 to
900 milligrams per liter; the numbers reflect high and low flow conditions, respective-
ly.

A popular perception is that the San Joaquin River is very heavily polluted by
pesticides and other toxic agricultural chemicals. In fact, data have demonstrated that
pesticide concentrations, when present, have been at low parts per billion concentra-
tions, well within drinking water standards. While measured pesticide concentrations
have been low by drinking water standards, recent measurements by the U.S. Geologi-
cal Survey and the Central Valley Regional Water Quality Control board indicate the
presence of certain insecticides in the tributaries to the Delta. Evidence indicates that,
during wet periods, these levels can be present in pulses high enough to produce in-
dications of widespread toxicity in the Bay-Delta estuary for short periods of time.

The San Joaquin River watershed has a special problem with selenium. In 1983,
it was discovered that selenium in valley agricultural drainage was responsible for de-
formities and lack of reproductive success in bird populations. Subsequent regulatory
action resulted in the closure of drainage facilities that contributed to the problem and
development of management strategies for controlling selenium. Selenium concentra-
tions currently found in the San Joaquin River where it enters the Delta are typically
not higher than 1 microgram per liter (part per billion). For comparison, California
drinking water Maximum Contaminant Level for selenium is 10 micrograms per liter
and the federal MCL is 50 micrograms per liter.

Selenium from the San Joaquin River watershed has an effect on the aquatic en-
vironment even though it is not considered a threat to drinking water quality. In small
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concentrations, selenium is an essential nutrient, but studies have indicated that con-
centrations as low as a few micrograms per liter may be harmful to sensitive species.
Work is continuing to find the means to better manage and control selenium in the San
Joaquin Valley.

Colorado River Water Quality

The Colorado River is a major source of water supply to Southern California. The
river is subject to various water quality influences because its watershed covers thou-
sands of square miles and runs through parts of several states. The watershed is
mostly rural. Therefore, municipal and industrial discharges are not as significant a
source of quality degradation as is the case for the waters of the Delta. Upstream of the
point where the Metropolitan Water District of Southern California draws water from
the river, the primary water use is agricultural. Salt and turbidity from natural sources
and agricultural operations are the primary forms of water quality degradation.

Mineral concentrations in Colorado River water are typically higher than those
found in the water taken from the Delta through the SWP. During the period 1986 to
1992, dissolved solids in the Colorado River Aqueduct averaged 580 mg/L (parts per
million). During this period, dissolved solids concentrations in the California Aque-
duct of the SWP averaged 310 mg/L.

As practicable, MWDSC blends Colorado River water with water from the SWP or
other sources to reduce salt concentrations in the water delivered to consumers served
by the district’s system. This improvement resulted in MWDSC discontinuing use of
the sodium-exchange softening process for Colorado River water in 1975.

Unlike the watersheds of the Delta, the soils of the Colorado River watershed are
primarily low in organic content. Consequently, disinfection byproduct precursor con-
centrations are lower. Colorado River water typically has 2.5 to 3.0 milligrams per liter
of total organic carbon and 0.06 milligrams per liter of bromide. As a result, it normally
has only about half the capacity to produce trihalomethanes as does water in the
Delta. Disinfection of Colorado River water with ozone has not produced measurable
levels of bromate.

Most of the water released from Parker Dam is used for irrigation in the Imperial
and Coachella valleys and in northeastern Baja California. The agricultural drainage
from the two valleys in
California as well as
much of the drainage
from the irrigated area in
Baja California flows into
Salton Sea.

The  agricultural
drainage waters have
high salinities which,
when combined with
evaporation from the sea
itself, lead toacontinuing
increase of the Salton
Sea salinity. The current
concentration of dis-
solved solids (salts) in
the sea is about 45,000

Agricultural
drainage in the
Imperial Valley
contains high
concentrations of
naturally occurring
salts and minerals.
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mg/L (parts per million), whereas the concentration of dissolved solids in ocean water
is about 35,000 mg/L. Since the sport fish in the sea were imported from the ocean,
the high salt concentration places considerable physical stress upon the fish.

In 1973, the seven states within the Colorado River basin formed the Colorado
River Basin Salinity Control Forum to develop numeric criteria for controlling salinity,
and to develop plans to implement controls. This group was formed in order to comply
with the 1972 Federal Water Pollution Control Act, requiring water quality standards
for salinity in rivers. Salinity standards for the basin were promulgated in 1975 and
were subsequently approved by the U.S. Environmental Protection Agency. The Forum
established a permanent work group to perform studies and triennial reviews of prog-
ress and to make recommendations for continuing improvements in salinity control.

The federal Colorado River Basin Salinity Control Act of 1974 authorized
construction of facilities to control salinity of the waters of the Colorado River which
are used in the United States and Mexico. Currently, salinity control activities are re-
moving 230,000 tons of salt per year from the river system. However, inadequate
funding is causing problems in maintaining the implementation schedule. To maintain
the salinity standards, it is calculated that. by the year 2010, about 1,500.000 tons of
salt will have to be removed each year.

Ground Water Quality

About 40 percent of California’s annual total urban and agricultural applied wa-
ter use is provided by ground water extraction. Unfortunately, being out of sight has
meant that California’s ground water has often been out of mind. As a result, laws to
protect and manage ground water have been slow in developing, as has the awareness
of the potential for pollution of some of California’s ground water basins. Degradation
of these water resources is the most significant threat to our ability to integrate and
manage our ground water resources with surface waters.

In the mid-1970s, an investigation of ground water conditions in the vicinity of a
Stockton area manufacturing plant resulted in the discovery of significant pesticide
pollution. Prior to this investigation, general thought was that the natural process of
water percolating through the soil removed pesticides within the first few inches or feet
of soil. Statewide surveys were conducted leading to knowledge that polar, low-molecu-
lar-weight, volatile compounds such as solvents rapidly penetrate the soil and enter
the ground water. Once there, they may remain for hundreds of years. Now, water
managers know that cleaning up ground water pollution is quite difficult and costly.

Ground water has often been polluted in agricultural areas where soils have been
fumigated to eradicate soil organisms and in industrial areas where solvents have been
improperly handled. In the case of industrial pollution, the use of solvents was accom-
panied by indiscriminate disposal practices, such as dumping waste material on the
ground or in unlined ponds.

In the San Gabriel Valley of the greater Los Angeles area, solvent pollution is so
widespread in the ground water that it is generally not possible to identify individual
sources and assign cleanup responsibility. In other areas of California, such as the
Silicon Valley in Santa Clara County, cleanup responsibility has sometimes been as-
signed to specific industries. There, electronic industries which released solvents into
the ground (often because of leaky underground storage tanks), are proceeding suc-
cessfully with cleanup efforts which are costing millions of dollars.

Leaking underground tanks have been found to be a particular problem. Gaso-
line storage tanks and most other types of underground chemical storage tanks were,
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until recent years, constructed in a way that caused the tanks to fail as they corroded.
As a result, ground water contamination from these sources is widespread. SWRCB
now manages a program to control contamination from underground tanks.

Ground water contamination by synthetic organic pollutants may be more seri-
ous than surface water pollution because of the difficulty and expense of cleanup. This
type of pollution is widespread in California and presents a serious challenge. Howev-
er, the water can be treated to remove solvents, and the water can then be used.

An even more complex problem than presented by solvents is the problem of ni-
trates. Nitrates are nitrogen-containing compounds required to support plant life. They
may enter the soil as a result of fertilizer applications, animal waste, septic tanks, in-
dustrial disposal. waste water treatment plant sludge application, or other sources.
Certain organisms even have the capacity to take nitrogen from the air and convert it
into nitrates. In California, the most important source of nitrates in soils is from agri-
cultural practices, primarily farming operations and animal husbandry.

Nitrates have the capability to move through the soil into ground water and, once
there, may seriously degrade its usability. There is a limit to the concentration of ni-
trates people can tolerate; infants, in particular, are susceptible to nitrate poisoning
(methemoglobinemia). Nitrates can also limit the use of ground water for other pur-
poses such as stock watering. In too high concentrations, nitrates become toxic to
plants. The biggest problem with nitrates is that treatment to remove them is so expen-
sive that it is impractical in most situations. Communities having water supplies high
in nitrates often turn to bottled water for cooking and drinking.

Nitrates are widespread in California’s ground water. For instance, the Petaluma
area of Sonoma County was historically an important poultry production area. Poultry
waste was generally piled up and left to decompose on the site of the poultry operation.
Poultry waste is a potent source of urea and organic nitrogen, which can convert to
nitrates and then migrate into the ground. Even after poultry operations were discon-
tinued, plumes (feather-shaped bands) of nitrates remained in the ground. When it
rains, water percolates down through these plumes and dissolves some of the nitrates,

carrying it into the water-bearing stratum below. A 1981 study demonstrated nitrates -

in the Petaluma area’s ground water ranging to over 300 milligrams per liter, signifi-
cantly exceeding the California’s Maximum Contaminant Level of 45 mg/L for drinking
water.

Efforts must focus on better controlling nitrate pollution at the outset since ni-
trate removal from ground water is not usually economically feasible. Increasing
awareness of this problem at the federal and State levels has improved regulatory
attention to nitrate pollution. In some parts of the country, nitrate-laden water is
pumped from underground and applied as fertilizer, thus reducing the need for added
nitrogen fertilizer.

Remediation and Protection of Ground Water Quality

Protection and maintenance of California’s ground water resources will require
the participation of all Californians. Significant ground water pollution has occurred as
a result of individual actions, including those of homeowners who dispose of solvents
by spreading them on their property. Individual citizens and industrial workers can
help greatly by disposing of toxic and hazardous materials in a safe, environmentally
acceptable manner.
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Quality Considerations for Water Reclamation and Reuse

As discussed in Chapter 3, water reclamation (recycling) and reuse make more
efficient use of existing supplies, but the extent of reuse depends on the quality of the
source supply, local economic conditions, the amounts and types of reuse already
instituted, and the intended applications of the recycled water.

Fresh water can be saved for environmental enhancement or other uses to the
extent reclaimed waste water can be used in its place. However, there are also concerns
about the use of reclaimed water. In some cases, human health risks may be increased
by pathogenic organisms or chemical residues which could be present in reclaimed
water.

The Office of Drinking Water within the California Department of Health Services
is responsible for regulating use of reclaimed waste water. Regulations stipulate treat-
ment levels for use of reclaimed water for various purposes such as irrigation,
recreation. and ground water recharge. The objective of these regulations is to allow
the maximum use of reclaimed water while protecting public health. More specific reg-
ulations are expected concerning the use of reclaimed water for recharge of ground
water supplies.

The quality required of reclaimed water depends on its use, Possible uses include
landscape irrigation, growing food for animals, industrial uses such as wash water,
flushing toilets, ground water recharge, and other uses which do not involve direct hu-
man consumption. The concentration of salts in the waste water is a determining
factor of its availability for most uses. Water increases in salt concentration as a result
of being used. Also, some waste water pipelines have picked up salt from saline ground
water, such as near San Francisco Bay. In cases where fresh water supplies already
contain elevated salt concentrations, the waste water resulting from use of this water
may be quite limited in its usefulness.

Limited quantities of reclaimed water are being used in California to recharge
ground water for subsequent municipal water supply, and other potential projects are
being studied. Water quality requirements are quite stringent for projects involving hu-
man consumption of reclaimed water. The primary concerns are pathogenic organisms
and harmful chemical residues. Treatment processes used for recharging potable wa-
ter supplies must not only successfully remove harmful constituents, but also be
highly reliable.

The Department of Health Services evaluates all proposals for potable use of re-
claimed waste water on a case-by—case basis. As treatment technology advances, it
may become possible for waste water to be adequately and reliably treated for direct
municipal reuse. Representatives of the Departments of Health Services and DWR cur-
rently co—chair a technical committee examining this issue.

Costs of Poor Quality Water

Water of reduced quality is generally associated with a cost to the user. The cost
depends on the quality of the available water, its intended use, and the treatment pro-
cesses required to meet standards specified for the intended use. Drinking water
standards and those for municipal, industrial, and agricultural water use specify the
quality requirements that must be attained before the water can be used beneficially.
New standards, such as the one requiring drinking water filtration, and ones which
have lowered the acceptable limit of lead and copper, often result in increased costs of
treatment to meet the new standards. In some cases, the cost can be very high. The
City and County of San Francisco, for example, may have to incur high costs if they are
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required to construct filtration facilities as a result of the Federal Surface Water Treat-
ment Rule which generally requires filtration and rigorous disinfection of surface
drinking water supplies. In California, the SWTR will be administered by the State De-
partment of Health Services.

In general, the better the quality of the source for drinking water, the less treat-
ment it requires and, consequently, the less it costs to produce. Many water quality
parameters affect treatment costs, including microbiological quality, turbidity, color,
alkalinity, hardness, and bromide and organic carbon content. For example, MWD
treats roughly 6,000 af of water per day at five major treatment plants. Recently, the
district made improvements, costing about $5 million, to its treatment processes. To
meet the expected more stringent trihalomethane rule, MWD is studying the need for
further improvements with a capital cost range of $300 million to $2 billion.

The mineral quality of municipal supplies has a variety of impacts in addition to
affecting drinking water quality. Hard water (high in calcium and magnesium salts)
can cause corrosion, staining, and scale buildup and require excessive use of cleans-
ers. Soft water may attack the metal in plumbing, increasing lead and copper
concentrations at the tap.

Many studies have cited the impacts of water quality on the value of water to ur-
ban consumers, and all have cited the difficulty of expressing quality impacts in a
simple way. A 1989 review of consumer impacts of the mineral content of Delta water
proposed a generalized cost of $0.68 per acre-foot per milligram per liter of incremen-
tal total dissolved solids. The current generalized value would be about $0.80 per
acre—foot per milligram per liter (adjusted using the Consumer Price Index), or about
$0.30 per pound of dissolved mineral matter in the water. The impact of this added
cost can be quite significant.

Studies have also shown that lower water quality in urban supplies increases
consumer use of bottled water and home treatment devices. Surveys of California com-
munities indicate that about half of all California residences use some bottled or
home-treated water. The collective cost of these choices by California’s residents is
over a billion dollars annually. Some of these expenditures would, of course, be made
regardless of local water quality.

A less obvious impact of water mineralization is the limiting of water recycling
opportunities, especially in areas where reclaimed water percolates back into ground
water basins. With each reuse, the reclaimed water is more heavily mineralized and
thus eventually becomes unusable. This phenomenon is more pronounced where com-
mon salt is added to regenerate water softeners, and the waste brine also enters
ground water. Under these conditions, the mineral pickup per cycle of use can be in-
creased several fold. Several areas of California have banned the use of water softeners
because of these circumstances.

There is great variation in the water quality requirements for industry. In many
industries, tap water is not of adequate quality for certain processes and must receive
additional treatment, such as softening. The costs of having unacceptable water quali-
ty for industry generally depend on the cost of the additional treatment that may be
necessary.

Salty irrigation water presents several costly problems for farmers. In many agri-
cultural areas, it is common to recirculate irrigation water a number of times to
increase irrigation efficiency. Salty water can be recycled fewer times than water that
is initially low in salt. Also, more salty water must be used for irrigation than is re-
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quired when using supplies low in salt. The requirement to use more water results in
significant additional cost for pumping and handling the water and, perhaps, addition-
al cost to purchase the water.

Generally, the most salt-tolerant crops are not the ones having highest value.
Therefore, given a salty water supply, a farmer may be required to grow less valuable
crops than is possible when low-salt irrigation water is available. Finally, crop yields
fall as salt in the irrigation water increases beyond the optimal ranges specific to indi-
vidual crops.

Numerous aspects of water quality can affect fish and wildlife habitat and result
in monetary or environmental costs. An example is selenium in agricultural drainage
from the San Joaquin Valley which was used to supply wetland habitat in the valley. In
this case, elevated selenium concentrations caused severe reproductive damage to fish
and wildlife species, particularly to birds using the wetlands.

There are many water quality problems which can result in cost, either direct or
environmental. In turn, these impacts reduce flexibility in water supply planning and
water management. The real challenge is to avoid these costs by protecting water
sources from quality degradation in the first place. California’s record has been a good
one, for an industrialized state. Most of our waters remain fit for fish and wildlife, and
for multiple uses by people. However, the rapidly growing population, along with con-
tinued industrialization, will continue to greatly challenge our ability to maintain and
improve water quality. If we are to meet this challenge successfully, it will require the
best efforts of government, the water industry, and, most of all, concerned citizens. To
fail to meet this challenge would be to lose the use of precious water resources that
cannot be spared.

Recommendations
1. Increasingly stringent and costly drinking water quality standards for public
health protection will affect the continued availability and cost of water sup-
plies. More effort must be made by State and federal agencies to balance the
cost with public health and other benefits of such standards.

2. Researchintorelationships and effects of water quality degradation on fish and
wildlife should continue, In particular, more information is needed on acute
and chronic effects of low-level toxicants on the health and reproductive capac-
ity of aquatic organisms. (Research should be a cooperative effort by State and
federal agencies.)

3. Urbanwatersuppliesdiverted fromthe South Deltaface the threat ofincreasing
water quality degradation from both salinity intrusion and organic substances
originatingin Deltaisland drainage. Factorsresponsible forquality degradation
from Delta island drainage should be investigated by State agencies, and poten-
tial means of mitigating problems identified.

4. Reuseofadequatelytreated waste water can, in some areas, provide alternative
sources of supply as well as benefit fish and wildlife resources, particularly in
arid portions of the State. Efforts by State agencies should be continued to de-
fine the conditions and degree of treatment needed to allow use of treated waste
water for beneficial uses and discharge of effluents to water courses so that
these benefits can be realized.
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Introduction

This part of Bulletin 160-93 covers urban, agricultural, environmental, and
recreational water use. Certain key concepts, defined below, are important to
understand before reading the following chapters because they are employed in
analyzing water use and presenting results of planning studies.

Applied Water Demand: The amount of water from any source needed to meet the
demand of the user. It is the quantity of water delivered to any of the following
locations:

3 the intake to a city water system or factory
3 the farm headgate

1 a marsh or wetland, either directly or by incidental drainage flows;
this is water for wildlife areas

For existing instream use, applied water demand is the portion of the
stream flow dedicated to: instream use (or reserved under the federal
or State Wild and Scenic Rivers acts}; repelling salinity; or maintaining
flows in the San Francisco Bay/Delta under State Water Resources
Control Board’s standards.

Net Water Demand: The amount of water needed in a water service area to meet
all requirements. It is the sum of evapotranspiration of applied water, ETAW, in an
area; the irrecoverable losses from the distribution system; and agricultural return
flow or treated municipal outflow leaving the area.

Irrecoverable Losses: The water lost to a salt sink or lost by evaporation or
evapotranspiration from a conveyance facility, drainage canal, or in fringe areas.

Depletion: The water consumed within a service area and no longer available as a
source of supply. For agriculture and wetlands, it is ETAW (and ET of flooded
wetlands) plus irrecoverable losses. For urban water use, it is ETAW (water applied to
landscaping or home gardens), sewage effluent that flows to a salt sink, and incidental
evapotranspiration losses. For instream use, it is the amount of dedicated flow that
proceeds to a salt sink.

Figures III-A through III-C show examples of how applied water, net water use,
and depletion amounts are derived in three different cases. Figure IlI-A shows how
outflow in an inland area is reusable; Figure III-B shows how outflow to a salt sink is
not reusable; and Figure III-C shows how outflow in an inland area is reusable when
agricultural water use is more efficient.

Water Use
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Figure lil-A. Derivation of Applied Water, Net Water Use, and Depletion
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*Irecoverable losses are losses from conveyance facliities due to evaporation, evapotranspiration, or deep percolation of water to saline sinks.
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Figure Ili-B. Derivation of Applied Water, Net Water Use, and Depletion
Example of Area with Salt Sink
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*Irecoverable losses are losses from conveyance faclliities due to evaporation, evapotranspiration, or deep percolation of water to saline sinks.
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Figure llI-C. Derivation of Applied Water, Net Water Use, and Depletion
Example of Most Inland Areas with High Efficiency
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*irecoverable losses are losses from conveyance facilities due to evaporation, evapotranspiration, or deep percolation of water to saline sinks.

138 Part III




Bulletin 160-93 The California Water Plan Update

Xeriscaping, designing landscapes that incorporate low-water-using
plants, is an effective means of reducing landscape irrigation. As
shown by this xeriscape in Riverside County, the designs use a
variety of plants—not just succulents or cacti.
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Table 6-3. Best Management Practices for Urban Water Use

Management Practice Estimates of Water Savings
Quantified Not Quantified

1. Interior and Exterior Water Audits and Incentive Programs for Single Family Residential, x
Multi-Family Residential, and Governmental/Institutional Customers
2. New and Refrofit Plumbing
3. Distribution System Water Audits, Leak Detection, and Repair
4. Metering with Commodity Rates for All New Connections and Retrofit of Existing Connections
5. Large Landscope Water Audits and Incentives
6. Landscape Water Conservation Requirements for New and Existing Commercial,
Industrial, Institutional, Governmental, and Mulfi-Family Developments
7. Public Information
8. Water Education Programs for Schools
9. Commercial and Industrial Water Conservation x
10. New Commercial and Industrial Water Use Review
11. Conservation Pricing
12. Landscape Water Conservation for New and Existing Single Family Homes
13. Water Waste Prohibition
14. Water Conservation Coordinator
15. Financial Incentives
16. Ulira-Low Flush Toilet Replacement Programs x

X X X X X

agement Practices. The Potential BMPs have not been used in estimating future urban
water demand, but are discussed more fully in the last section of this chapter.

As of December 1992, over 100 water agencies, plus over 50 public advocacy
groups and other interested parties, had signed a Memorandum of Understanding Re-
garding Urban Water Conservation in California. This MOU commits signatories to
implement these BMPs at specified levels of effort over the period 1991 to 2001. The
water industry and others are working toward the implementation of BMPs through
the California Urban Water Conservation Council, established under the MOU. Full
descriptions of BMPs, including estimates of savings and implementation schedules,
are contained in the MOU.

The widespread acceptance of BMPs in California virtually assures that their im-
plementation will become the industry standard for water conservation programs
through 2001 and probably beyond. The BMP process offers great advantages for wa-
ter agencies. There will be significant opportunities to combine programs on a regional
basis to reduce implementation costs and increase effectiveness. In addition to the
programs described above, many of the cooperative efforts to help local agencies with
urban water conservation programs will focus on implementing BMPs.

Water conservation will undoubtedly continue to play a significant role in manag-
ing California’s urban water needs. Proven conservation measures will be implemented
by more agencies, and new measures will gain greater acceptance. More sophisticated
economic analyses will shape the ways that water needs are met or modified. However,
as water use continues to become more efficient, agencies will lose flexibility in dealing
with shortages.

Urban Water Pricing

Many water conservation specialists think conservation encouraged by water
pricing is one of the most important BMPs for reducing urban water use. Many factors
influence the water prices levied by urban water agencies. Some of the major ones in-

x

X X X X X X
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clude the source of the water, methods of transporting and treating it, the intended
use, the pricing policies and size of water agencies, and climatic conditions.

The costs of supplying water depend greatly on the source and use of the water.
For example, the cost of diverting water from a river and using it on adjacent land can
be less than $5 an acre—foot; in contrast, the cost of sea water desalination can exceed
$2,000 an acre—foot. Other significant factors influencing the cost of water supplies is
the distance the water must be transported from the source to its ultimate place of use
and the level of water treatment required to make it usable. For example, the State
Water Project delivers supplies both in Northern and Southern California and contract-
ing water agencies must pay the full cost of supply and delivery to their area. Supplies
delivered to Southern California must travel through hundreds of miles of aqueducts
and be pumped over a mountain range before reaching their final destination. As a
result, the costs of these supplies are greater than those delivered farther north be-
cause of increased transportation costs. The pricing scheme is much like that of train
tickets; for example, the farther you travel, the higher the price of the ticket.

If an agency serves a heavily populated area with a large number of connections
per square mile, the average fixed costs and some variable energy costs of serving each
customer will tend to be less. Conversely, if the agency serves a sparsely populated
area, the average fixed costs of serving each customer are normally higher.

Generally, supplies used for urban purposes cost more than those used for agri-
culture because urban supply systems are more complex and often involve costly local
facilities for system regulation, pressurization, treatment plants, distribution systems,
water meters, and system operation (including meter reading and customer billing). In
addition, some water rates include costs for waste water treatment. Further, future
increased treatment costs could add another $1,000 per acre—foot to urban water
costs. However, agricultural water costs are typically assessed at the farm headgate or
edge of the property. The rates charged for water supplied to agricultural users do not
include the costs incurred by a farmer for labor and equipment to distribute water sup-
plies throughout a farm. These costs often incorporate land preparation, specialized
machinery, and complex distribution through canals, pipes, or drip lines.

The policies adopted by various water agencies also significantly affect the final
prices consumers pay. For example, some agencies use water rates to fully recover the
costs of acquiring and delivering supplies, whereas others use a combination of water
rates and local property taxes. Policies concerning the use of water meters and rate
structure are also important. Although most urban retail agencies in California use
meters to monitor customer use and to levy charges, some (mainly in the Central
Valley) do not. Typically, the costs to consumers of using unmetered supplies {with flat
rate water charges) are less than if those same supplies were metered. However, in
times of drought when water use is reduced, water agencies that have flat rates (water
charges independent of use) are not affected by reduced revenues to cover fixed costs.

Where supplies are metered, rate structure becomes important. For example,
most agencies have switched from declining block rates (where unit water costs de-
crease with increasing usage) to either constant or increasing block rates. These rates
encourage water conservation. Figure 6-3 shows some of the common urban rate
structures.

During years of normal or above-normal precipitation, most agencies’ supplies
are adequate to meet current demands, and rates remain stable. During droughts, the
rates water agencies charge vary depending on reliability and availability of supplies.
For example, during the 1987-92 drought, many water purveyors adopted higher rates
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Figure 6-3.
Common
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to encourage water conservation. Several even implemented drought penalty rates de-
signed to drastically reduce water use. These policies reduced water use; however, an
unwanted consequence of reduced water use was reduced revenues to the agencies,
which still had to pay their system’s fixed costs plus the costs of expanded conserva-
tion programs. To remain solvent, many water agencies had to increase rates several
times during the drought.

The following two subsections discuss urban retail water costs and urban ground
water costs. They are presented to illustrate the complexities of urban water pricing
and the vast differences in cost to various communities in California.

Urban Retail Water Prices

Urban retail water prices vary greatly because of the large number of agencies
with different production costs and pricing policies throughout the State. Each agency
is likely to have different pricing policies for the different customer classes, such as
residential, commercial, and industrial. Water rates and profit margins of investor-
owned utilities in California are regulated by the Public Utilities Comimnission.

Table 6-4 summarizes 1991 single-family residential monthly use and retail wa-
ter cost information for selected cities. Some of the higher water bills are found in cities
along the coast (such as Corte Madera, Santa Barbara, Goleta, and Oceanside). Some
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of the lower bills are found in the cities in the Central Valley (such as Sacramento and
Fresno). Many of these 1991 water costs are higher than they were prior to the
1987-92 drought.

Table 6-5 summarizes 1991 commercial and industrial water use and cost in-
formation for selected cities. Unlike Table 6-4, Table 6-5 does not identify summer and
winter uses and costs. Instead, it displays an average monthly use. Single-family resi-
dential customers, as a group, tend to have similar unit water uses, which is not the
case for commercial or industrial customers. It is difficult to define a typical commer-
cial or industrial customer, particularly in the industrial sector, which can include
bakeries as well as oil refineries. Commercial and industrial water costs were based
upon a 2-inch meter size. The table shows that some of the higher commercial and
industrial water costs are also found along the coast. Some of the lower costs are found

Table 6-4. 1991 Single Family Residential Monthly Water Uses and Costs for Selected Cities

Region/City Average Average Typical Typical $ per Effective
Summer Winter Summer Winter Acre-foot Date of
Monthly Monthly Monthly Monthly Cost®! Rate
Use (ccf) Use (ccf)t! Bill ($)® Bill ($)®

North Coast

Crescent City 10 8 8 7 369 Jan 1991
San Francisco Bay

San Francisco 6 6 7 7 484 July 1991

Corte Madera 9 7 34 28 1,688 May 1991

San Jose 23 18 35 28 664 July 1991
Central Coast ;

Santa Barbara 7 6 22 18 1,364 May 1991

Goleta 15 9 47 30 1,381 June 1991

Monferey n 8 31 24 1,160 Jan 1991
South Coast

Los Angeles 20 10 20 12 462 Jan 1991

Beverly Hills 24 20 28 24 525 Apr 1991

Oceanside 14 n 28 22 875 July 1991

Hemet 15 12 17 15 515 June 1991
Sacramento River

Sacramento 34 18 10 10 165 July 1991

Chico 17 9 15 15 518 June 1991

Grass Valley 26 13 26 17 484 Jon 1991
San Joaquin River

Stockion 22 13 14 n 3N May 1990
Tulare Lake

Fresno 28 12 9 9 193 July 1991
North Lahontan

Susanville 29 11 27 13 434 Oct 1991
South Lahontan

Barstow 35 25 29 23 379 Jan 1991
Colorado River

El Centro 40 30 22 17 244 Sep 1980

{1) Costs shown do not include additional costs, such as property or ad valorem taxes, which increase the real cost of water.
{a) Hundred cubic fest (750 gallons)

{b} Includes service charge
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Table 6-5. 1991 Commercial and Industrial Monthly Water Uses and Retail Costs for Selected Cities

Region/City Average Commercial $per  Average Industrial $ per
Monthly ~ Numberof  Typical Acre-foot Monthly =~ Number of  Typical  Acre-foot _
Use (ccf)®  Accounts Monthly ~ Cost®  Use fccfl™®  Accounts  Monthly  Cost® !

Bill ($)® Bill ($)%

North Coast

Crescent Cify 73 441 64 379 1,079 8 97 282
San Francisco Bay

San Francisco 49 22,133 53 471 253 144 208 358
Central Coast

Santa Barbara 26 2,300 111 1,858 272 65 1,021 1,635
South Coast

Los Angeles 30 112,472 40 582 703 7,437 104 441

Hemet 67 1,794 77 503 23 359 39 742
Sacramento River .

Chico 62 2,684 46 324 122 41 68 244
San Joaquin River

Stockton 48 4,000 35 316 1,479 104 673 198
Tulare Lake

Fresno 70 75 29 183 251 7 78 136
North Lahontan

Susanville 36 204 55 667 434 14 349 350
South Lahontan

Barstow 27 8,273 42 672 2,017 6 1,196 258

{a) Hundred cubic fest {750 gallons)
{b} Includes service charge

in the Central Valley. Again, the drought may be have increased these 1991 water
costs.

Definitive conclusions concerning water uses and costs among cities cannot be
derived solely from these two tables because of the many complex factors influencing
water prices, including proximity to supply and the level of treatment required.

Urban Ground Water Prices

Local water agencies provide supplies to most residential and commercial cus-
tomers in California. Within the industrial sector, small manufacturing firms also
obtain supplies mainly from water agencies. However, many large, water-intensive,
manufacturing firms (such as refineries and chemical manufacturers) have developed
their own ground water supplies.

Ground water costs vary widely throughout the State. Many factors influence
these costs, including depth to ground water, electricity rates, pump efficiencies, and
treatment requirements. Another factor was the prolonged drought, which resulted in
lower ground water levels and higher pumping costs. Typically, self~provided ground
water costs are less than the costs of treated surface water. Table 6-6 presents ranges
of urban ground water costs for the hydrologic regions. These costs include capital,
operations (including pumping energy costs), maintenance, replacement, and treat-
ment costs.

Per Capita Water Use
From the beginning of this century to 1970, urban per capita water use increased

steadily. as illustrated by Figure 6-4, which charts increases in per capita water use in
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Table 6-6. Typical Urban Ground Water Costs in 1992

by Hydrologic Region
Hydrologic Region Ground Water Costs
($/acre-foot)*

North Coast 75 — 85
San Francisco 85 - 330
Central Coast 200 — 300
South Coast 45 — 190
Sacramento River 50 — 80
San Joaquin River 70 — 270
Tulare Lake 80 — 175
North Lahontan 120 — 190
South Lahontan 85 — 90
Colorado River 115 — 275

*These costs are higher than pumping raw water for agricultural use because capital, operation, maintenance, replacement, and treatment
costs are greater.

the San Francisco Bay area. Since 1970, however, the per capita use has been fluctuat-
ing but no longer shows a steady increase in most areas of the State, as shown in
Figure 6-5. Urban Per Capita Water Use, 1940-1990. Large reductions in per capita
water use are pronounced during drought years when aggressive short-term conserva-
tion and rationing programs are in effect. In the long term, permanent water
conservation programs and other factors have begun to reduce overall per capita water
use in some areas.

Other factors tend to raise per capita unit use rates, thus making it difficult to
analyze trends. Climatic variations affect water use significantly from one year to the
next. In the long term, fewer people per household, increases in household income,
and population growth in warmer inland areas have tended to counteract the effects of
multifamily housing and conservation. which drive per capita water use downward.
Figure 6-6 compares the gross average per capita water use in selected California com-
munities from 1980 to 1990. Gross per capita use rates are higher in many hydrologic

Figure 6-4.
Urban Per Capita Urban Applied Water Use
{gallons per-capita daily)
Water Use
San Francisco Bay 200
Area
1920-1990

0
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Table 6-7. 1990 Distribution of Residential Interior Water Use

Component Average Use, Percentage
Toilet 36
Bath/Shower 28
Faucets 13
Laundry 20
Dishwashing 3
TOTAL

variable, rar
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Table 6-8. Present and Projected Urban Unit Applied Water by Hydrologic Region
(gallons per capita daily)

Region 1990 2000* 2010* 2020*
All Residential All Residential Al Residential Al Residential
Uses Uses Uses Uses
North Coast 263 137 242 126 230 120 224 118
San Francisco 193 106 186 102 184 100 181 98
Central Coast 189 112 185 110 185 110 185 110
South Coast 211 124 209 123 209 123 209 123
Sacramento River 301 169 283 161 977 g 5
San Joaquin River 309 216 300 210 293 206 285 202
Toulare Lake 7 301 202 295 180 287 175 284 173
North Lahontan 421 160 397 171 387 166 380 163
South Lahontan 278 175 260 165 255 163 285 163
Colorado River 579 336 557 323 557 323 553 321

*Forecasted values including unit use reduction due to BMPs.

mentation of BMPs; these are rough estimates since the range of savings that can be
expected from an individual BMP may be quite large. For this bulletin, the estimated
reductions due to BMPs range from 7 to 10 percent of the forecasted per capita use,
depending on the location of the area studied. The applied water reductions and the
depletion reductions in 2020 due to BMPs are shown in Table 6-10. The reductions in
depletions stem from reduced landscape evapotranspiration or reduced outflow to the
ocean because of reduced interior water use.

The reductions in depletion are greater for coastal cities where waste water is dis-
charged to the ocean and serves no further beneficial use. Applied water reductions in
the San Francisco Bay area are all considered reductions in depletions because waste
water is discharged to the ocean. In contrast, in the Sacramento River Region most
excess applied water either recharges ground water basins or is returned to the river
through waste water treatment facilities for later reuse downstream and thus is not a
depletion. For example, the depletion resulting from net water demand in Sacramento
versus that of Walnut Creek is 146 gallons per capita daily versus 184 gallons per
capita daily, respectively.

Table 6-9. 1990 Percentage of Urban Water Use by Sector

Region Residential Commercial Industrial ~ Governmental ~ Unaccounted
North Coast 52 15 14 5 14
San Francisco 54 22 9 7 8
Central Coast 60 16 8 6 10
South Coast 59 18 8 6 9
Sacramento River 56 17 6 12 9
San Joaquin River 70 8 10 6 6
Tulare Lake 67 10 10 400 4
North Lahontan 38 19 26 10 7
South Lahontan 63 13 1 13 10
Colorado River 59 22 2 3 14
Statewide 58 17 8 7 10
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Table 6-10. Applied Urban Water Reductions and Reductions in Depletions by Hydrologic Region

(thousands of acre-feet)

Region Applied Water Reductions Depletion Reductions
North Coast ‘ 65 55
San Francisco 250 250
Ceniral Coost 30 30
South Coast 610 490
Sacramento River - 110 ; 25
San Joaquin River 60 20
Tylare Lake 65 20
North Lahontan 5 0
South Lahontan 50 10
Colorado River 40 35
TOTAL 1,285 935

Of course. the total urban applied water, net water demand, and depletions will
continue to increase to 2020 because of population growth. An even greater increase is
expected in drought years because of less rainfall recharging soil moisture in urban
landscapes. Table 6-11 presents the estimated increases in statewide urban water
demand from 1990 to 2020.

When the potential BMPs summarized in Table 6-12 are approved by the
California Urban Water Conservation Council, they will be analyzed and are expected
to provide some additional urban water demand reduction. For this report, the reduc-
tion in demand due to potential BMPs was not quantified. However, these potential
BMPs are not expected to provide as much demand reduction as those BMPs already
adopted, primarily because the potential BMPs identify few practices that affect
exterior water use where the largest potential for future urban water savings exists.

Recommendations

Urban water agencies recognize the need for better demand forecasting methods
to estimate water use. Some water agencies are moving toward a more disaggregated
approach, similar to that of energy utilities. DWR and the University of California at
Los Angeles have evaluated forecasting methods and developed procedures to estimate
conservation from BMPs. In this approach, more data, much of which is currently un-
available or goes unreported about the end uses of water must be analyzed individually
and then aggregated together to forecast overall water use. At a minimum, water use
information must be known about the following categories: single-family residential;
multi-family residential; commercial/institutional; industrial; and public/unac-
counted. Other information on household population density, household income, and
pricing structure is necessary as well. The demand must also be analyzed for winter
{baseline) use and summer (peak) use. The water demand without conservation is then
calculated. An expected range of demand reductions due to conservation is then esti-
mated for each BMP. The median value of each range can be used to estimate a
percentage reduction in the forecasted demand without conservation for each BMP.
For many BMPs, particularly those affecting exterior water use, there are widely diver-
gent appraisals of water savings that will need further study to improve the quality of
such estimates. Specific recommendations are as follows:

1. Urban water use forecasts require annual reporting of data to accurately
estimate urban water use for residential, industrial, commercial, and
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Table 6-11. Urban Water Demand by Hydrologic Region

(thousands of acre-feet)
Hydrologic Region 1990 2000 2010 2020
average  drought average drought average drought average  drought

North Coast A -

Applied water demand 168 177 186 195 204 214 219 230

Net water demand 168 177 186 195 204 214 219 230

Depletion 10 112 19 122 127 132 136 142
San Francisco Bay o -

Applied water demand 1,186 1,287 1,298 1,390 1,365 1,486 1406 1,530

Net water demand 1,186 1,287 1,298 1,390 1,365 1,486 1,406 1,530

Depletion 1,079 1175 1,185 1,271 1,247 1,362 1,287 1,403
Central Coast ;

Applied water demand 273 277 35 321 35 373 420

Net water demand 229 233 263 268 304 311 349

Depletion 203 206 235 239 %2 278 35 3
South Coast

Applied water demand 3,851 3,997 4446 4617 5180 5381 6008 4

Net water demand 3511 3,641 4,010 4,161 4623 4799 5309 5,514

Depletion 3341 3463 3536 3677 3993 4158 4596 4785
Sacramento River

Applied woter demand 744 807 om 989 1,076 1,167 1,231 1,335

Net water demand 744 807 911 989 1,076 1,167 1,231 1,335

Depletion 236 257 293 318 349 378 400 434
San Joaquin River 7

Applied water demand 495 507 663 &84 839 867 1,029 1,063

Net water demand 353 366 468 490 587 616 77 752

Depletion 192 194 258 265 332 340 410 420
Tulare Lake

Applied water demand 523 523 716 - 7% 892 892 1,116

Net water demand 214 214 292 292 364 364 454

Deplefion 214 214 292 292 364 364 454 454
North Lahontan - -

Applied water demand 37 38 43 44 46 48 51 520

Net water demand 37 38 43 44 46 48 51 52

Depletion 14 15 17 18 9 20 21 2
South Lahontan

Applied water demand 187 193 292 302 - 409 423 550 565 |

Net water demand 123 125 191 198 269 277 360 372

Depletion 123 125 191 198 269 277 360 372
Colorado River 7

Applied water demand 301 301 399 399 512 512 621 621

Net water demand 204 204 272 272 349 349 424 424

Depletion 204 204 272 272 349 349 424 424
TOTAL

Applied water demand 7,800 8,100 9,300 9700 10900 11,400 12,700 13,200

Net water demand 6,800 7,100 7,900 8,300 9,200 9,600 10,500 11,000

Depletion 5,700 6,000 6,400 6,700 7,300 7,700 8,400 8,800
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Table 6-12. Potential Best Management Practices

1. Rate struciures and other economic incentives and disincentives fo encourage water conservation.
2. Efficiency standards for water using appliances and irrigation devices.

w

. Replacement of existing water using appliances (except foilets and showerheads whose replacements are incorporated as Best Management
Practices) and irrigation devices.

. Retrofit of existing car washes.

Graywater use.

. Distribution system pressure regulation.

. Water supplier billing records broken down by customer class {e.g., residential, commercial, industrial).

. Swimming pool and spa conservation including covers fo reduce evaporation.

. Restrictions or prohibitions on devices that use evaporation to cool exterior spaces.

. Paint-of-use water heaters, recirculating hot water systems, and hot water pipe insulation.

. Efficiency standards for new industrial and commercial processes.

2 OO0 ®NOOA

—_

governmental sectors. Water use data reported to the State Controller’s Office
and the Department of Health Services, Office of Drinking Water, are currently
insufficient to meet increasingly more complex forecasting needs. DWR
should implement new reporting mechanisms for urban water use data.

2. Local land use planning and resulting General Plans should be coordinated
with water resources planning agencies to insure compatibility between land
use plans and water supply plans to make optimum use of the State’s water
resources.

3. DWR, in cooperation with the Urban Water Conservation Council, should de-
termine cost-effectiveness and water savings (reduced depletions) resulting
from the various urban Best Management Practices and identify additional ur-
ban practices for use in statewide and regional planning.

4. Urban “water price” effects and their relationship to conservation practices are
not well understood and require further data collection and analysis to ascer-
tain the effect on demand. It is recommended that efforts of the Urban Water
Conservation Council and others be combined with an expanded program in
DWR to address the issue.
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Salinas Valley lettuce; California grown lettuce accounted for 75 percent of the lettuce
produced in the U.S. in 1990.




The California Water Plan Update

Bulletin 160-93

Californians pro-
cess or directly consume
less than 50 percent of
the State’s farm product.
Foreign and domesticex-
ports of California farm
products are over three
times the value of foreign
and domestic farm prod-
ucts imported into
California.

This bulletin does
not address such public
policy issues as govern-
.ment intervention in
agriculture to manage
wa-ter availability and
cost with the objective of
maintaining or enhanc-
ing market competitiveness for California crops. Such action could benefit the pro-
ducers of crops declining in acres or market share, as well as associated agricultural
businesses, and could also benefit consumers who face higher food prices for some of
the affected crops. However, such intervention would likely impose higher costs on
other sectors of the California economy.

In any case, California agriculture will remain a major business in the State,
helping provide food and fiber for growing populations and helping meet the increasing
demand for fruit, nut, and vegetable crops within the U.S. as well as in nations with
increasingly affluent citizens. Indeed, because of increasing yields and the expected
shift to higher-return crops, as international demand for specialty crops increases, the
size of California’s farm revenues can be expected to grow substantially.

High yields are achieved in California largely because of efficient management
practices, a long growing season, and available irrigation water. These factors, plus
soils with desirable characteristics for certain crops and suitable microclimates, also
allow for efficient crop production of high-value tree and vine crops. Although yield
increases have slowed in the last ten years, the 71-percent simple average yield in-
crease shown in Table 7-1 is impressive testimony to the productivity of California
farmers.

In recent years, 22 California crops, covering about 2,760,000 irrigated acres,
influenced or dominated the U.S. market and produced an average yearly gross reve-
nue of about $6.74 billion. These are the crops for which most California growers enjoy
a strong competitive advantage (for at least certain varieties of the crops) over compet-
ing growers in other states. Table 7-2 lists these 22 crops for which California farmers
accounted for at least 36 percent of U.S. production of that crop during 1989 through
1991 (based on California Agriculture, Statistical Review, reports for 1989, 1990, and
1991, California Department of Food and Agriculture).

Table 7-3 shows how important exports are to the producers of a different list of
23 California agricultural commodities. More than half the California production of
four of those crops are exported. In recent years, an average of slightly more than 2
million acres were used to grow those 23 crops for export.

Apple harvesting in
the Central Valley.
California’s
Mediterranean
climate, long, dry
growing season,
available irrigation
water, and
productive solls
allow farmers to
produce high-value
JSruits, nuts, and
vegetables.
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Table 7-2. Irrigated Crops Where California Influences or Dominates the U.S. Market
(California Share of U.S. Population in 1990 = 12.0 Percent
All Figures are 1989-91 Averages)

Crop CA Share of U.S. Acres Gross Valve
Production {Thousands) ($ Millions)
{Percent)
Asparagus 43 3% . 72
Broccoli %0 9% E— 235
Carrols 58 57 200
Celery 73 n 163
Lettuce 75 161 651
Contaloupes* 49 a3 156
Processed tomatoes 90 s pemmTT 465
Almonds 100 400 o 542
Avocados 83 : SRR s
Grapes B 21 639 1,575
Lemons 81 Wy ST Sy
Nectarines 97 25 88
Peaches 66 s 187
Pistachios 100 50 o5
Plums 85 PR 109
Prunes 100 78 159
Strawberries 78 50" s
Walnuts 99 180 "
Oranges* 34 176 500
Safflower* 77 118 P
TOTALS 2,759 6,738

*Average for 1989 and 1990 only; 1991 data unavailable. Note: The criteria for selection to this list is having had, for at least one of the th at least 36 t of i
at least 20,000 harvested acres in California. ° o Hree years, @l ea percent of U.5. produdton and

No statistics on consumption of imported agricultural products by Californians
are available. However, the U.S. Department of Agriculture does compile statistics
(1991 Agricultural Statistics} on imports into the U.S. of certain crops and crop groups
that compete with California crops. Tables 7-4 and 7-5 give the latest USDA statistics
on values and quantities of certain agricultural imports. If California growers of any of
these crops do not maintain their share of production to meet rising domestic demand,
either because of market incentives or resource constraints, the shortfall likely will be
made up with additional imports as well as increases in production in other states,
possibly at increased market prices for some crops.

Factors Affecting Agricultural Water Use

The primary factor in California’s robust agricultural production has been the
abundance of natural resources. Production of irrigated crops depends on carbon
dioxide (found naturally in the atmosphere), sunshine, water, nutrients, and soil.
These crops in turn produce food, fiber, and oxygen. The water used by the crop is
termed consumptive use but the process is actually the conversion of resources to
agricultural commodities that are ultimately consumed by the population in general.
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Table 7-3. 1990 California Agricultural Export Data

Crop Valve of CA Acres Needed fo Exported Share
Exports Produce CA Exports of CA Production
($ millions) (thousands) (percent)
Cotton fint - e 755 i ‘ 858 : 81
Dry beans

27 , 48 . 29

‘Hay (alfolfa & sudon) ' * & o L N/A
Rice 75 24
Safflower s 55
Wheat 282 34
Almonds L %2 E 71
Grapes (fresh, raisins, & processed) 120 N/A
Oranges 32 25
Pistachios : . 17 27
Plums 32
Brnes _ « 51
Walnuts 99 40
hoettliSl il B R B R R ; 14
Cauliflower 31 11 ’ 20
lettuce. L e T m T a n : 8
Onio 47 38
Nursery products ) B 124 : ‘ N/A
Caledcaves .. . ... ... B T 3
Dairy products 63 — 2
TOTALS 2,560 2,083 —
* Notes: The value is equivalent farm gate value. The acres figures assume average yields.
Definition of Crop Consumptive Use
The consumptive use of water by crops is synonymous with the term evapotran-
spiration. It is expressed as a volume of water per unit area, usually acre-feet per acre,
and is a measure of the water transpired by plants, retained in plant tissue, and evapo-
rated from adjacent soil surfaces over a specific period of time. ET varies throughout
the year depending on solar radiation, humidity, temperature, wind, and stage of plant
growth. For example, as a crop grows, ET increases until the crop reaches maximum
cover. The evaporation component of ET is greatest when the plant is small and does
not shade the soil surface. Further, the relationship between evaporation and transpi-
ration is a dynamic one. When evaporation increases, transpiration decreases. ET is
Table 7-4. U.S. Department of Agriculture’s Quantity Index of Agricultural Imports
(excludes fruits, nuts, and vegetables)
Percent Change
Index Values for: 1980 1985 1990 1980-1990
Total agricultural imports info U.S. 107 122 136 27.1
Competitive agricultural imports 100 118 123 230
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Table 7-5. Agricultural Imporis by Country of Origin

(in $ millions)

Couniry of Origin 1988 1990 Percent Change
Canada 2,256 2,927 297
Mexico 1,540 2,116 37.4
Australia 1,114 1,161 1.5
Brazil 925 1,016 9.8
New Zealand 749 786 4.9

the largest element in California’s hydrologic budget, including the ET in forests, natu-
ral vegetation, agriculture, and landscaping.

The evapotranspiration of applied water is less than the total ET of a crop in
most areas of the State because rainfall provides some of the crop requirements. This
effective precipitation is subtracted from the total crop ET to determine the evapotran-
spiration of applied water (that portion of the crop ET provided by irrigation). Crop
ETAW represents about 15 percent of the total evapotranspiration and associated
evaporation in the State. Table 7-6 indicates the ETAW range of the major crop groups
in the hydrologic regions of California.

Agricultural Water Use Efficiency. Agricultural water use efficiency has nor-
mally been defined as irrigation efficiency calculated by dividing the ETAW plus the
leaching requirement by the applied water. Another measure of agricultural water use
efficiency is the agricultural production per unit of water. Harvested yields per acre of
most California crops have more than doubled during this century while irrigation
methods have become more efficient. For example, one of California’s major crops, on
an acreage basis, is cotton. Figure 7-2 shows the increase in yields of lint per harvested

Table 7-6. Ranges of Unit Evapotranspiration of Applied Water

(acre-feet/acre per year)

Crop NC SF cc sC SR s) n NL st CR
Grain 0315 0204 0204 0202 0216 0309 0612 1616 0202 2020
Rice — — — - 3.0’-<3.4 3.3-3.6 - — — —
S e e e e
Sugar beefs 2424 1523 1425 2222 1727 2127 2433  — —

Com 1018 1818 0618 1416 1423 1820 1920 1919 2424 1724
Other field 0918 1020 0613 0622 1220 0616 1221 — 2222 2035
Alfalfa 1528 1527 1930 2727 1832 2433 2933 2325 3850 4366
Pasture 1426 2130 20-30 2728 21-33 3033 3035 2426 3850 4366
Tomatoes — 1921 1020 1823 1621 1622 2023 —  — 2929
Other truck 1017 0920 0821 1415 0618 0617 1014 1515 1354
Almonds/pistachios  — = — — = 1627 1723 20 - : ”

Other deciduous orchard ~~ 1.4-2.1 1422 1023 2323 1327 1328 2323 2344 f
Subfropical orchard b T —. 1020 1718 1320 1021 1. 2626 ¢
Grapes 0508 0509 0813 1215 0920 1.02] 2424 2.

Note:

The North Coast Region encom| numerous climate zones, reflected by a large range of ETAW values for certain crops.

The Subtropical category mdum, citrus, avocados, and dates, which have varying water requirements. Ranges of ETAW for this category reflect the relative acreages of each crop
within a region.
The cooler Delta climate reduces ETAW in some San Joaquin Region units for certain crops.

Some variation in values is caused by similar crops (or the same crop) grown at different times of the year.
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volumes of water that must be conveyed. However, a number of agricultural water
agencies are improving the water delivery flexibility to the farm. The increased flexibil-
ity is accomplished by allowing a farmer to give shorter notice to the district before
receiving water and giving the farmer some allowance for adjusting flow rates and the y
duration of the irrigation. i

Drainage and Salinity

A major consideration in water use is the salinity of the irrigation water, the salin-
ity of the soil, and the physical characteristics of the soil that affect its internal
drainage. For example, heavy soils in Imperial Valley, made up of shrink-swelling clay
minerals with poor internal drainage. need tile drains in arder tn leach calie frnm tha
soil or crop production wou
to 15 percent of the total ¢

Another area with a
Valley. Inadequate drainag
lems. As irrigated acreage
region where the soils are
frequently high in trace ele: -
these compounds in many &/ ‘
where they concentrate du

California having soils witt
leach the salts, normally d

Water Price and Productic

Water price also affec
canbecome too great for agr
related to agricultural wate
farmers pay substantiallyle:
parts, theiroverall water cos
than that of the average hc

1

Crop

| Grain
Sugar beefs ! L
Corn
Otherfield L
Akl |
Pasos
Tomatoes ]
Deciduous orchard

' Subtropical orchard
Grapes

Percentage of Acreage’®

* Rice acreage not included
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Water Price and Agricultural Production

The effect of increases In the cost of imigation water on crop production is a com-
plexissue. Some schools of thought predict the impending water price effects of the 1992
Central Valley Project iImprovement Act and the Reclamation Reform Act willencourage
farmers to take substantial amounts of acreage out of production. Others say that the
water price increases will cause those irigating pasture or growing field crops to shift o
higher-income crops. This discussion should reveal why neither prediction may be the
case.

The decision by a farmer to bring a particular piece of land into production de-
pends on a number of factors: the size of the capital investment needed (equipment,
lond, and land improvement costs); the farmer’s skill, experience, and financial re-
sources; the risk of crop or yleld loss due to disease or drought; the expected income
from crop sales; the likely variation in that income due to market price fluctuations; and
the costs of production (Including any hauling or processing costs paid by the farmer).
The compliance requirements and income effects of government farm programs must
also be considered. A primary factor, of course, is the availability of the resources need-
ed to produce a particular crop: suitable soils and climate, labor, and water of sufficient
quantity and quality.

Water price affects these factors both directly and indirectly; it affects the cost of
production directly and the Investment cost indirectly. The indirect link exists because the
water cost affects the expected future net return from crop production on the land in
question: the higher the water cost, the lower this return Is expected to be. The market
value of the land for crop production (aside from any speculative value for nonagricul-
tural uses) Is, in turn, based on the present worth of this expected net income.

Options may be avallable, however, to reduce the adverse impacts of a water
price increase. Alternative water sources or water management practices may be avail-
able at a justifiable cost. Practices to reduce applied water in response to a price in-
crease can be effective if the cost of their implementation is substantially less than the
cost of the water they replace. (Such applied water reductions can also have “hidden”
costs if they reduce deep percolation to a ground water basin that is used for a drought
supply. for example.) Also, because of tradition, a present lack of appropriate skills and
experience, or an unwillingness to accept risk or make a needed—but substantial—capi-
tal investment, a farmer may not be producing the crop that can provide the greatest
net income.

The optlon to shift to another crop must be considered with respect to the farmer’s
financial resources, the suitabllity of climate and solls for the specific crop, and crop mar-
keting condiiions. (For many high-valued crops, the necessary market conditions include
obtaining a contract with a food processor.) Because of such constraints, land planted
to lower-valued crops like pasture or clfolfc may not be a sign of opportunity being ig-
nored.

Even with alow-cost water supply. it is still in the farmer’s economic interest to plant
the crop that provides the greatest net income; a low-cost water supply just ailows this
crop to provide a greater net income than would otherwise be the case. However, in
cases where alternative crops produce about the same gross income per acre but re-
quire much different quality and quantities of water, the different degree of impact on
production cost can change the relative attractiveness of a crop in terms of net income.

if the impact of a substantial water price increase cannot be sufficiently moderated
by any options available fo the farmer, that farmer may not have the financial resources
or economic Incentive to continue farming, for any extended period, the iand affected
by the water price increase. In this case, the land will be placed on the market, either
voluntarily or Involuntarily, and its price reduced, reflecting the water price Increase. Un-
der these conditions, the final effect Is likely to be a change in the financlal status of the
person who owns the land and perhaps also the person who farms the land rather than
the type of crop grown.
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NOTE: The decline in 1983 was caused primarily by widespread flooding and
the Federal Agricultural Payment in Kind {PIK) Program.

Service. Between 1980 and 1989, there was a five percent decrease in cropped
acreage; however, this decade was also a period of fluctuating acreage when govern-
ment programs, agricultural markets, and climate (floods and droughts) significantly
affected crop plantings. Irrigated agricultural acreage reached its peak in 1981, with
9.7 million acres, dropped 900.000 acres in 1983 due, in large part, to the Payment-
in-Kind Program, but then rose again by 800,000 acres in 1984. During the latter part
of the 1987-92 drought, lands were fallowed due to shortages in surface water sup-
plies. Therefore, data from the 1980s did not show reductions or increases in irrigated
acreage that could be used to forecast future water service needs.

Water Supply and Walter Price

The historic increase in irrigated acreage, and the wide variety of crops grown, are
the result of the water supply system developed by agriculture at the local level or with
the support of the State and federal government.

During normal years, a large amount of agricultural water comes from ground
water supplies and is pumped mostly by individual farmers and ranchers. However,
the majority of agricultural water supplies are obtained from water districts, which ob-
tain most of their supplies from surface water, with a lesser portion from ground water
sources. A small percentage of agricultural water is diverted directly from streams and
rivers by the individual farmers and ranchers.

In 1991, at least 78 agencies each provided over 50,000 af to their service areas.
As with urban agencies, a number of factors influence these agencies’ water prices,
including water sources, transportation, pricing policies, agency size, and weather.

Agricultural Retail Water Prices

About 70 to 80 percent of agricultural water districts’ revenues typically come
from water charges during a normal water year. The remainder of their water revenues
are derived from property taxes. Many water districts (especially in the Sacramento
Valley) charge on the basis of acres irrigated and at different per-acre rates, depending
upon the types of crops that are grown. Generally, all the prices for individual crops are

Figure 7-4.
Irrigated
Acreage in
California
1870-1990

Agricultural Water Use




Bulletin 160-93 The California Water Plan Update

Table 7-9. Typical Agricultural Retail Water Costs in 1991 by Hydrologic Region

(weighted average)
Hydrologic Number of Districts District Water Weighted
Region Responding to Sources Average Cost
Survey ($/acre-foot)
North Coast 2 Other* 3
San Francisco Bay 44t
Central Coast 1 CVP, Other 14
South Coast 6 SWP, Colorado River, 252
MWDSC, Other
Sacramento River 14 CVP, SWP, Other 12
San Joaquin 10 CVP, Other 19
Tulare Lake n CVP, SWP, Other 86
North Lahontan 2 Other 7
South Lahontan 1 SWP, Other 150
Colorado River 3 12

Costs are estimated at the farm headgate and exclude farmers' costs to distribute water to their fields.

* Local surface or ground water supplies.
t Source: Santa Clara Valley Water District

calculated on a water duty (the amount of water required to irrigate a given area for
cultivation of some crop).

In late 1991 and early 1992, the Department of Water Resources mailed water
cost surveys to selected water districts that serve farms in California. Almost all of the
responses were from medium- or large-sized agricultural water purveyors. There were
33 responses from the Central Valley.

Table 7-9 summarizes 1991 agricultural retail rates by hydrologic region. The
most expensive agricultural water sold by districts is found in the South Lahontan,
South Coast, and Tulare Lake regions. The least expensive irrigation water is found in
the North Coast, northeast California (North Lahontan), Colorado Desert, and the Sac-
ramento Valley. As with urban water prices, a major element is the transportation cost
of moving water from the area of origin to the area of use. Transportation costs include
the capital, operation, and maintenance costs of facilities (such as aqueducts, pipe-
lines, and pumping plants} plus the energy cost of moving the water. In addition,
conveyance losses are usually incurred, which increases the cost of water delivered to
the final users. Because of the recent prolonged and severe drought, many of these
1991 water costs may be higher than what would have been expected for a non-
drought year.

Agricultural Ground Water Production Costs

As with urban areas, agricultural ground water costs vary considerably through-
out California. Many factors influence these costs, including depth to ground water,
pump efficiencies, and electricity rates. Another factor was the drought which lowered
ground water levels and increased pumping costs. Table 7-10 presents a range of aver-
ages for agricultural ground water costs for the hydrologic regions. The costs include
capital, operation (including pumping energy costs), maintenance, and replacement
costs. Costs were determined from a survey of well drillers in the hydrologic regions
and from DWR district files.
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Agricultural Water Conservation

Agricultural water conservation has taken a different path from that of the urban
sector. Historically, irrigated agriculture has had the University of California,
California State Universities. local Resource Conservation Districts, and U.S. Depart-
ment of Agriculture programs to provide technical management assistance over many
decades. These efforts have often included improved and better crop varieties, high-
yielding food and fiber crops, disease-resistant crops, frost-resistant crops, and
irrigation and farming methods that help preserve soil structure and fertility, as well as
maintaining favorable soil salinity and long-term productivity. These collective efforts
have resulted in constant improvement in use of resources for agricultural production
and significant increases in yield per-acre for almost all crops grown in California. Ir-
rigation efficiencies have been increased and applied water requirements reduced over
time as a result of these efforts.

Even though irrigation management continued to improve in the 1970s and
1980s, using the existing technical assistance programs mentijoned above, agricultural
water agencies now fill an active role paralleling that of urban water agencies in con-
servation efforts. Two pieces of legislation that accelerated this effort are the California
Agricultural Water Management Planning Act of 1986 (AB 1658) and the federal Recla-
mation Reform Act of 1982.

AB 1658 required all agricultural water suppliers delivering over 50,000 acre-feet
of water per year to prepare an Information Report and identify whether the district
has a significant opportunity to conserve water or reduce the quantity of saline or toxic
drainage water through improved irrigation water management. The legislation af-
fected the 80 largest agricultural water purveyors in California. The districts that have
a significant opportunity to conserve water or reduce drainage are required to prepare
Water Management Plans.

The Reclamation Reform Act of 1982 required federal water contractors to pre-
pare Water Conservation Plans. In California, the U.S. Bureau of Reclamation’s
Mid-Pacific Region developed a set of Guidelines to Prepare Water Conservation Plans
and required all federal water contractors serving over 2,000 acres to submit water
conservation plans. In 1990, USBR requested assistance from DWR to upgrade the
guidelines on how to prepare water conservation plans. New guidelines for USBR’s

Table 7-10. Typical Agricultural Ground Water Production Costs in 1992

by Hydrologic Region
Region Ground Water Costs
($/acre-fool)t
North Coast 10-70
San Francisco Bay 60-130
Central Coast 80
South Coast 80-120
Sacramento River 30-60
San Joaquin 30-40
Tulare Lake 40-80
North Lahontan 60
South Lahontan 20
Colorado River 90

1 The range represents the average cost at specific locations within a region, and includes capital, operation, maintenance, and replacement
costs,
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Mid-Pacific Region were prepared and DWR is providing assistance to USBR contrac-
tors to develop, update, and implement water conservation plans. The Central Valley
Project Improvement Act of 1992 required the USBR's Mid-Pacific Region to revise its
existing guidelines for reviewing conservation plans to include, but not be limited to,
BMPs and Efficient Water Management Practices developed in California. The 1992
Strategic Plan for the USBR has identified water conservation as a key element for im-
proving the use and management of the nation’s water resources.

Enactment of AB 3616 in 1990 charged DWR to establish an Advisory Committee
consisting of members of the agricultural community, University of California, Califor-
nia Department of Food and Agriculture, environmental and public interest groups,
and other interested parties to develop a list of Efficient Water Management Practices
for agricultural water supplies. Approximately 29 practices are under consideration.

The AB 3616 advisory committee is working to develop a process for agricultural
water management plans for implementation of EWMPs within the framework of rights
and duties imposed by existing law. Water management plans will identify water con-
servation opportunities and set a schedule for implementation. It is difficult to assess
the specific benefits of EWMPs at the present time. Calculation of water savings result-
ing from EWMP implementation will require a detailed planning process by each
individual district, including analysis of technical feasibility, social and district eco-
nomic criteria, and legal feasibility of each practice. The University of California at
Davis surveyed 23 of the 79 agricultural water agencies affected by AB 1658 to assess
what practices similar to EWMPs are currently in place. The results of that survey are
also displayed as percentages in Table 7-11. It is expected that the AB 3616 process
will replace that contained in AB 1658. Currently, the advisory committee has drafted
a Memorandum of Understanding that will commit signatories to the development of
water management plans.

DWR continues to cooperate with many local agencies to implement measures
that are potentially included on the list of EWMPs. These include providing real-time
irrigation scheduling data through the California Irrigation Management Information
System; providing on-farm irrigation system evaluations through the Mobile Irrigation
Management Laboratory (Mobile Lab) program; offering advice on redesigning fee
structures; and offering loans for installation of water measurement devices and
construction of regulatory reservoirs. A cooperative effort, along with Pacific Gas and
Electric and others, has helped develop the Irrigation Training and Research Center at
California Polytechnic State University, in San Luis Obispo.

As mentioned in the urban water use section, the definition of water conservation
recognizes that reducing applied water results in additional water supply only when
the water would otherwise be lost to evapotranspiration or a saline water body such as
the Pacific Ocean. In the agricultural sector, this condition applies to a few specific
areas, primarily the Colorado River Region, which drains to the Salton Sea, and the
west side of the San Joaquin Valley. In the Sacramento River and the San Joaquin Riv-
er basins, excess applied irrigation water is either reused, ultimately percolates to
ground water, or drains back into rivers that flow to the Delta. Reducing applied water
in these basins reduces return flows, which must be made up by increasing reservoir
releases to maintain specified outflows through the Delta.

Drainage Reduction

A major effort has been the cooperative demonstration projects of new and
emerging technologies for on-farm irrigation management to reduce applied water,
hence drainage and deep percolation, in drainage problem areas. The west side of the
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Table 7-11. Summary of Current Efficient Water Management Practices

Practice Currently in Place*
(percentage) ;
f
Irrigation Management b
1. Improve water measurement and accounting 70 \ '
2. Conduct irrigation efficiency studies 43 %
3. Provide farmers with “normal-year” and “real time” irrigafion, scheduling, and crop evapotranspiration ET information 52
4. Monitor surface water qudlifies and quantifies 52 & 100 respectively
5. Monitor soil moisture 13
6. Promote efficient pre-irrigation techniques 17
7. Monitor soil salinity 26
8. Provide on-farm irrigation system evaluations 35
9. Monitor quantity and quality of drainage waters 39 & 52 respectively
10. Monitor ground water elevations and qualities 83 & 43 respectively
11. Evaluate and improve water user pump efficiencies 39
12. Designate a water conservation coordinator 48
Physical Improvement
13. Improve the condifion and type of flow measuring devices 61
14. Automate canal structures 35
15. Line or pipe ditches and canals 22
16. Modify distribution facilities to increase the flexibility of water deliveries 43
17. Construct or line regulatory reservoirs 26
18. Construct District tailwater reuse systems 39
19. Develop recharge basins for systems 35
20. Improve on-farm irrigation and drainage systems 43
21. Evaluate efficiencies of District pumps 57
22. Provide educational seminars 57

Institutional Adjustments

23. Improve communication and cooperative work among district, farmers, and other agencies 65
24. Change the water fee structure in order fo provide incentives for more efficient use of water and drainage reduction 43
25. Increase flexibility in water ordering and delivery 65
26. Conduct public information programs 48
27. Facilitate financing capital improvements for District and on-farm irrigation systems 43
28. Increase conjunctive use of ground water and surface water 22
29. Facilitate, where appropriate, alternative land uses 4

* Based on a 1992 U.C. Davis survey of 23 agricultural water suppliers delivering over 50,000 AF of irigation water.

San Joaquin Valley contains hundreds of thousands of acres underlain by poorly
drained soils and shallow ground water. Continued irrigation requires the removal of
shallow ground water to prevent water logging and salinization of soils which damage
crops and reduce yields. In addition, some of the drain water contains toxic elements
in sufficient quantities to impact waterfowl habitat.

Since the 1950s, three major State and federal interagency studies have been
conducted regarding agricultural drainage disposal. Before 1983, study recommenda-
tions revolved around the construction of a drainage canal (San Joaquin Valley Drain)
to transport drainage water to the ocean through the Sacramento-San Joaquin Delta.
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The federal CVP constructed part of the San Luis Drain, the first phase of the San Joa-
quin Valley Drain, to serve the drainage needs of the CVP’s San Luis Unit. The drain
terminated in Kesterson Reservoir, an interim storage and evaporation reservoir in
Merced County. In 1983, deformities and deaths of aquatic birds at Kesterson Reser-
voir were observed and determined to be caused by selenium toxicity. The presence of
high concentrations of selenium in drainage water significantly changed the strategy
for resolving drainage problems in the San Joaquin Valley.

San Joaquin Valley Drainage Program

In 1984, the San Joaquin Valley Drainage Program was established as a joint
federal and State effort to investigate drainage and drainage-related problems in light
of the new conditions. The SJVDP published its recommended plan in September
1990. The study and resulting plan focused on in-valley management of drainage and
drainage-related problems. The recommended plan should guide management of the
agricultural drainage problem for several decades into the future. In December 1991,
eight State and federal agencies signed a Memorandum of Understanding to coordinate
activities implementing the plan. A strategy was also developed to serve the following
purposes: (1) establish a continuing coordination structure; (2) define and prioritize
implementation needs; (3} identify federal, State, local, and private roles in imple-
mentation; (4) recommend implementation actions; and (5) seek agreement of involved
parties.

The implementation strategy also includes developing a long-term monitoring
program for tracking drainage conditions, determining the impacts of actions to man-
age drainage problems, and formulating a plan for long-term management of drainage
data base programs. This bulletin assumes the land retirement and source control
(conservation) elements of the recommended plan will be implemented; the elements
are discussed in the next section.

Another consideration in projecting a slight reduction of agricultural acreage by
2020 was the retirement of lands with drainage and selenium concentrations, as rec-
ommended by the San Joaquin Valley Drainage Program in A Management Plan for
Agricultural Subsurface Drainage and Related Problems on the Westside San Joaquin
Valley, September 1990. That report identified the need for 75,000 acres of land retire-
ment by 2040. Assuming that land retirement will occur uniformly over time, about
45,000 acres of land retirement could occur by 2020.

The importance of a solution to drainage problems on the west side of the San
Joaquin Valley cannot be overstated. Without adequate drainage management, soil sal-
inization will occur and potentially cause almost 500,000 acres of land to be
abandoned by 2040, according to the SJVDP report.

Irrigation Efficiency

Another consideration of agricultural water use projections is irrigation efficien-
cy, which as previously stated is the ETAW of farm fields divided by the applied water.
Previously, DWR has assumed that irrigation efficiencies could improve to between 70
and 75 percent. Recently, an agricultural sub-work group on the Bay-Delta Proceed-
ings formalized an average target on-farm efficiency for the San Joaquin Valley; the
average was computed to take into account the need for leaching of salts. An efficiency
of 73 percent was considered appropriate for the San Joaquin Valley using the follow-
ing formula:

SAE = ETAW+LR
AW
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where SAE is seasonal application efficiency; ETAW is the evapotranspiration minus ef-
fective precipitation; LR is leaching requirement; and AW is applied water. The limiting
factor leading to the 73 percent target ii‘rlgation efficiencies was the assumption thata
distribution uniformity of 80 percent was the maximum attainable in the field. This tar-
get assumes that full production is achievable and yields will not be reduced. For this
report it is assumed that 73 percent is a reasonable average target on-farm irrigation
efficiency for agriculture in allregions of the State by 2020. Some areas of the State, such
asWestlands Water District, Kern County Water Agency, and Imperial Irrigation District
have on-farm irrigation efficiencies ranging from 75 percent to over 80 percent. Overall
district efficiencies of irrigation water suppliers sometimes exceed 95 percent.

When this target efficiency was used for an analysis of the water conservation
potential in the San Joaquin Valley, only an additional 14,000 af were determined to be
conservable. A number of other studies have indicated up to 290,000 af of conservable
water in the Central Valley (Central Valley Water Use Committee, 1987). In both cases
the analysis was criticized because of the lack of good on-farm applied water data in
many areas. The CVWUC report was one of the few that provided a range of uncertainty

of plus or minus 100,000 af. Most experts agree that a precise number would be diffi--

cult to attain. In any case, the estimates of the remaining agricultural water
conservation potential are extremely small compared to the total amount of water ap-
plied in agriculture for two reasons. The most important is that improvements in
irrigation efficiency do not necessarily result in reductions in depletions in most hydro-
logic areas, other than the two exceptions mentioned previously. Secondly, only
nominal improvements in irrigation efficiency are still practicable.

The source control (conservation) element of the preferred plan of the San Joa-
quin Valley Drainage Program was considered to be implemented for the purposes of
this bulletin. As the SJVDP report mentioned, many practices were already occurring.
Adopting the source control element results in 113,000 af of applied water reduction.

Agricultural Water Demand Forecast
1990 Level of Development

Bulletin 160 forecasts of agricultural acreage begin with a determination of a
base-year level of development, 1990. This base acreage normally differs from the ac-
tual acreage irrigated in the base year. This is particularly evident in this bulletin
because the base year of 1990 was a drought year.

Agricultural acreage data for the 1980s were developed from DWR land use sur-
veys and crop statistics developed by the Department of Food and Agriculture. Actual
acreage values for 1990 were adjusted, based on averages of the 1980s, to reflect aver-
age year water supply and normal market conditions; the resulting base-year values
are termed 1990 normalized. The normalized acreage is shown in Figure 7-5, and
Table 7-12 shows irrigated acreage by hydrologic region.

Agricultural Acreage Forecast

This California Water Plan Update relies on integrating three forecasting methods
to estimate future agricultural acreage by crop type. The methods are: (1) expert opin-
ion of land use trends and land capabilities, population projections, and local planning
information obtained by DWR Land and Water Use Analysts; (2) DWR’s Crop Market
Outlook; and (3) DWR’s Central Valley Production Model.

The CMO is based on the collective opinions of bankers, farm advisors, commod-
ity marketing specialists, and others. The CMO is grounded on three primary factors:

Agricultural Water Use
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Figure 7-5.
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(1) the current and future demand for food and fiber by the world's consumers; (2) the
shares of the national and international markets for agricultural production that are
met by California’s farmers and livestock producers; and 3) technical factors, such as
crop yields, pasture carrying capacities, and livestock feed conversion ratios.

The CMO assumes .there is no direct relationship between food consumed by
Californians and food grown in California. For instance, all corn silage and hay in
California are used by livestock. Most cotton is exported. California provides more
than 80 percent of the nation’s processing tomatoes, tree nuts, lemons, olives, prunes,
and grapes.

Much of the bulk foodstuffs and fiber consumed in California is grown outside
the State. This dependence will broaden in the future as population grows. For
instance, California is the number-seven cattle-producing state, but feed grains fed to
California livestock are supplemented by feed from out of state. In short, modern
transportation systems and food storage technology combine with trade and a market
economy to allow California to benefit greatly from specialization in agricultural pro-
duction.

The ability of California’s farmers to help meet the world’s future demands for
food and fiber will be determined by various supply side- and demand-side factors.
These factors include:

water quality regulation
urban encroachment
future crop yields
access to world markets

government farm programs

©C00O0O0O0

regulation of farm chemicals and the availability of affordable alternatives
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Q the availability of an affordable water supply

Q emergence of agricultural export capability in other countries
Q labor and labor overhead

Q species protection

The comparative advantages for farmers will increase or decrease as the costs per
unit of output change for farmers in California and competing regions, and as trade
barriers and tariffs change. These will, in turn, affect our shares of domestic and in-
ternational markets. Among other cost components that affect farm production costs
and sales prices are energy. labor, labor overhead, and pest control.

California produces more than half of our nation’s fresh and processed vegeta-
bles. A significant amount of our vegetable crops are exported, but some growers of
certain vegetables face increasing competition from imports. All vegetables are irri-
gated and many are double-cropped. California vegetable acres have increased
substantially in the past 20 years due to increasing comparative advantages in produc-
tion and rising per capita consumption. Some observers expect this trend to continue
at a faster rate than any other crop group. Figure 7-6 reflects this trend.

High value tree fruit, nut, and vine acreage has expanded significantly in
California over the last 20 years. California now dominates the U.S. market for most of
the major crops in this category, often with over 80 percent of U.S. production. Exports
for many of these crops are also important. Most fruit, nut, and vine acres are irrigated.
Most of these perennial crops are grown for both the fresh market and the processing
market.

The CVPM is a programming model of farm production activities in 40 areas
covering California’s Central Valley. It incorporates detailed information on production
practices and costs as well as water availability and cost by source for each area.

Table 7-12. California Crop and Irrigated Acreage by Hydrologic Region 1990

(normalized, in thousands of acres)

Irrigated Crop NC SF cc sC SR sJ TL NL st CR  Total
Grain . 2 1 303 182 297 6 1 76 988
Rice 0 0 1 0 0 517
Cofton 00 ) 0 37 1244
Sugar beets 2 0 0 0 216
Gom | 9 403
Other field 3 1 0 ’ - 491
Alfalfa 5 0 43 34 256 135
Pasture - 121 5 110 19 32 956
Tomatoes o 0 o0 (] 0 13 352
Other truck 21 10 i 2 187 102
Almonds/pistachios 0 0 0 0 0 510
Other deciduous 7 6 o] 4 1 570
Citrus/olives . 00 0 0 29 419
Grapes 36 36 0 0 20 748
TOTAL Crop Area!" 326 61 319 2,145 2008 3212 161 61 749 9,570
DoubeCop 0~ 0 30 44 53 65 0 0 102 392
Irrigated Land Area 326 61 289 2,101 1955 3,147 161 61 647 9178

{1)Total crop area is the land area plus the amount of fand double cropped.
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Figure 7-6.
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Vegetable
Acreage in
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Figure 7-7.
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Information on the relationship between the production levels of individual crops and
crop market prices is also an important part of the model. The purpose of the CVPM is
to evaluate the influence of production costs, resource availability, and market
demand on the future economic viability of different crops in various areas of the Cen-
tral Valley.

The CVPM and a review of crop acreage trends by DWR experts were used in con-
junction with the CMO forecasts to determine overall crop acreage projections to 2020.
All forecasting methods indicate a continuing decline in irrigated pasture as is illus-
trated in Figure 7-7. Agricultural acreage and applied water are expected to decrease
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NOTE: No daia available prior fo 1950.
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Table 7-13. California Crop and Irrigated Acreage by Hydrologic Region 2020 (Forecasted)

(thousands of acres)

Irrigated Crop NC SF cc sC SR sJ 1/ NL SL CR  Totl
Gin .72 2 2B 1 295 179 258 9 0o 70 909
Rice 0 0 0 0 482 15 0 1 0 0 498
Coton 0 0. 8 0 0 178 949 0 0 67 1,194
Sugar beets 0 5 0 72 0 0 40 97
Comn' 20 0080 1 0: 3 409
Other fiel 1 0 158 0 0 26 455
il SR o 6 1m0 w22 w7 |
Pasture 122 4 6 320 104 19 30 813
Tomatoes 0 0 4 132 8 0 0 14 339
Other truck 28 1N 43 65 201 350 2 1 203 1,250
Almonds/pistachios 0 0o 0 125 263 173 0 0 0 561
Other deciduous 7 6 3 217 150 178 0 2 2 585
Citrus/olives o .0 16 116 29 11 190 0 0 3 392
Vineyard 38 40 3 24 189 363 0 0 15 753
TOTALCropArea 346 64 566 184 2,186 1,952 3,061 169 48 726 9,302
| Double Cr e g v n % 0 0 1B 502
Irrigated Land Area 346 64 429 172 2,114 1,884 2971 169 48 603 8800

over the next 30 years. Figures 7-8 and Table 7-13 indicate the projected acreage for
crops in the major hydrologic regions of the State for the year 2020.

This forecast is generally optimistic about the ability of California farmers to
compete in a world with fewer trade restrictions, smaller federal crop programs, and
increasing crop production capacity worldwide. The outlook is particularly optimistic
for California’s high-value crops.

Figure 7-8.
Acres Imigated
{millions) Acreage in
California
1870-2020

Note: The decline in 1983
was caused primarily by wet
conditions and the federal
agricultural payment in kind
(PIK) program. The decline in
1987-90 was due to drought.

1930 1960 1990

Forecasted wes me wen

NOTE: The decline in 1983 was caused primarily by widespread flooding and
the Federal Agricultural Payment in Kind (PIK) Program.
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Table 7-14. Annual Agricultural Applied Water Reductions and Related Reduction

Depletions by Hydrologic Region 2020 (forecasted)

(thousands of acre-feet)

Region Applied Water Depletion Changes Depletion Changes from
Changes* Due to Acreage Irrigation Efficiency
1990-2020 Reductions or Improvement
Crop Shifts (Level | Programs)

North Coast 68 45 0

San Francisco Bay 2 2 0

Central Coast 49 27 0

South Coast -345 -278 -10

Sacramento River -290 -40 0

San Joaquin River -633 -316 -20

Tulare Lake -780 -464 -0

North Lahontan 14 21 0

South Lahontan 64 —49 -10

Colorado River -342 -58 -200

Net Change -2,321 1,070 330

*Applied water changes result from acreage reductions, crop shifts, and irrigation efficiency improvement.
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Urbanization of Agricultural Lands

A primary consideration in projections of decreased agricultural acreage was the
continued development of irrigated agricultural lands for urban use. In most cases, the
conversion of agricultural lands to urban uses does not reduce water demands. Often
prime agricultural lands are also prime lands for urban development as cities sur-
rounded by agriculture continue to grow. Currently, agriculture moves onto less
desirable lands as urban acreage expands. This trend could affect the trend of in-
creased production per unit of water as illustrated earlier in this chapter.

The California Department of Conservation has estimated the conversion of
prime farmlands to urban uses since 1984. Farmlands must be irrigated to be consid-
ered prime in California. Conservation’s most recent report identifies nearly 32,000
acres of prime land converted to urban use since 1984. In this bulletin the primary
agricultural areas impacted by such conversions are in the South Coast Region and in
the Central Valley from Sutter County southward.

2020 Agricultural Water Demands

The applied water used by agriculture decreased by over 4 maf between 1980
and 1990. This was due to a reduction in acreage, a change in cropping patterns, and
an average improvement in irrigation efficiency from 60 percent to 70 percent. The re-
ductions in applied water of 2.3 maf by 2020 are due to a smaller increase in irrigation
efficiency to 73 percent by the adoption of EWMPs, but are dominated by reduced agri-
cultural acreage and shifts in cropping patterns.

The areas where reductions in applied water result in reductions in depletions
are the drainage problem areas on the west side of the San Joaquin Valley and in the
Imperial Valley. Reductions in applied water may be beneficial in certain cases (for
example, pesticide movement) and detrimental in others (for example, wildlife habi-
tat). Such analyses and decisions need to be made at the local level through local
water management plans. The positive or negative effects of site-specific reduction in
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applied water have not been evaluated in this bulletin. The projections of applied
water reductions and water conservation due to the EWMPs by 2020 are found in
Table 7-14. These projections are included in the agricultural water demands shown
in Table 7-15.

Recommendations

Gathering high-quality data to estimate applied water in agriculture and irriga-
tion efficiencies entails a lot of cost and labor. A source of high-quality data about
agricultural water use and conservation could be made available from local agricultur-
al water management plans developed in accordance with the USBR water
management reports and the planned EWMP program. Such a source currently exists
from urban water agencies and is being strengthened through the BMP process. Spe-
cific recommendations are as follows:

1. State agencies should encourage and provide technical assistance to agricultural
water suppliers in preparation and implementation of water management plans.

2. DWR needs to develop additional, more precise, on-farm applied-water data by
crop to more accurately estimate agricultural applied water use efficiency in cer-
tain areas.

3. The State needs to determine the effect of increasing population on overall food
production needs, in California and the nation, and its relationship to California’s
agricultural industry.

Agricultural Water Use
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Table 7-15. Agricultural Water Demand by Hydrologic Region

(thousands of acre-feet)

Hydrologic Region 1990 2000 2010 2020
average  drought average drought average drought average  drought
North Coast ’
Applied water demand 839 915 868 948 891 989 |
Net water demand 744 760 748 764 761 787
Deplefion 592 647 611 669 627 698
San Francisco Bay ' ) ;
Applied water demand 92 103 94 104 94 104 94 103 |
Net water demand 88 99 %0 100 9% 100 90 9
Deplefion 80 89 82 %0 82 % & 8 |
Central Coast 7 -
Applied water demand 1,140 1,178 1,166 1,206 1,182
Net water demand 893 961 210 982 920
Deplefion 884 950 901 971 911
South Coast
Applied water demand . 727 753 632 655 499
Net water demand 644 668 569 592 458
Depleion 644 668 569 592 458
Sacramento River -
Applied water demand 7848  B645 7698 8517 7592 8475 7558 8333
Net water demand 6,788 7,394 6,602 7222 6506 7,184 6,497 7,049
Depletion ‘ 5477 6123 5,426 6149 . 5439 6,151 5437 6,151
San Joaquin River
Applied water demand 6298 4757 6052 6500 5817 6227 5665 6080 |
Net water demand 5778 6217 5561 5967 5346 5695 5572
Deplefion 4719 5064 4,605 4909 4490 4777
Tulare Lake
Applied water demand 9,613 9849 9,306 9518 9075 9281 8833 9038 |
Net water demand 7,723 7,895 7,518 7,685 7,347 7,505 7,169 7,320
Deplefon 7704 7876 7499 7666 7328 7486 . 7150 7,301 |
North Lahontan N
Applied water demand 522 587 523 589 525
Net water demand 460 511 458 510 457
Depletion 378 426 385 433 393
South Lahontan
Applied water demand 3I7 31 26 270 258
Net water demand 290 293 242 245 235
Depletion > 290 293 242 245 235
Colorado River 7 B
Applied water demand 3705 3,705 3,598 3598 3453
Net water demand 3,439 3439 3,362 3,362 3,262
Depletion ’ 3,439 3,439 3,362 3362 3,262
TOTAL
Applied water demand 31,00 32800 30,200 31,900 29,400 31,100 28,800 30,400
Net water demand 26,800 28,200 26,100 27,400 25400 26700 24,900 26,100
Depletion 24200 25600 23700 25100 23,200 24,600 22,800 24,100
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A stretch of the Trinity River. The river basin encompasses a watershed of almost
3.000 square miles in Trinity and Humboldt counties, and most of the river is
protected under the federal Wild and Scenic Rivers Act. A U.S. Fish and Wildlife
Service study is under way to establish the optimum flow schedule for fisheries in the
Trinity River. The study is to be completed in 1996.
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Chapter 8

California has long led the nation in environmental awareness. Bulletin 3 (1957),
California’s first comprehensive water plan, noted what were then thought to be mini-
mum fish flow requirements or operational requirements to maintain healthy fisheries
on California’s major stream systems impacted by water development. The recurrence
of drought (both in 1976-77 and 1987-92) has shown that fish populations and wet-
land areas require a more dependable water supply. This will be the first water plan
update to present environmental water needs along with urban and agricultural water
demand.

Many of the State’s biological resources are at low levels due to natural and hu-
man factors. Three runs (or races) of chinook salmon in the Central Valley and
Kla\h1ath~Trimty river system have shown severe population declines in recent years.
Two fish species in the Sacramento-San Joaquin Bay-Delta Estuary are at such low
abundance levels that they are now protected under the State and federal Endangered
Species Acts. Environmental organizations have prepared petitions to list longfin smelt
and Sacramento splittail under the federal Endangered Species Act. The State Water
Re#ources Control Board is conducting ongoing hearings to help determine if addition-

al protection is needed for Bay-Delta Estuary fish and wildlife.

Governor Wilson, in his 1992 water policy, made it clear that fish and wildlife
protection must be an integral part of the State's water management. He emphasized
the rneed to balance the available water supply among often competing beneficial uses.
As part of this balance, The Resources Agency proposed using “bicdiversity regions,” or
“bioregions,” in developing natural resource management plans. Biodiversity is an ap-
proach for maintaining habitat areas critical for a wide variety of plants and animals.
Waﬁer is avital component of habitats such as wetlands and riparian areas. Bioregions,
including watersheds, transcend traditional jurisdictional lines and instead concen-
trate environmental planning and management on large, contiguous geographic areas
with similar biological and physical components. Eleven bioregions were designated
under a recent agreement signed by 10 State and federal agencies. The U.S. Fish and
Wﬂjﬂlife Service is proposing a similar approach of multi-species, ecosystem planning.

This chapter contains separate sections about the Bay-Delta Estuary, instream
flows, and wetlands. Brief descriptions of the physical and biological systems are pro-
vided. Current water requirements for protection of these systems are presented.
Where current requirements do not fully meet environmental water needs, proposals
for new allocations are presented if these are known. In many cases, there can be con-
siderable controversy regarding the amount of additional water needed to meet
environmental needs and whether it is in the public interest to fully meet these needs.
Because of this controversy, which is exemplified by concerns about the Sacramento-
San/Joaquin River System, a range of 1 to 3 maf for proposed additional environmental
water needs is presented.

Environmental
Water Use

‘ Environmental Water Use
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Under the ESA biological opinions and proposed EPA Bay-Delta Standards,
annual reductions in total water supply for urban and agricultural use could be in the
range of 750,000 af to 1.3 maf in average years and 1.8 maf to 3.2 maf in critically dry
years. As proposed in December 1993, EPA's estuarine standard would be met only 50
percent of the time at the 1.8-maf impact level. Unless the form of the standard is
changed to an appropriate outflow regime, or to specify a suitable averaging period (for
example, monthly), the analysis of impacts must include a buffer to move the com-
pliance rate to 95 percent. A compliance rate of 95 percent would result in an impact
of 3.2 maf in critically dry years. While these impacts do not consider the potential
reductions in Delta exports due to take limits under the biological opinions, they basi-
cally fall within the 1- to 3-maf range for proposed additional environmental demands
for protection and enhancement of aquatic species. Such uncertainty of water supply
delivery and reliability will continue until issues involving the Delta and other long-
term environmental water management concerns are resolved.

This chapter will not speculate on the outcome of proposed modifications to allo-
cate additional water to the environment. Instead, a summary of existing and
estimated environmental water requirements for major streams, the Sacramento-San
Joaquin Bay-Delta Estuary, and wetlands is provided as well as proposals developed
by DFG. The proposed additional requirements are included in a hypothetical range of
1 to 3 maf appearing in the water supply/water demand budget (Chapter 12), from
which individuals can compare existing and proposed environmental water use with
existing supplies and urban and agricultural demands. Allocation of water to streams,
the Bay-Delta Estuary, and wetlands is generally by judicial and administrative pro-
cesses as well as negotiations among affected parties.

This report only partially addresses the implementation of the federal CVP Im-
provement Act of 1992 as it relates to environmental water supplies since it will take
several years to complete implementation of the Act. However, the legislation does con-
tain several elements which will immediately affect the way in which water is used in
California. The law requires specific amounts of water for fish and wildlife as well as
stating goals for doubling existing anadromous fish populations affected by CVP op-
erations. It is also State policy to significantly improve salmon and steelhead
populations by the year 2000, as reflected in Section 6902 of the Fish and Game Code.

Bay-Delta Estuary

It is impossible to consider California’s environmental water needs without dis-
cussing the Bay-Delta Estuary. Lying near the confluence of the Sacramento and San
Joaquin rivers, this system of waterways comprises a Delta and a series of embay-
ments leading to the Pacific Ocean at the Golden Gate (see Figure 8-1). This estuarine
system has long been an important resource to California. Among the many factors
affecting the estuarine environment are the rate and timing of fresh water inflow to the
estuary, as well as the quantities of fresh water reaching it seasonally, annually, and
over a series of years, and diversions from the estuary for both local and export uses.
This section provides a description of the Bay-Delta Estuary, a brief history of the area,
a review of the current environmental water requirements, and a summary of some of
the current activities which may affect future fresh water allocations to the estuary
(other aspects of the Delta are discussed in Chapter 10, The Sacramento-San Joaquin
Delta).

Bay-Delta History

Before the Spanish arrived, several Native American tribes lived in the Bay-Delta
area. Early settlements in the area expanded rapidly with the discovery of gold in the
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| The past 50 years have seen many new projects and activities affecting the Bay-
Delta estuarine resources in various ways—some good, some bad, and some difficult
to evaluate. Both San Francisco and East Bay Municipal Utility District built water
export facilities upstream of the Delta to ensure high-quality water supplies to much of
the Bay area. The federal Central Valley Project built dams on the Trinity River near
Lewiston, on the Sacramento River near Redding, on the American River near Folsom,
and on the San Joaquin River at Friant. In the 1940s and 1950s, the CVP began ex-
ports from the Delta through the Contra Costa Canal and the Delta-Mendota Canal.
The State Water Project constructed Oroville Dam on the Feather River and Delta diver-
sion facilities for the California and North Bay aqueducts. These developments, along
with numerous local water developments on Central Valley tributary streams, caused
changes in the timing and amount of Delta inflows and outflows during most years.
Also, salmon runs were blocked from some of their traditional spawning areas and be-
gan; spawning in streams made habitable by the cold water releases below the newly
constructed dams and into fish hatcheries constructed to mitigate such impacts. Oth-
er races of salmon that spawned in the foothill elevations in some cases did not spawn
successfully below these dams. For example, spring run salmon are no longer found in
the San Joaquin drainage. In the case of the San Joaquin River below Friant Dam, no
flows were allocated for salmon and all spawning and rearing habitat was lost.

Intensive efforts to reduce the effects of wastes discharged into the system accel-
erated after the federal Clean Water Act was signed in 1972. Better waste water
treatment reduced the load of oxygen-consuming materials and some toxic substances
to the Bay-Delta Estuary and improved conditions for fish and wildlife. While dredged
material disposal (see Chapter 5) from deepening ship channels enhanced access to
inland ports, it also presented potential adverse environmental impacts.

The Bay-Delta ecosystem has been changed dramatically by the accidental and
purposeful introductions of numerous fish and invertebrate species. The purposeful
intrpductions have included such species as striped bass, American shad, catfish, and
largemouth bass. Accidental introductions arrived on shells of oysters and other bi-
valves or in ballast water of ships from foreign waters discharged to the estuary.

All the activities described above, plus natural events such as floods and
droughts, have changed the estuarine ecosystem. It is often difficult to determine
which factor is responsible for an observed change in the estuarine system, or if the
change will be permanent, because many factors occur simultaneously. For discus-
sion, the Bay-Delta Estuary system can be divided into three aspects: the physical
system, water development, and biological resources and processes..

The Physical System

The physical system consists of the rivers, the Delta, the downstream embay-
ments, and the Pacific Ocean. They all play important roles in determining the
abundance and distribution of plants, fish, and wildlife in the estuary and must be
considered as a whole.

The rivers flowing into and through the Delta play a multiple role in the estuary.
In a|simple sense, these rivers provide conduits for migratory fish, such as salmon, to
move to and from the ocean; for other fish species, they provide spawning and nursery
habitat. River inflow contributes much of the dissolved nutrients needed to support
estuarine food chains. Fresh water from the rivers mixes with salt water from the ocean
to create areas in the estuary where animals with varying salt tolerances can exist. Fi-
nally high fresh-water flow moves small life forms such as larval fish into the Suisun
Bay.

Environmental Water Use
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Twice a day, Pacific
Ocean tides move in
and out of the
Bay-Delta, bringing
saltler water into the
Suisun Marsh. Salinity
control gates on
Montezuma Slough
Control Structure help
maintain salinity
standards set by the
State Water Resources
Control Board to protect
habitat and water
quality in this brackish
water marsh.

The Delta contains about 700 miles of channels that provide habitat for numer-
ous species of small plants and animals. The organisms form the basis for food chains
that support more than 40 species of native and introduced fish. Presently, water in
the Delta channels is generally fresh during all months of the year. Before water devel-
opment, it was often salty from summer through late fall and outflows were higher in
winter months. Delta waters are high in suspended matter because of the organic na-
ture of Delta islands and annual sediment inflow. Often, light can only penetrate 2 feet
or less; this high turbidity affects overall Delta productivity.

The first embayment below the Delta is Suisun Bay. This bay, which includes
Grizzly and Honker bays, is the area where the effects of mixing seaward-flowing fresh
water and landward-flowing saltwater (driven by tides) are most pronounced. Since
saltwater is slightly heavier than fresh water, it tends to move landward under the river
water, but this effect is
only slightly seen in the
upper bay and Delta. The
complex circulation pat-
terns cause a concentra-
tion of small plants,
larval fish, and other an-
imals within this zone.
This area of concen-
tration, a feature of all
estuaries which receive
significant amounts of
fresh water, is called the
entrapment zone, or
zone of maximum tur-
bidity. Thelocationofthe
entrapment zone in the
Suisun Bayandadjacent
extensive areas of productive shallow water is considered to be an important ecological
feature of the Bay-Delta Estuary complex. This zone moves upstream and downstream
in the estuary depending on the amount of fresh water outflows.

Adjacent to Suisun Bay is the Suisun Marsh—about 80,000 acres of brackish
water containing a significant percentage of the remaining contiguous wetlands in
California. This managed marsh, and the other tidal wetlands around the Bay-Delta
Estuary, provide valuable habitat for a variety of plants and animals, especially water-
fowl. They also contribute significant amounts of nutrients to the estuarine system.
{See the wetlands section later in this chapter.)

Below the Carquinez Strait are the San Pablo and central San Francisco bays.
The Strait tends to isolate these bays from the Suisun Bay and the Delta and allows
such oceanic conditions as tides to play a leading role in their salinity and circulation.
During extremely high freshwater flows, such as happened during February 1986,
these embayments can become quite fresh, especially at the surface. During these high
flows, the entrapment zone can be temporarily relocated in San Pablo Bay. These em-
bayments are quite saline at low fresh-water flows and high tides.

South San Francisco Bay is very different from the other parts of the system. This
bay is out of the main path of Delta outflows and only receives significant flows from
the Sacramento and San Joaquin rivers during high outflow or floods. Because of low
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freshwater flows during most of the year and losses of water through evaporation, the
South Bay is often saltier than the ocean outside the Golden Gate. The South Bay does
receive steady flows of secondarily treated municipal effluent and some local
streamflow at its south end. The effluent is rich in nitrogen and phosphorus, which can
stimulate algal growth. Changes in sewage treatment practices and outfall locations
over the past 40 years have resulted in marked improvement in South Bay water quali-
ty. In the 1940s and 1950s, South Bay waters often had dissolved oxygen
concentrations too low to support fish. These problems now occur only infrequently.

Tidal action moves water from the ocean into the Bay-Delta system through the
narrow and deep Golden Gate. Although accurate estimates are difficult to obtain, one
estimate is that about one—-fourth of the Bay water is replaced with new ocean water
during each complete tidal cycle. Physical processes in the ocean, including tides, hori-
zontal currents along the coast which cause upwelling of deep oceanic water,
temporary and long-term rises in sea level, and changes in ocean temperature, all af-
fect| the Bay-Delta ecosystem. In addition, many species of fish and fish—food
organisms found in the estuary originate in offshore areas.

Water Development
Water development has changed the estuarine system in a variety of ways. Fac-
tors having the greatest influence are:

Q Delta inflow

Flows from the Sacramento River through the Delta Cross Channel
Reverse flows

Water project and local agricultural diversions

Delta outflow and salinity

The effects of these changes on species can vary depending on the time of year
and type of water year. Following are brief descriptions of how these factors can affect
the Bay-Delta ecosystem.

©C 00O

The magnitude of flows coming down the rivers into the Bay-Delta estuary affects
biolbgical resources both in the rivers and in the estuary. For example, striped bass
eggs and larvae are more likely to survive if flow rates in the Sacramento River are suffi-
cient to transport the larvae downstream to Suisun Bay where food is more abundant.
Juvenile salmon migrating out of the San Joaquin system are more likely to avoid the
direct impacts of the pumps if they migrate down the San Joaquin River instead of Old
River. Improved flows in the San Joaquin River would change the ratio of the flow split
at the head of Old River and thus would increase salmon survival. The instream flows
in the tributaries to the Delta are discussed in greater detail in later sections.

Some of the water flowing down the Sacramento River enters the lower San Joa-
quin River through Georgiana Slough, Three Mile Slough, and the Delta Cross
Channel. Juvenile salmon migrating downstream in the spring can either move down
the Sacramento River or through the Delta Cross Channel or Georgiana Slough. The
salmon that remain in the Sacramento River have a better chance at survival than
those that move through the Delta Cross Channel or Georgiana Slough.

The natural flow pattern in the estuary is for fresh water flowing to the ocean to
cause the total flow during ebb tides to exceed the total flow during flood tides. The
SWP/CVP pumps in the southwestern Delta can cause the total upstream flow during
flood tide to exceed the total downstream flow during ebb tide. This is called reverse
flow. The potential significance of reverse flow is that it tends to move fish and their
food supply toward the SWP/CVP pumps rather than toward the ocean.

Environmental Water Use
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The CVP exports up to 4,600 cfs through the Tracy Pumping Plant and 250 cfs
through the Contra Costa Canal. The SWP exports water up to 6,400 cfs through the
Banks Pumping Plant and 150 cfs through the North Bay Aqueduct. Intakes at the
Banks and Tracy pumping plants have louver fish screens that are ineffective for larval
fish but are on the order of 90 percent effective for fish a few inches long. In addition
to fish lost through the screens, some fish are also lost to predation and stress
associated with handling and trucking. Calculated prescreening losses are high at the
Banks Pumping Plant because of predation in Clifton Court Forebay. Losses at all faci-
lities vary for different species and sizes of fish. In addition to losses at the SWP and
CVP diversions, there are many unscreened agricultural diversions in the Delta and on
the tributaries to the Delta that also cause fish losses.

There are two basic problems with the SWP and CVP screening facilities at their
present locations. One is that fish must be captured and transported to another loca-
tion for release. The other is that water is being withdrawn directly from the Delta,
which is a major nursery for some fish and a permanent residence for others. The di-
versions can diminish the capacity of the Delta to support fish populations through
effects on the fish and their food supply.

Delta outflow is the calculated amount of water flowing past Chipps Island, at the
western edge of the Delta, into San Francisco Bay. The magnitude of Delta outflow con-
trols the intrusion of salt water from the ocean into the estuary. Delta outflow and
salinity intrusion are highly correlated. The magnitude of Delta outflow strongly in-
fluences the distribution of many estuarine fishes and invertebrates.

Generally, the greater the outflow, the further downstream estuarine fish and in-
vertebrates occur. The relationship between Delta outflow and abundance of fish and
invertebrates is not nearly as general. However, species such as longfin smelt and
striped bass show strong correlations between abundance and Delta outflow.

Biological Resources and Processes

There is a complex interrelationship among several different food chains in the
Bay-Delta ecosystem. Phytoplankton are plants that act as the grass of the estuary;
their production depends on the availability of light and nutrients. Phytoplankton
abundance in a particular location is determined by factors such as turbidity and the
number of animals feeding on the algae. In the Delta, phytoplankton production is
often limited by the amount of light penetrating the water. In Suisun Bay, the phyto-
plankton concentration is the highest when the entrapment zone is next to productive
shallow areas. Since the mid-1970s, there has been a consistent and largely unex-
plained decline in most phytoplankton abundance in the Delta and Suisun Bay. This
decline could affect the estuary’s ability to support fish.

Although phytoplankton play an important role in the estuary, their exact con-
tribution has not been well documented. Rivers and marshes contribute organic
particles (such as leaves and grasses) which may also be significant sources of energy
for the next level of the food chain, zooplankton or the grazers. Zooplankton capture
live or decomposed plant and animal material for their food. In recent years, many of
the native zooplankton in the water column have declined in the Delta and Suisun Bay.
These declines were often accompanied by increases in accidentally introduced
zooplankton and a species of clam (Potamocorbula amurensis) which has colonized
Suisun Bay. Although the exact impacts of these introductions have not been defined,
they have undoubtedly changed the food web.

More than 100 species of fish use the Bay-Delta system. Some are year-round
residents, such as Delta smelt and catfish, while others, such as American shad, are in
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the estuary for only a few months. Some of the species can live only in relatively fresh
waler and others can only survive in the more saline parts of the Bay. There are also
several fish with intermediate salinity tolerance; these are the true estuarine species.
Finally, there is a mixture of native and introduced species. The most notable of the
introduced species is the striped bass; the chinook salmon is one of the more well-
known native fishes. Introductions, both planned and accidental, have changed the
Delta fish fauna to the point that native species now make up only 40 percent of the

fish species and even less of the total population of fish.

|
An overview of the status and trends of several key fish populations is provided

including striped bass, winter-run chinook salmon, fall-run chinook salmon, Delta
smelt, longfin smelt, and the Sacramento splittail. These species are discussed be-
cause they are the focus of many efforts to restore the Delta ecosystem. Other fish
showing declines are the white catfish, sturgeon, and the starry flounder.

Striped Bass. Stripers flourished after their introduction in the late 19th centu-
ry. However, since the early 1960s, the adult population has declined from an
estimated 3 million to less than 1 million. (Figure 8-2 illustrates the decline of one of
the striped bass life stages, the stage when they are about 11/5 inches long.) One of the
principal environmental goals of the SWRCB's D-1485, enacted in 1978, was to halt
the 'decline and restore the population to “without project” levels. This goal was not
realized. in part because the Bay-Delta has continued to change.

The reasons for the observed declines are difficult to determine. Water project
exports, drought, unscreened agricultural diversions in the Delta, ocean fishing, illegal
fishing, toxics, and exotic species (some of which affect the food chain) are all factors.

Winter-Run Chinook Salmon. One of four runs of chinook salmon inhabiting
Central Valley streams is the winter-run chinook salmon. The other runs also are
named after the time the adults migrate through the Bay-Delta on their way upstream
to spawn: these are the spring, fall, and late fall-runs.

, The winter-run is unique among the other chinook salmon races around the
Pacific Rim because it spawns during the late spring and summer. Historically, this
race migrated to tributaries in the headwaters of the Sacramento, Pit, and McCloud
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rivers where cool mountain springs provided suitable temperatures for egg incubation
and juvenile rearing during the summer months. The juveniles probably moved out to
the ocean in late fall and winter, and returned as adults two to four years later. Run
sizes earlier this century are not well documented, but information from just prior to
construction of Shasta Reservoir indicate that the run was probably small at that time.
However, much larger runs were reported in the late 1800s. Although Shasta Dam
completion in 1944 blocked access to their historical spawning grounds, releases of
cold water from the reservoir enabled the fish to reestablish themselves in the reach of
the Sacramento River below Keswick Dam to as far downstream as Red Bluff.

DFG first estimated populations of adult winter-run spawners in 1966, after the
Red Bluff Diversion Dam was constructed. The dam forced upstreamn migrating adults
to go past counting windows installed in fish ladders at both ends of the dam. The
population has exhibited a decline over the past 25 years, with the low point of 200
estimated spawners in 1991 (see Table 8-1). There were 1,180 estimated spawners in
1992 and 341 in 1993. In response to the declines, winter-run chinook salmon were
listed as threatened by the National Marine Fisheries Service under the federal Endan-
gered Species Act in November 1990, reclassified as endangered in 1994 by the NMFS,
and classified as endangered by the Department of Fish and Game under the Califor-
nia Endangered Species Act in October 1989.

The USBR is taking steps to permanently improve Shasta Dam’s cold water re-
lease capability under changing reservoir storage levels to increase winter- and fall-run
survival. Installation and operation of a temperature control device at Shasta Dam is
one of the fish and wildlife restoration activities required by the CVPIA and would de-
crease the amount of water that would need to be dedicated for protection of the
winter-run.

In 1991, the USBR and DWR began consultation with NMFS and DFG to assess
the impacts of the CVP and SWP on the winter-run chinook salmon. On February 14,
1992, NMFS issued its Biological Opinion, which recommended a reasonable and pru-
dent alternative that, if implemented, would avoid jeopardizing the continued
existence of the winter-run chinook salmon. Reasonable and prudent measures to
avoid and minimize the effects of the CVP's and SWP's incidental taking of winter-run
were also provided to the USBR and DWR.

The reasonable and prudent alternatives and the reasonable and prudent mea-
sures included modifying CVP operations to provide cold water in spawning and
nursery grounds, controlling flows in the Sacramento River, closing the Delta Cross—
Channel, and stopping operation of the Montezuma Slough Salinity Control Gates.

Table 8-1. Estimated Winter Run Chinook Salmon at Red Bluff Diversion Dam

Year Number Year Number Year Number

of Fish of Fish of Fish
1967 57,300 1976 35,100 1985 4,000
1968 84,400 1977 17,200 1986 2,400
1969 117,800 1978 24,900 1987 2,000
1970 40,400 1979 2,400 1988 2,100
1971 53,100 1980 1,200 1989 500
1972 37,100 1981 20,000 1990 400
1973 24,100 1982 1,200 1991 200
1974 21,900 1983 1,800 1992 1,180
1975 23,400 1984 2,700 1993 341
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Measures were also taken at the Tracy and Banks pumping facilities to reduce losses
of winter-run juveniles due to diversion. In April 1992, in response to an increased
take of winter-run at the pumps over that which had been anticipated in the Opinion,
NMFS set specific limits on allowable take from April 9-30. To comply with the take
limitations, pumping was curtailed by both projects.

In September 1992, NMFS convened a Recovery Team to develop a Federal Re-
covery Plan for the winter-run chinook salmon. The team consists of academicians
(population biologists and geneticists) and representatives of the State and federal fish-
ery]lgencies.

' NMFS released its long-term biological opinion on February 12, 1993, which was
sub%equenﬂy adopted by DFG. Conditions were similar to those contained in the 1992
ophﬁon. However, the opinion for long-term operations contained a numerical limit on
take of juvenile winter-run at the Banks and Tracy pumping plants as well as stan-
dards on flow in the lower San Joaquin River. To comply with the take limitations in
the winter of 1993 and the flow standards in the lower San Joaquin River, the SWP

curtailed pumping in February and March while there were high flows into the Delta.

NMFS, USFWS, and DFG are implementing recovery efforts to protect and re-
store the winter-run chinook salmon. These include restricting in-river and ocean
harvest, reducing losses to diversions along the Sacramento River (for example, in-
takes to Anderson-Cottonwood and Glenn—Colusa Irrigation districts), artificial
propagation, and a captive breeding program. The goal of the artificial propagation and
captive breeding program is to protect against loss of genetic diversity and possible
extinction due to low population levels in the wild.

Fall-Run Chinook Salmon. Both the Sacramento and San Joaquin river sys-
tems support fall-run chinook salmon, the run that provides the majority of the fish
taken in the commercial and sport harvest and is the predominant run in California
today. The adult salmon move upstream and spawn in the fall months, the eggs incu-
bate during the winter months, and the juveniles migrate downstream in the late
winter and spring months. Factors that can affect the number of fall-run chinook
salmon returning each year to spawn include habitat conditions in the tributaries,
losses to diversions and pollution, losses in the Delta during outmigration, and sport
and commercialharvest.

Sport and com-
mercial  harvest of
salmon are the basis ofa
multi-million-dollar

industry. Commercial
harvest is regulated by
the | Pacific Fisheries
Management Council,
andsportharvestisregu-
lated by the Fish and
Game Commission. Reg-
ulationsareseteachyear
to meet the salmon
spawning stock escape-
mentgoals. Recently, the
targetescapementforthe

Salmon trawlers in
Crescent City’s marina.
Commercial and sport
fishing are an integral part
of the area’s economy.
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Figure 8-3.
Estimated Annual
Ocean Harvest of
Chinook Salmon
1971-1991
(thousands)

Estimated totals in-
clude harvest from
ocean commercial
(troll) and sport (char-
ter boat and skiff)
fishing.

Sacramento system has been 120,000 to 180,000 salmon. The number of salmon tak-
en by sport and commercial harvest for the period 1971 through 1991 is shown in
Figure 8-3. Because the bulk of the harvest consists of three-year—old fish, the salmon
harvest numbers reflect spawning conditions of three years earlier, as well as ocean
conditions during the same period. The salmon harvest of 1988 was nearly 300 percent
higher than in 1983-84, a period of low harvest. For comparison, just after the first
6-year drought of this century (1929-34), a biological report and investigation on the
salmon fishery in the Sacramento River near the Shasta Dam site (prepared by the U.S.
Bureau of Fisheries in 1940) indicated that salmon catches had “. . .already undergone
a serious decline. . . .” and that the salmon count past Redding in 1939 was estimated
at 27,000. Sacramento Valley fall chinook have not met their escapement goals in the
past three years, and the Pacific Fisheries Management Council has convened a work
group to examine reasons for the low runs. (See Figure 8-4 for runs on other rivers.)

The causes of the declines in salmon populations are the subject of great debate,
and all parties do not agree on the relative importance of the different factors including
harvest, poaching, instream flows in the tributaries, gravel quality, predation by non-
native species, losses at unscreened water diversions. mortality in the Delta, pollution.
and other factors related to changes in land use management. It is likely that all these
factors have played a role in the overall health of the salmon fishery.

Hatcheries on the Sacramento, Feather, American, Mokelumne, and Merced riv-
ers augment the natural salmon production in the Central Valley. Juvenile salmon
produced in these hatcheries are regularly trucked downstream and released below the
Delta ,while juvenile salmon produced by in-river spawning migrate downstream and
are influenced by factors such as diversions and changes in Delta conditions.

The Feather River is one of the brighter spots in the Central Valley salmon pic-
ture. Fall and spring chinook use the river for spawning and the Feather River
Hatchery propagates both races. The size of the run on this river is generally larger
than it was during the years prior to construction of Oroville Dam (see Table 8-2). The
Feather River fall-run also has been estimated to contribute up to one—fourth of the
commercial salmon catches originating from Central Valley salmon stock.
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1,600
1,400

1,200

1,000 -
800 -
600
400 -
200

0 -

1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991

198

Environmental Water Use



The California Water Plan Update

Bulletin 160-93

caFed to environmental protection is complicated by the variety of ways that may evolve
to correct problems associated with the Delta ecosystem and the conveyance of water
through the Delta for export. (See Chapter 10 for an explanation.) Federal and State
fisheries agencies, the federal EPA, and environmental organizations have made rec-
ommendations which could substantially increase the amount of water allocated to
protect the Bay-Delta’s environmental resources. In light of the many factors influenc-
ing water availability in the Delta, a range of environmental water needs was estimated
at 1 to 3 maf annually. The potential environmental water needs are included in the
Callifornia water budget discussed in Chapter 12.

Other Activities That May Affect Bay-Delta Water Allocation

There are several other forums and activities that can potentially influence the
amount of water reaching the estuary. The San Francisco Estuary Project was a multi-
agency effort to develop a management plan for the Bay-Delta Estuary. The project
was authorized under Section 320 of the federal Clean Water Act and resulted in a
comprehensive conservation and management plan for the estuary.

The U.S. Environmental Protection Agency is considering promulgating Bay-Del-
ta standards based on its rejection of water quality standards developed by the
SWRCB. One significant proposed standard would be for flows needed to position a
specified bottom salinity, 2 parts per thousand, at various locations along the Suisun
Bay to the western Delta, depending on the amount of natural runoff. Another would
be to specify conditions leading to increased survival of juvenile chinook salmon
through the estuary. If implemented, these standards would reduce or reallocate proj-
ect yield substantially while increasing protection for aquatic species.

The Governor created the Bay-Delta Oversight Council as part of his 1992 water
policy. The council, consisting of representatives from urban, agricultural, and envi-
ronmental water user groups, is to investigate facilities, operations, and other
megsures that can provide a stable water supply and protect the Bay-Delta environ-
mental resources.

. Future facilities may also play a key role in determining environmental water
needs for the Bay-Delta. These facilities include those in the Delta itself that are de-
signed to eliminate some of the problems now caused by Delta diversions. Facilities
south of the Delta can be used to store water during peak availability times when envi-
ronmental impacts may be minimal. Chapter 10 discusses options for fixing the Delta
and accompanying water supply benefits. Facilities upstream of the Delta, such as the
Shasta Dam temperature control device, can also change environmental water needs.

Environmental Instream Flows

Environmental instream flow is the water maintained in a stream or river for in-
stream beneficial uses such as fisheries, wildlife, aesthetics, recreation, and
navigation. It is one of the major factors influencing the productivity and diversity of
California’s rivers and streams. For wildlife, instream flow sustains the stream bank
and floodplain riparian zones and provides aquatic food resources (e.g.. fish, inverte-
brates, and plants). It has a direct effect on fisheries by creating riffles, pools, and
glides as habitat for game and nongame species. Instream flow is also important be-
cause it provides a corridor for migratory aquatic species to reach upstream spawning
and rearing habitat. Many organisms, especially invertebrates, depend on streamflow
to deliver their food. Instream flow also has a vital role in maintaining water quality for
aquatic species. It helps sustain proper water temperatures and oxygen levels and
serves to remove natural sediment and agricultural, municipal, or industrial wastes
that could otherwise accumulate in the system.
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Table 8-3. Summary of Present and Proposed Fishery Flows
for Major California River Systems

Minimum Streamflow |(cfs)
River Status Water Year ocT ocT Nov DEC DEC JAN FEB
Location Type 1-14 15-31 1-15 16-31
Klamath
Iron Gate Dam Present All 1300 1300 1300 1300 1300 1300 1300
Trinity
Lewiston Dam Present' All 300 300 300 300 300 300 300
Sacramento Dry - Wet 3250 3250 3250 3250 3250 3250 3250
Keswick Dam/ Present? Critical 2800 2800 2800 2000 2000 2000 2000
Red Bluff/Keswick Proposed®  Dry - Wet 4500 4500 4500 4500 4500 4500 4500
Critical 3500 3500 3500 3500 3500 3500 3500
Yuba
Smartville Present* Runoff > 50% 0 600 600 600 600 800 600
Daguerre Present Runoff > 50% 400 400 400 400 400 245 245
Marysville Proposed*  Full local supply 700 700 700 700 700 700 700
Feather Present’ Runoff > 55% 1700 1700 1700 1700 1700 1700 1700
Below Thermalito Runoff > 55% 1200 1200 1200 1200 1200 1200 1000
Afterbay Proposed® Al 1000 1700 1700 1700 1700 2000 2000
American Present’ All 500 500 500 500 500 250 250
Lower American Proposeda All 1750 2000 2000 2000 2000 2000 2000
Sacramento Present® Critical 1500 1500 1500 1500 1500 1500 1000
Rio Vista Wet 5000 5000 5000 5000 5000 2500 3000
Mokelumne Camanche  Present ® All 0 0 50 66 66 40 30
Woodbridge Proposed'’®  Wet 300 350 350 350 350 350 350
Normal 250 300 300 300 300 300 300
Dry 20 20 200 200 200 200 200
Stanislaus Present'! Normal 200 200 200 200 200 125 125
Goodwin Dam Dry 150 150 150 150 150 100 100
Proposed Critical - Wet 200-300 250-400 250-400 250-400 250-400 200-400 200-400
Tuolumne Present'?13  Dry — Wet 150-200 200-300 200-300 150-250 150-250 150-250 250
New Don Pedro Dam Critical 50 200 200 200 135 135 135
Proposed'* Critical - Wet 80-300 80-300 80-300 80-300 80-300 80-300 80-300
Merced Present's Normal 25 75 180-220 180-220 180-220 180-220 180-220
Shaffer Bridge Dry 15 60 180-220 180-220 180-220 180-220 180-220
Proposed'®  Critical - Wet 200-300 250-350 250-350 250-350 250-350 200-350 200-350
San Joaquin River Present'’? All (o] o] 0 0 0 0 0
Friant'® Present All 0 0 0 0 0 0 0
Vernalis Proposed'” 0 0 0 0 0 0 0
1. The USBR and USFWS agreement requires 340,000 acre-feet per year of flow from 1991.
2. Additional peaking inflows required Dec. 1 - May 1 for fish spawning, egg incubati igration, and temp i e. S f duction criteria also exist, as well as the
temperature requirements set in SWRCB Order 90-5.
3. Preliminary flows based on Depariment of Fish and Game staff ations. New Jations may follow imp! ion of i flow study.
4. Streamfl duction criteria ded at 800-1500 cfs from Oct. 15— Feb. 1 and all flows in May and June. Additional flow may be required to maintain temg ards.
5. Streamflow reduction standards exist in all months.
6. Preliminary flows based on Department of Fish and Game staff rec Jations. New dations may follow completion of i flow study.
‘ 7. SWRCB Decision 893. In better hydrologic conditions, USBR tries to operate on modified Decision 1400, resulting in considerably higher flows.
8. Based on EBMUD Court Decision. Recommendation may be altered following completion of i flow study. There are other ial i flow scenarios for the Lower
American River.

©

Standards from SWRCB D-1485

A 1993 FERC order for PG&E operation of Narrows 1 Power Plant at Englebright Reservoir provides for flow rates at Smariville up to the monthly amounts proposed in 1991 by DFG for
Marysville limited to a maximum incremental storage release of 45,000 of annually

.
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Table 8-3. Summary of Present and Proposed Fishery Flows
for Major California River Systems

Minimum Streamflow [cfs}
| MAR MAR APR APR MAY MAY  JUNE JULYy AUG SEP SEP  Source
Y1415 16-31 1-15 1630 1-15  16-21 1-14  15-30
i
| 1300 1300 1300 1300 1600 1000 710 710 1000 1300 1300 DWR 1982
| 300 300 300 300 300 300 300 300 300 300 300 USDOI 1991
2300 2300 2300 2300 2300 2300 2300 2300 2300 3250 3250 SWRCB 1990
2300 2300 2300 2300 2300 2300 2300 2300 2300 2800 2800 1960
4500 4500 4500 4500 4500 4500 4500 4500 4500 4500 4500 DFG 1992
13500 3500 3500 3500 4000 4000 4000 4000 4000 4000 4000
600 0 0 0 0 0 0 0 0 0 0 DFG 1962
| 245 245 245 245 245 245 245 70 70 70 70 DEG 1965
700 700 1000 1000 2000 2000 1500 450 450 450 450 DFG 1991
1700 1700 1000 1000 1060 1000 1000 1000 1000 1000 1000 DWR/DFG 1983
1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 DFG 1983
2000 2000 2000 2000 3000 4000 4000 1000 1000 1000 1000 DFG 1992
250 250 250 250 250 250 250 250 250 500 500 SWRCB 1958
/3000 3000 3000 3000 3000 3000 3000 1750 1750 1750 1750 Judge Hodge
1000 2000 2000 2000 2000 2000 2000 1000 1000 1500 1500 SWRCB 1978
3000 5000 5000 5000 5000 5000 5000 3000 1000 5000 5000
| 30 30 0 0 0 0 0 0 0 0 0 DFG 1961
400 400 450 450 450 450 300 300 300 300 300 DFG 1991
350 350 400 400 450 450 400 150 100 100 100
200 200 200 250 300 300 20 20 20 20 20
125 125 125 125 125 125 150 150 150 150 150 DWR 1982
100 100 100 100 100 100 50 50 50 50 50 DFGetal 1987
200-350 200-350 300-500 300-500 300-500 300-500 200-350 200-350 200-350 200-350 200-350 DFG 1992
300-350 300-350 250-550 250-550 100-200 100-200 3 3 3 3 3 FERC 1986
200 200 85 85 3 3 3 3 3 3 3 FERC 1964
80-300 80-300 80-550 80-3000 80-3000 80-3000 50-200 50200 50-200 50-200 50-200 DFG 1992
180-220 180-220 75 75 75 75 25 25 25 25 25 DWR/MID 1968
180-220 180-220 60 60 60 60 15 15 15 15 15
200-350 200-350 300-500 300-500 300-500 300-500 200-350 200-350 200-350 200-350 200-350 DFG 1991
I o 0 0 0 0 0 0 0 0 0 0 SWRCB 1978
0 0 0 0 0 0 0 0 0 0 0 SWRCB 1959
0 0 2K10K  2K-10K 0 0 0 0 0 0 0 DFG 1992

0

10 s

San Francisco and by the USFWS.

11. Instream flow is also influenced by water quality standards in the San Joagquin River. S

, fisheries aflocation from Public Law 87-874.

ing [ igration, and ion criteria
also recommended. Propos:d fishery flows for the Lower Mokelumne River would, at times, exceed the available supplies. There are also alternative flow sch

flow is

)

ded for Oct. 1 - Nov. 15, April 1 - June 30, and Oct. 1 ~ Feb. 29, raspediv:‘lj‘ Short-term reduction criteria
ules proposed by the

City of

lly for a 7-year fisheries study and includes a minimum 98,000 AF

12! Preseason flushing flow standards also exist.
13. Additional flow is required for fisheries shudies.

14. These ranges summarize ten possible flow schedules for a 10-year fisheries study. The exact scheduls is determined by the projected inflow. Flows will be dltered following complefion of
fisheries study. There are also dlternative flow schedules proposed by EBMUD and by FERC.

15, Criteria also exist to minimize streamflow fluctuation.

16) Flows developed for planning purposes for Montgomery/New Exchequer Reservoir to follow completion of i flow study.

17. Addifional flow required to meet water quality standards in SWRCB Decision 1422.

18. Decision 935

NoFe: K=1,000

peration. Additional fai
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Identifying instream flow needs for fisheries is one of the greatest challenges for

resource managers. Rivers are complex systems that cont