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Management

Distribution of the State’s water supplies varies geographically and
seasonally. Water supplies also vary climatically through cycles of
drought and flood. The CALFED Bay-Delta Program would increase
the reliability of water supplies and reduce the mismatch between Bay-
Delta water supplies and the current and projected beneficial uses that
are dependent on the Bay-Delta system.

5.1.1
5.1.2
5.1.3
5.1.4
5.1.5
5.1.6
5.1.7

5.1.8
5.1.9
5.1.10

5.1.11
5.1.12

SUMMARY ... 5.1-1
AREAS OF CONTROVERSY ....... ... ... it 5.1-2
AFFECTED ENVIRONMENT/EXISTING CONDITIONS .... 5.14
ASSESSMENT METHODS ........ ... i 5.1-16
SIGNIFICANCE CRITERIA . ... ... .. ... .. ... iiiiiannns 5.1-24
NO ACTION ALTERNATIVE .. ...... ... i 5.1-24
CONSEQUENCES: PROGRAM ELEMENTS COMMON

TO ALL ALTERNATIVES ... ... . 5.1-29
CONSEQUENCES: PROGRAM ELEMENTS THAT DIFFER
AMONG ALTERNATIVES . ... ... ... . i 5.1-36
PROGRAM ALTERNATIVES COMPARED TO EXISTING
CONDITIONS ..o e e e 5.1-64
ADDITIONAL IMPACT ANALYSIS .......... ... ... ..., 5.1-64
MITIGATION STRATEGIES . ..... ... ... i 5.1-67

POTENTIALLY SIGNIFICANT UNAVOIDABLE IMPACTS .. 5.1-68

CALFED Final Programmatic EIS/EIR * July 2000

5.1-1



5.1 Water Supply and Water
Management

5.1.1 SUMMARY

The primary water supply reliability objective of the CALFED Bay-Delta Program (Program) is to reduce
the mismatch between Bay-Delta water supplies and current and projected beneficial uses dependent on
the Bay-Delta system. Water supplies for agricultural and urban uses from Bay-Delta sources could be
reduced under the No Action Alternative if environmental water needs increase or if water project
operations are modified to improve drinking water quality. Water supply reliability could be enhanced
under the Preferred Program Alternative by increasing the ability to store and transport water, improving
the conveyance of water through the Delta, improving the quality of Bay-Delta water supplies, managing
demands through increasing conservation and recycling, facilitating water transfer markets, and managing
environmental water needs through an EWA.

Preferred Program Alternative. Potential decreases in agricultural and urban water supplies from Bay-Delta
sources could result from increased environmental water needs and drinking water quality requirements
under the No Action Alternative. Relative to all foreseeable no action conditions, water supply reliability
would be improved by several strategies included in the Preferred Program Alternative. Implementation
of an EWA may allow for more efficient use of water for environmental purposes and decrease the
conflict in uses of Bay-Delta water supplies. Optimizing the use of alternative water management tools,
including water use efficiency measures, water recycling, and water transfers may improve the availability
and economic utility of water supplies. Implementing water quality improvement actions may enhance
the quality of source water supplies, thereby providing additional operational flexibility to meet water
supply reliability and quality goals. Conveyance improvements may also increase the flexibility of water
project operations and improve water supply reliability. Finally, new storage may provide improved
water management capability and enhanced water supply reliability.

Potential long-term adverse impacts on specific regional agricultural and urban water supplies could result
from increased water transfers. Areas with adequate water supplies could transfer portions of those
supplies to areas with higher economic return from the use of water. Water transfers can affect third
parties (those not directly involved in the transaction), local groundwater, environmental conditions, or
other resource areas. Additional discussion on the potential impacts of water transfers on groundwater
resources, agricultural social issues, and regional economics is included in Sections 5.4, 7.3, and 7.10,
respectively. These chapters describe mitigation strategies to reduce third-party impacts associated with
transfers. In addition, the objectives and criteria described in the Water Transfer Program Plan will
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

protect against adverse third-party impacts associated with water transfers. (See Chapter 4 in the Water
Transfer Program Plan.)

Conversion of Delta land use from agriculture to wetlands and marshes under the Ecosystem Restoration
Program could result in increased water use and potential negative impacts on agricultural and urban
water supply reliability. The combined beneficial effect on water supply and water management resources
from actions under the Preferred Program Alternative, including the Water Quality Program, Water Use
Efficiency Program, Water Transfer Program, conveyance improvements, and potential new water storage
facilities, is expected to offset this potential loss of water supply, resulting in no significant adverse
Lmpacts.

Temporary local impacts on water supply reliability could occur during construction of the Program’s
proposed facilities. Potential temporary interruptions in water supply due to turbidity of water during

levee work could negatively impact water supply and water management. This impact can be mitigated
to a less-than-significant level.

Alternatives 1, 2, and 3. The potential adverse impacts on water supply reliability and mitigation strategies
associated with Alternatives 1, 2, and 3 are largely the same as those described for the Preferred Program
Alternative. The potential improved water management capability and enhanced water supply reliability
could be greater under Alternative 3. Temporary local negative impacts on water supply reliability due
to construction of Program facilities also could be greater under Alternative 3.

The following table presents a summary of the potentially significant adverse impacts and mitigation
strategies associated with the Preferred Program Alternative. Mitigation strategies that correlate to each
listed impact are noted in parentheses after the impact. Most potential negative consequences to water
supply and water management are addressed through Program actions under the Preferred Program
Alternative, as described above, and are not considered potentially significant adverse impacts. See the text
in this chapter for a more detailed description of impacts and mitigation strategies.

Summary of Potentially Significant Adverse Impacts and Mitigation
Strategies Associated with the Preferred Program Alternative

Potentially Significant Adverse Impacts Mitigation Strategies
Potential temporary local water supply interruptions 1. Using best construction and drainage management
due to turbidity of water during construction of Pro- practices to avoid transport of soils and sediments to
gram facilities and habitat restoration activities (1). waterways.

No potentially significant unavoidable impacts related to water supply and water management are associated
with the Preferred Program Alternative.

5.1.2 AREAS OF CONTROVERSY

Under CEQA, areas of controversy involve factors that reflect differing opinions among technical experts.
The opinions of technical experts can differ, depending on which assumptions or methodology they use.
Below is a brief description of the area of controversy for this resource category.
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

Although the Ecosystem Restoration Program addresses ecological processes and stressors, such as
temperature and introduced species, controversy exists over whether implementation of the Ecosystem
Restoration Program in combination with an effective Water Management Strategy, including an EWA,
will restore fisheries and simultaneously improve water supply reliability.

Significant controversy exists over the projected magnitude of future water demands and the appropriate
role of Bay-Delta water supplies in meeting those demands.

d
growing demands. Significant controversy exists over the projected magnitude of future water demands
and the appropriate role of Bay-Delta water supplies in meeting those demands. The following sections
discuss the sources of uncertainty contributing to this controversy and the potential for Program elements
to address water supply and water management issues.

5.1.2.1 UNCERTAINTIES IN THE ASSESSMENT

The assessment methods used in this programmatic evaluation link estimates of future Delta water
demands, the primary area of uncertainty related to water supply and water management, to Program
actions. Future Delta water demands are influenced by, among other things, population growth, future

land use changes, and future environmental water requirements. Uncertainty in future water demands is
attributable to:

e Limited ability to forecast population growth, its geographic distribution, and changes in per capita
water use due to socioeconomic factors and implementation of new water conservation measures.

e Limited ability to forecast agricultural land use changes (for example, shifts in cropping patterns,
conversions to wetlands and marshes) and implementation of more efficient water management
practices.

e Limited ability to forecast the ability of water users to implement other water management options
such as new water recycling facilities or to acquire water through transfers.

e Limited ability to forecast the rate of recovery of the Bay-Delta ecosystem resulting from adaptively
managed Program actions, leading to uncertainty in future environmental water requirements.

5.1.2.2 ADDRESSING UNCERTAINTY

The Program recognizes the importance of water supply reliability to regions potentially affected by
Program actions. Although there are disagreements about the magnitude of future Delta water demands
and the need for water supply facilities to meet these demands, the fact that water supply reliability is
important to California is not an issue.

Water supply reliability evaluations rely on the development of assumptions and methodologies that may
result in disagreements among technical experts and, therefore, constitute areas of controversy as used in
CEQA. The use of different assumptions and methodologies may lead to conclusions that overestimate
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or underestimate the need for additional water supply facilities. Uncertainty in future Delta water
demands is addressed in the assessment method through “bookending” the potential level of future
demands and new storage facilities. This approach is described in Section 5.1.4.

New storage facilities are considered in this programmatic evaluation, together with aggressive
implementation of water conservation, recycling, and a protective water transfer market. Each Program
alternative is evaluated with and without new storage facilities. The total volume of new surface and
groundwater storage considered in this evaluation ranges up to 6 MAF. Facility locations considered are
in the Sacramento and San Joaquin Valleys and in the Delta. Implementation of new or expanded surface
and/or groundwater storage will be predicated on complying with all environmental review and
permitting requirements. Future site-specific evaluations, environmental review processes, and permit
applications will be coordinated under CALFED’s Integrated Storage Investigation.

5.1.3 AFFECTED ENVIRONMENT/EXISTING
CONDITIONS

This section discusses existing water supply and water management conditions in the Program study area.
Existing conditions are characterized for each of the five regions defined within the study area. The
regions used to describe water supply and water management are different from the regions used for
analysis elsewhere in this document. The five Program regions described in Section 1.4.1 include: Delta,
Bay, Sacramento River, San Joaquin River, and Other SWP and CVP Service Areas. As defined in
Section 1.4.1, the San Joaquin River Region receives water supplies from Delta tributaries and Delta
exports. Water supply and water management impacts on these supply sources are distinct and not readily
aggregated. On the other hand, Delta water supplies exported to the SWP and CVP Service Areas within
the San Joaquin River Region and outside of the Central Valley are more readily aggregated for this
programmatic evaluation. For these reasons, the boundaries of San Joaquin River Region and the Other
SWP and CVP Service Areas were modified for analysis of water supply and water management. In this
section, the San Joaquin River Region includes only those areas receiving water supplies directly fromthe
San Joaquin River and its tributaries. The Other SWP and CVP Service Areas region is redefined as South-
of-Delta SWP and CVP Service Areas, and includes all areas south of the Delta that receive Delta exports
from the state and federal water projects.

Distribution of the State’s water supplies varies geographically and seasonally. Water supplies also vary
climatically through cycles of drought and flood. California’s water development has generally been in
response to managing this variability. Figure 5.1-1 shows the location of some of the major surface water
project facilities in the Program study area.

Average annual statewide precipitation is about 23 inches, corresponding to a water supply of nearly
200 MAF over California’s land surface. About two-thirds of this precipitation is consumed through
evaporation and transpiration by trees and other plants. The remaining one-third comprises the state’s
average annual runoff of about 71 MAF. Less than half this runoff is depleted by urban and agricultural
use.

CALFED Final Programmatic EIS/EIR » July 2000 5-1"4



Tl -
Lake{CVP) Clear
i Lake (CVP)

) Shasta )
£ Tnmty ) oabee £ e TN
Lake e(OVF) ) L "‘?}‘e,_ (QURY e

’RShasf 4§ Dam apd Power Plant;:

Can,all -
Gler)n Colusa

%
Canal ,’ ¢

i
Lake

/ Eng}ebnght
“../\' Res_ CVP)

AR

Contra Costa™>)
Canal

Tracy Pumping Plant
Banks Delta Pumping Piant

Hetch Hetchy /-
Aqueduct

b
SanQLt\ﬂs
\/ Resewour

N\
\\\

Nacirgiento

Reservgir-.... -

Santa Maria R~
Santa Ynez R./~

o i~ Ea e
‘/ACID’Dlversmn Daim. Lk .
i ,L\?,t,:no, Amempe~ = wsmu: Federal Project (CVP)
hake
/Tehamacﬁlusa ;

e O;omlle (SV\L )

%an Antomc /
R‘eservmm\

«=snanueee State Project (SWP)

we wen oz |_OC@I Project

O Pumping Plant

Cross Valley
Canal

§

A
{

/
C"archtjma-.‘

Reservoir (CVP) Mojave

'Cgs”tas (CVP)

Figure 5.1-1

Surface Water Features Location Map



Chapter 5. Physical Environment 5.1 Water Supply and Water Management

5.1.3.1 DELTA REGION

Several important water management facilities are located in the Delta. These include the CVP Pumping
Plant at Tracy, the Delta Cross Channel (DCC) at Walnut Grove, the SWP Clifton Court Forebay
(CCFB) and Banks Pumping Plant, the SWP North Bay Aqueduct (NBA) Pumping Plant, and the Contra
Costa pumping plants at Rock Slough and Old River.

The CVP Tracy Pumping Plant has a maximum capacity of approximately 4,600 cfs, the nominal capacity
of the Delta-Mendota Canal (DMC) at the pumping plant. The SWP Banks Pumping Plant supplies water
for the South Bay Aqueduct (SBA) and the California Aqueduct, with an installed capacity of 10,300 cfs.
Under current operational constraints, exports from Banks Pumping Plant are generally limited to a
maximum of 6,680 cfs, except between December 15 and March 15, when exports can be increased by 33%
of San Joaquin River flow (if greater than 1,000 cfs). The SWP also pumps water from Barker Slough into
the NBA for use in the Bay Region. While the maximum pumping capacity at Barker Slough is 175 cfs,
the average annual pumping rate is approximately 35 cfs.

CCWD recently completed construction of the Los Vaqueros Reservoir and a second pumping plant on
Old River. These facilities will provide CCWD with access to improved water quality and emergency
water supplies. Los Vaqueros will be refilled by diversions only when source water chloride concentration
is less than 65 milligrams per liter (mg/L). Los Vaqueros water will be used for delivery during low Delta
outflow periods, when chloride concentration at Rock Slough and Old River is greater than 65 mg/L.

Delta inflow from the tributary basins is allocated to supply in-Delta diversions for agricultural and
municipal water use, provide minimum Delta outflow required to satisfy 1995 WQCP and CVPIA
objectives, and allow Delta exports within the 1995 WQCP export/inflow ratio and the permitted
pumping capacity. Inflow that exceeds these uses contributes to total Delta outflow. Some Delta exports
are used for direct deliveries to satisfy water supply demands and some of the exports are stored in San
Luis Reservoir (or other local water storage facilities) for later delivery.

Average annual in-Delta use, Banks and Tracy
Delta exports, and total Delta outflow under Table 5.7-1. Delta Watejr Supply and Water Management
simulated 1995-level (existing) conditions are under Existing Conditions (MAF)

summarized in Table 5.1-1. Water supply = MANAGEMENT LONG-TERM DRY AND RANGE
comparisons are made here and elsewhereinthe =~ COMPONENT — PERIOD  CRITICAL YEARS
document based upon a 73-year historical  in-Delta use 1.0 1.1 0.06-1.3
hydrologic period, a sequence of years often

: d he » iod. Simil Banks and 5.6 4.6 3.8
referred to as the “long-term” period. Similar 140y exports - :

comparisons are made using a subset of the
long-term period—the dry and critical years.
Over the longterm period, 28 years are
classified as dry or critical by the Sacramento
Valley 40-30-30 Index.

Total Delta

outflow 14.8 6.0 4-70

Long-term period average annual Delta inflow is about 22 MAF under existing conditions, with a range
of less than 8 MAF to more than 74 MAF. Dry and critical year Delta inflow averages about 12 MAF
annually under existing conditions.
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

5.1.3.2 BAY REGION

The most prominent water-related feature in the Bay Region is San Francisco Bay. The San Francisco Bay
system includes the Suisun, San Pablo, and South Bays. The outlet of San Francisco Bay at Golden Gate
Bridge is located 74 kilometers (km) from Chipps Island, the approximate location of the confluence of
the Sacramento and San Joaquin Rivers and the beginning of Suisun Bay. To the north of Suisun Bay and
east of Carquinez Strait lies the Suisun Marsh, an extensive mosaic of both tidally influenced and seasonal

Wer]an']c

Laddilis,

San Francisco Bay receives freshwater flow from the Sacramento and San Joaquin Rivers in the Delta
Region. Delta outflow provides the Bay with ecological and water quality benefits. In addition to Delta
outflow, San Francisco Bay receives freshwater inflow from several streams, including the Napa,
Petaluma, and Guadalupe Rivers and the Alameda, Coyote, Walnut, and Sonoma Creeks. The average
annual Bay inflow from these tributaries, excluding Delta outflow, is about 350 TAF. Inflow from these

tributaries is highly seasonal, with more than 90% of the annual runoff occurring between November and
April.

Levees were constructed to convert formerly flooded marshlands to arable islands. Valley lands were
drained for farming and Central Valley streams were dammed for water supply. Hydraulic mining in the
Sierra foothills washed large amounts of sediment into streams and channels leading to the Bay. Untreated
municipal and industrial wastes were discharged directly into the Bay. All of these activities caused
changes in the quantity and quality of water reaching the Bay.

Many streams in the Bay Region have been channelized through urban areas for flood protection, and
most streams are intermittent. In most areas, urban water supplies are imported and stored locally in
reservoirs. Activities in the watersheds of these reservoirs are restricted to protect public water supplies.

5.1.3.3 SACRAMENTO RIVER REGION

The Sacramento River Region contains the entire drainage area of the Sacramento River and its tributaries
and extends almost 300 miles from Collinsville in the Delta north to the Oregon border. The total land
area within the region is 26,960 square miles. Average annual precipitation is 36 inches, and average annual
runoff is approximately 22 MAF. The most intensive runoff occurs in the upper watershed of the
Sacramento River above Lake Shasta and on the rivers originating on the west slope of the Sierra Nevada.
These watersheds produce an annual average of 1 to more than 2 TAF of runoff per square mile.

The two major tributaries to the Sacramento River along its lower reach are the Feather River (which also
includes flows from the Yuba River) and the American River. The combined flows of the Feather River
and Sutter Bypass enter the river near Verona. The American River joins the Sacramento River north of
downtown Sacramento. Smaller contributions are made by the Natomas Cross Canal, draining the area
between the Bear River and American River drainages, and the Colusa Basin Drain, which drains the west
side of the Sacramento Valley from about Willows south to Knights Landing.

The Sacramento River Region contributes the majority of Delta inflow. Unimpaired flow from the four
major rivers in the Sacramento River Region (Sacramento, Feather, Yuba, and American Rivers) averaged
17.9 MAF and ranged from 5.1 to 37.7 MAF during the 1906-1996 period. Of this, the Sacramento River
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

(at Red Bluff) averaged 8.4 MAF (including Trinity River imports, described below), the Feather River
averaged 4.5 MAF, the Yuba River averaged 2.4 MAF, and the American River averaged 2.6 MAF.

Since 1900, numerous reservoirs have been constructed in or have affected this region. These include
Shasta, Oroville, Trinity, and Folsom, as well as numerous smaller reservoirs. Total reservoir capacity in
or affecting the Sacramento River Region is approximately 15 MAF. Historically, these reservoirs have
been operated to provide agricultural and domestic water supplies, flood control capacity and, more
recently, recreation and ecological flows.

The Sacramento, Feather, and American River systems are described in greater detail below. River
sections most likely to be affected by the Program include the Sacramento River below Lake Shasta, the
Feather River below Lake Oroville, and the American River below Folsom Lake.

Sacramento River

The Sacramento River watershed upstream of Lake Shasta has an area of about 6,420 square miles. Lake
Shasta stores and releases flows of the Sacramento, Pit, and McCloud Rivers. Shasta Dam is a 602-foot-high
concrete gravity structure providing a storage capacity of approximately 4.5 MAF. Water can be released
from Lake Shasta through the powerhouse, the low-level or high-level river outlets, or the spillway.

The average annual inflow to Lake Shasta is about 5.9 MAF. Inflows generally increase from November
through March, with peak flows generally occurring in March. As snowmelt is not a dominant
component of Lake Shasta inflows, inflows generally decrease in April and May, and are less than 5,000 cfs
from June through October. The flows in these summer and fall months are relatively constant (between
3,000 and 4,000 cfs) because the volcanic geology of the watershed provides a large groundwater
component that sustains the streamflow.

Maximum storage occurs in April or May, following the months with highest runoff. The reservoir’s
springtime storage level is reduced in wet years to provide greater flood control space. Lake Shasta storage
usually decreases from May through September, and usually increases from January through April. The
seasonal storage and subsequent releases from Lake Shasta average about 1.5 MAF. Shasta also provides
some year-to-year carryover storage in drought periods. Average annual Shasta carryover storage is
2.8 MAF and has varied from a2 maximum of 3.7 MAF in 1974 to a minimum of 630 TAF in 1977.

The Sacramento River watershed upstream of the Feather River is about 14,050 square miles. The annual
runoff upstream of the Feather River is about 11 MAF. About half of this runoff is potentially
controllable in Shasta and the other half is runoff from the downstream tributaries. The downstream
tributaries have very limited reservoir storage; therefore, runoff follows the natural (unimpaired) pattern.

The Trinity River watershed upstream of Lewiston Lake has a drainage area of about 692 square miles and
an average annual basin runoff of 1.2 MAF. The Trinity River Division of the CVP develops water supply
for export to the Sacramento River Region. In addition to Lewiston Lake, the principal features of the
Trinity Division are the 2.4-MAF Trinity Lake, Clear Creek Tunnel, Spring Creek Tunnel and
Powerplant, and Whiskeytown Lake.

The maximum storage in Trinity Lake is currently limited between 1.8 MAF (end of October) and
2.1 MAF (end of March) to provide necessary flood control storage. An annual drawdown of 500-

CALFED Final Programmatic EIS/EIR ¢ July 2000 5'1'7



Chapter 5. Physical Environment 5.1 Water Supply and Water Management

800 TAF usually occurs during summer and fall. Annual average carryover storage is about 1.7 MAF and
has varied from a maximum of 2.2 MAF in 1983 to a minimum of 240 TAF in 1977.

Whiskeytown Lake, located on Clear Creek, has a storage capacity of approximately 240 TAF. Although
Whiskeytown Lake collects some natural inflow from Clear Creek, most of its inflow comes from Trinity
River exports. Whiskeytown is operated with only limited seasonal storage fluctuations. Annual releases
to Clear Creek of about 100 TAF provide in-stream flows and some downstream diversions. Some water
supply diversions are made directly from Whiskeytown Lake. Most Trinity River exports and Clear
Creek inflows are diverted through the Spring Creek Tunnel and Powerhouse to Keswick Reservoir.

Keswick Reservoir, a 159-foot-high concrete gravity structure, is located 8 miles downstream of Lake
Shasta. With a storage capacity of approximately 25 TAF, Keswick is a regulating reservoir for releases
from the Spring Creek and Shasta Powerhouses. Storage and elevation in Keswick Reservoir are
maintained by concurrent operation of the powerhouses. The Keswick Powerhouse has a capacity of
approximately 16,000 cfs.

Although in-stream flow requirements are specified downstream of Keswick Reservoir, they are generally
less than 5,000 cfs and rarely control releases. In-stream flow requirements include the 1993 Biological
Opinion for winter-run chinook salmon and the Sacramento River navigation control point (NCP).
Additional summer and fall releases for temperature control between Keswick and Red Bluff were made
beginning in 1991. These releases concluded in 1997 with the completion of the Shasta Dam Temperature
Control Device. The regulated Keswick releases are much higher than unimpaired flows during the
summer irrigation season.

The Red Bluff Diversion Dam (RBDD) is located on the Sacramento River just downstream of Red Bluff.
Diversions are made to the Tehama-Colusa and Corning Canals from upstream of the RBDD, with a
maximum annual diversion of about 600 TAF. Higher diversion rates to these canals are possible when
the RBDD gates are closed; however, closure of the gates impacts passage of winter-run chinook salmon.
Due to these concerns, the RBDD gates are closed only from May 15 through September 15. While the
gates are open at the beginning and end of the irrigation season, diversions are limited to a pumping
capacity of about 450 cfs. Several smaller diversions occur between Keswick and Red Bluff. Some water
for the Tehama-Colusa Canal is obtained from Stony Creek (Black Butte Reservoir) when excess water
is available.

The major diversion downstream of Red Bluff is the Glenn-Colusa Irrigation District’s Glenn-Colusa
Canal, located downstream of Hamilton City, with an annual diversion of about 800 TAF. Several
additional diversions along the Sacramento River result in a combined annual diversion of about 1.9 MAF.
Annual diversions for the entire Sacramento River Region above the Feather River mouth are
approximately 3.3 MAF.

Feather River

The Feather River is a major tributary to the Sacramento River, with a drainage area of about 4,255 square
miles. Originating in the volcanic formations of the Sierra Nevada, the Feather River flows southwest to
Lake Oroville and is joined by the Yuba and Bear Rivers. The Yuba River joins the Feather River at the
City of Marysville; the confluence with the Bear River is approximately 15 miles downstream of
Marysville.
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The average flow of the Feather River at Oroville is about 5,800 cfs. Both rainfall and snowmelt
contribute to an unimpaired runoff that exceeds 2,000 cfs from January through June. Summer flow is
sustained at about 1,000 cfs because of snowmelt and groundwater from the high-elevation watersheds.
Upstream reservoirs contribute some seasonal storage that reduces runoff in spring and increases flow in
summer and fall. Average annual unimpaired inflow to Lake Oroville is estimated at about 4.3 MAF. Due

LSveldg 1Icd 111110 O LdRC W JIOVILIC 15 CoLLlll

to several small upstream diversions, actual average annual inflow is about 4.0 MAF.

Lake Oroville has a storage capacity of approximately 3.5 MAF. Completed in 1968, the lake functions
as the major storage facility for the SWP. Maximum storage at Oroville is achieved in the early summer
months following spring runoff from snowmelt. The average annual storage diversion and release is
approximately 1 MAF, with an average carryover storage of 2.2 MAF. Carryover storage was less than

1 MAF in 1977 and 1990.

Minimum flows in the Lower Feather River are established by a 1983 agreement between the DFG and
DWR. The agreement provides for minimum flow standards between October and March for
preservation of salmon spawning and rearing habitat. Current requirements are 1,700 cfs below
Thermalito Afterbay from October to March and 1,000 cfs from April to September (some reductions
are allowed in dry years). A maximum of 2,500 cfs is maintained in October and November to prevent
spawning in overbank areas that might become dewatered. The flow requirements at Gridley range from
600 TAF in dry years to about 1 MAF in wet years.

In the past, substantial irrigation diversions were made from the Feather River in the vicinity of Oroville.
These diversions are now made from the Thermalito complex. The maximum monthly diversions from
Thermalito (approximately 150 TAF) are made during the May through August irrigation season. Annual
Thermalito diversions are slightly less than 1 MAF.

The Yuba River drains a watershed of about 1,350 square miles of the western slope of the Sierra Nevada
and is the major tributary to the Feather River. The average annual unimpaired runoff is about 2.3 MAF,
with a range of 0.4 to 4.9 MAF. Several reservoirs have been constructed within the watershed.
Englebright Dam, the lowermost dam, was completed in 1941. The major storage reservoir is New
Bullards Bar on the North Fork, with a storage capacity of about 1 MAF and a watershed area of
490 square miles. More than 15 other reservoirs have a combined storage capacity of 400 TAF. A major
portion of the Yuba watershed is unregulated, however, and very high flows are released from Englebright
during major storms.

The major diversions from the Yuba River are made at or near Daguerre Dam by six water districts from
three diversions. Several small unscreened diversions are downstream of Daguerre. Annual average
diversions from the Yuba River are about 500 TAF. Yuba River minimum flows are maintained below
Engelbright Reservoir.

The Bear River, the second largest tributary to the Feather River, has an average annual unimpaired
runoff of about 270 TAF. Flows in the Bear River watershed are almost totally regulated by several
storage and diversion facilities. The largest impoundment in the Bear River watershed is Camp Far West
Reservoir, with a storage capacity of 100 TAF. Other small impoundments include Rollins Reservoir and
Lake Combie, which store an additional 70 TAF. Approximately eleven Pacific Gas & Electric Company
(PG&E) power plants with their forebays and afterbays also regulate Bear River flows.
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As part of the hydroelectric project operations in the Bear River, water is exchanged with the Yuba River
and American River basins. Water from the South Fork Yuba River is conveyed by the Drum Canal into
the Drum Forebay on the Bear River. The average annual flow through the Drum Canal is about
370 TAF. Water from the North Fork of the American River, diverted through Lake Valley Canal, also
flows into the Drum Forebay. Average annual flow through the Lake Valley Canal is about 12 TAF.

From the Drum Forebay, water is diverted to two locations. The first is Canyon Creek, where the water
either supplies the Alta Powerhouse or flows back into the American River. Portions of the Alta
Powerhouse discharge may be diverted to the Bear River. The second diversion from the Drum Forebay
is to Drum Powerhouses 1 and 2. All discharge from these power plants flows into the Bear River.

American River

The American River is another major tributary of the Sacramento River, entering just north of
Sacramento. The American River drains a watershed of about 1,900 square miles that covers the western
Sierra Nevada and foothills with three major branches: the South Fork, Middle Fork, and North Fork.
Maximum elevations are about 10,000 feet, and a substantial portion of the runoff results from snowmelt.

The 13 largest reservoirs on the American River have a total storage capacity of about 2 MAF. Folsom
Lake was constructed in 1956 and is the largest reservoir on the American River, with a storage capacity
of about 1 MAF. Nimbus Dam, a regulating reservoir constructed downstream of Folsom Dam and about
23 miles upstream of the mouth, provides diversions to the Folsom South Canal.

Average annual inflow to Folsom Lake is about 2.6 MAF. Average annual storage diversion and release
is about 460 TAF. Average Folsom carryover storage is about 560 TAF. The required flood control
storage is dependent on upstream storage. Additional flood control space has been provided in recent years
to increase flood protection along the American River.

Because summer releases are made into the Lower American River from Folsom to meet local demands
and Delta export, outflow, and water quality requirements, summer and fall flows are much higher than
unimpaired flows. (On an annual average, actual flow is about the same as the unimpaired flow.) Average
annual diversions, totaling about 400 TAF under 1995-level conditions, are made from Folsom Lake,
Folsom South Canal, and the Lower American River. Annual diversions from Folsom Lake are about
210 TAF. Annual diversions from Folsom South Canal are about 70 TAF and Lower American River
diversions are about 120 TAF. The seasonal diversion pattern is governed by municipal water supply uses
along the American River. The two largest diversions are the San Juan Water District located in Folsom
Lake and the City of Sacramento’s Fairbairn Treatment Plant located about 7 miles upstream of the
mouth of the American River.

In-stream flow requirements were established in the SWRCB’s Decision- (D-) 893. The decision specifies
500 cfs during the fall spawning season and 250 cfs for the remainder of the year. Only during extreme
droughts have American River flows been this low. DFG has determined that these flows are insufficient
to maintain anadromous fishery resources. SWRCB’s D-1400, following hearings from the proposed
Auburn Dam, specified higher releases from Nimbus should the Auburn Dam be constructed. D-1400
flows are 1,250 cfs from October 15 to July 15, with 800 cfs for the remainder of the year. A 1990 court
order (Hodge Decision) specified American River flow conditions that must be satisfied before allowing
EBMUD to divert any water from the Folsom South Canal. The court-required flows for EBMUD

CALFED Final Programmatic EIS/EIR » July 2000 5.1-10



Chapter 5. Physical Environment 5.1 Water Supply and Water Management

diversions are 2,000 cfs from October 15 through February 28, 3,000 cfs from March 1 through June 30,
and 1,750 cfs between July 1 and October 14.

Current Folsom operations use a relationship between storage and projected inflow to determine
in-stream flow requirements. At relatively high storage and projected inflow values, in-stream flow
requirements are set at the maximum Anadromous Fish Restoration Program (AFRP) monthly targets.
As storage and projected inflow decreases, the in-stream flow requirements are reduced. This provides an
adaptive balance between available water and in-stream flow benefits. During high flow periods, in-stream
requirements are 2,500 cfs between July and February and 4,500 cfs between March and June. The
maximum in-stream flow requirement is therefore about 2.3 MAF; however, the average in-stream flow
requirement is about 1.5 MAF.

5.1.3.4 SA
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The San Joaquin River Region includes the Central Valley south of the watershed of the American River.
It is generally drier than the Sacramento River Region, and flows into the Delta from the San Joaquin
River are considerably lower than those into the Delta from the Sacramento River. The region is also
subject to extreme variations in flow, as exemplified by flooding that occurred during January 1997.

The drainage area of the San Joaquin River above Vernalis is 13,356 square miles, including 2,100 square
miles of drainage contributed by the James Bypass. Most of the inflow to the San Joaquin River region
originates from the upper watershed tributary streams between the Mokelumne River and the San Joaquin
River, on the west slope of the Sierra Nevada. Runoff intensity averages less than 1 TAF per square mile
in this region. Inflows from the Merced, Tuolumne, and Stanislaus Rivers historically contribute over 60%
of the flows in the San Joaquin River, as measured at Vernalis. Average annual precipitation in the lower
reach of the river ranges from 10 to 12 inches per year.

The upper watershed of the San Joaquin River Region has historically been less developed than that of
the Sacramento River Region, although the same general process of development has occurred, including
mining, logging, housing construction, industrial development, and dam construction. As in the
Sacramento River Region, the upper watershed contains major patks and wilderness areas. Most
development has occurred in the lower foothills, near or below the snow line.

Annual average unimpaired runoff from the San Joaquin, Stanislaus, Tuolumne, and Merced Rivers is
about 5.5 MAF. Numerous dams and diversions have been constructed on these rivers and other rivers
in this system. Of the 5.5 MAF of unimpaired runoff, about 3.5 MAF is diverted from the major rivers
of the San Joaquin system. An average of about 3 MAF annually reaches Vernalis and contributes to Delta

inflows. The Upper San Joaquin, Stanislaus, Tuolumne, and Merced River systems are described in more
detail below.

Upper San Joaquin River

The Upper San Joaquin River has average unimpaired flows of about 1.7 MAF, with a range of 360 TAF
to 4.6 MAF, from an area of approximately 1,638 square miles. Historically, about 70% of the river’s
runoff has been diverted to the Friant-Kern and Madera Canals, primarily for agricultural uses. About
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20% of historical water uses have been supplied from reservoir releases. Peak runoff caused by snowmelt
occurs in May and June. Rainfall storms cause only moderate runoff from December through March.

Late-summer and fall inflows are relatively low; the median flow is less than 100 TAF from September
through February.

The Upper San Joaquin River, originating in the Sierra Nevada, is regulated by a series of small
hydroelectric projects and Friant Dam which forms Millerton Lake. Millerton Lake was constructed by
U.S. Bureau of Reclamation (Reclamation) in 1941. From Friant Dam, the Madera Canal conveys water
north and the Friant-Kern Canal conveys water south to the Bakersfield area. These two canals divert
most of the water entering Millerton Lake.

Several reservoirs upstream of Millerton Lake have a combined storage capacity of about 600 TAF.
Millerton Lake stores runoff from the Upper San Joaquin River and has a storage capacity of
approximately 520 TAF. Because most of the water entering Millerton Lake is diverted through the
Madera Canal and from the Friant-Kern Canals, river releases from Friant Dam are typically small,
although they may increase during storm events and when runoff is large enough to require spilling.
Because most of the San Joaquin River flow is now diverted at Friant Dam, diversions for previous water
users (exchange contractors) along the San Joaquin River are now supplied by water pumped at the Tracy
Pumping Plant from the Delta into the DMC to the Mendota Pool.

Millerton Lake is typically drawn below 200 TAF in fall and reaches a maximum of about 400 TAF in
summer. The lake provides limited annual carryover storage of about 180 TAF. This carryover storage
generally provides only small releases the following year.

Monthly diversions from the Upper San Joaquin River generally peak in July, with a median diversion
of approximately 225 TAF. The Friant-Kern and Madera Canals support the largest diversions in the
Upper San Joaquin River. Some of the water diverted by these canals during wet years is used for
groundwater recharge. Annual diversions range from about 200 TAF to more than 2 MAF in several
years, with an average of about 1.2 MAF.

Below Friant Dam, median San Joaquin River flow is over 620 TAF annually. In most years, release flows
peak during summer. Monthly flow below the dam ranges from about 5 TAF (10™ percentile) to about
280 TAF (90 percentile). No in-stream flow requirements exist for the San Joaquin River between Friant

Dam and the Merced River. Downstream riparian diversions at Gravelly Ford are estimated to require
about 100 TAF per year.

Stanislaus River

The Upper Stanislaus River’s drainage area is approximately 1,804 square miles. The average annual
unimpaired runoff is about 1.1 MAF, with a range of 155 TAF to more than 2 MAF. Peak snowmelt
runoff occurs between April and June. Rainfall runoff generally occurs between November and March.
Late summer and fall unimpaired flows are relatively low; the median flow is less than 200 cfs from July
through October. Runoff from the upper watershed generally is captured and released for irrigation
diversions. Total annual flows on the Stanislaus River average approximately 1.2 MAF. Average annual
flow near the mouth of the Stanislaus River is about 680 TAF.
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The largest reservoir on the Stanislaus River is New Melones, which was completed by the Corps in 1978
and is operated by Reclamation. The reservoir was first filled in 1983 and remained at fairly high storage
levels through 1986. The reservoir storage then declined from 1987 through 1991 during the drought. In
wet years, when inflows are greater than beneficial uses, New Melones Reservoir storage increases to the
flood control capacity. (The reservoir filled to capacity in 1993.) During summer months, storage releases
from New Melones are needed to supply beneficial uses along the Stanislaus River.

Tulloch Reservoir has a storage capacity of about 70 TAF. Releases from Tulloch Powerhouse flow
downstream to Goodwin Dam, where diversions are made into the Oakdale and South San Joaquin canals.
More than 40 small pump diversions along the Stanislaus River supply irrigation water during spring and
summer. Stockton-East Water District has a contract with Reclamation for 75 TAF per year of New
Melones water to be delivered from Tulloch Reservoir through the Goodwin Tunnel/Farmington Canal
system, when available.

Water allocation has been approximately 200 TAF for in-stream flow use and about 500 TAF for
diversions. Additional releases for downstream water quality control have been made since 1982. Releases
were made prior to 1982 for flood control purposes. Maximum monthly diversions are about 100 TAF
during the irrigation season from May through August.

Salmon spawn in the 23-mile reach between Goodwin Dam and Riverbank, and rear in the entire Lower
Stanislaus River. Current in-stream flow requirements vary from about 135 cfs (average in dry years) to
about 415 cfs (average in wet years). Water quality releases during the irrigation months increase average
flow by 200 cfs. DFG and the AFRP recommend additional spring flow for outmigration. The AFRP
suggests an adaptive management framework, with releases that depend on available water supply. Because
of water rights and contract obligations, additional in-stream flow requirements may be difficult to meet
in some years.

Tuolumne River

The Tuolumne River has a watershed of about 1,900 square miles that drains the Sierra Nevada Mountains
and foothills, including the north half of Yosemite National Park. The average annual unimpaired runoff
of the Tuolumne River is about 1.8 MAF and ranges from 380 TAF to about 4.6 MAF. Peak snowmelt
runoff occurs between April and June. Rainfall can cause substantial runoff from December through
March. Late summer and fall inflows are relatively low; the median inflow is less than 50 TAF (800 cfs)
from July through December.

Over 2.5 MAF of storage capacity has been constructed on this river. Water is impounded and regulated
by several dams in the high Sierra for municipal water supply and power generation. The Hetch-Hetchy
Reservoir (located in Yosemite National Park), with a capacity of about 360 TAF, was constructed by the
City and County of San Francisco in 1923 {or drinking water supply. Cherry Lake (260-TAF capacity)
was completed in 1953 to increase the aqueduct yield.

Downstream of the San Francisco facilities, the Tuolumne River is impounded and regulated by New Don
Pedro Reservoir. New Don Pedro Reservoir was completed in 1971 by the Turlock and Modesto
Irrigation Districts to increase the reliability of water supply diversions. New Don Pedro Reservoir has
a capacity of about 2 MAF and allows the diversion of about 900 TAF each year from La Grange Dam,
located downstream of New Don Pedro Reservoir.
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Annual Tuolumne River inflow to New Don Pedro Reservoir is about 1.5 MAF. Of this, about 900 TAF
is used for diversions and 200 TAF is used for in-stream flows. The inflow to New Don Pedro Reservoir
is affected by San Francisco’s upstream reservoirs and diversions. Annual average storage releases are
420 TAF and range from 90 to 910 TAF. Average carryover storage is 1.2 MAF.

La Grange Dam is the upstream limit for anadromous fish on the Tuolumne River. Salmon spawn in the
25-mile reach between La Grange Dam and the town of Waterford, and rear in the entire Lower
Tuolumne River. Based on historical records between 1970 and 1997, median monthly flow below La
Grange Dam is about 230 cfs and ranges between 10 cfs (10" percentile) and 3,100 cfs (90" percentile).

Almost all diversions from the Tuolumne River below New Don Pedro Reservoir are made by the
Modesto and Turlock Irrigation Districts. Maximum diversions generally peak in July with a median
diversion of approximately 180 TAF. The combined annual diversions made by these two irrigation
districts range from 440 TAF to about 1.1 MAF, with an average of about 900 TAF.

In-stream flow requirements for the New Don Pedro hydropower FERC license were revised in 1997,
The flows are specified for the October-to-March salmon spawning and rearing season, the April and May
outmigration pulse, and the summer steelhead rearing season. The salmon rearing flows vary from 80 to

300 cfs, with pulse flows of 500-3,000 cfs. The summertime steelhead rearing flows vary from 50 to
200 cfs.

Merced River

The Merced River has a watershed of about 1,275 square miles and drains the Sierra Nevada Mountains
and foothills, including the southern half of Yosemite National Park (Yosemite Valley). The Merced River
has average unimpaired flows of about 1 MAF, with a range of 150 TAF to more than 2 MAF. Peak
snowmelt runoff occurs from April through July. Rainfall storms can cause substantial runoff from
December through March. Late-summer and fall unimpaired flows are relatively low; the median flow
is less than 100 cfs from August through October. The highest flows occur during winter, when rainfall
storms require reservoir flood control releases. The unimpaired flows generally are captured and released
for irrigation diversions. Summer flows at Stevinson are generally less than 50 cfs, and median flows
during the October-to-March salmon spawning and rearing season are between 250 and 500 cfs.

Lake McClure is formed by New Exchequer Dam, which was completed by the Merced Irrigation District
in 1967 to increase the reliability of water supply diversions from the Merced River. The storage capacity
of Lake McClure is approximately 1 MAF. Annual diversions of about 600 TAF are made into the North
Canal at the Merced Falls Dam and into the Main Canal at the Crocker-Huffman Dam. The Crocker-
Huffman Dam near the town of Snelling is the upstream limit for anadromous fish on the Merced River.
The Merced River Hatchery is located immediately below the Crocker-Huffman Dam. The available
storage is utilized in the majority of years, with maximum storage levels achieved in May and June
following the spring snowmelt season. Average carryover storage is 485 TAF. Annual storage releases
average 350 TAF and range from about 150 to 550 TAF. Merced River inflow to Lake McClure is about
900 TAF. Of this, about 500 TAF is used for diversions and 400 TAF is used for in-stream flows.

Below the major Merced River diversions, average annual downstream flow is 430 TAF (590 cfs) and
downstream riparian diversions are about 30 TAF. Maximum diversions occur in July and August, the
peak irrigation months. At the mouth (near Stevinson), average annual flow is higher, about 500 TAF
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(700 cfs), indicating that some of this flow is contributed by irrigation return flows along the Lower
Merced River. Several diversions occur downstream of Crocker-Huffman Dam. Annual diversion range
from about 200 to more than 650 TAF, with an average of about 550 TAF.
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35 TA dry years to about 50 TAF in wet years, with an average requirement of about 42 TAF (58 cfs).
The DaVlS Grunsky contract between DFG and Merced Irrigation District includes flow requirements
of 200 cfs from November through March. DFG and the AFRP have suggested in-stream flows that
depend on available runoff. DFG and the AFRP flows are specified for the October-to-March salmon
spawning and rearing season, the April and May outmigration pulse period, and the summer steelhead
rearing season. Salmon rearing flows (recommended by DFG) vary from 200 to 300 cfs, with pulse flows
of 300-500 cfs and summer flows of 200-300 cfs. Additional flow for temperature control are
recommended in April and May. The AFRP recommended considerably greater releases during years with
higher runoff.

5.1.3.5 SOUTH-OF-DELTA SWP AND CVP SERVICE AREAS

The SWP includes 20 reservoirs and 662 miles of aqueduct. Conveyance facilities serving south-of-Delta
service areas include the Coastal Branch Aqueduct (serving the Central Coast Region) and the California
Aqueduct (serving the South Coast Region). The capacity of the California Aqueduct at the Delta is
10,300 cfs. South of the Tehachapi Mountains at the southern end of the Central Valley, the capacity of
the aqueduct is 4,480 cfs. The major SWP reservoirs serving these areas include Pyramid Lake and Castaic
Lake (which receive water via the West Branch of the California Aqueduct) and Silverwood Lake and
Lake Perris (which receive water via the East Branch of the California Aqueduct). Of the initial project
contracts for 4.2 MAF annual delivery, about 2.5 MAF was contracted by southern California, about
1.3 MAF by the San Joaquin Valley, and about 0.4 MAF by the Bay, Central Coast, and Feather River
areas. These water supplies were contracted for by regional and local water agencies for anticipated future
demand; the full 4.2 MAF of entitlement has not been requested to date. Since about 1980, southern
California has received about 60% of its full entitlement, while the San Joaquin Valley has received nearly
all of its entitlement. It has been estimated that SWP facilities have about a 65% chance of making full
deliveries of requested water supplies at the 1995 level of demand.

Reclamation’s CVP is the largest water storage and delivery system in California, covering 29 of the
State’s 58 counties. The CVP currently consists of 21 reservoirs capable of storing 12 million acre-feet of
water, 11 power plants, 500 miles of major canals and aqueducts, and many other tunnels, conduits, power
transmission line, The CVP irrigates about 3.25 million acres of farmland and supplies water to more than
2 million people through more than 250 long-term water contractors in its service area. Most of the CVP
service area is inside the Central Valley. Outside the Central Valley, the service area includes part of Santa
Clara County, northwest San Benito County, a small region along both sides of the Santa Cruz/Monterey
County line, and northeastern Contra Costa County. About 90% of the south-of-Delta contractual
delivery is for agricultural uses.

The CVP pumps water from the Delta at the Tracy Pumping Plant and conveys the water south via the
DMC. Other key facilities south of the Delta include the San Luis Reservoir (shared with the SWP), the
Contra Costa Canal, New Melones Dam, Friant Dam and the Friant-Kern Canal. In its south-of-Delta
service area, the CVP includes the Delta, New Melones, San Felipe, San Luis and Friant Divisions. These
areas hold approximately 5.8 MAF in total service contracts, including 1.4 MAF of Friant Division Class 2
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supply available in wet years. Of the 5.8 MAF, 4.9 MAF is project water and 840 TAF is water right
settlement water.

5.1.4 ASSESSMENT METHODS

5.1.4.1 TOOLS

Both qualitative and quantitative methods were used to assess the potential impacts of the Program
alternatives on water supply and water management. In general, qualitative methods were used to assess
impacts from implementation of the Ecosystem Restoration, Water Quality, Levee System Integrity,
Water Use Efficiency, Water Transfer, and Watershed Programs. Qualitative methods-also were used to
assess the impacts of some aspects of the storage and conveyance features of the Program alternatives,
including in-Delta storage. (See Section 2.1.2.) Because of the availability of appropriate models,
quantitative methods were used to assess the impacts of other aspects of the storage and conveyance
features of the Program alternatives.

DWRSIM is a planning model used to simulate the CVP and SWP systems of reservoir and conveyance
facilities. The model calculates flows on a monthly time step, using a historical 73-year hydrologic
sequence (water years 1922-94). Historical runoff patterns have been normalized to reflect 1995-level and
2020-level land use. This normalization process—or hydrology development process—results in hydrology
inputs to DWRSIM that are representative of the water supply available to the CALFED study area under
existing conditions (1995 level) and future conditions (2020 level). The No Action Alternative and all
Program alternatives assume 2020-level conditions.

As part of the hydrology development process, the Sacramento River Region is divided into drainage and
service areas from which water supplies and demands can be more easily evaluated. (San Joaquin River
Region hydrology is based on maximum historical water use as determined by Reclamation.) These
individual areas are called “depletion study areas.” Three steps are conducted in sequence within the
hydrology development process:

» Consumptive use studies evaluate water use by depletion area, using historical and projected
agricultural and urban land use, evapotranspiration rates, precipitation rates, and soil moisture storage
criteria. Projected agricultural and urban land use is based on DWR’s Bulletin 160-98. Output from
the consumptive use studies becomes input to the depletion analysis.

» Depletion analysis studies evaluate the effect of future water demands and future storage and diversion
regulation on the historical flows of the river systems tributary to the Delta. Future depletion area
outflows are computed by adjusting the historical outflow for any changes in water use occurring
upstream.

o Preparing input to DWRSIM is the final step in the hydrology development process. Consumptive

use and depletion analysis data are converted to local inflows and diversions for the control points in
the DWRSIM network.

The hydrology development process imposes 25% or 50% deficiencies on full upstream CVP/SWP project
demands during dry and critical water years. Upstream water demands that are not met through
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CVDP/SWP project deliveries are assumed to be met through locally derived water supplies. Details on the
hydrology development process are documented in a July 1994 DWR memorandum report entitled

“Summary of Hydrologies at the 1990, 1995, 2000, 2010, and 2020 Levels of Development for Use in
DWRSIM Planning Studies.”

A key outcome of the hydrology development process is that all upstream water demands are met through
CVP/SWP project deliveries or through locally derived water supplies. Consequently, the modeling
approach assumes that water supply reliability in the Sacramento and San Joaquin River Regions remains

unchanged under all conditions—existing conditions, the No Action Alternative, and all Program
alternatives.

Project Operations Modeling

DWRSIM is designed to simulate operation of the CVP and SWP systems for the purposes of water
supply, flood control, recreation, in-stream flows, power generation and Delta water quality and outflow
requirements. The model is used to analyze the potential effects of proposed new features, such as
additional reservoir storage or Delta export conveyance, as well as any changes to criteria controlling
project operations.

To evaluate the various Program alternatives using DWRSIM, new facilities and operational assumptions
are assigned to the CVP and SWP. For this programmatic-level evaluation, impacts are evaluated and
discussed relative to study regions rather than specific water projects.

Model results provide information on expected reservoir storage, river flow, Delta inflow, Delta outflow,
exports, and water project deliveries. Project water deliveries are assumed to have priority access to
available capacity of facilities. This analysis does not consider potential operational changes of non-project
facilities with the Central Valley system. In addition to DWRSIM, electronic spreadsheet models and
other analytical tools were used for the analyses. The monthly flows calculated by DWRSIM for the
Sacramento and San Joaquin Rivers are used as input for Delta hydrodynamic and water quality modeling.

Bay-Delta Hydrodynamic and Water Quality Modeling

The hydrodynamic model, DSM2, simulates the channel flows, tidal effects, and water quality of the Bay-
Delta estuary. For the purposes of this programmatic analysis, model simulations were conducted for a
16-year historical hydrologic sequence (water years 1976-91). This period was selected to cover a broad

range of Delta inflows and exports and is generally representative of the 73-year historical hydrologic
sequence used in DWRSIM.

A great number of variables must be simulated to describe flows in the Delta. The Delta is a network of
interconnected channels. The water flowing in these channels is acted upon by a number of competing
forces. Freshwater enters the Delta from tributary streams, including but not limited to the Sacramento,
San Joaquin, Mokelumne, and Calaveras Rivers. During much of the year, these Delta inflows are largely
controlled by upstream reservoir operations.

Another influence on the flow of water in Delta channels is tidal action. Tidal inflows move water into
portions of the Delta where freshwater flows and channel geometry offer the least resistance. The
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relatively large freshwater inflows from the Sacramento River have the capacity to resist tidal inflows
more than the smaller inflows from the San Joaquin River. Combined with pumping in the south Delta,
saline Bay water tends to move further into the south Delta than it does into the north Delta. The pattern

of flows is continually changing as a result of these competing forces, making it difficult to describe the
dominant patterns.

Salinity is an indirect measure of hydrodynamic conditions in the Delta. Delta salinity is primarily a result
of seawater intrusion, although upstream sources, such as agricultural drainage from the San Joaquin
Valley, contribute to Delta salinity. X2 is a measure that describes Delta salinity resulting from
hydrodynamic conditions. X2 is the distance upstream from the Golden Gate Bridge (in km) at which the
mixing of freshwater from the Delta inflow and saltwater from the Bay results in a channel bottom
salinity of two parts per thousand. Changes in these variables are used in this programmatic analysis to
describe the effects of Program actions on hydrodynamic conditions in the Delrta.

5.1.4.2 ADDRESSING UNCERTAINTY

The Program recognizes the need to address uncertainty in its assessment of Program alternatives. Project
operations modeling and Delta hydrodynamic modeling rely on the formulation of reasonable
assumptions to accurately reflect the consequences of present and future water management decisions. The
use of different assumptions may lead to conclusions that overestimate or underestimate the impact or
benefits of implementing the various Program elements. The modeling assumptions with the greatest
uncertainty include future water demands and future environmental water requirements, as discussed in
Section 5.1.2.

The Program has begun the formulation of a comprehensive water management strategy to determine
the appropriate role of various water management tools in meeting Program objectives. Different
combinations of tools may be appropriate depending on future population growth, land use changes,
technological improvements, willingness to pay for improved water supply reliability, and environmental
water requirements. These factors can affect the level of future demands on the Bay-Delta system. To aid
in developing a water management strategy, the Program has undertaken an economic evaluation of water
management alternatives. The Program is performing economic assessments to identify cost-effective
combinations of strategies (for example, conservation, recycling, transfers, and new facilities) that meet
the Program’s water supply reliability objectives. This study effort will help to quantify the uncertainty
and risk associated with alternative water management strategies.

At present, a high level of uncertainty is associated with future environmental water requirements.
Through the development of an EWA, the Program intends to provide flexibility in achieving
environmental benefits while reducing uncertainties associated with environmental water requirements.
Flexible management of water operations could achieve fishery and ecosystem benefits more efficiently
than a fully prescriptive regulatory approach. The Program believes that operations using an EWA can
achieve substantial fish recovery while providing for continuous improvement in water supply reliability
and water quality. A variety of potential approaches are available to define and operate an EWA.
Although an EWA has significant potential, a number of major issues and details must be resolved before
this approach can be fully implemented, These include:

¢ Determine which environmental protections would be provided through prescriptive standards and
which would be provided through an EWA.

CALFED Final Programmatic EIS/EIR * July 2000 5-1'18



Chapter 5. Physical Environment 5.1 Water Supply and Water Management

* Investigate various approaches for implementing an EWA.
* Developing accounting methodologies.

¢ Determine reliability of existing legal mechanisms to assure intended use of EWA water released for
in-stream purposes.

* Determine how much existing surface and groundwater storage, water purchase contract water, and
water generated from conservation and recycling projects will be needed by an EWA.

To fully describe potential consequences of program actions, the Program has incorporated a reasonable
range of uncertainty into this programmatic analysis. This range of uncertainty was quantified by
formulating two distinct bookend water management criteria assumption sets. These two sets of
assumptions, referred to as Criteria A and B, serve as boundaries for a range of possible Delta inflow,
export, and outflow patterns in this programmatic analysis. The primary assumptions that differentiate
the bookend assumption sets from each other and from existing conditions are Bay-Delta system water
demands and various Delta water management criteria that regulate system operations. Figure 5.1-2
reflects the framework for evaluating the No Action Alternative and Program alternatives.

The range of water demands defined by these water management criteria assumption sets represents
uncertainty in the future need for Bay-Delta water supplies due to population growth, land use changes,
implementation of water use efficiency measures, and water marketing. Criterion A assumes current Bay-
Delta system demands apply throughout the Program planning horizon. Under this assumption, any
future increase in demands in the Program study area would be met by alternative supply or demand
management options. In contrast, Criterion B assumes a future increase of about 10% in Bay-Delta system
demands. SWP demands vary annually from 3.6 to 4.2 MAF and CVP demands are 3.5 MAF per year

using this criterion.

The range of Delta water management criteria represents uncertainty related to future environmental
water requirements. Under Criterion A, CVP and SWP facilities are operated to provide additional Delta
protection above the existing conditions operation criteria. While specific assumptions regarding Delta
water management criteria were made to complete the water simulation modeling, the Program’s
intention is to depict a general level of environmental protection. These assumptions should not be
interpreted as specific predictions of future regulatory actions. Under Criterion B, existing Delta
protective actions are assumed.

Ranges also were used to describe possible flow changes in the Trinity and American Rivers due to the
Trinity River Flow Analysis Study and implementation of the EBMUD CVP contract. These activities
could result in changes in the availability of water to meet Program objectives. The assumed ranges were
included in the No Action Alternative assumptions to help decision makers better understand the
potential consequences to the Program. No decisions have been made about the Trinity River flows or
American River diversions. Both of these efforts are currently undergoing environmental review.

The CVPIA is included in the description of existing conditions and in the analyses of the No Action
Alternative and Program alternatives in this programmatic evaluation. Section 3406 (b)(2) of the CVPIA
mandates that the Secretary of Interior dedicate and manage 800 TAF of CVP yield for the primary
purpose of implementing fish, wildlife, and habitat restoration measures. Considerable controversy has
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

surrounded interpretation and implementation of this provision. In November 1997, Interior issued its
“Final Administrative Proposal on the Management of Section 3406(b)(2) Water,” which described
Interior's plan to comply with this provision. This Final Administrative Proposal provided the basis for
the assumptions regarding implementation of CVPIA Section 3406 (b)(2) used in the analysis of
alternatives included in this programmatic evaluation.

A legal challenge to Interior’s interpretation of CVPIA Section 3406(b)(2) followed the release of the Final
Administrative Proposal. The controversy centered on Interior’s method of accounting for CVP yield
for Section 3406 (b)(2) purposes. In response to a preliminary injunction issued by U.S. District Court
Judge Oliver W. Wanger, Interior prepared and released the “Interim Decision on Implementation of
Section 3406(b)(2) of the Central Valley Project Improvement Act” on July 14, 1999. This was followed
by issuance of a “Final Decision on Implementation of Section 3406(b)(2) of the Central Valley Project
Improvement Act” on October 6, 1999. The Final Decision describes the accounting methodology that
Interior intends to use to determine the extent of restoration measures that will be implemented under
CVPIA Section 3406 (b)(2). As described in the Final Decision, while Interior maintains broad discretion
in determining what measures will be implemented, an annual accounting will be used to ensure that
800 TAF of CVP yield is dedicated to restoration actions each year.

In a March 2000 ruling that dissolved the preliminary injunction, Judge Wanger upheld Interior's method
of accounting for CVP yield for the 1999-2000 water year in the Interim Decision, with some
modification regarding flows in the American River. Plaintiffs have filed amended complaints, challenging
the Final Decision, and have appealed Judge Wanger's order, dissolving the preliminary injunction on the
Interim Decision. Moreover, the State of California currently is working with Interior to determine how
SWP facilities will be operated during implementation of CVPIA Section 3406 (b)(2) restoration measures.
For these reasons, it is unclear how CVPIA Section 3406(b)(2) ultimately will be interpreted. While
general effects of CVPIA Section 3406 (b)(2) restoration actions are included in this programmatic
evaluation, based on the November 1997 Final Administrative Proposal, some specific effects could vary
in the future as the details of implementing CVPIA Section 3406 (b)(2) are determined. Final
implementation of the CVPIA Section 3406(b)(2), however, does not present an insurmountable obstacle
for this programmatic evaluation.

As described above, the No Action Alternative and the Program alternatives were evaluated with a range
of operating assumptions to consider uncertainty in future Bay-Delta system water demands and
environmental water requirements. The range of uncertainty is bounded by two distinct bookend water
management critetia assumption sets (Criteria A and B). The provisions of Interior’s November 1997
Final Administrative Proposal are included as operational assumptions in both of these bookend
assumption sets. The Criterion A assumption set defines the highest environmental water requirements
and lowest Delta exports considered in this analysis. Ecosystem protections provided in Criterion A
exceed those included in the 1994 Bay-Delta Accord and the November 1997 Final Administrative
Proposal interpretation of CVPIA Section 3406(b)(2). CALFED does not anticipate that future changes
in interpretation of Section 3406(b)(2) will result in higher environmental water requirements or lower
Delta export conditions than those described by the Criterion A assumption set. At the opposite end of
the range of uncertainty, the Criterion B assumption set defines the lowest environmental water
requirements and highest Delta exports considered in this analysis. Again, CALFED does not anticipate
that a revised interpretation of Section 3406(b)(2) will result in a lower environmental water requirement
or a higher Delta export condition than provided in the Criterion B assumption set. Some exceptions to
these expected effects of CVPIA Section 3406(b)(2) could occur; some specific parameter may vary outside
the ranges evaluated in this programmatic evaluation during some specific water-year type. However,
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these potential differences would be consistent for all alternatives and are not expected to significantly
change the magnitude of projected impacts.

5.1.4.3 MODELING ASSUMPTIONS

A summary description of the Program alternative assumptions is S Puer D,
provided in Table 5.1-2. This table also provides a description of Delta acramento |<jver | Jiversion
modifications afld storage components assocflated Wlt.h eacltl alternative.  opiac and figures in Section 5.1 for the
These assumptions and Program alternative configurations are the  Ppreferred Program Alternative reference a
foundation of the DWRSIM and DSM2 assessments, which provide  “Hood diversion.” This location was used
quantitative information utilized by several resource areas for impact ~ Only for modeling purposes. The Preferred
. . - . Program Alternative identifies a “diversion
evaluations of the Program alternatives. In some instances, assumptions o cility on the Sacramento River.”
are required for modeling purposes that incorporate more detail than

needed for this programmatic evaluation. An example of this level of

detail is the specific location of storage and conveyance facilities. These detailed modeling assumptions,
provided in Attachment A, describe the analytical processes employed in this evaluation; these
assumptions are not intended to imply the outcome of future project-specific decisions.

5.1.4.4 APPROACH

The DWRSIM model was used to programmatically evaluate the effects of adding new facilities and
changing existing facilities operating criteria on Central Valley flows, existing and new reservoir storage
operations, Delta exports and outflow, and required water acquisition quantities. As described in
Section 5.1.4.1, the hydrology development and modeling approach used in this evaluation includes the
assumption that all upstream-of-Delta demands are met through CVP/SWP project deliveries or locally
derived supplies. Projected water supply needs in these areas are deducted from Delta inflows.

Consequently, water supply reliability remains unchanged under all Program alternatives for upstream-of-
Delta areas.

The DWRSIM model was used to assess changes in water deliveries to South-of-Delta SWP and CVP
water users resulting from Program implementation. For each Program alternative, water supply
reliability was assessed relative to the degree and frequency at which the facilities (and associated
operations criteria) are able to meet future water demands. These demands include municipal, industrial,
agricultural, environmental, power production, aesthetic, and recreational water needs. Specific
beneficiaries and willingness of beneficiaries to pay for new facilities will not be determined until later
stages of the Program. For this analysis, SWP and CVP water users were used as surrogates for all
potential water supply beneficiaries.

Assumptions regarding allocation of new storage capacity between agricultural, urban, and environmental
beneficial uses are hypothetical and provided only for modeling purposes. Decisions about how to allocate
potential benefits will be made based on several factors including the willingness of users to pay for new
storage or conveyance facilities, operational opportunities and constraints associated with new storage or
conveyance facilities, and environmental requirements associated with new storage or conveyance
facilities.
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5.1 Water Supply and Water Management

Table 5.1-2. Summary of Modeling Assumptions
{continued)

OPERATICN CRITERIA

Baseline Operation Criteria

1 1995-level hydrology and demands are assumed. South-
of-Delta SWP demands vary between 3.5 MAF in drier
years down to 2.6 MAF in wetter years based on local
wetness indices. Annual south-of-Delta CVP demands are
3.4 MAF. CVP and SWP facilities are operated to meet
the SWRCB May 1995 Water Quality Control Plan for the
Bay-Delta (WQCP); the facilities are also operated to
meet the CVPIA (b) (2} Delta actions. Trinity River
minimum flows below Lewiston Dam are maintained at
340 TAF in all years.

Water Management Criteria

A 2020-level hydrology and 1995-level demands are
assumed. CVP and SWP facilities are operated to meet
additional prescriptive Delta actions above the baseline
operation criteria. Trinity River minimum flows below
Lewiston Dam are as defined per U.S. Bureau of
Reclamation (Reclamation) Draft CVPIA PEIS. EBMUD
American River diversions at Fairbairn are assumed as
defined in the EBMUD Supplemental Water Supply
Project {maximum 115 TAF per year).

B 2020-level hydrology and demands are assumed. SWP
demands vary annually from 3.6 to 4.2 MAF. CVP
demands are 3.5 MAF per year.

South Delta Criteria

1 Full and unlimited joint point of diversion (JPD) is
assumed. Harvey O. Banks Delta Pumping Plant {(Banks
Pumping Plant) capacity is 10,300 cubic feet per second
(cfs); actual pumping is constrained in accordance with
1981 U.S. Army Corps of Engineers (Corps) criteria.

2 Full and unlimited JPD is assumed. Banks Pumping Plant
capacity is 10,300 cfs.

North Delta Criteria

1 Hood diversions are limited to: {a) 50% of south Delta
exports; (b) 5,000 cfs in May; {c) 35% of Sacramento
flow in March and June, and 15% in April and May. Rio
Vista flow criteria of 3,000 cfs in July and August are
maintained. Delta Cross Channel {DCC) gates are closed
for all months, except in June for dry, critical, and below-
normal water-year types.

2 Hood diversions are limited to: (a) 100% of the south-of-
Delta exports, and (b} 5,000 cfs in May. Rio Vista flow
criteria of 3,000 cfs are maintained. DCC gates are
closed, except for July and August.

Isolated Facility Criteria

1 Isolated facility diversions are limited to 5,000 cfs in
May. Minimum through-Delta conveyance is 1,000 cfs
from October-March and July-September. Rio Vista flow
criteria of 3,000 cfs are maintained. DCC gates are
closed, except June {in dry, critical, and below-normal
water years), and July and August (in all water years).
The isolated facility conveyance is included in export
restrictions.

2 Isolated facility diversions are limited to: {a) 5,000 cfsin
May, and {b) 35% of Sacramento flow in March and
June, and 15% in April-May. Minimum through-Delta
conveyance is 1,000 cfs from October-March and July-
September. Rio Vista flow criteria of 3,000 cfs are
assumed. DCC gates are closed, except for July and
August. The isolated facility conveyance is not included
in export restrictions.

3 Level Il Delta agriculture diversions are delivered from the
Isolated Facility.

DELTA MODIFICATIONS

CVP and SWP Improvements

1 New fish screens operate at the Skinner Fish Facility and
Tracy Pumping Plant intake. Interconnection between
Tracy Pumping Plant and CCFB is assumed.

North Delta Modifications
1 A 10,000-cfs screened Hood intake is operational.

2 A 2,000-cfs screened Hood intake is operational.
3 A 4,000-cfs screened Hood intake is operational.

4 A 600-foot-wide alignment is assumed along the
Mokelumne River from I-5 to the San Joaquin River.

South Delta Modifications

1 Increased permitted capacity of existing export pumps to
physical capacity is assumed. A new CCFB intake
structure is operational. An operable barrier (or
equivalent) is installed at the head of Old River to
maintain a positive flow down the San Joaquin River.

2 Flow and stage control structures (or equivalent) are
installed on Middle River, Grant Line Canal, and Old River
to control flow, stage, and south Delta salinity.

3 Channel enlargement along a 4.9-mile reach of Old River
is assumed.
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5.1.5 SIGNIFICANCE CRITERIA

The significance of effects of Program actions on water supply and water management is evaluated with
respect to the Program primary water supply objective of reducing the mismatch between Bay-Delta
water supplies and the current and projected beneficial uses dependent on the Bay-Delta system. The
Program has refined its primary water supply reliability objective to include the following sub-objectives:

* Reduce diversion conflicts between water users and environmental needs during average and drought
periods.

* Increase access to economically efficient water supplies during average and drought periods for all
beneficial uses.

® Increase water system operational flexibility so it is better suited to respond to biological and
hydrological variability and be more resilient to potential disasters.

¢ Improve water quality so available water supplies are suitable for more uses and reuses.

Alternatives that would increase conflicts between water users and environmental needs, reduce access
to economically efficient water supplies for all beneficial uses, decrease system operational flexibility, or
decrease water quality are deemed to result in a significant adverse impact on water supply.

5.1.6 NO ACTION ALTERNATIVE

To assess the consequences of the various Program alternatives on water supply and water management
in the Program study area, a pre-implementation condition must be established. Typically, existing
conditions provide an adequate basis for assessing the impacts of proposed projects. (See Section 5.1.3 for
a description of existing conditions.) However, Program implementation is expected to occur over 30 or
more years. Bay-Delta standards and management criteria, water management facilities, and other
conditions are not expected to remain constant over this extended time period. The actual deviation
between pre-implementation conditions and existing conditions is subject to a high degree of uncertainty.
Section 5.1.2 elaborates on the uncertainties associated with the Program.

A 2020 No Action Alternative was defined to represent a reasonable range of uncertainty in the pre-
implementation condition. This range of uncertainty was quantified for purposes of this programmatic
document by formulating two distinct bookend water management criteria assumptions sets. These two
sets of assumptions (Criteria A and B) serve as boundaries for a range of possible Delta inflow, export, and
outflow patterns in the No Action Alternative programmatic analysis. The primary assumptions that
differentiate the No Action Alternative bookends from each other (and from existing conditions) are Bay-
Delta system water demands and various Delta water management criteria that regulate system operations.
Further details on the bookend assumptions and other assumptions used in the evaluation of the No
Action Alternative are presented in Section 5.1.4 and in Attachment A.

The programmatic comparisons presented in this section differentiate water supply and water
management provided under the No Action Alternative and existing conditions for each of the five
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planning regions (described in Section 5.1.3). Water supply comparisons are made based upon a 73-year
historical hydrologic period, a sequence of years often referred to as the “long-term” period. Similar
comparisons are made using a subset of the long-term period—the dry and critical years.

Comparisons of water supply and water management characteristics under both No Action Alternative
bookends were made with those same characteristics under existing conditions. For most parameters of
interest, existing conditions fall between the two No Action Alternative bookends, within the range of
uncertainty associated with the No Action Alternative. This trend applies to both the long-term period
and dry and critical years. Specific comparisons of No Action Alternative and existing conditions water
supply and water management characteristics for the Program’s five planning regions are presented below.

5.1.6.1 DELTA REGION

Programmatic comparisons of Delta inflow and exports were made between the No Action Alternative
and existing conditions using DWRSIM modeling results. Differences generally fall within the range of
uncertainty associated with the No Action Alternative.

The range of Delta inflows and exports predicted for the No Action Alternative generally bracket inflows
under existing conditions. Over the long-term period, average annual Delta inflows could remain constant
or decrease by as much as 330 TAF (-2%) under the No Action Alternative relative to existing conditions.
Similarly, during dry and critical years, average annual Delta inflows could remain constant or decrease
by as much as 280 TAF (-2%). Reductions in annual Delta inflows would result from greater upstream
water use and smaller reservoir releases in response to export restrictions. The greatest average monthly
percent reductions would occur during late spring and early summer, with deviations from existing
conditions as high as -16% in June and July of dry and critical years.

The range of Banks and Tracy Delta exports predicted for the No Action Alternative generally bracket
exports under the existing conditions. Figure 5.1-3 compares average monthly Delta exports for the long-

term period. Similarly, Figure 5.1-4 compares average monthly Delta exports during dry and critical
water-years.

Over the long-term period, annual Delta exports could decrease by as much as 570 TAF (-10%) or could
increase by as much as 370 TAF (+7%) under the No Action Alternative compared to existing conditions.
Reductions in annual Delta exports would result from more protective Delta water management criteria;
increases in annual Delta exports would result from higher demands on the Bay-Delta system. The greatest
average monthly percent reductions would occur during the spring, with deviations from existing
conditions ranging from -20% to -60%. The greatest average monthly percent increases would occur
during the winter, with deviations from existing conditions ranging from +10% to +20%.

During dry and critical years, annual Delta exports could decrease by as much as 610 TAF (-12%) or could
increase by as much as 130 TAF (+3%) under the No Action Alternative compared to existing conditions.
Higher Bay-Delta system demands have a relatively small impact on Delta exports during dry and critical
years, as the system is generally supply-limited during droughts. The greatest average monthly percent
reductions would occur during February through July, with deviations from existing conditions ranging
from -20% to -50%. Similar to the long-term period, the greatest average monthly percent increases would
occur during the winter, with deviations from existing conditions ranging from +5% to +10%.
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Figure 5.1-3. Delta Exports at Banks and Tracy
under the No Action Alternative and Existing

Conditions for the Long-Term Period
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Figure 5.1-4. Delta Exports at Banks and Tracy
under the No Action Altemative and Existing

Conditions for Dry and Critical Years
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5.1.6.2 BAY REGION

Programmatic comparisons of Delta outflow to San Francisco Bay were made between the No Action
Alternative and existing conditions using DWRSIM modeling results. Differences generally fall within the
range of uncertainty associated with the No Action Alternative. Figures 5.1-5 and 5.1-6 present Delta
outflow comparisons for the long-term period and dry and critical years, respectively.

Over the long-term period, annual Delta outflow could decrease by as much as 390 TAF (-3%) or could
increase by as much as 230 TAF (+2%) under the No Action Alternative compared to existing conditions.
Reductions in annual Delta outflow would result from higher demands on the Bay-Delta system; increases
in annual Delta outflow would result from more protective Delta actions. The greatest average monthly
percent reductions would occur during the fall months, with deviations from existing conditions as much
as -8%. The greatest average monthly percent increases would occur during the spring months, with
deviations from existing conditions as much as +9%.

During dry and critical years, annual Delta outflow could decrease by as much as 110 TAF (-2%) or could
increase by as much as 330 TAF (+6%) under the No Action Alternative compared to existing conditions.
Higher Bay-Delta system demands have a relatively small impact on Delta outflow during dry and critical
years, as the system is generally supply-limited during droughts. The greatest average monthly percent
reduction (-8%) would occur in January. The greatest average monthly percent increases would occur

during the late winter and early spring, with deviations from existing conditions ranging from +5% to
+11%.

5.1.6.3 SACRAMENTO RIVER AND SAN JOAQUIN RIVER
REGIONS

This section provides a comparison of existing conditions and the No Action Alternative with respect to
water supply and water management in the Sacramento and San Joaquin River Regions. The
programmatic comparison focuses on water use and surface water storage.

Although this programmatic-level document evaluates potential impacts with respect to the five Program
study areas, water management and supply impacts may vary within each region by river basin. To
provide a foundation on which to evaluate region-specific No Action conditions, the river basins are
differentiated and discussed accordingly. This section considers three river basins in the Sacramento River
Region: Sacramento, Feather, and American. The Yuba River, another key river basin in the region, is
considered part of the Feather River basin for purposes of this analysis. This section also considers four
river basins in the San Joaquin River Region: Upper San Joaquin, Stanislaus, Tuolumne, and Merced.
Although the Calaveras, Mokelumne, and Cosumnes Rivers enter the Lower San Joaquin River, they are
not evaluated as part of the San Joaquin River Region water supply and water management section. Flows
from these rivers are considered in the Delta outflow analysis.

Simulation results are presented in this section from a regional perspective, consistent with a
programmatic-level evaluation. While changes in surface storage were estimated for the regions’ larger
facilities, results are aggregated for purposes of presentation. Facilities that were evaluated in the
Sacramento River Region include Shasta, Oroville, and Folsom. Facilities that were evaluated in the San
Joaquin River Region include New Melones, New Don Pedro, and McClure.
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Figure 5.1-5. Delta Outflow under the No Action Alternative
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Figure 5.1-6. Delta Outflow under the No Action Alternative

o0 and Existing Conditions for Dry and Critical Years
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Water Use

A depletion analysis was conducted to determine the effect of water demands and diversions on the flows
of river systems tributary to the Delta. In this evaluation, upstream depletions and accretions do not vary
between the No Action Alternative bookend water management criteria. All water demands in the
Sacramento River and San Joaquin River Regions are met through CVP/SWP project deliveries and
through locally derived water supplies under the No Action Alternative. For details related to the
DWRSIM hydrology development process, refer to Section 5.1.4, “Assessment Methods.”

Upstream water use assumed for the Sacramento River Region’s No Action Alternative is based on 2020-
level land use projections and long-term period historical inflow data. Water use is expected to increase
in the Sacramento River Region under the No Action Alternative. Urban net water use was assumed to
increase from 0.8 MAF under existing conditions to 1.1 MAF under the No Action Alternative.
Agricultural net water use was assumed to decrease from 6.5 MAF under existing conditions to 6.4 MAF
under the No Action Alternative. Average annual depletion of applied water is expected to increase in
all three major river basins under the No Action Alternative. Annual depletions are expected to increase
140 TAF above existing conditions in the Sacramento River basin. Similarly, annual depletions are
expected to increase 10 and 70 TAF above existing conditions in the Feather and American River basins,
respectively.

Water use in the San Joaquin River Region is expected to decrease under the No Action Alternative based
on an analysis of CVP demands conducted by the Bureau of Reclamation. Although urban net water use
was assumed to increase from 0.4 MAF under existing conditions to 0.7 MAF under the No Action
Alternative, agricultural net water use was assumed to decrease from 5.8 MAF under existing conditions
to 5.3 MAF under the No Action Alternative. Average annual depletion of applied water is expected to
decrease in all four major river basins under the No Action Alternative, Annual depletions are expected
to decrease 25 TAF from existing conditions for the eastside San Joaquin Valley north of the Tuolumne
River. Similarly, annual depletions are expected to decrease 27 TAF and 36 TAF from existing conditions
between the Tuolumne and Merced Rivers and between the Merced and San Joaquin Rivers. Finally,
annual depletions are expected to decrease 50 TAF from existing conditions for the DMC service area.

Local inflows and diversions developed for the depletion study areas were incorporated into the DWRSIM
modeling analysis. Figures 5.1-7 and 5.1-8 compare accretions and depletions in the Sacramento River and
San Joaquin River Regions under existing conditions and the No Action Alternative for both long-term

and dry and critical periods, respectively. These figures show minor differences in regional accretions and
depletions.

Surface Storage

DWRSIM was used to identify potential changes in surface storage volumes under existing conditions and
the No Action Alternative. The three primary surface storage facilities in the Sacramento River
Region—Shasta, Oroville, and Folsom—exhibited similar characteristics under existing conditions and the
No Action Alternative. The three primary surface storage facilities in the San Joaquin River Region—New
Melones, New Don Pedro, and McClure—also exhibited similar characteristics under existing conditions
and the No Action Alternative. These results were observed for both long-term and dry and critical
periods. Figures 5.1-9 and 5.1-10 show end-of September carryover storage exceedance for the primary
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Figure 5.1-7. Sacramento River Basin Depletion under the
No Action Alternative and Existing Conditions for the

Long-Term Period and Dry and Critical Years
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Figure 5.1-9. Carmryover Storage for Existing Suiface Reservoirs
in the Sacramento River Region under the No Action
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Figure 5.1-10. Carryover Storage for Existing Surface Reservoirs
in the San Joaquin River Region under the No Action
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surface facilities in the Sacramento River and San Joaquin River Regions, respectively. Carryover storage
is defined as the reservoir storage volume at the end-of-September.

As shown in Figure 5.1-9, average Sacramento River Region long-term period carryover storage (similar
to 50% exceedance) is about 5.5 MAF under existing conditions and ranges from 5.3 to 5.4 MAF under
the No Action Alternative. Average dry and critical year storage (similar to 80% exceedance) is about
3.9 MAF under existing conditions and ranges from 3.8 to 3.9 MAF under the No Action Alternative.
Carryover storage is expected to be lower under the No Action Alternative to meet higher Bay-Delta
system demands or provide water supplies for additional protective Delta water management criteria.

Asshown in Figure 5.1-10, average San Joaquin River Region long-term period carryover storage is about
3.2 MAF under existing conditions and 3.1 MAF under the No Action Alternative. Average dry and
critical year storage is about 2.3 MAF under existing conditions and 2.2 MAF under the No Action
Alternative.

5.1.6.4 SOUTH-OF-DELTA SWP AND CVP SERVICE AREAS

Programmatic comparisons of Delta deliveries to the South-of-Delta SWP and CVP Service Areas Service
Areas were made between the No Action Alternative and existing conditions using DWRSIM modeling
results. Differences generally fall within the range of uncertainty associated with the No Action
Alternative.

The range of average annual Delta deliveries predicted for the No Action Alternative generally bracket
Delta deliveries under existing conditions. Figure 5.1-11 compares the reliability of average annual Delta
deliveries under existing conditions with the expected range of delivery reliability expected under the No
Action Alternative. The figure shows that, under existing conditions, average annual Delta deliveries are
approximately 5.4 MAF for the long-term period (similar to 50% exceedance) and 4.5 MAF during dry
and critical years (similar to 80% exceedance).

Under the No Action Alternative, average annual deliveries could range from 4.8 to 5.8 MAF for the
long-term period. Higher deliveries would result from higher Bay-Delta system demands and would
generally take place in above normal and wet years when unallocated flows are available for export in the
Delta. Lower deliveries would result from additional protective Delta water management criteria. During
dry and critical years, annual deliveries could decrease by as much as 610 TAF. Because the system is
supply-constrained in dry and critical years, the higher demands considered in Criterion B would not
result in significantly higher deliveries relative to existing conditions.

Under existing conditions, the Program assumes that the Diamond Valley Reservoir and the Coastal
Aqueduct are not operating. Under Criterion B, the Program assumes these facilities are operational,
resulting in some influence on demand patterns. However, the effects of the Diamond Valley Reservoir
on Delta deliveries are expected to be minimal. Water supply reliability benefits from Diamond Valley
Reservoir will be regional in scope. Although the facility is expected to increase regional operating
flexibility during peak summer months, droughts, and emergencies, delivery of available Delta water
supplies will still be necessary. Therefore, an increase in regional operating flexibility is expected to have
little influence on SWP or CVP operations.
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DWRSIM was also used to identify the potential changes in existing off-aqueduct operating storage
volumes under existing conditions and the No Action Alternative. Figure 5.1-12 shows the estimated end-
of-September carryover storage exceedance for San Luis Reservoir. As shown in the figure, average long-
term period carryover storage (similar to 50% exceedance) is about 610 TAF under existing conditions
and ranges from 520 to 580 TAF under the No Action Alternative. Average dry and critical year storage
(similar to 80% exceedance) is about 300 TAF under existing conditions and ranges from 300 to 340 TAF
under the No Action Alternative.

San Luis Reservoir typically fills in fall and winter months. During these months under existing
conditions, storage volumes generally lie within the range of uncertainty associated with the No Action
Alternative. This comparison is generally consistent for all water-year types.

San Luis Reservoir typically drains in spring and summer months. During these months, the No Action
Alternative provides lower long-term average storage volumes relative to existing conditions. This
deviation from existing conditions is due to more protective Delta water management criteria (under
Criterion A) and higher deliveries (under Criterion B). During dry and critical years, Criterion B provides
storage volumes similar to existing conditions.

5.1.7 CONSEQUENCES: PROGRAM ELEMENTS
COMMONTO ALL ALTERNATIVES

For water supply and water management, the environmental consequences of the Ecosystem Restoration,
Levee System Integrity, Water Use Efficiency, and Water Transfer Program elements are similar under
all Program alternatives and are described by study area in this section. The environmental consequences
of the in-Delta storage component of the Storage element were evaluated qualitatively; are similar under
all Program alternatives; and are described in Sections 5.1.7.1, 5.1.7.2, and 5.1.7.4. The environmental
consequences of the Storage and Conveyance elements that vary among Program alternatives, are
described in Section 5.1.8. General effects of the Water Quality and Watershed Program elements
common to all study areas are summarized below.

The primary water quality constraints on use of water from the Delta for municipal, industrial, and
agricultural purposes are salinity, bromide, dissolved organic carbon (DOC), and pathogens (microbes that
are potential human health hazards). Improved water quality could increase the amount of water available
for some beneficial uses. Improved water quality could provide improved operational flexibility by
increasing the windows of opportunity for diversions from the Delta. Additional opportunities for
diversions would allow temporal shifting of exports to decrease impacts on Delta fisheries while
maintaining or improving water supply reliability. It is expected that the effects of the Water Quality
Program on water supply and water management would be beneficial.

The various possible watershed projects proposed under the Watershed Program could alter flow regimes
through the Delta and into the Bay. For example, vegetation and habitat restoration projects may increase
retention of surface water in the watershed. Effects on water supply of these flow changes should be small
and beneficial. Additional effects of the Watershed Program in the Sacramento River and San Joaquin
River Regions are discussed below.
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5.1.7.1 DELTA REGION

Ecosystem Restoration Program

The Ecosystem Restoration Program would result in additional water use in the Delta due to new flow
targets and conversion of land use from agriculture to wetlands and marshes. Water users in the Delta
have water rights that would not be altered by the Ecosystem Restoration Program.

Levee System Integrity Program

Improving levee system integrity would reduce the risk of levee failure that could disrupt the diversion
of water from the Delta. Levee failures due to high water levels would most likely occur during winter
or spring, when dependence on Delta exports is low. However, failures due to seismic events could

happen anytime of the year. Disruption of Delta pumping could significantly affect water supplies in areas
that receive Delta water exports.

Levee rehabilitation would involve large-scale construction operations affecting considerable areas of land
and water. Construction activities in or immediately adjacent to waterways could temporarily increase
local water turbidity and, depending on the source of the material used for levee construction, could cause
the release of nutrients, natural organic matter, and other toxic substances into the water. The significance
of the impacts on water supply sources would depend on the scale and rate of construction activities.
These impacts are expected to be mitigable.

Water Use Efficiency Program

Water use efficiency could allow water to be maintained in storage for a longer period of time during dry
periods, and would help reduce the amount of water that is presently diverted for beneficial uses.
Increasing water use efficiency also could affect the area’s water use by changing the timing of diversions
and reducing the amounts of water diverted for agricultural, municipal, industrial, and ecosystem
purposes. The Water Use Efficiency Program would increase water supply reliability during very low-
flow periods, resulting in a beneficial effect on water supply and water management.

The effects of water use efficiency would be similar to those of reduced water demand within a given area.
However, the Water Use Efficiency Program would not necessarily equate to reduced water demand from
a statewide perspective. Specifically, reduced demand would not be directly proportional to reduced Delta
exports. Reduced water demand would simply increase available supply for consumption in another
region of the state. This effect would be largely contingent on the water-year type and delivery timing.
For instance, if urban demand in the South Coast Region were reduced during a dry or critical water year,
demands elsewhere in the state would be such that the foregone South Coast deliveries could be allocated
to agriculture or urban consumption anywhere in the CVP and SWP service areas.
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Water Transfer Program

Water transfers can result in more efficient distribution of water resources among water users during low-
flow periods, increasing the reliability of supplies in the Delta during water supply shortages. The Delta
environment is included as a potential beneficiary of water transfers either directly through environmental
water transfers or indirectly by timing transfers to provide ecosystem benefits. These would be beneficial
effects. Management of the EWA may magnify the effects of this program.

Storage

In-Delta storage (see Section 2.1.2 for description) could provide improved operational flexibility for
managing Delta Region diversions and agricultural drainage, Delta exports, and Delta outflow. Releases
from in-Delta storage could improve access to water supplies for Delta Region water users and Delta
ecosystem benefit. Releases from in-Delta storage also could be used to dilute Delta Region agricultural
drainage, resulting in improved Delta water quality and access to water supplies for other uses.
Appropriate operational rules would be required to ensure that diversions to in-Delta storage do not
adversely affect access to water supplies for Delta Region water users.

5.1.7.2 BAY REGION

Ecosystem Restoration Program

The indirect impacts of the Ecosystem Restoration Program on the Bay Region could include improved
water quality at Rock Slough during low-flow periods and reduced deliveries through CCFB. These are
expected to be small and have no significant impacts for Bay Region water users.

Under the Ecosystem Restoration Program, the acreage of shallow water aquatic habitat and saline
emergent wetlands will be increased adjacent to Suisun Bay and Marsh, San Pablo Bay, the Napa and
Petaluma Rivers, and Sonoma Creek. Some of the proposed lands for conversion are currently used for
agriculture. These changes would have a small effect on the Bay Region’s water use.

Levee System Integrity Program

A Suisun Marsh levee component would benefit surface water supply and water management issues. Some
sediment loading may happen because of the levee rehabilitation but should be minimal since the
construction material would be taken from the interior side of the levee. Channel geometry may be
altered at a small level when levee rehabilitation takes place on exterior slopes. Channel depth may
increase as levees are standardized to a uniform height and structure, but no alterations to channel
hydraulics are expected. Water quality in the western Suisun Marsh would be protected with levee
rehabilitation, providing a beneficial effect.

The Levee System Integrity Program is not discussed for regions other than the Delta and Bay Regions
because its effects primarily are confined to these regions.
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Water Use Efficiency Program

Water use efficiency could allow water to be maintained in storage for a longer period of time during dry
periods, and would help reduce the amount of water that is presently diverted for beneficial uses.
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and reducing the amounts of water diverted for agricultural, municipal, industrial, and ecosystem
purposes. The Water Use Efficiency Program would increase water supply reliability during very low-
flow periods, resulting in a beneficial effect on water supply and water management.

The effects of water use efficiency would be similar to those of reduced water demand within a given area.
However, the Water Use Efficiency Program would not necessarily equate to reduced water demand from
a statewide perspective. Specifically, reduced demand would not be directly proportional to reduced Delta
exports. Reduced water demand would simply increase available supply for consumption in another
region of the state. This effect would be largely contingent on the water-year type and delivery timing.
For instance, if urban demand in the Bay Region were reduced during a dry or critical water-year,
demands elsewhere in the state would be such that the foregone Bay Region deliveries could be allocated
to agriculture or urban consumption anywhere in the CVP and SWP service areas.

Increased water use efficiency could result in reduced water demands during dry periods and increased
opportunities for storing water for future use. However, water saved through conservation measures is
anticipated to be used locally to offset current or future unmet demands. During periods of low-flow,
improved efficiency measures would allow reduced supplies to meet more demands, with potentially less
impacts on the users. Increased levels of wastewater recycling can further improve the Bay Region water
supply reliability, by generating a water supply that is nominally affected by drought conditions. Water
use efficiency could marginally reduce the volume of wastewater generated, but is not expected to cause
local reductions in water supplies to water users who supplement their water supplies with recycled water.
The effects of the Water Use Efficiency Program in the Bay are expected to be beneficial to water supply
and water management.

Water Transfer Program

Increased ability to transfer water could result in more voluntary and beneficial redistribution of water
resources among water users. The degree to which redistribution would occur cannot be estimated
accurately at the programmatic level. Management of the EWA may magnify the impacts of this program.

Water transfers would affect water supply in the Bay Region, primarily through changes to river flow
upstream of the Delta. Increased water transfers change the timing of diversions and alter the amounts
of water diverted for agricultural, municipal, industrial, and ecosystem purposes. Water transfers from
areas upstream of the Delta to areas south of the Delta would affect Bay water supplies since it would be
necessary to modify Delta water diversion schedules, possibly augmenting water delivery opportunities.
This would cause negligible impacts for Bay water users.

Storage

In-Delta storage (see Section 2.1.2 for description) could provide improved operational flexibility for
managing Bay Region diversions, Delta Region drainage, Delta exports, and Delta outflow. Releases from
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in-Delta storage could improve access to water supplies for Bay Region water users. Releases from in-Delta
storage also could be used to dilute Delta Region drainage, resulting in improved Delta water quality and
access to water supplies for other uses. Operational flexibility and potential water supply management
benefits would be improved if the in-Delta storage facilities include direct conveyance to Bay Region
diversion facilities. Appropriate operational rules would be required to ensure that diversions to in-Delta
storage do not adversely affect access to water supplies for Bay Region water users.

5.1.7.3 SACRAMENTO RIVER AND SAN JOAQUIN RIVER
REGIONS

Ecosystem Restoration Program

Implementation of the Ecosystem Restoration Program would result in beneficial effects on water supply
within both Central Valley rivers and the Delta. During dry and below-normal water-year types, flows
would be increased to meet minimum flow targets. This could result in long-term beneficial effects on
hydraulic characteristics and channel water quality within the Sacramento River and San Joaquin River
Regions. Short-term adverse impacts could be created by increased sediment loading during construction
activities. Conversion of cultivated land to wetlands could increase water use. Also, reductions in channel
velocities in some Delta reaches that are widened to encourage meanders could result in increases in water
temperature during drier water-year types. Ecosystem restoration would increase the use of in-stream

flows for environmental purposes but reduce water supplies available for diversion from rivers and the
Delta.

Water Use Efficiency Progra.m

Water use efficiency could allow water to be maintained in storage for a longer period of time during dry
periods, and would help reduce the amount of water that is presently diverted for beneficial uses.
Increasing water use efficiency also could affect the area’s water use by changing the timing of diversions
and reducing the amounts of water diverted for agricultural, municipal, industrial, and ecosystem
purposes. The Water Use Efficiency Program would increase water supply reliability during very low-
flow periods, resulting in a beneficial effect on water supply and water management.

The effects of water use efficiency would be similar to those of reduced water demand within a given area.
However, the Water Use Efficiency Program would not necessarily equate to reduced water demand from
astatewide perspective. Specifically, reduced demand would not be directly proportional to reduced Delta
exports. Reduced water demand would simply increase available supply for consumption in another
region of the state. This effect would be largely contingent on the water-year type and delivery timing.
For instance, if urban demand in the South Coast Region were reduced during a dry or critical water-year,
demands elsewhere in the state would be such that the foregone South Coast deliveries could be allocated
to agriculture or urban consumption anywhere in the CVP and SWP service areas.

Additionally, water use efficiency improvements may allow for modifications in the timing and amount
of reservoir releases for agricultural or urban uses. Timing changes also could benefit fish and aquatic
ecosystems by making supplies available when needed by these resources.
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Water Transfer Program

Increased ability to transfer water from the Sacramento River and San Joaquin River Regions to other
areas could result in more voluntary and beneficial redistribution of water resources among water users.
The degree to which redistribution would occur cannot be estimated accurately at the programmatic level.
Management of the EWA may magnify the impacts of this program,

Potential long-term adverse effects on specific regional agricultural and urban water supplies could result
from increased water transfers. Areas with adequate water supplies could transfer portions of those
supplies to areas with higher economic return from the use of water. Water transfers can affect third
parties (those not directly involved in the transaction), local groundwater, environmental conditions, or
other resource areas. Additional discussion on the potential impacts of water transfers on groundwater
resources, agricultural social issues, and regional economics is included in Sections 5.4, 7.3, and 7.10,
respectively. These sections describe mitigation strategies to reduce third-party impacts associated with
water transfers. In addition, the actions described in the Water Transfer Program Plan, in conjunction
with existing requirements, will protect against adverse third-party impacts associated with water
transfers. (See Chapter 4 in the Water Transfer Program Plan.)

Watershed Program

Potential watershed projects could alter flow regimes in the upper watersheds as well as downstream, thus
affecting water supply. Depending on the size and scale of the projects, effects could range from very
limited quantity and temporal changes in flows to more pronounced regional alterations in flow regimes.
Vegetation and habitat restoration projects may increase the retention of surface water in the watershed,
resulting in less variable runoff (reduced peak flows and increased base flows in streams).

Alteration of forest management and timber harvest practices could change total runoff quantities if
implemented over large areas. Reduced clear-cutting and overall reductions in logging could substantially
reduce runoff from the forested areas. Maintained or reforested tree stands would increase
evapotranspiration, interception, and infiltration of precipitation, all of which reduce surface runoff. In
areas where snowmelt plays an important role in the flow regime, reducing the effects of timber
harvesting would increase shading, which tends to reduce direct evaporation of snow pack and maintains
the snow pack longer. Range improvement activities could increase vegetation cover and re-establish
riparian habitat, both of which would tend to increase water retention in watersheds. The net effect of
all of these potentially offsetting activities on water supply is unknown, but the relative impacts on water
supply in the Program’s study area are expected to be small.

5.1.7.4 SOUTH-OF-DELTA SWP AND CVP SERVICE AREAS

Ecosystem Restoration Program

Implementation of the Ecosystem Restoration Program could affect water supply within South-of-Delta
SWP and CVP Service Areas. Meeting Delta flow targets could reduce water supply available for exports
and/or affect water exports timing. Opportunities to purchase water through water transfers could be
reduced, resulting in negative effects on water supply.

CALFED Final Programmatic EIS/EIR ¢ July 2000 5-1'34



Chapter 5. Physical Environment 5.1 Water Supply and Water Management

Water Use Efficiency Program

Water use efficiency could allow water to be maintained in storage for a longer period of time during dry
periods and Would help reduce the amount of water that is presently diverted for beneficial uses.
Increasing water use efficiency also could affect the area’s water use by changing the timing of diversions
and reducmg the amounts of water diverted for agricultural, municipal, industrial, and ecosystem
purposes. The Water Use Efficiency Program would increase water supply reliability during very low-

flow periods, resulting in a beneficial effect on water supply and water management.

The effects of water use efficiency would be similar to those of reduced water demand within a given area.
However, the Water Use Efficiency Program would not necessarily equate to reduced water demand from
a statewide perspective. Specifically, reduced demand would not be directly proportional to reduced Delta
exports. Reduced water demand would simply increase available supply for consumption in another
region of the state. This effect would be largely contingent on the water-year type and delivery timing.
For instance, if urban demand in the South Coast Region were reduced during a dry or critical water-year,
demands elsewhere in the state would be such that the foregone South Coast deliveries could be allocated
to agriculture or urban consumption anywhere in the CVP and SWP service areas.

Water use efficiency has the potential to supplement water supply reliability and subsequent
environmental benefits. However, the potential may not exist for water use efficiency to completely
replace the water supply reliability and water management flexibility of other water management tools.

Water Transfer Program

The increased ability to transfer water from the Sacramento River and San Joaquin River Regions to
South-of-Delta SWP and CVP Service Areas could result in more voluntary and beneficial redistribution
of water resources among water users. The degree to which redistribution would occur cannot be
estimated accurately at this programmatic level. The Water Transfer Program is expected to benefit water
users in the South-of-Delta SWP and CVP Service Areas. Management of the EWA may magnify the
effects of this program.

Storage

In-Delta storage (see Section 2.1.2 for description) could provide improved operational flexibility for
managing Delta Region drainage, Delta exports, and Delta outflow. Releases from in-Delta storage could
improve access to water supplies for South-of-Delta SWP and CVP Service Areas water users. Releases
from in-Delta storage also could be used to dilute Delta Region agricultural drainage, resulting in
improved Delta water quality and access to water supplies for other uses. Operational flexibility and
potential water supply management benefits would be improved if the in-Delta storage facilities include
direct conveyance to South-of-Delta SWP and CVP Service Areas Delta export facilities.
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5.1.8 CONSEQUENCES: PROGRAM ELEMENTS
THAT DIFFER AMONG ALTERNATIVES

For water supply and water management, the Storage and Conveyance elements result in environmental
consequences that differ among the alternatives, as described below.

The programmatic comparisons presented in this section differentiate water supply and water
management provided under the Program alternatives and No Action Alternative. These comparisons
are made in consideration of assumptions regarding future water management actions effecting the Bay-
Delta system. The water management criteria includes ranges of water demands and protective Delta
water management criteria. The range of water demands represents uncertainty in the future need for Bay-
Delta water supplies due to uncertainty in projections of population, land use, implementation of water
use efficiency measures, and the effects of water marketing. The range of protective Delta water
management criteria represents uncertainty related to future actions required to assure recovery of the
Bay-Delta ecosystem.

To properly document and evaluate the results, impact ranges were methodically quantified. Impact
ranges were estimated for key parameters representative of each Program study area. For instance, the
range of impacts associated with the No Action Alternative is detailed for each evaluation. In addition,
ranges were developed for potential changes associated with implementation of each respective Program
alternative. Where applicable, a range of impacts for each alternative was developed under Criteria A and
B without new storage as well as Criteria A and B with new storage. This provides an indication of a given
parameter’s sensitivity to the protective Delta water management criteria assumption sets. Lastly, a range
of changes associated with new storage relative to each alternative is described where appropriate. Each
range is presented for both the long-term period and dry and critical years.

5.1.8.1 ALTERNATIVE 1

Some improvements to water supply and water management would be realized from improved export
pumping capacity under Alternative 1. Greater water supply and water management benefits may be
obtained if additional storage facilities are constructed.

Delta Region

Programmatic comparisons of Delta inflows and exports were made between Alternative 1 and the No
Action Alternative using DWRSIM modeling results. Both bookend water management criteria
assumption sets (Criteria A and B) were used to define the range of uncertainty associated with each
alternative. Delta inflow comparisons are based on the peak average monthly value, which typically
occurs in February. The maximum deviation between Program alternatives typically occurs in this
month. Delta export comparisons are based on peak and minimum monthly average values, as well as
average annual values.

Average monthly Delta inflow is largely unaffected under Alternative 1 relative to the No Action
Alternative. Over the long-term period, Delta inflow normally peaks in February. Average February flow
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is approximately 190 TAF under the No Action Alternative and is generally about the same under
Alternative 1. The differences in Delta inflow are largest from April through October. This effect is more
pronounced during dry and critical years. Additional storage as well as water management assumptions
have no appreciable impacts on Delta inflow.

The pattern of long-term average Delta exports would be modified somewhat by Alternative 1, with
greater exports occurring August through January relative to the No Action Alternative. Figure 5.1-13
compares average monthly south-of-Delta exports for the long-term period. Similarly, Figure 5.1-14
compares average monthly south-of-Delta exports during dry and critical years. The range of average
annual Delta exports under Alternative 1 for both hydrologic periods are compared to the No Action
Alternative in Figure 5.1-15.

Combined exports from Banks and Tracy Pumping Plants peak in late winter months, with monthly
long-term period values ranging from 560 to 680 TAF under the No Action Alternative and from 540 to
760 TAF under Alternative 1. Delta exports, at minimum values in spring months, change little under
Alternative 1. Monthly long-term period exports range from 120 to 200 TAF under the No Action
Alternative and range from 120 to 210 TAF under Alternative 1. On an annual basis, without additional
storage, Alternative 1 increases long-term period Delta exports by an additional 270-390 TAF over the No
Action Alternative. With additional storage, Alternative 1 increases annual Delta exports about 580-
800 TAF over the No Action Alternative. Therefore, annual long-term export increases of 310-410 TAF
are directly related to additional storage under Alternative 1.

Alternative 1 has a similar influence on dry and critical year Delta exports. Under the No Action
Alternative, monthly Delta exports range from 530 to 640 TAF in the peak winter months and from 90 to
140 TAF during the spring months. Under Alternative 1, monthly dry and critical year exports range
from 530 to 720 TAF in the peak winter months and from 90 to 140 TAF during the spring months. On
an annual basis, without additional storage, Alternative 1 increases dry and critical year Delta exports by
an additional 30-190 TAF over the No Action Alternative. With additional storage, Alternative 1increases
annual Delta exports by 180-640 TAF over the No Action Alternative. Therefore, annual dry and critical
year export increases of 150-450 TAF are directly related to additional storage under Alternative 1.

Bay Region

Programmatic comparisons of Delta outflow to San Francisco Bay were made between Alternative 1 and
the No Action Alternative using DWRSIM modeling results. Figures 5.1-16 and 5.1-17 present monthly
average Delta outflow comparisons for the long-term period and dry and critical years, respectively.

Delta outflow is typically lower under Alternative 1 than under the No Action Alternative during
November through March. Percentage differences are typically small, however. Over the long-term
period, Delta outflow normally peaks in February. Average February outflow ranges from 2.7 to
2.8 MAF under the No Action Alternative and ranges from 2.6 to 2.8 MAF under Alternative 1. The
differences in Delta outflow are smaller from April through October. Ecosystem Restoration Program
flows provide some additional May outflow under Alternative 1. On an annual basis, without additional
storage, Alternative 1 could decrease average long-term period Delta outflows by as much as 80 TAF or
could increase Delta outflow by 30 TAF compared to the No Action Alternative. With additional storage,
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Figure 5.1-13. Delta Exports at Banks and Tracy
under Alternative 1 for the Long-Term Period
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Figure 5.7-15. Average Annual Delta Exports at Banks
and Tracy under Alternative 1 for the Long-Term
Period and Dry and Critical Years
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Figure 5.1-16. Delta Outflow under Alternative 1
for the Long-Term Period
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

Alternative 1 decreases average annual Delta outflows about 350-660 TAF. Therefore, annual long-term
Delta outflow decreases of 370-580 TAF are directly related to additional storage under Alternative 1.

During dry and critical years, February outflows range from 950 TAF to 1.1 MAF under the No Action
Alternative and range from 860 TAF to 1.1 MAF under Alternative 1. On an annual basis, without
additional storage, Alternative 1 increases average dry and critical year Delta outflows up to 160 TAF over
the No Action Alternative. With additional storage, Alternative 1 could decrease average dry and critical
year outflows by 260 TAF or could increase outflows by 90 TAF relative to the No Action Alternative.
Therefore, annual dry and critical year Delta outflow decreases of 70-310 TAF are directly related to
additional storage under Alternative 1.

Sacramento River and San Joaquin River Regions

This section provides a comparison of Alternative 1 and the No Action Alternative with respect to water
supply and water management in the Sacramento River and San Joaquin River Regions using DWRSIM
modeling results. The programmatic comparison focuses on existing storage, new storage, and Ecosystem
Restoration Program acquisitions.

Alternative 1 does not change the water supply reliability in the Sacramento River and San Joaquin River
Regions relative to the No Action Alternative. All water demands in the Sacramento River and San
Joaquin River Regions are met through CVP/SWP project deliveries and through locally derived water
supplies. Refer to Section 5.1.4, “Assessment Methods,” for details related to the DWRSIM hydrology
development process. However, as discussed later in this section, surface water acquisitions through the
Ecosystem Restoration Program could reallocate supplies from willing sellers to in-stream uses.

Existing Storage. End-of-September carryover storage in the major Sacramento River Region surface storage
facilities (Shasta, Oroville, and Folsom) was evaluated for Alternative 1 and the No Action Alternative.
Figure 5.1-18 depicts the ranges of long-term period and dry and critical year carryover storage for
Alternative 1 and the No Action Alternative.

Under the No Action Alternative, average carryover storage in Sacramento River Region reservoirs
ranges from 5.3 to 5.4 MAF for the long-term period, and from 3.8 to 3.9 MAF for dry and critical years.
Alternative 1 long-term period carryover storage ranges from 5.1 10 5.5 MAF, while dry and critical year
carryover storage ranges from 3.6 to 4.0 MAF.

In the absence of new storage facilities, implementation of Alternative 1 has little impact on carryover
storage under Criterion A water management assumptions. Alternative 1 results in a moderate reduction
in carryover storage under Criterion B water management assumptions. Without new storage, the
reduction in average long-term carryover storage under Alternative 1 may vary from 100 to 190 TAF. The

same trend is demonstrated for dry and critical years with the reduction in average carryover storage
varying from 20 to 170 TAE.

With new storage facilities, implementation of Alternative 1 under Criterion A assumptions reduces long-
term and dry and critical year carryover storage in existing facilities from on the order of 120 TAF relative

to the No Action Alternative. Under Criterion B assumptions, Alternative 1 increases carryover storage
from on the order of 260 TAF.
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Figure 5.1-18. Carryover Storage for Existing Surface Reservoirs in

the Sacramento River Region under Alternative 1 for
the Long-Term Period and Dry and Critical Years
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

End-of-September carryover storage in the major San Joaquin River Region surface facilities (New
Melones, New Don Pedro, and McClure) was also evaluated for Alternative 1 and the No Action
Alternative. Implementation of Alternative 1 has no measurable effect on system carryover storage.
Similarly, no variation is evident based on water management criteria or implementation of additional
storage facilities.

New Storage. New Sacramento River and San Joaquin River Region surface storage facilities were evaluated
under Alternative 1. This evaluation distinguished between storage for water supply and storage for
environmental enhancement.

Figure 5.1-19 presents Sacramento River Region surface storage comparisons for the long-term period and
dry and critical years. Peak storage in the new facilities generally occurs in early summer under all
hydrologic conditions. For the long-term period, peak water supply storage ranges from 750 TAF to
1.3 MAF, while dry and critical year peak storage typically ranges from 480 to 850 TAF. Carryover
storage ranges from 570 to 890 TAF for the long-term period, and from 340 to 470 TAF for dry and
critical years. Criterion A water management assumptions consistently result in lower water supply
storage. For the long-term period, peak Sacramento River Region environmental storage ranges from
510t0 910 TAF, while dry and critical year peak storage typically ranges from 440 to 870 TAF. Carryover
storage ranges from 440 to 820 TAF for the long-term period, and from 350 to 760 TAF for dry and
critical years. Criterion A water management assumptions consistently result in lower environmental
storage.

New Sacramento River Region groundwater storage facilities also were evaluated under Alternative 1.
These facilities are assumed to have a maximum capacity of 250 TAF with maximum inflow and discharge
capacities of 500 cfs. Withdrawals from this groundwater storage are assumed to be made only in dry and
critical years. The estimated average annual dry and critical year yield of these facilities ranges from 43 to
45 TAF. The long-term average was not calculated since the storage was operated for dry and critical year
yield only.

In this evaluation, new San Joaquin River Region surface storage facilities were dedicated to providing
water for Ecosystem Restoration Program flow targets. Peak average annual storage tends to occur in late
spring and is approximately 240-250 TAF for the long-term period and 220-240 TAF for dry and critical
years. Carryover storage ranges from 200 to 220 TAF for the long-term period and dry and critical years.
Criterion B water management assumptions consistently resulted in lower storage.

Ecosystem Restoration Program Acquisition. All Program alternatives include Ecosystem Restoration Program
flow targets described in Attachment A for the Sacramento River and San Joaquin River Regions. In the
Sacramento River Region, surface water would be acquired from willing sellers on the Sacramento,
Feather, Yuba, and American Rivers for in-stream purposes. Similarly, in the San Joaquin River Region,
water would be acquired from willing sellers on the Stanislaus, Tuolumne, and Merced Rivers. It is
assumed that water would be acquired from water right holders on these rivers and may result in short-
term fallowing. The acquired water would be stored during the period of a contract year by reoperating
upstream reservoirs and released in a manner to increase flow toward the in-stream flow targets on these
rivers.

The modeling analysis provides the Ecosystem Restoration Program acquisition flows through “add
water” and does not reoperate existing reservoirs. Since the Ecosystem Restoration Program flow targets
are in the spring, reservoir operations are likely to accommodate the release pattern for additional
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

in-stream flows. In effect, the acquisition of water would involve a shift in the release pattern from storage
reservoirs, combined with a reduction in the diversion of the released water.

Under the Ecosystem Restoration Program, release of acquired water would flow through the Delta and
lncrease D\_l‘_a nnﬂqr\vr The acan |L d water would not be exnorted bv the (“VT) or Q\Yfp T—Tnv'rpvpr th
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projects would receive some incidental benefit toward meeting Delta water quality and outflow
requirements, since the increase in Delta outflow resulting from release of acquired water would reduce
salinity intrusion into the Delta.

Table 5.1-3 shows water acquisition quantities under Alternative 1 estimated to meet proposed Ecosystem
Restoration Program flow targets. For locations in the Sacramento River Region, flow targets vary with
the Sacramento Valley 40-30-30 water-year index. For locations in the San Joaquin River Region, flow
targets vary with the San Joaquin Valley 60-20-20 water-year index.

Table 5.1-3. Estimated Ecosystem Restoration Program Water Acquisitions in the
Sacramento River and San Joaquin River Regions without New Storage
under Alternative 1 (TAF)

LOCATION CRITICAL DRY BELOW NORMAL ABOVE NORMAL WET
Sacramento River ° 0 0-10 90 20 0
Yuba River?® 0 0-10 0-10 0-10 0
Feather River ® 0 50 80 50-60 0
American River ? 0 30 40 20 40
Lower Sacramento River ® 0 80-90 10 0 0
Additional Delta flows?® 0 110-140 180-210 220-250 0
Stanislaus River® 0 0 40 30 40
Tuolumne River® 0 30 40 30 50
Merced River® 0 10 30 20 40
Total acquisitions 0 310-370 510-550 390-440 170

Note:
See Section A.3.3 in Attachment A for additional information regarding modeling assumptions.

2 Based on Sacramento Valiey 40-30-30 water-year index.
Based on San Joaquin Valley 60-20-20 water-year index.

Fewer water acquisitions are required to meet Ecosystem Restoration Program flow targets when
Sacramento River and San Joaquin River Regions surface storage is included in Alternative 1. New storage
also could be operated to provide Ecosystem Restoration Program flows for other tributaries by exchange
agreements. These types of arrangement are not reflected in this analysis. Table 5.1-4 shows the water
acquisitions quantities estimated to meet the proposed Ecosystem Restoration Program flow targets under
Alternative 1 with new storage.

South-of-Delta SWP and CVP Service Areas

Programmatic comparisons of deliveries to the South-of-Delta SWP and CVP Service Areas were made
between Alternative 1 and the No Action Alternative using DWRSIM modeling results. This section also
evaluates storage in existing and new off-aqueduct facilities.

CALFED Final Programmatic EIS/EIR » July 2000 5.1-40



Chapter 5. Physical Environment 5.1 Water Supply and Water Management

Table 5.1-4. Estimated Ecosystem Restoration Program Water Acquisitions in the
Sacramento River and San Joaquin River Regions with New Storage
under Alternative 1 (TAF)

LOCATION CRITICAL DRY BELOW NORMAL ABOVE NORMAL WET
Sacramento River? 0 0-10 20-50 0-10 0
Yuba River? 0 0-10 0-10 0-10 0
Feather River ® 0 40 70 40 0
American River ? 0 30 40 20 40
Lower Sacramento River ? 0 0-30 0 0 0
Additional Delta flows ? 0 50-60 110-120 180-200 0
Stanislaus River® 0 0 40 30 40
Tuolumne River® 0 10 20-30 10 30
Merced River® 0 0 0 0 10
Total acquisitions 0 130-120 300-360 260-320 120

Note:
See Section A.3.3 in Attachment A for additional information regarding modeling assumptions.

? Based on Sacramento Valley 40-30-30 water-year index.
Based on San Joaquin Valley 80-20-20 water-year index.

Delta Deliveries. The range of annual Delta deliveries under the No Action Alternative was compared to
the range of deliveries expected under Alternative 1. Deliveries are generally higher under Alternative 1
with implementation of new storage facilities and Criterion B water management assumptions.

Under Alternative 1, the range of average annual deliveries over the long-term period is from 5.1 to
6.5 MAF. The low end of this range assumes no new storage facilities and Criterion A water management
assumptions; the high end of this range assumes new storage facilities and Criterion B water management
assumptions. The No Action Alternative results in a long-term average annual delivery range of 4.8-
5.8 MAF. During dry and critical years, Alternative 1 average annual deliveries range between 3.9 and
5.6 MAF and the No Action Alternative deliveries range between 3.9 and 4.6 MAF.

Without additional storage facilities, Alternative 1 would increase long-term average annual deliveries by
270-380 TAF relative to the No Action Alternative. Dry and critical year deliveries would increase by up
t0 190 TAF under Alternative 1. Implementation of Alternative 1 in conjunction with new surface storage
would increase long-term average annual deliveries by 550-790 TAF. In dry and critical years,
Alternative 1 would increase deliveries by 560-990 TAF. Therefore, annual long-term Delta delivery
increases of 400-410 TAF are directly related to additional storage under Alternative 1. The range of
average annual long-term and dry and critical water-year Delta deliveries for Alternative 1 compared to
the No Action Alternative is depicted in Figure 5.1-20.

Existing Off-Aqueduct Storage Facilities. San Luis Reservoir is the primary existing off-aqueduct storage facility
serving the South-ofDelta SWP and CVP Service Areas. San Luis Reservoir carryover storage and
reservoir releases were evaluated under Alternative 1 and the No Action Alternative.

With no additional storage, Alternative 1 increases San Luis Reservoir carryover storage by 40-140 TAF
for long term and by 60-100 TAF for dry and critical years (above the No Action Alternative). If
additional storage is implemented, Alternative 1 increases long-term carryover storage by 210-270 TAF
and dry and critical carryover storage by 160-170 TAF above the No Action Alternative. Therefore, a
long-term average carryover storage increase of 130-170 TAF is directly attributed to additional storage
under Alternative 1. The average carryover storage increase of 40-70 TAF for dry and critical years is
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Figure 5.1-20. Average Annual Delta Deliveries under Alternative 1
for the Long-Term Period and Dry and Critical Years
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

directly related to additional storage under Alternarive 1. Figure 5.1-21 presents carryover storage
comparisons for the long-term period and dry and critical years.

The broadest range in monthly average storage releases from San Luis Reservoir generally occurs in
summer months for both water management criteria under all hydrologic conditions, The smallest long-
term summer releases are generally associated with Criterion A water management in the absence of new
storage facilities, while the greatest summer releases are associated with Criterion B water management
in conjunction with additional storage capacity. The broadest range of long-term monthly average
reservoir releases under Alternative 1 is approximately 190-340 TAF. Under the No Action Alternative,
long-term peak average monthly summer releases range from 260 to 300 TAF. Winter releases are similar
under Alternative 1 and the No Action Alternative.

New Off-Aqueduct Storage Facilities. Carryover storage and releases associated with new off-aqueduct surface
storage facilities were evaluated under Alternative 1. Such facilities would serve South-of-Delta SWP and
CVP Service Areas similar to San Luis Reservorr.

Over the long-term period, carryover storage in new off-aqueduct surface storage facilities ranges from
770 to 800 TAF under Alternative 1. For dry and critical years, carryover storage ranges from 330 to
390 TAF. Water management Criterion A provides higher carryover storage in wetter water-years while
water management Criterion B provides higher carryover storage in drier water-years. The higher
demands under Criterion B results in lower carryover storage in wetter water-years and more protective
Delta actions under Criterion A results in lower carryover storage in drier water-years. Figure 5.1-22
presents carryover storage compatrisons for the long-term period and dry and critical years.

Releases from new off-aqueduct surface storage facilities generally occur from spring to late summer under
Alternative 1. Peak releases typically occur in midsummer for all hydrologic conditions. The peak
monthly release is approximately 160 TAF for the long-term period and ranges from 180 to 190 TAF for
dry and critical years. In dry and critical years, monthly average releases tend to be similar under both
water management criteria. Over the long-term period, Criterion A water management results in early
spring peak releases while Criterion B results in late spring peak releases. Reduced Delta exports associated
with Criterion A create more reliance on off-aqueduct storage releases to meet spring demands.

New off-aqueduct groundwater storage facilities also were evaluated under Alternative 1. These facilities
are assumed to have a maximum capacity of 500 TAF with maximum inflow and discharge capacities of
500 cfs. Withdrawals from this groundwater storage are assumed to be made only in dry and critical years.
The estimated average annual dry and critical year yield of these facilities ranges from 60 to 90 TAF. The
long-term average was not calculated since the storage was operated for dry and critical year yield only.

5.1.8.2 ALTERNATIVE 2

Some improvements to water supply and water management would be realized from improved export
pumping capacity under Alternative 2. Greater water supply and water management benefits may be
obtained if additional storage facilities are constructed.
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Figure 5.1-217. Carryover Storage for Existing Off-Aqueduct
Reservoirs under Alternative 1 for the Long-Term
Period and Dry and Critical Years
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Figure 5.7-22. Carryover Storage for New Off-Aqueduct
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

Delta Region

Programmatic comparisons of Delta inflows and exports were made between Alternative 2 and the No
Action Alternative using DWRSIM modeling results. Both bookend water management criteria
(assumption sets Criteria A and B) were used to define the range of uncertainty associated with each
alternative.

Average monthly Delta inflow is typically lower under Alternative 2 than under the No Action
Alternative. Over the long-term period, Delta inflow normally peaks in February. Average February flow
is approximately 190 TAF under the No Action Alternative and ranges from 160 to 180 TAF under
Alternative 2. For dry and critical years, peak monthly flow ranges from 60 to 70 TAF under both the
No Action Alternative and under Alternative 2. Additional storage slightly reduces total Delta inflow for
the long-term average and dry and critical years.

The pattern of long-term average Delta exports would be modified somewhat by Alternative 2, with
greater exports occurring August through January relative to the No Action Alternative. Figure 5.1-23
compares average monthly south-of-Delta exports for the long-term period. Similarly, Figure 5.1-24
compares average monthly south-of-Delta exports during dry and critical years. The range of average
annual Delta exports under Alternative 2 for both hydrologic periods are compared to the No Action
Alternative in Figure 5.1-25.

Combined exports from Banks and Tracy Pumping Plants peak in late winter months, with long-term
period values ranging from 560 to 680 TAF under the No Action Alternative and from 540 to 760 TAF
under Alternative 2. Delta exports, at minimum values in spring months, change little under
Alternative 2. Long-term period exports range from 120 to 200 TAF under the No Action Alternative
and range from 120 to 210 TAF under Alternative 2. On an annual basis, without additional storage,
Alternative 2 increases long-term period Delta exports by an additional 230-410 TAF over the No Action
Alternative. With additional storage, Alternative 2 increases annual Delta exports by 460-800 TAF over
the No Action Alternative. Therefore, annual export increases of 230-390 TAF are directly related to
additional storage under Alternative 2.

Alternative 2 has a similar influence on dry and critical year Delta exports. Under the No Action
Alternative, Delta exports range from 530 to 640 TAF in the peak winter months and from 90 to
140 TAF during the spring months. Under Alternative 2, dry and critical year exports range from 520 to
710 TAF in the peak winter months and from 90 to 140 TAF during the spring months. On an annual
basis, without additional storage, Alternative 2 increases dry and critical year Delta exports by an
additional 30-200 TAF over the No Action Alternative. With additional storage, Alternative 2 increases
annual Delta exports by 130 to 650 TAF over the No Action Alternative. Therefore, annual dry and
critical year export increases of 100-450 TAF are directly related to additional storage under Alternative 2.

Under Alternative 2, diversions from the Sacramento River near Hood to the Mokelumne River system
occur throughout the year. Details regarding the diversion facility near Hood assumptions are presented
in Section 5.1.4 and Attachment A. In general, the pattern of diversions peak in the early winter and
midsummer months with lower diversions in the spring, Figure 5.1-26 compares average monthly
diversions near Hood for the long-term period. Similarly, Figure 5.1-27 compares average monthly
diversions near Hood during dry and critical years,
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Figure 5.1-23. Delta Exports at Banks and Tracy
under Alternative 2 for the Long-Term Period
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Figure 5.1-24. Delta Exports at Banks and Tracy
under Alternative 2 for Dry and Critical Years
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Figure 6.1-25. Average Annual Delta Exports at Banks
and Tracy under Alternative 2 for the Long-Term
Period and Dry and Critical Years
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Figure 5.1-26. Hood Diversions under Altemative 2
for the Long-Term Period
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Average monthly diversions near Hood are typically greatest in winter, with long-term diversions ranging
from 270 and 580 TAF. Lower average monthly diversions occur during spring due to more restrictive
operation criteria, with long-term diversions ranging from 60 to 210 TAF. For dry and critical water-

years, diversions range from 260 to 570 TAF in peak winter months and from 40 to 140 TAF in spring
months.

Under Alternative 2 without additional storage, the average annual long-term period diversions near
Hood range between 2.6 and 4.7 MAF. For dry and critical years, the average annual diversions range
from 2.0 to 3.6 MAF. When additional system storage is applied to Alternative 2, the annual long-term
diversions near Hood average from 2.7 to 5.2 MAF. For dry and critical years, annual diversions near
Hood average between 2.1 and 4.2 MAF. Additional diversions near Hood directly attributable to
additional storage range on average from 120 to 500 TAF and from 60 to 570 TAF annually, for the long-
term period and dry and critical years, respectively.

Bay Region

Programmatic comparisons of Delta outflow to San Francisco Bay were made between Alternative 2 and
the No Action Alternative using DWRSIM modeling results. Figures 5.1-28 and 5.1-29 present monthly
average Delta outflow comparisons for the long-term period and dry and critical years, respectively.

Delta outflow is typically lower under Alternative 2 than under the No Action Alternative during
November through March. Percentage differences are typically small, however. Over the long-term
period, Delta outflow normally peaks in February. Average February outflow ranges from 2.7 to
2.8 MAF under the No Action Alternative and ranges from 2.6 to 2.8 MAF under Alternative 2. The
differences in Delta outflow are smaller from April through October. Ecosystem Restoration Program
flows provide some additional May outflow under Alternative 2. On an annual basis, without additional
storage, Alternative 2 modifies average long-term period Delta outflow by (-90) to 60 TAF compared to
the No Action Alternative. With additional storage, Alternative 2 decreases average annual Delta outflows
by 270-660 TAF. Therefore, annual Delta outflow decreases of 330 to 570 TAF are directly related to
additional storage under Alternative 2.

During dry and critical years, February outflows range from 950 TAF to 1.1 MAF under the No Action
Alternative, and from 870 TAF to 1.1 MAF under Alternative 2. On an annual basis, without additional
storage, Alternative 2 increases average dry and critical year Delta outflows by as much as 210 TAF over
the No Action Alternative. With additional storage, Alternative 2 modifies average dry and critical year
outflow from -260 to 210 TAF relative to the No Action Alternative. Therefore, annual Delta outflow
decreases up to 300 TAF are directly related to additional storage under Alternative 2.

Sacramento River and San Joaquin River Regions

This section provides a comparison of Alternative 2 and the No Action Alternative with respect to water
supply and water management in the Sacramento River and San Joaquin River Regions using DWRSIM
modeling results. The programmatic comparison focuses on existing storage, new storage, and Ecosystem
Restoration Program acquisitions.
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Figure 5.1-28. Delta Qutflow under Alternative 2
for the Long-Term Period
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

Alternative 2 does not change the water supply reliability in the Sacramento River and San Joaquin River
Regions relative to the No Action Alternative. All water demands in the Sacramento River and San
Joaquin River Regions are met through CVP/SWP project deliveries and through locally derived water
supplies. Refer to Section 5.1.4, “Assessment Methods,” for details related to the DWRSIM hydrology
development process. However, as discussed later in this section, surface water acquisitions through the
Ecosystem Restoration Program could reallocate supplies from willing sellers to in-stream uses.

Existing Storage. End-of-September carryover storage in the major Sacramento River Region surface storage
facilities (Shasta, Oroville, and Folsom) was evaluated for Alternative 2 and the No Action Alternative.
Figure 5.1-30 depicts the ranges of long-term period and dry and critical year carryover storage for
Alternative 2 and the No Action Alternative.

Under the No Action Alternative, average carryover storage in Sacramento River Region reservoirs
ranges from 5.3 to 5.4 MAT for the long-term period, and from 3.8 to 3.9 MAF for dry and critical years.
Alternative 2 long-term period carryover storage ranges from 5.1 to 5.5 MAF, while dry and critical year
carryover storage ranges from 3.6 to 4.0 MAF.

In the absence of new storage facilities, implementation of Alternative 2 has little impact on carryover
storage under Criterion A water management assumptions. Alternative 2 results in a slight reduction in
carryover storage under Criterion B water management assumptions. Without new storage, the reduction
in average long-term carryover storage under Alternative 2 may vary from 100 to 210 TAF. The same
trend and magnitude is demonstrated for the dry and critical years with the reduction in average carryover
storage from 50 to 210 TAF.

With new storage facilities, implementation of Alternative 2 under Criterion A assumptions reduces long-
term and dry and critical carryover storage in existing facilities on the order of 70 TAF relative to the No

Action Alternative. Under Criterion B assumptions, Alternative 2 increases carryover storage on the
order of 220 TAF.

End-of-September carryover storage in the major San Joaquin River Region surface facilities (New
Melones, New Don Pedro, and McClure) was also evaluated for Alternative 2 and the No Action
Alternative. Implementation of Alternative 2 had no measurable effect on system carryover storage.
Similarly, no variation is evident based on water management criteria or implementation of additional
storage facilities.

New Storage. New Sacramento River and San Joaquin River Regions surface storage facilities were
evaluated under Alternative 2. The evaluation distinguished between storage for water supply and storage
for environmental enhancement.

Figure 5.1-31 presents Sacramento River Region carryover storage comparisons for the long-term period
and dry and critical years. Peak storage in the new facilities generally occurs in early summer under all
hydrologic conditions. For the long-term period, peak water supply storage ranges from 770 TAF to
1.3 MAF, while dry and critical year peak storage typically ranges from 500 to 850 TAF. Carryover
storage ranges from 590 TAF to 890 TAF for the long-term period, and from 360 to 470 TAF for dry and
critical years. Criterion A water management assumptions consistently resulted in lower water supply
storage. For the long-term period, peak environmental storage ranges from 520 to 900 TAF, while dry
and critical year peak storage typically ranges from 450 to 860 TAF. Carryover storage ranges from 450
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

to 810 TAF for the long-term period, and from 360 to 750 TAF for dry and critical years. Criterion A
water management assumptions consistently resulted in lower environmental storage.

New Sacramento River Region groundwater storage facilities also were evaluated under Alternative 2.
These facilities are assumed to have a maximum capacity of 250 TAF with maximum inflow and discharge
capacities of 500 cfs. Withdrawals from new groundwater storage facilities are made only in dry and
critical years. The estimated average annual dry and critical year yield of these facilities ranges from 40

to 45 TAF. The long-term average was not calculated since the storage was operated for dry and critical
year yield only.

In this evaluation, new San Joaquin River Region storage facilities were dedicated to providing water for
Ecosystem Restoration Program flow targets. Peak average annual storage tends to occur in late spring
at approximately 240 TAF for the long-term period and ranges from 220 to 230 TAF for dry and critical
years. Carryover storage ranges from 200 to 220 TAF for the long-term period, and from 200 to 210 TAF
for dry and critical years. Criterion B water management assumptions consistently resulted in lower
storage.

Ecosystem Restoration Program Acquisition. Table 5.1-5 shows the water acquisitions quantities under
Alternative 2 estimated to meet proposed Ecosystem Restoration Program flow targets.

Table 5.1-5. Fstimated Ecosystem Restoration Program Water Acquisitions in the
Sacramento River and San Joaquin River Regions Without New Storage
under Alternative 2 (TAF)

LOCATION CRITICAL DRY BELOW NORMAL ABOVE NORMAL WET
Sacramento River ? 0 0-10 90 20 0
Yuba River? 0 0-10 0 0-10 0
Feather River ® 0 50 80 60 0
American River ® 6] 30 40 20 40
Lower Sacramento River ® 0 80-100 10 0 0
Additional Delta flows ? 0 110-140 180-210 220-250 0
Stanislaus River ° 0 0 40 30 40
Tuolumne River ® 0 30 40 30 50
Merced River ° 0 10 30 20 40
Total acquisitions 0 310-380 510-550 400-440 170

Note:
See Section A.3.3 in Attachment A for additional information regarding modeling assumptions.

® Based on Sacramento Valley 40-30-30 water-year index.

Based on San Joaquin Valley 60-20-20 water-year index.

When new storage in the Sacramento River and San Joaquin River Regions is included in Alternative 2,
fewer water acquisitions would be necessary to meet Ecosystem Restoration Program flow targets. New
storage also could be operated to provide Ecosystem Restoration Program flows for other tributaries by
exchange agreements. These types of arrangement are not reflected in this analysis. Table 5.1-6 shows the
water acquisitions quantities estimated to meet the proposed Ecosystem Restoration Program flow targets
under Alternative 2 with new storage.
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

Table 5.1-6. Estimated Ecosystem Restoration Program Water Acquisitions in the

Sacramento River and San Joaguin River Regions with New Storage
under Alternative 2 (TAF)

LOCATION CRITICAL DRY BELOW NORMAL ABOVE NORMAL WET
Sacramento River ® 0 0 20-50 0-10 0
Yuba River ? 0 0-10 0-10 0-10 0
Feather River ? 0 40 70 40 0
American River ? 0 30 40 20 40
Lower Sacramento River ® 0 0-30 0 0 0
Additional Delta flows ® 0 50-60 110-130 160-200 0
Stanistaus River ° 0 0 40 30 40
Tuolumne River ° 0 10 20-30 10 30
Merced River ° 0 0 0 0 10
Total acquisitions 0 130-190 300-370 260-320 120

Note:
See Section A.3.3 in Attachment A for additional information regarding modeling assumptions.

? Based on Sacramento Valley 40-30-30 water-year index.
Based on San Joaquin Valley 60-20-20 water-year index.

South-of-Delta SWP and CVP Service Areas

Programmatic comparisons of deliveries to the South-of-Delta SWP and CVP Service Areas were made
between Alternative 2 and the No Action Alternative using DWRSIM modeling results. This section also
evaluates surface water storage in existing and new off-aqueduct facilities.

Delta Deliveries. The range of annual Delta deliveries under the No Action Alternative was compared to
the range of deliveries expected under Alternative 2. Deliveries are generally higher under Alternative 2
with implementation of new storage facilities and Criterion B water management assumptions.

Under Alternative 2, average annual deliveries over the long-term period range from 5.1 to 6.5 MAF. The
low end of this range assumes no new storage facilities and Criterion A water management assumptions;
the high end of this range assumes new storage facilities and Criterion B water management assumptions.
The No Action Alternative results in a long-term average annual delivery range from 4.8 to 5.8 MAF.
During dry and critical years, Alternative 2 average annual deliveries range between 3.9 and 5.6 MAF and
No Action Alternative deliveries range between 3.9 and 4.6 MAF.

Without additional storage facilities, Alternative 2 would increase long-term average annual deliveries by
240-400 TAF relative to the No Action Alternative. For dry and critical years, Alternative 2 would
modify deliveries from (-10) to 190 TAF. Implemen-tation of Alternative 2 in conjunction with new
surface storage would increase long-term average annual deliveries by 450-790 TAF. In dry and critical
years, Alternative 2 would increase deliveries by 500-990 TAF. Therefore, annual long-term Delta
deliveries increases of 210-390 TAF are related to additional storage under Alternative 2. The range of
average long-term and dry and critical water-year Delta deliveries for Alternative 2 compared to the No
Action Alternative is depicted in Figure 5.1-32.

Existing Off-Aqueduct Storage Facilities. San Luis Reservoir is the primary existing off-aqueduct storage
facilities serving the South-of-Delta SWP and CVP Service Areas. San Luis Reservoir carryover storage
and reservoir releases were evaluated under Alternative 2 and the No Action Alternative.
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

With no additional storage, Alternative 2 modifies San Luis Reservoir carryover storage from (-10) to
140 TAF for long term and by 10-140 TAF for dry and critical years (above the No Action Alternative).
If additional storage is implemented, Alternative 2 increases long-term carryover storage by 170-280 TAF
and dry and critical carryover storage by 130-200 TAF above the No Action Alternative. Therefore, a
long-term average carryover storage increase of 140-180 TAF is directly attributed to additional storage
under Alternative 2. The average carryover storage increase of 60-120 TAF for dry and critical years 1s
directly related to additional storage under Alternative 2. Figure 5.1-33 presents carryover storage
comparisons for the long-term period and dry and critical years.

The broadest range in monthly average storage releases from San Luis Reservoir generally occurs in
summer months for both water management criteria under all hydrologic conditions. The largest long-
term summer releases are generally associated with Criterion A water management in the absence of new
storage facilities, while the lowest summer releases are associated with Criterion B water management in
conjunction with additional storage capacity. The broadest range of long-term monthly average reservoir
releases under Alternative 2 is approximately 190-390 TAF. Under the No Action Alternative, peak
average monthly summer releases range from 270 to 310 TAF over the long-term period. Winter releases
are similar under Alternative 2 and the No Action Alternative.

New Off-Aqueduct Storage Facilities. Carryover storage and releases associated with new off-aqueduct surface
storage facilities were evaluated under Alternative 2. Such facilities would serve South-of-Delta SWP and
CVP Service Areas similar to San Luis Reservoir.

Over the long-term period, carryover storage in new off-aqueduct surface storage facilities ranges from
750 to 770 TAF under Alternative 2. For dry and critical years, carryover storage ranges from 300 to
380 TAF. Criterion B provides higher carryover storage in both wetter and drier water years.
Figure 5.1-34 presents carryover storage comparisons for the long-term period and dry and critical years.

Releases from new off-aqueduct surface storage facilities generally occur from spring to late summer under
Alternative 2. Peak releases typically occur in mid summer for all hydrologic conditions. The approximate
peak releases are between 160 and 170 TAF for the long-term period and between 180 and 190 TAF for
dry and critical years. In dry and critical years, monthly average releases tend to be similar under both
water management criteria. Over the long-term period, Criterion A water management results in early
spring peak releases while Criterion B results in late spring peak releases. Reduced Delta exports associated
with Criterion A create more reliance on off-aqueduct storage releases to meet spring demands.

New off-aqueduct groundwater storage facilities also were evaluated under Alternative 2. These facilities
are assumed to have a maximum capacity of 500 TAF with maximum inflow and discharge capacities of
500 cfs. Withdrawals from new groundwater storage facilities are made only in dry and critical years. The
estimated average annual dry and critical year yield of these facilities ranges from 65 to 80 TAF. The long-
term average was not calculated since the storage was operated for dry and critical year yield only.

5.1.8.3 ALTERNATIVE 3

For evaluation purposes, Alternative 3 was simulated with a 5,000- and 15,000-cfs isolated facility.
Evaluation of the smaller configuration assumes full south Delta improvements are in place. Evaluation
of the larger configuration assumes a subset of the south Delta improvements are in place and includes
service to Delta islands along the route of the canal. To fully describe potential consequences of
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

Alternative 3, the 15,000-cfs isolated facility is evaluated under Criterion A assumptions and the 5,000-cfs
isolated facility is evaluated under Criterion B assumptions. See Attachment A for further details.

Some improvements to water supply and water management would be realized from improved export
pumping capacity under the Alternative 3. Greater water supply and water management benefits may be
obtained if additional storage facilities are constructed.

Delta Region

Programmatic comparisons of Delta inflows and exports were made between Alternative 3 and the No
Action Alternative using DWRSIM modeling results. Both bookend Delta water management criteria
were used to define the range of uncertainty associated with each alternative.

Average monthly Delta inflow is typically lower under Alternative 3 than under the No Action
Alternative. Over the long-term period, Delta inflow normally peaks in February. Average February flow
is approximately 190 TAF under the No Action Alternative and ranges from 160 to 170 TAF under
Alternative 3. For dry and critical years, peak monthly flow is approximately 70 TAF under both the
No Action Alternative and Alternative 3. Additional storage slightly reduces total Delta inflow for the
long-term average and dry and critical years.

Under Alternative 3, south-of-Delta exports at Banks and Tracy Pumping Plants are comprised of
diversions from south Delta channels and diversions through an isolated conveyance facility. Total south-
of-Delta exports are described below, followed by a discussion of the diversions occurring through the
isolated conveyance facility and through south Delta channels.

The pattern of long-term average Delta exports would be modified somewhat by Alternative 3, with
greater exports occurring August through January relative to the No Action Alternative. Figure 5.1-35
compares average monthly Delta exports for the long-term period. Similarly, Figure 5.1-36 compares
average monthly Delta exports during dry and critical years. The range of average annual Delta exports
under Alternative 3 for both hydrologic periods are compared to the No Action Alternative in
Figure 5.1-37.

Combined south Delta exports from Banks and Tracy Pumping Plants peak in winter months, with long-
term period values ranging from 560 to 680 TAF in January under the No Action Alternative and from
560 to 760 TAF under Alternative 3. Delta exports, at minimum values in spring months, could change
significantly under Alternative 3 depending on operation criteria. Long-term period exports range from
120 to 200 TAF in May under the No Action Alternative and range from 120 to 410 TAF under
Alternative 3. On an annual basis, without additional storage, Alternative 3 increases long-term period
Delta exports by an additional 140-590 TAF over the No Action Alternative. With additional storage,
Alternative 3 increases annual south Delta exports by 410 TAF to 1.3 MAF over the No Action
Alternative. Therefore, annual south Delta export increases of 270-710 TAF are directly related to
additional storage under Alternative 3.

Alternative 3 has a similar influence on dry and critical year Delta exports. Under the No Action
Alternative, Delta exports range from 530 to 640 TAF in the peak winter months and from 90 to
140 TAF in May. Under Alternative 3, dry and critical year exports range from 520 to 750 TAF in the
peak winter months and from 80 to 350 TAF during the lower spring months. On an annual basis,
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Figure 5.1-37. Average Annual Delta Exports at Banks
and Tracy under Alternative 3 for the Long-Term
Period and Dry and Critical Years
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

without additional storage, Alternative 3 modifies dry and critical year Delta exports from (-90) to
440 TAF over the No Action Alternative. With additional storage, Alternative 3 increases annual south
Delta exports from 90 TAF to 1.2 MAF over the No Action Alternative. Therefore, annual dry and
critical year export increases of 180-800 TAF are directly related to additional storage under Alternative 3.

Isolated facility diversions under Alternative 3 occur throughout the year. Details regarding the isolated
conveyance facility diversion assumptions are presented in Section 5.1.4 and Attachment A. In general,
the pattern of diversions peak in the early winter and midsummer months with lower diversions in the
spring. Figure 5.1-38 compares average monthly isolated facility diversions for the long-term period.
Similarly, Figure 5.1-39 compares average monthly isolated facility diversions during dry and critical years.

Monthly average isolated facility diversions are typically greatest in winter, with long-term diversions
between 300 and 520 TAF occurring in January. Lower monthly average diversions occur during spring
due to more restrictive operation criteria, with long-term diversions ranging from 170 to 220 TAF in May.
For dry and critical years, diversions range from 300 to 460 TAF in peak winter months and from 100 to
250 TAF in the lower spring months.

Under Alternative 3 without additional storage, the annual average isolated facility diversions over the
long-term period range between 3.0 and 4.8 MAF and for dry and critical years range between 2.5 and
3.7 MAF. When additional system storage is applied to Alternative 3, the annual long-term isolated facility
diversions average from 3.2 to 5.0 MAF. For dry and critical years, annual diversions average between
2.9 and 3.7 MAF. Annual average isolated facility diversions directly attributable to new storage ranges
from 140 to 190 TAF for the long-term period, and range from 10 to 340 TAF during dry and critical
years.

In addition to isolated facility diversions, south Delta channel diversions contribute to total Banks and
Tracy south-of-Delta exports under Alternative 3. South Delta channel diversions are typically greatest
in winter. Long-term diversions peak in January with monthly average diversions ranging between 70 and
450 TAF. Lower monthly average diversions occur during spring due to more fishery operation criteria,
with long-term diversions ranging from 0 to 200 TAF in May. For dry and critical years, diversions range
from 80 to 450 TAF in January and from O to 120 TAF in May.

On an annual basis, without additional storage, Alternative 3 decreases long-term period south Delta
channel diversions by 2.4-4.2 MAF relative to the No Action Alternative. With additional storage,
Alternative 3 decreases annual south Delta channel diversions by 1.9-4.1 MAF relative to the No Action
Alternative. Therefore, additional storage increases the annual south Delta channel diversions by 90-
570 TAF. For dry and critical years, Alternative 3 without additional storage decreases south Delta
channel diversions by 2.1-3.2 MAF on an annual basis relative to the No Action Alternative. With
additional storage, Alternative 3 decreases annual south Delta channel diversions by 1.6-3.1 MAF, relative
to the No Action Alternative. Therefore, annual dry and critical year south Delta channel diversions
increases of 170-470 TAF are directly related to additional storage under Alternative 3.

Bay Region

Programmatic comparisons of Delta outflow to San Francisco Bay were made between Alternative 3 and
the No Action Alternative using DWRSIM modeling results. Figures 5.1-40 and 5.1-41 present monthly
average Delta outflow comparisons for the long-term period and dry and critical years, respectively.
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

Delta outflow is typically lower under Alternative 3 than under the No Action Alternative during
November through March. Percentage differences are typically small, however. Over the long-term
period, Delta outflow normally peaks in February. Average February outflow ranges from 2.7 to
2.8 MAF under the No Action Alternative and ranges from 2.6 to 2.8 MAF under Alternative 3. The
differences in Delta outflow are smaller from April through October. Ecosystem Restoration Program
flows provide some additional May outflow under Alternative 3. On an annual basis, without additional
storage, Alternative 3 modifies average long-term period Delta outflow from (-250) to 220 TAF compared
to the No Action Alternative. With additional storage, Alternative 3 decreases average annual Delta
outflow by 150 TAF to 1.1 MAF. Therefore, annual Delta outflow decreases of 360-850 TAF are directly
related to additional storage under Alternative 3.

During dry and critical years, February outflow ranges from 950 TAF to 1.1 MAF under the No Action
Alternative and ranges from 820 TAF to 1.1 MAF under Alternative 3. On an annual basis, without
additional storage, Alternative 3 modifies average dry and critical year Delta outflow from (-40) to 610
TAF over the No Action Alternative. With additional storage, Alternative 3 modifies average dry and
critical year outflow from (-610) to 500 TAF relative to the No Action Alternative. Therefore, annual
Delta outflow decreases of 110-570 TAF are directly related to additional storage under Alternative 3.

Sacramento River and San Joaquin River Regions

This section provides a comparison of Alternative 3 and the No Action Alternative with respect to water
supply and water management in the Sacramento River and San Joaquin River Regions using DWRSIM
modeling results. The programmatic comparison focuses on existing storage, new storage, and Ecosystem
Restoration Program acquisitions.

Alternative 3 does not change the water supply reliability in the Sacramento River and San Joaquin River
Regions relative to the No Action Alternative. All water demands in the Sacramento River and San
Joaquin River Regions are met through CVP/SWP project deliveries and through locally derived water
supplies. Refer to Section 5.1.4, “Assessment Methods,” for details related to the DWRSIM hydrology
development process. However, as discussed later in this section, surface water acquisitions through the
Ecosystem Restoration Program could reallocate supplies from willing sellers to in-stream uses.

Existing Storage. End-of-September carryover storage in the major Sacramento River Region surface storage
facilities (Shasta, Oroville, and Folsom) was evaluated for Alternative 3 and the No Action Alternative.
Figure 5.1-42 depicts the ranges of long-term period and dry and critical year carryover storage for
Alternative 3 and the No Action Alternative.

Under the No Action Alternative, average carryover storage in Sacramento River Region reservoirs
ranges from 5.3 to 5.4 MAF for the long-term period, and from 3.8 to 3.9 MAF for dry and critical years.
Alternative 3 long-term period carryover storage ranges from 4.8 to 5.2 MAF, while dry and critical year
carryover storage ranges from 3.1 to 3.6 MAF.

In the absence of new storage facilities over the long-term period, implementation of Alternative 3 results
in a carryover storage reduction ranging from 210 to 550 TAF. In dry and critical years, the reduction in
carryover storage under Alternative 3 may vary from 330 to 810 TAF.
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Figure 5.1-42. Carryover Storage for Existing Surface Reservoirs in
the Sacramento River Region under Alternative 3 for the
Long-Term Period and Dry and Critical Years

6.0 Long-Term Period Dry and Critical Years Program
' ] Alternatives
Range
Criterion B
i
<
2 Criterion A
3 No Action
T ——— : — Alternative Range
3.5 f------- S hCTTTTEFEFERRS
Criterion B
30 e CHTLEFION A
38 S
29 =g
g8 8
=5 7
Revised from June 1999 draft
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

With new storage facilities, implementation of Alternative 3 under Criterion A assumptions reduces long-
term and dry and critical carryover storage in existing facilities by 440 and 620 TAF, respectively. Under

Criterion B assumptions, Alternative 3 reduces long-term and dry and critical years carryover storage by
50 and 190 TAF, respectively.

End-of-September carryover storage in the major San Joaquin River Region surface facilities (New
Melones, New Don Pedro, and McClure) was evaluated for Alternative 3 and the No Action Alternative.
Implementation of Alternative 3 had no measurable effect on system carryover storage. Similarly, no
variation is evident based on water management criteria or implementation of additional storage facilities.

New Storage. New Sacramento River and San Joaquin River Region surface storage facilities were evaluated
under Alternative 3. The evaluation distinguished between storage for water supply and storage for
environmental enhancement.

Figure 5.1-43 presents Sacramento River Region carryover storage comparisons for the long-term period
and dry and critical years. Peak storage in the new facilities generally occurs in early summer under all
hydrologic conditions. For the long-term period, peak water supply storage ranges from 700 TAF to
1.3 MAF, while dry and critical year peak storage typically ranges from 460 to 840 TAF. Carryover
storage ranges from 540 to 880 TAF for the long-term period. For dry and critical years, the carryover
storage is very similar for both Criteria A and B. Criterion B water management assumptions consistently
resulted in lower water supply storage. For the long-term period, peak environmental storage ranges from
470to 940 TAF, while dry and critical year peak storage typically ranges from 410 to 910 TAF. Carryover
storage ranges from 400 to 860 TAF for the long-term period, and from 330 to 840 TAF for dry and
critical years. Criterion A water management assumptions consistently resulted in lower environmental
storage.

New Sacramento River Region groundwater storage facilities also were evaluated under Alternative 3.
These facilities are assumed to have a maximum capacity of 250 TAF with maximum inflow and discharge
capacities of 500 cfs. Withdrawals from new groundwater storage facilities are made only in dry and
critical years. The estimated average annual dry and critical year yield of these facilities ranges from 60 to
110 TAF. The long-term average was not calculated since the storage was operated for dry and critical year
yield only.

In this evaluation, new San Joaquin River Region storage facilities were dedicated to providing water for
Ecosystem Restoration Program flow targets. Peak average annual storage tends to occur in late spring
and ranges from 230 to 240 TAF for the long-term period and from 200 to 230 TAF for dry and critical
years. Carryover storage ranges from 200 to 220 TAF for the long-term period, and from 180 to 200 TAF
for dry and critical years. Criterion B water management assumptions consistently resulted in lower
storage.

Ecosystem Restoration Program Acquisition. Table 5.1-7 shows the water acquisition quantities under
Alternative 3 estimated to meet the proposed Ecosystem Restoration Program flow targets.

When new Sacramento River and San Joaquin River Region storage is included in Alternative 3, fewer
water acquisitions are necessary to meet Ecosystem Restoration Program flow targets. New storage also
could be operated to provide Ecosystem Restoration Program flows for other tributaries by exchange
agreements. These types of arrangements are not reflected in this analysis. Table 5.1-8 shows the water
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acquisition quantities estimated to meet the proposed Ecosystem Restoration Program flow targets under
Alternative 3 with new storage.

Table 5.1-7. Estimated Ecosystem Restoration Program Water Acquisitions in
the Sacramento River and San Joaquin River Regions Without New Storage
under Alternative 3 (TAF)

LOCATION CRITICAL DRY BELOW NORMAL ABOVE NORMAL WET

Sacramento River ® 0 0-10 90-110 20 0
Yuba River ® 0 0-10 0-10 0-10 0
Feather River @ 0 50-60 80 50 0
American River ® 0 30 40-50 20 40
Lower Sacramento River ® 0 50-110 10-20 0 0
Additional Delta flows ? 0 110-170 180-240 240-280 0
Stanislaus River ® 0 0 40 30 40
Tuolumne River ° 0 30 40-50 30 50
Merced River ° 0 10 30 20 40
Total acquisitions 0 280-430 510-630 410-460 170

Note:
See Section A.3.3 in Attachment A for additional information regarding modeling assumptions.
2 Based on Sacramento Valley 40-30-30 water-year index.
Based on San Joaquin Vailey 60-20-20 water-year index.

Table 5. 1-8. Estimated Ecosystem Restoration Program Water Acquisitions in the Sacramento
River and San Joaquin River Regions with New Storage
under Alternative 3 (TAF)

LOCATION CRITICAL DRY BELOW NORMAL ABOVE NORMAL WET
Sacramento River ? 0 0-10 30-60 0-20 0
Yuba River ? 0 0-10 0-10 0-10 0
Feather River ® 6] 40 70-80 30-40 0
American River 2 0 30 40-50 20 40
Lower Sacramento River ? 0 0-50 0 0 0
Additional Delta flows ® 0 70-110 120-170 160-230 0
Stanislaus River ° 0 0 40 30 40
Tuolumne River ° 0 10 20-30 10 30
Merced River ® o} 0 0 0 10
Total acquisitions 0 150-260 320-440 250-360 120

Note:
See Section A.3.3 in Attachment A for additional information regarding modeling assumptions.
® Based on Sacramento Valley 40-30-30 water-year index.
Based on San Joaquin Valley 80-20-20 water-year index.

South-of-Delta SWP and CVP Service Areas

Programmatic comparisons of deliveries to the South-of-Delta SWP and CVP Service Areas were made
between Alternative 3 and the No Action Alternative using DWRSIM modeling results. This section also
evaluates surface water storage in existing and new off-aqueduct facilities.

Delta Deliveries. The range of annual Delta deliveries under the No Action Alternative was compared to
the range of deliveries expected under Alternative 3. Deliveries are generally higher under Alternative 3
with implementation of new storage facilities and under Criterion B water management assumptions.
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Under Alternative 3, the range of average annual deliveries over the long-term period is 5.0-7.0 MAF. The
low end of this range assumes no new storage facilities and Criterion A water management assumptions;
the high end of this range assumes new storage facilities and Criterion B water management assumptions.
The No Action Alternative results in a long-term average annual delivery range of 4.8-5.8 MAF. During
dry and critical years, Alternative 3 average annual deliveries range between 3.8 and 5.9 MAF and No
Action Alternative deliveries range between 3.9 and 4.6 MAF.

Without additional storage facilities, Alternative 3 would increase long-term average annual deliveries
between 140 and 560 TAF relative to the No Action Alternative. For dry and critical years, Alternative 3
would modify deliveries from (-170) to 380 TAF.

Implementation of Alternative 3 in conjunction with new surface storage would increase long-term
average annual deliveries from 380 TAF to 1.3 MAF. In dry and critical years, Alternative 3 would
increase deliveries by 370 TAF to 1.4 MAF. Therefore, annual long-term Delta deliveries increases of
240-690 TAF are directly related to additional storage under Alternative 3. The range of average long-term
and dry and critical water-year Delta deliveries for Alternative 3 compared to the No Action Alternative
is depicted in Figure 5.1-44.

Existing Off-Aqueduct Storage Facilities. San Luis Reservoir is the primary existing off-aqueduct storage facility
serving the South-of-Delta SWP and CVP Service Areas. San Luis Reservoir carryover storage and
reservoir releases were evaluated under Alternative 3 and the No Action Alternative.

With no additional storage, Alternative 3 increases average annual long-term period San Luis Reservoir
carryover storage up to 350 TAF above the No Action Alternative. If additional storage is implemented,
Alternative 3 increases carryover storage by 260-480 TAF above the No Action Alternative. Therefore,
along-term average carryover storage increase of 130-230 TAF is directly attributed to additional storage
under Alternative 3.

With no additional storage, Alternative 3 increases average annual carryover storage during dry and
critical years from 130 to 330 TAF above the No Action Alternative. If additional storage is implemented,
Alternative 3 increases carryover storage by 310-480 TAF above the No Action Alternative. Therefore,
a dry and critical year carryover storage increase of 150-180 TAF is directly attributed to additional
storage under Alternative 3. Figure 5.1-45 presents carryover storage comparisons for the long-term
period and dry and critical years.

The broadest range in monthly average storage releases from San Luis Reservoir generally occurs in
summer months for both alternatives under all hydrologic conditions. The greatest long-term summer
releases are generally associated with Criterion A water management in the absence of new storage
facilities, while the lowest summer releases are associated with Criterion B water management in
conjunction with additional storage capacity. The broadest range of long-term monthly average reservoir
releases under Alternative 3 is approximately 170-400 TAF. Under the No Action Alternative, peak
average monthly summer releases range from 270 to 310 TAF over the long-term period. Winter releases
are similar under Alternative 3 and the No Action Alternative.

New Off-Aqueduct Storage Facilities. Carryover storage and releases associated with new off-aqueduct surface
storage facilities were evaluated under Alternative 3. Such facilities would serve the South-of-Delta SWP
and CVP Service Areas similar to San Luis Reservoir.
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Figure 5.1-45. Carryover Storage for Existing Off-Aqueduct
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Over the long-term period, carryover storage in new off-aqueduct surface storage facilities ranges from
810 TAF to 1.2 MAF under Alternative 3. For dry and critical years, carryover storage ranges from 360 to
840 TAF. Water management Criterion A provides higher carryover storage in wetter water-years while
water management Criterion B provides higher carryover storage in wetter and drier water-years.
Figure 5.1-46 presents carryover storage comparisons for the long-term period and dry and critical years.

Releases from new off-aqueduct surface storage facilities generally occur from spring to late summer under
Alternative 3. Peak releases typically occur in midsummer for all hydrologic conditions. The approximate
peak releases are between 170 and 190 TAF for the long-term period and dry and critical years,
respectively. Over the long-term period, Criterion A water management results in early spring peak
releases while Criterion B results in late spring peak releases. Reduced Delta exports associated with
Criterion A create more reliance on off-aqueduct storage releases to meet spring demands.

New off-aqueduct groundwater storage facilities also were evaluated under Alternative 3. These facilities
are assumed to have 2 maximum capacity of 500 TAF with maximum inflow and discharge capacities of
500 cfs. Withdrawals from new groundwater storage facilities are made only in dry and critical years. The
estimated average annual dry and critical year yield of these facilities ranges from 80 to 90 TAF. The long-
term average was not calculated since the storage was operated for dry and critical year yield only.

5.1.8.4 PREFERRED PROGRAM ALTERNATIVE

This section includes a description of the consequences of a diversion facility on the Sacramento River.
If the diversion facility is not built, these consequences would not occur.

For evaluation purposes, the Preferred Program Alternative was simulated with and without a new
screened diversion (2,000-4,000 cfs) from the Sacramento River to the Mokelumne River system. Without
the diversion, consequences of the Preferred Program Alternative to water supply and water management
are similar to consequences under Alternative 1, as described in Section 5.1.8.1. With a new diversion,
consequences of the Preferred Program Alternative to water supply and water management are described
below.

Some improvements to water supply and water management would be realized from improved export
pumping capacity under the Preferred Program Alternative relative to the No Action Alternative.
Greater water supply and water management benefits may be obtained if additional storage facilities are
constructed.

Delta Region

Programmatic comparisons of Delta inflows and exports were made between the Preferred Program
Alternative and the No Action Alternative using DWRSIM modeling results. Both bookend Delta water
management criteria were used to define the range of uncertainty associated with each alternative.

Average monthly Delta inflow is typically lower under the Preferred Program Alternative than under the
No Action Alternative. Over the long-term period, Delta inflow normally peaks in February. Average
February flow is approximately 190 TAF under the No Action Alternative and is approximately 180 TAF
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under the Preferred Program Alternative. For dry and critical years, peak monthly flow ranges from 70 to
80 TAF under both the No Action Alternative and the Preferred Program Alternative. Additional storage
appears to slightly reduce total Delta inflow for the long-term average and dry and critical years.

The pattern of long-term average Delta exports would be modified somewhat by the Preferred Program
Alternative, with greater exports occurring August through January relative to the No Action
Alternative. Figure 5.1-47 compares average monthly Delta exports for the long-term period. Similarly,
Figure 5.1-48 compares average monthly Delta exports during dry and critical years.

Combined exports from Banks and Tracy Pumping Plants peak in January, with long-term period values
ranging from 560 to 680 TAF under the No Action Alternative and from 540 to 790 TAF under the
Preferred Program Alternative. Delta exports, at minimum values in May, change little under the
Preferred Program Alternative. Long-term period exports range from 120 to 200 TAF under the No
Action Alternative and range from 120 to 210 TAF under the Preferred Program Alternative. On an
annual basis, without additional storage, the Preferred Program Alternative increases long-term period
Delta exports by an additional 250-380 TAF over the No Action Alternative. With additional storage, the
Preferred Program Alternative increases annual Delta exports by 490-900 TAF over the No Action
Alternative. Therefore, annual export increases of 240-520 TAF are directly related to additional storage
under the Preferred Program Alternative.

The Preferred Program Alternative has a similar influence on dry and critical year Delta exports. Under
the No Action Alternative, Delta exports range from 530 to 640 TAF in January and from 90 to 140 TAF
in May. Under the Preferred Program Alternative, dry and critical year exports range from 520 to
720 TAF in the peak winter months and from 90 to 140 TAF during the spring months. On an annual
basis, without additional storage, the Preferred Program Alternative increases dry and critical year Delta
exports by an additional 50 to 180 TAF over the No Action Alternative. With additional storage, the
Preferred Program Alternative increases annual Delta exports from 180 to 670 TAF over the No Action
Alternative. Therefore, annual dry and critical year export increases of 130-490 TAF are directly related
to additional storage under the Preferred Program Alternative.

Delta exports under the Preferred Program Alternative also were compared to Delta exports under the
other Program alternatives. The long-term period comparison is summarized in Table 5.1-9. The dry and
critical year comparison is summarized in Table 5.1-10. Additionally, Figures 5.1-49 and 5.1-50 present
Delta export comparisons for the long-term period and dry and critical years, respectively.

Table 5.1-9. Banks and Tracy Exports under All Program Alternatives
for the Long-Term Period (TAF)

NO ACTION  ALTERNATIVE 1/PPA PPA
PERIOD ALTERNATIVE {Without Hood) ALTERNATIVE 2 ALTERNATIVE 3 (With Hood)

High export month (January) 560-680 540-760 540-760 560-760 540-790
Low export month {(May) 120-200 120-210 120-210 120-410 120-210
Annual difference without - 270-390 230-410 140-590 250-380
storage

Annual difference with - 580-800 460-800 410-1,300 490-900
storage

Note:
PPA = Preferred Program Alternative.
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Figure 5.1-47. Delta Exports at Banks and Tracy under the
Preferred Program Alternative for the Long-Term Period
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Figure 5.1-49. Average Annual Delta Exports at Banks and Tracy
under All Program Alternatives for the Long-Term Period
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Figure 5.1-50. Average Annual Delta Exports at Banks and Tracy
under All Program Alternatives for Dry and Critical Years
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Table 5.7-10. Banks and Tracy Exports under All Program Alternatives
for Dry and Critical Years(TAF)

NO ACTION ALTERNATIVE 1/PPA PPA
PERIOD ALTERNATIVE {Without Hood) ALTERNATIVE 2 ALTERNATIVE 3 (With Hood)

High export month {January) 530-640 530-720 520-710 520-750 520-720
Low export month (May) 90-140 90-140 90-140 80-350 90-140
Annual difference without - 30-190 30-200 (-90)-440 50-180
storage

Annual difference with - 180-640 130-650 90-1,200 180-670
storage

Note:
PPA = Preferred Program Alternative.

Diversions from a facility on the Sacrament River under the Preferred Program Alternative occur
throughout the year. Details regarding the assumptions for the diversion facility on the Sacramento River
are presented in Section 5.1.4 and Attachment A. In general, the pattern of diversions peak in early winter
and midsummer, with lower diversions in spring. Figure 5.1-51 compares average monthly Sacramento
River diversions for the long-term period. Similarly, Figure 5.1-52 compares average monthly diversions
from a facility on the Sacramento River during dry and critical years.

Diversions from a facility on the Sacramento River are typically greatest in January, with long-term
diversions peaking on average from 120 to 250 TAF. May reflects lower average diversions due to more
restrictive operation criteria, ranging from 60 to 190 TAF. For dry and critical water-years, diversions
average from 120 to 240 TAF in peak winter months and from 40 to 140 TAF in spring months.

Under the Preferred Program Alternative without additional storage, annual diversions from a facility
on the Sacramento River over the long-term period range from 1.2 to 2.6 MAF. For dry and critical years,
average annual diversions range from 1.1 to 2.2 MAF. When additional system storage is applied to the
Preferred Program Alternative, annual long-term diversions on the Sacramento River average between
1.2 and 2.7 MAF. For dry and critical years, annual diversions on the Sacramento River range on average
between 1.2 and 2.5 MAF. Average annual Sacramento River diversions directly attributed to additional
storage range from 0 to 160 TAF for the long-term period, and from 10 to 290 TAF for dry and critical
years.

Bay Region

Programmatic comparisons of Delta outflow to San Francisco Bay were made between the Preferred
Program Alternative and the No Action Alternative using DWRSIM modeling results. Figures 5.1-53
and 5.1-54 present monthly average Delta outflow comparisons for the long-term period and dry and
critical years, respectively.

Delta outflow is typically lower under the Preferred Program Alternative than under the No Action
Alternative during November through March. Percentage differences are typically small, however. Over
the long-term period, Delta outflow normally peaks in February. Average February outflow ranges from
2.7 to 2.8 MAF under the No Action Alternative and ranges from 2.6 to 2.8 MAF under the Preferred
Program Alternative. The differences in Delta outflow are smaller from April through October.
Ecosystem Restoration Program flows provide some additional May outflow under the Preferred Program
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Figure 5.1-51. Hood Diversions under the Preferred
Program Altemative for the Long-Term Period
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Figure 5.1-53. Delta Outflow under the Preferred
Program Altemative for the Long-Term Period
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Alternative. On an annual basis, without additional storage, the Preferred Program Alternative modifies
average long-term period Delta outflow from (-70) to 50 TAF compared to the No Action Alternative.
With additional storage, the Preferred Program Alternative decreases average annual Delta outflow from
290 to 760 TAF. Therefore, annual Delta outflow decreases of 340-700 TAF are directly related to
additional storage under the Preferred Program Alternative.

During dry and critical years, February outflow ranges from 950 TAF to 1.1 MAF under the No Action
Alternative and ranges from 870 TAF to 1.1 MAF under the Preferred Program Alternative. On an
annual basis, without additional storage, the Preferred Program Alternative increases average dry and
critical year Delta outflow from 70 to 180 TAF over the No Action Alternative. With additional storage,
the Preferred Program Alternative could decrease average dry and critical year outflow by 280 TAF or
could increase outflow by 170 TAF relative to the No Action Alternative. Therefore, annual Delta
outflow decreases of 20-350 TAF are directly related to additional storage under the Preferred Program
Alternative.

Delta outflow under the Preferred Program Alternative was also compared to Delta outflow under the
other Program alternatives. The long-term period comparison is summarized in Table 5.1-11. The dry and
critical year comparison is summarized in Table 5.1-12.

Table 5.1-11. Delta Outflow under All Program Alternatives
for the Long-Term Period(TAF)

NO ACTION  ALTERNATIVE 1/PPA PPA
PERIOD ALTERNATIVE {Without Hood) ALTERNATIVE 2 ALTERNATIVE 3 (With Hood)
High outflow 2,700-2,840 2,560-2,840 2,560-2,840 2,5660-2,760 2,550-2,810
month (February)
Annual difference - {(-80)-30 (-90)-60 (-250)-220 (-70)-50
without storage
Annual difference - (-660)-(-460) {(-660)-(-270) {-1,100)-(-150) (-760}-(-290)

with storage

Note:
PPA = Preferred Program Alternative.

Table 5.1-12. Delta Outflow under All Program Alternatives
for Dry and Critical Years (TAF)

NO ACTION  ALTERNATIVE 1/PPA PPA
PERIOD ALTERNATIVE (Without Hood} ALTERNATIVE 2 ALTERNATIVE 3 {With Hood)
High outflow 950-1,080 860-1080 870-1,090 820-1,080 870-1,090
month {February)
Annual difference - 70-180 40-210 (-40)-610 70-180
without storage
Annual difference - (-260)-70 (-260)-210 (-610)-500 (-280)-170

with storage

Note:
PPA = Preferred Program Alternative.
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Sacramento River and San Joaquin River Regions

This section provides a comparison of the Preferred Program Alternative and the No Action Alternative
with respect to water supply and water management in the Sacramento River and San Joaquin River
Regions using DWRSIM modeling results. The programmatic comparison focuses on existing storage, new
storage, and Ecosystem Restoration Program acquisitions.

The Preferred Program Alternative does not change the water supply reliability in the Sacramento River
and San Joaquin River Regions relative to the No Action Alternative. All water demands in the
Sacramento River and San Joaquin River Regions are met through CVP/SWP project deliveries and
through locally derived water supplies. Refer to Section 5.1.4, “Assessment Methods,” for details related
to the DWRSIM hydrology development process. However, as discussed later in this section, surface
water acquisitions through the Ecosystem Restoration Program could reallocate supplies from willing
sellers to in-stream uses.

Existing Storage. End-of-September carryover storage in the major Sacramento River Region surface storage
facilities (Shasta, Oroville, and Folsom) was evaluated for the Preferred Program Alternative and the No
Action Alternative. Figure 5.1-55 depicts the ranges of long-term period and dry and critical year
carryover storage for the Preferred Program Alternative and the No Action Alternative.

Under the No Action Alternative, average carryover storage in Sacramento River Region reservoirs
ranges from 5.3 to 5.4 MAF for the long-term period, and from 3.8 to 3.9 MAF for dry and critical years.
The Preferred Program Alternative long-term period carryover storage ranges from 5.1 to 5.5 MAF, while
dry and critical year carryover storage ranges from 3.6 to 4.0 MAF.

In the absence of new storage facilities, implementation of the Preferred Program Alternative has little
impact on carryover storage under Criterion A water management assumptions. The Preferred Program
Alternative results in a slight reduction in carryover storage under Criterion B water management
assumptions. Without new storage, the reduction in average long-term carryover storage under the
Preferred Program Alternative may vary from 90 to 210 TAF. The same trend is demonstrated for the
dry and critical years with the reduction in carryover storage varying from 40 to 210 TAF.

With new storage facilities, implementation of the Preferred Program Alternative under Criterion A
assumptions reduces average long-term period and dry and critical year carryover storage in existing
facilities on the order of 80 TAF relative to the No Action Alternative. Under Criterion B assumptions,
the Preferred Program Alternative increases average carryover storage on the order of 180 TAF.

End-of-September carryover storage in the major San Joaquin River Region surface facilities (New
Melones, New Don Pedro, and McClure) was evaluated for the Preferred Program Alternative and the
No Action Alternative. Implementation of the Preferred Program Alternative has no measurable effect
on system carryover storage. Similarly, no variation is evident based on water management criteria or
implementation of additional storage facilities.

New Storage. New Sacramento River and San Joaquin River Regions surface storage facilities were
evaluated under the Preferred Program Alternative. The evaluation distinguished between storage for
water supply and storage for environmental enhancement.
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

Figure 5.1-56 presents Sacramento River Region carryover storage comparisons for the long-term period
and dry and critical years. Peak storage in the new facilities generally occurs in early summer under all
hydrologic conditions. For the long-term period, peak water supply storage ranges from 770 TAF to
1.3 MAF, while dry- and critical-year peak storage typically ranges from 510 to 810 TAF. Carryover
storage ranges from 590 TAF to 870 TAF for the long-term period, and from 360 to 450 TAF for dry and
critical years. Criterion A water management assumptions consistently results in lower water supply
storage. For the long-term period, peak environmental storage ranges from 520 to 900 TAF, while dry-
and critical -year peak storage typically ranges from 450 to 870 TAF. Carryover storage ranges from
450 to 810 TAF for the long-term period, and from 360 to 760 TAF for dry and critical years. Criterion
A water management assumptions consistently results in lower environmental storage.

New Sacramento River Region groundwater storage facilities also were evaluated under the Preferred
Program Alternative. These facilities are assumed to have a maximum capacity of 250 TAF with
maximum inflow and discharge capacities of 500 cfs. Withdrawals from new groundwater storage facilities
are made only in dry and critical years. The estimated average annual dry and critical year yield of these
facilities ranges from 40 to 60 TAF. The longterm average was not calculated since the storage was
operated for dry and critical year yield only.

In this evaluation, new San Joaquin River Region storage facilities were dedicated to providing water for
Ecosystem Restoration Program flow targets. Peak average annual storage tends to occur in late spring
and is approximately 240 TAF for the long-term period and ranges from 210 to 230 TAF for dry and
critical years. Carryover storage ranges from 200 to 220 TAF for the long-term period, and from 190 to
210 TAF for dry and critical years. Criterion B water management assumptions consistently result in
lower storage.

Ecosystem Restoration Program Acquisition. Table 5.1-13 shows water acquisitions quantities under the
Preferred Program Alternative estimated to meet proposed Ecosystem Restoration Program flow targets.

Table 5.1-13. Estimated Ecosystem Restoration Program Water Acquisitions in the
Sacramento River and San Joaquin River Regions Without New Storage
under the Preferred Program Alternative (TAF)

LOCATION CRITICAL DRY BELOW ABOVE NORMAL WET
NORMAL

Sacramento River ? 0 0-10 20 20 0
Yuba River? 0 0-10 0-10 0-10 0
Feather River ® 0 50 80 60 0
American River ? 0 30 40 20 40
Lower Sacramento River @ 0 80-90 10 0 0
Additional Delta flows ? 0 110-140 180-210 220-250 0
Stanislaus River ° 0 0 40 30 40
Tuolumne River ® 0 30 40 30 50
Merced River © 0 10 30 20 40
Total acquisitions 0 310-370 510-550 400-440 170

Note:
See Section A.3.3 in Attachment A for additional information regarding modeling assumptions.

® Based on Sacramento Valley 40-30-30 water-year index.

Based on San Joaquin Valley 60-20-20 water-year index.
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When new Sacramento River and San Joaquin River Regions surface storage is included in the Preferred
Program Alternative, fewer water acquisitions are required to meet Ecosystem Restoration Program flow
targets. New storage also could be operated to provide Ecosystem Restoration Program flows for other
tributaries by exchange agreements. These types of arrangements are not reflected in this analysis.
Table 5.1-14 shows the water acquisition quantities estimated to meet the proposed Ecosystem Restoration
Program flow targets under the Preferred Program Alternative with new storage.

Table 5.1-14. Estimated Ecosystem Restoration Program Water Acquisitions in the
Sacramento River and San Joaquin River Regions with New Storage
under the Preferred Program Alternative (TAF)

LOCATION CRITICAL DRY BELOW ABOVE NORMAL WET
NORMAL

Sacramento River ? 0 0-10 30-50 0-10 0
Yuba River ® 0 0-10 0-10 0-10 0
Feather River ? 0 40 70 40 0
American River ? 0 30 40 20 40
Lower Sacramento River ® 0 0-20 0 0 0
Additional Delta flows ® 0 50-60 110-120 160-190 0
Stanislaus River ° 0 0 40 30 40
Tuolumne River ° 0 10 20-30 10 30
Merced River ° 0 0 0 0 10
Total acquisitions 0 130-180 310-360 260-310 120

Note:
See Section A.3.3 in Attachment A for additional information regarding modeling assumptions.

2 Based on Sacramento Valley 40-30-30 water-year index.

Based on San Joaquin Valley 80-20-20 water-year index.

South-of-Delta SWP and CVP Service Areas

Programmatic comparisons of Delta deliveries to the South-of-Delta SWP and CVP Service Areas were
made between the Preferred Program Alternative and the No Action Alternative using DWRSIM
modeling results. This section also evaluates surface water storage in existing and new off-aqueduct
facilities.

Delta Deliveries. The range of annual Delta deliveries under the No Action Alternative was compared to
the range of deliveries expected under the Preferred Program Alternative. Deliveries are generally higher
under the Preferred Program Alternative with implemen-tation of new storage facilities and Criterion B
water management assumptions.

Under the Preferred Program Alternative, the range of average annual deliveries over the long-term period
isfrom 5.1t0 6.7 MAF. The low end of this range assumes no new storage facilities and Criterion A water
management assumptions; the high end of this range assumes new storage facilities and Criterion B water
management assumptions. The No Action Alternative results in a long-term average annual delivery range
from 4.8 to 5.8 MAF. During dry and critical years, the Preferred Program Alternative average annual
deliveries range between 3.9 and 5.6 MAF and No Action Alternative deliveries range between 3.9 and
4.6 MAF.
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Without additional storage facilities, the Preferred Program Alternative would increase long-term average
annual deliveries by 250-370 TAF relative to the No Action Alternative. Dry and critical year deliveries
would increase by up to 190 TAF under the Preferred Program Alternative. Implementation of the
Preferred Program Alternative in conjunction with new surface storage would increase long-term average
annual deliveries by 470-910 TAF. In dry and critical years, the Preferred Program Alternative would
increase deliveries by 530-990 TAF. Therefore, annual long-term Delta delivery increases of 220-540 TAF
are directly related to additional storage under the Preferred Program Alternative. Delta deliveries under
the Preferred Program Alternative also were compared to Delta deliveries under the other Program
alternatives. The long-term period comparison is summarized in Table 5.1-15. The dry and critical year
comparison is shown in Table 5.1-16. Additionally, Figures 5.1-57 and 5.1-58 present average annual Delta
delivery comparisons for the long-term period and dry and critical years, respectively.

Existing Off-Aqueduct Storage Facilities. San Luis Reservoir is the primary existing off-aqueduct storage facility
serving the South-of-Delta SWP and CVP Service Areas. San Luis Reservoir carryover storage and
reservoir releases were evaluated under the Preferred Program Alternative and the No Action Alternative.

Table 5.17-15. Delta Deliveries under All Program Alternatives
for the Long-Term Period (TAF)

NO ACTION ALTERNATIVE 1/PPA PPA
DELTA DELIVERIES ALTERNATIVE (Without Hood) ALTERNATIVE 2 ALTERNATIVE 3 {With Hood)
Total annual deliveries 4,820-5,750 5,090-6,540 5,060-6,540 4,960-7,000 5,070-6,660
Annual difference - 270-380 240-400 140-560 250-370
without storage
Annual difference with - 670-790 450-790 380-1,250 470-910
storage

Note:
PPA = Preferred Program Alternative.

Table 5.1-16. Delta Deliveries under All Program Alternatives
for Dry and Critical Years (TAF)

DELTA NO ACTION  ALTERNATIVE 1/PPA PPA
DELIVERIES ALTERNATIVE (Without Hood) ALTERNATIVE 2  ALTERNATIVE 3 (With Hood)

Total annual 3,920-4,570 3,920-5,560 3,910-5,560 3,750-5,940 3,940-5,560

deliveries

Annual difference . 0-190 (-10)-190 (-170)-380 20-190

without storage

Annual difference ] 600-990 500-990 370-1,370 530-990

with storage

Note:
PPA = Preferred Program Alternative.

With no additional storage, the Preferred Program Alternative modifies San Luis Reservoir carryover
storage from (-10) to 170 TAF for the long-term period, and from 10 to 140 TAF for dry and critical years
above the No Action Alternative. If additional storage is implemented, the Preferred Program Alternative
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Figure 5.1-57. Average Annual Delta Deliveries under All

Program Alternatives for the Long-Term Period
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increases long-term carryover storage from 150 to 190 TAF and dry and critical carryover storage by
140 to 160 TAF above the No Action Alternative. Therefore, a long-term average carryover storage of
approximately (-20) to 200 TAF is directly attributed to additional storage under the Preferred Program
Alternative. The average carryover storage increase of approximately 20 to 130 TAF for dry and critical
years is directly related to additional storage under the Preferred Program Alternative. Figure 5.1-59
presents carryover storage comparisons for the long-term period and dry and critical years.

The broadest range in monthly average storage releases from San Luis Reservoir generally occurs in
summer months for both water management criteria under all hydrologic conditions. The largest long-
term summer releases generally are associated with Criterion A water management in the absence of new
storage facilities, while the lowest summer releases are associated with Criterion B water management in
conjunction with additional storage capacity. The broadest range of long-term monthly average reservoir
releases under the Preferred Program Alternative is approximately 200-380 TAF. Under the No Action
Alternative, long-term peak average monthly summer releases range from 270 to 310 TAF. Winter releases
are similar under the Preferred Program Alternative and the No Action Alternative.

New Off-Aqueduct Storage Facilities. Carryover storage and releases associated with new off-aqueduct surface
storage facilities were evaluated under the Preferred Program Alternative. Such facilities would serve the
South-of-Delta SWP and CVP Service Areas similar to San Luis Reservoir.

Over the long-term period, carryover storage in new off-aqueduct surface storage facilities ranges from
720 to 780 TAF under the Preferred Program Alternative. For dry and critical years, carryover storage
ranges from 320 to 330 TAF. Criterion A provides higher carryover storage in both wetter and drier
water-years. Figure 5.1-60 presents carryover storage comparisons for the long-term period and dry and
critical years.

Releases from new off-aqueduct surface storage facilities generally occur from spring to late summer under
the Preferred Program Alternative. Peak releases typically occur in midsummer for all hydrologic
conditions. The approximate peak releases are 160 TAF for the long-term period, and the peak releases
range from 170 to 180 TAF for dry and critical years, respectively. In dry and critical years, monthly
average releases tend to be similar under both water management criteria. Over the long-term period,
Criterion A water management results in early spring peak releases while Criterion B results in late-spring
peak releases. Reduced Delta exports associated with Criterion A create more reliance on off-aqueduct
storage releases to meet spring demands.

New off-aqueduct groundwater storage facilities also were evaluated under the Preferred Program
Alternative. These facilities are assumed to have a maximum capacity of 500 TAF with maximum inflow
and discharge capacities of 500 cfs. Withdrawals from new groundwater storage facilities are made only
in dry and critical years. The estimated average annual dry- and critical-year yield of these facilities ranges
from 85 to 90 TAF. The long-term average was not calculated since the storage was operated for dry and
critical year yield only.
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Figure 5.1-59. Carryover Storage for Existing Off-Aqueduct Reservoirs
under the Preferred Program Alternative for the
Long-Term Period and Dry and Critical Years
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Chapter 5. Physical Environment 5.1 Water Supply and Water Management

5.1.9 PROGRAM ALTERNATIVES COMPARED
TO EXISTING CONDITIONS

This section presents a comparison of the environmental consequences of the Program alternatives relative
to existing conditions. The programmatic analysis found that the potentially beneficial and adverse
impacts from implementing any of the Program alternatives when compared to existing conditions are

within the same range of potentially beneficial and adverse impacts as those identified in Sections 5.1.7
and 5.1.8.

As discussed in Section 5.1.4, in order to make programmatic comparisons between the No Action
Alternative and Program alternatives, existing conditions were simulated based on an extensive set of
modeling assumptions. The No Action Alternative was defined to represent a reasonable range of
uncertainty in the pre-implementation condition. This range of uncertainty was quantified for purposes
of this programmatic document by formulating two distinct bookend water management criteria
assumptions sets. These two sets of assumptions (Criteria A and B) serve as boundaries for a range of
possible Delta inflow, export, and outflow patterns in the No Action Alternative programmatic analysis.
The primary assumptions that differentiate the No Action Alternative bookends from each other (and
from existing conditions) are Bay-Delta system water demands and various Delta water management
criteria that regulate system operations.

A comparison of elements of the Program alternatives to existing conditions indicates that:

e All potentially significant adverse impacts that were identified when compared to the No Action
Alternative also are considered potentially significant when compared to existing conditions. These
impacts include potential temporary local water supply interruptions due to turbidity of water during
construction of Program facilities and habitat restoration activities.

* No additional potentially significant environmental consequences have been identified when Program
effects are compared to existing conditions as opposed to the No Action Alternative.

* The beneficial effects on water supply availability and reliability also are considered beneficial when
compared to existing conditions.

5.1.10 ADDITIONAL IMPACT ANALYSIS

Cumulative Impacts. This section identifies where Program actions could contribute to potentially significant
adverse cumulative impacts on water supply and water management. In doing so, those potentially
significant adverse cumulative impacts for which the Program’s contribution could be avoided or
mitigated to a less than cumulatively considerable level are identified. Refer to Chapter 3 for a summary
of cumulative impacts. Refer to Attachment A for a list and description of the projects and programs
considered in concert with the Preferred Program Alternative in this cumulative analysis.

For water supply and water management, the analysis and conclusions regarding the significance of the
Preferred Program Alternative’s contribution to cumulative impacts are essentially the same as the
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analysis and conclusions regarding the Preferred Program Alternative’s long-term impacts. Thisis partially
due to the long-term nature of the Program and the wide range of actions that falls within the scope of
the Program’s potential future actions. Section 5.1.1 lists in summary form the potentially significant
adverse long-term impacts and the mitigation strategies that can be used to avoid, reduce, or mitigate these
impactsto aless-than-significant level. At the programmatic level, the analysis did not identify any impacts
that cannot be avoided, reduced, or mitigated to a less-than-significant level. Sections 5.1.7 and 5.1.8
elaborate on long-term impacts.

The impact of the Preferred Program Alternative, when added to the potential impacts of the following
projects, would result in potentially significant adverse cumulative impacts on water supply and water
management in the Delta, Bay, Sacramento River, and San Joaquin River Regions and in the Other SWP
and CVP Service Areas: American River Water Resource Investigation, other CVPIA actions not yet fully
implemented, Delta Wetlands Project, Pardee Reservoir Enlargement Project, Red Bluff Diversion Dam
Fish Passage Program, Sacramento Water Forum process, Supplemental Water Supply Project, and
Sacramento County municipal and industrial water supply contracts. These projects could reduce the
availability of water supplies or water management options and cause cumulative impacts. The Trinity
River Restoration Project, ISDP, and urbanization would cause water supply effects that were included
in the evaluation presented in Sections 5.1.7 and 5.1.8. Consequently, these projects would not contribute
to cumulative impacts on water supply and water management. At the programmatic level of analysis,
the CALFED Program’s contribution to cumulative impacts resulting from environmental consequences
listed in Section 5.1.1 are expected to be avoided, reduced, or mitigated to a less than cumulatively
considerable level.

Growth-Inducing Impacts. The Preferred Program Alternative is expected to result in an improvement in
water supply reliability and availability for beneficial use in the Bay Region, Sacramento River Region,
and San Joaquin River Region, and South-of-Delta SWP and CVP Service Areas. The amount of water
supply increase made possible by the Program is small relative to the amount of water used in these
affected regions. The Water Use Efficiency and Water Transfer Programs will increase water supply
reliability by more efficient use and reuse of existing water supplies. Through water quality
improvements, the Water Quality Program may reduce demands for certain beneficial uses, thereby
increasing available water supply. Improvements from the Conveyance element may allow more water
to be exported from the Delta while meeting in-Delta needs. Storage of water under the Storage element
may be used for additional water supply, as well as for other beneficial uses.

There are differences of opinion as to whether additional water supplies and/or improvements in water
supply reliability would stimulate growth. Because this issue cannot be determined with certainty at this
general level of analysis, the assumption was made for this programmatic document that an increase in
water supplies and/or improvement in water supply reliability that is associated with the Program could
stimulate growth. This assumption assures that the document discloses the environmental consequences
associated with growth in the event that Program actions ultimately lead to this type of change.

At this programmatic level, it is unknown where any increases in population growth or construction of
additional housing would take place, or what level of growth might be associated with improved water
supply reliability/availability. When and if they occur, these changes will be subject to local land use
decisions by individual cities and counties. Future development at the local level is guided by many
considerations, only one of which is the reliability of water supply. These other factors include the
policies in local general plans and zoning ordinance restrictions; the availability of a wide range of
community services and infrastructure, such as sewage treatment facilities and transportation
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infrastructure; the availability of developable land; the types and availability of employment
opportunities; and the analysis and conclusions based on an environmental review of proposed projects
pursuant to CEQA. These local land use decisions and the environmental impacts associated with these
site-specific decisions are outside the scope of this Programmatic EIS/EIR but can and should be
considered by the local governments acting on future development proposals.

Short- and Long-Term Relationships. The Preferred Program Alternative generally would maintain and
enhance long-term productivity of water supply resources. However, the Preferred Program Alternative
may also cause adverse impacts on water supply resources resulting from short-term uses of the
environment.

Significant overall benefits to the long-term productivity of water supply resources result from Program
actions. Benefits resulting from increased water use efficiency, improved water transfer processes, better
water quality, improved Delta water conveyance and additional water storage opportunities outweigh the
short-term adverse impacts.

Construction of water facilities may result in local construction-, operation-, and maintenance-induced
impacts on the environment like temporary increase of water use due to workers and their families living
in the area. Specific local construction-related impacts depend on the specific project and would be
addressed at project-level analysis.

Short-term construction-related impacts on water supply resources would be localized and cease after
construction is completed. Where possible, avoidance and mitigation measures would be implemented as
a standard course of action to lessen impacts on these resources. Potentially significant long-term
unavoidable impacts are discussed below.

Irreversible and Irretrievable Commitments. The Water Use Efficiency, Water Transfer, Water Quality,
Storage, Conveyance, and other Program elements of the Preferred Program Alternative can be
considered to cause significant irreversible changes to water supply resources. Avoidance and mitigation
measures could be implemented to lessen adverse effects, but changes will be experienced by future
generations. The long-term beneficial irreversible changes include the beneficial effects of improved water
supplies to urban and agricultural sectors. Long-term adverse irreversible changes include potential
displacement of water supplies from regions or uses to other areas or uses.

5.1.11 MITIGATION STRATEGIES

Potential decreases in agricultural and urban water supplies from Bay-Delta sources could result from
increased environmental water needs and drinking water quality requirements under the No Action
Alrernative. These potential consequences may be reduced or eliminated by several strategies included in
the Preferred Program Alternative. Implementation of an EW A may allow for more efficient use of water
for environmental purposes and decrease the conflict in uses of Bay-Delta water supplies. Optimizing the
use of alternative water management tools, including water use efficiency measures, water recycling, and
water transfers may improve the availability and economic utility of water supplies. Implementing water
quality improvement actions may enhance the quality of source water supplies, thereby providing
additional operational flexibility to meet water supply reliability and quality goals. Conveyance
improvements may also increase the flexibility of water project operations and improve water supply
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reliability. Finally, new storage may provide improved water management capability and enhanced water
supply reliability.

Potential long-term adverse effects on specific regional agricultural and urban water supplies could result
from increased water transfers. Areas with adequate water supplies could transfer portions of those
supplies to areas with higher economic return from the use of water. Water transfers can affect third
parties (those not directly involved in the transaction), local groundwater, environmental conditions, or
other resource areas. Additional discussion on the potential impacts of water transfers on groundwater
resources, agricultural social issues, and regional economics is included in Sections 5.4, 7.3, and 7.10,
respectively. These chapters describe mitigation strategies to reduce third-party impacts associated with
transfers. In addition, some of the actions described in the Water Transfer Program Plan, in conjunction
with existing requirements, will protect against adverse third-party impacts associated with water
transfers. (See Chapter 4 in the Water Transfer Program Plan.)

Conversion of Delta land use from agriculture to wetlands and marshes under the Ecosystem Restoration
Program could result in increased water use and potential negative impacts on agricultural and urban
water supply reliability. The combined beneficial effect on water supply and water management resources
from actions under the Preferred Program Alternative, including the Water Quality Program, Water Use
Efficiency Program, Water Transfer Program, conveyance improvements, and potential new water storage

facilities, is expected to offset this potential loss of water supply, resulting in no significant adverse
impacts.

Temporary local impacts on water supply reliability could occur during construction of the Program’s
proposed facilities. Potential temporary interruptions in water supply due to turbidity of water during

levee work could negatively impact water supply and water management. This impact can be mitigated
to a less-than-significant level.

Additional mitigation strategies will be considered during project planning and development. Specific
mitigation measures will be adopted, consistent with the Program goals and objectives and the purposes
of site-specific projects. Not all mitigation strategies will be applicable to all projects because site-specific
projects will vary in purpose, location, and timing.

5.1.12 POTENTIALLY SIGNIFICANT UNAVOIDABLE
IMPACTS

Despite the many effects on water supply caused by the Preferred Program Alternative, no potentially
significant unavoidable impacts are expected.
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5.2.1 SUMMARY

Delta hydrodynamic conditions are primarily determined by tides, Delta inflow and outflow, diversions,
and Delta channel configuration. The CALFED Bay-Delta Program (Program) alternatives could result
in changes to Delta inflow and export patterns, and modifications to the configuration of Delta channels.
These changes would affect Bay-Delta hydrodynamics and riverine hydraulics, and could result in impacts
or benefits to other environmental resources dependent on Delta flow patterns.

Although Program-induced changes in hydraulic parameters, including flow, velocity, stage, and related
variables, such as X2 position, are described in this section, the environmental implications of these
changes are not. Environmental implications of changes in Bay-Delta hydrodynamics and riverine
hydraulics are addressed in other sections of this report in the context of each of the resources affected
by the changes.

Preferred Program Alternative. The Preferred Program Alternative could affect Bay-Delta hydrodynamics
and riverine hydraulics through changes in the configuration of Delta channels, construction of new
storage facilities, and related changes in system operations. Construction of a diversion facility on the
Sacramento River could significantly affect Bay-Delta hydrodynamics. With a diversion facility on the
Sacramento River of 4,000 cfs, net flow in the San Joaquin River west of the Mokelumne River is more
frequently positive. Similar to the No Action Alternative, under the Preferred Program Alternative
without a diversion facility near Hood, net flow in the San Joaquin River is generally negative toward the
pumping plants in the south Delta from the junction of the Sacramento and San Joaquin Rivers. This
condition is most pronounced at times of high exports and low Delta inflow.

Under the Preferred Program Alternative, new storage facilities may be constructed in the Sacramento
River, San Joaquin River, and Delta Regions. Storage of water takes place during high-flow periods;
release of water generally takes place during lower-flow periods. Resulting changes in Delta inflow and
diversion patterns would cause relatively small effects on Delta channel flows when compared to Delta
inflows, diversions, and tidal actions.

Alternatives 1, 2, and 3. During most months under Alternative 1, the direction of net flows in the San
Joaquin River is negative toward the pumping plants from the junction of the Sacramento and San
Joaquin Rivers. This condition is most pronounced at times of high exports and low Delta inflow. Under
Alternative 2, sufficient quantities of water would be diverted near Hood to maintain net positive flow
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in the San Joaquin River west of the Mokelumne River. Under Alternative 3, about 40-20% of the water
exported from the Delta would pass through an isolated conveyance facility and about 10-60% would be
diverted directly from the south Delta—depending on the operating rules and capacity of the isolated
conveyance facility. For most Delta channels, net positive flow occurs under Alternative 3. The effects
on Bay-Delta hydrodynamics and riverine hydraulics from potential new storage facilities under
Alternatives 1, 2, and 3 are similar to those described for the Preferred Program Alternative.

5.2.2 AREAS OF CONTROVERSY

Under CEQA, areas of controversy involve factors that reflect differing opinions among technical experts.
The opinions of technical experts can differ, depending on which assumptions or methodology they use.

Evaluation of Bay-Delta hydrodynamics and riverine hydraulics relies on the development of assumptions
and methodologies that may result in disagreements among technical experts and, therefore, constitute
areas of controversy as used by CEQA. The use of different assumptions and methodologies may lead to
conclusions that overestimate or underestimate the impact of Program actions on Bay-Delta
hydrodynamics and riverine hydraulics. To fully describe potential consequences of Program actions, a
reasonable range of uncertainty has been incorporated into this programmatic analysis. For details, refer
to Section 5.1.4.2, “Addressing Uncertainty,” in Section 5.1, “Water Supply and Water Management.”

The Program recognizes the importance of Bay-Delta hydrodynamics and riverine hydraulics to regions
potentially affected by Program actions. One important area of controversy centers on the magnitude of
effects of Program actions on Delta hydro-dynamics and the subsequent effect on access to water supplies
for Delta agriculture. As a multi-million dollar industry, agriculture is the basis of livelihood for many
small communities in the Delta. Another important area of controversy centers on the potential impacts
of riverine flow modification on ecosystem health. Regardless of disagreements over the measurement of
Program effects, CALFED recognizes the importance of adequate access to water supplies and flows to
Delta agriculture and ecosystems. Potential adverse effects on flows or water levels that affect individuals
or businesses dependent on Delta diversions for their livelihood are discussed throughout this document.
Water supply issues are discussed in Section 5.1, agricultural economics are discussed in Section 7.2, and
urban water supply economics are discussed in Section 7.5. Likewise, any potential adverse effects on
riverine flow patterns that affect ecosystem health are discussed in other chapters of this document.
Fisheries and aquatic resources are discussed in Section 6.1, and vegetation and wildlife are discussed in
Section 6.2. Subsequent project-specific environmental analysis will evaluate these impacts in more detail.

5.2.3 AFFECTED ENVIRONMENT/EXISTING
CONDITIONS

This section describes existing conditions for Bay-Delta hydrodynamics and riverine hydraulics. As
discussed further in Section 5.2.4, existing Bay-Delta hydrodynamics and riverine hydraulics were assessed
through simulation of 1995-level conditions. A comparison of existing conditions with the 2020-level No
Action Alternative is provided in Section 5.2.6.
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

5.2.3.1 DELTA REGION

Delta hydraulics and hydrodynamics are influenced by the interaction of tributary inflows, tides, Delta
geometry, and diversions. The Delta receives runoff from a watershed that includes more than 40% of the
state’s land area. Tributaries that directly discharge into the Delta include the Sacramento, San Joaquin,
Mokelumne, Cosumnes, and Calaveras Rivers.

Existing conditions in the Delta are the result of the many changes that have occurred as the Delta Region
has developed over the past 150 years. During the mid-1800s, the Delta, an area of nearly 750,000 acres,
was mostly undeveloped tidal marsh. The Delta was inundated each year by winter and spring runoff.
During this early period prior to development, Delta channel geometry changed in response to the forces
of floods and tides. By 1930, nearly all Delta marshland had been reclaimed for agriculture, peat
production, and urban and industrial uses. Delta channels and islands became more permanently
established. New linear channels were dredged, replacing natural meandering channels. These new
channels were constructed for navigation, to improve circulation, and to provide the material needed for
levee construction. Examples of new channels include Grant Line Canal, Victoria Canal, Empire Cut,
Columbia Cut, and the Delta Cross Channel (DCC). The two major navigation waterways include the
Stockton Deep Water Channel, completed in 1933 (along the San Joaquin River), and the Sacramento
Deep Water Channel, completed in 1963.

Today, the Delta consists of about 740,000 acres, including approximately 500,000 acres of rich farmland,
interlaced with hundreds of miles of waterways that divide the Delta into islands. Some of the island
interiors are as much as 25 feet below sea level. Therefore, the Delta relies on about 1,100 miles of levees
for flood protection. Refer to Figure 5.2-1 for a Delta location map.

Water exports from the Delta began in 1940, following completion of the Contra Costa Canal, a unit of
the CVP. In 1951, the Tracy Pumping Plant began supplying water to the Delta-Mendota Canal (DMC).
The SWP began exporting water through the South Bay Aqueduct (SBA) in 1962 (through an interim
connection to the CVP’s DMC). As statewide water demands grew, the SWP began pumping from the
south Delta in 1967 (supplying the California Aqueduct) and from the north Delta in 1987 (supplying the
North Bay Aqueduct [NBAJ).

To facilitate movement of Sacramento River water to pumping facilities in the south Delta, Reclamation
completed the DCC in 1951. This channel connects the Sacramento River to Snodgrass Slough and the
Mokelumne River system. The flow from the Sacramento River is controlled by two 60-foot gates on the
Sacramento River near Walnut Grove. Downstream from the DCC, Georgiana Slough also connects the

Sacramento River to the Mokelumne River system, allowing Sacramento River water to enter the central
Delta.

Delta hydrodynamic conditions primarily are determined by inflow to the Delta from tributary streams,
daily tidal inflow and outflow through the Bay, and pumping from the south Delta through the
Harvey O. Banks Delta Pumping Plant (Banks Pumping Plant) and Tracy Pumping Plant. Since tidal
inflows are about equal to tidal outflows during each daily tidal cycle, tributary inflows and export
pumping are the principal variables that define the range of hydrodynamic conditions in the Delta.

Twice-daily tides move water from San Francisco Bay into the Delta. The average incoming and outgoing
Delta tidal flow is about 170,000 cfs at Chipps Island. By comparison, the current allowable SWP and
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Figure 5.2-1 Delta Location Map
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

CVP combined export capacity is about 11,000 cfs. Historically, during extremely low runoff periods in
summer, salt from tidal flows intruded into the Delta as far as Hood. During winter and spring, fresh
water from heavy rains pushed the salt water back, well into the Bay, and sometimes beyond. Salt-water
intrusion into the Delta during summer is controlled by tides, fresh-water inflows from reservoir releases,
and Delta pumping. Reservoir storage and releases have resulted in increased summer and fall flows, and
dampened peak winter and spring flows. In very wet years, reservoirs are unable to control runoff, and
salinity in the Bay is nearly reduced to fresh-water levels.

aa to River, the San Joaquin River, and
east side streams. The Sacramento River (including the Yolo Bypass) contributes about 77-85 /o of the
fresh-water inflows to the Delta. The San Joaquin River contributes roughly 10-15%. Streams on the east
side, including the Mokelumne River, provide the remainder of the Delta inflow. On average, about 10%
of the Delta inflow is withdrawn for local use, 30% is withdrawn for export by the CVP and SWP, 20%
is required for salinity control, and the remaining 40% provides outflow to the San Francisco Bay
ecosystem in excess of minimum identified requirements. These unallocated outflows are negligible during
most dry seasons.

The three major sources of fresh water to the Delta are the Sacra

ento k&

Each region in the Delta is dominated by different hydraulic variables during any given period of time.
In the west Delta, for example, tidal influences are strong and reverse flows occur frequently. The north
Delta is more dominated by Sacramento River and Mokelumne River inflows. The south Delta is more

affected by both San Joaquin River inflows and export pumping. All of these influences intersect in the
central Delta.

QWEST is a measure of net flow in the lower San Joaquin River and other smaller Delta channels. In this
evaluation, QWEST is estimated as a function of cross-Delta flow, San Joaquin River and eastside
tributary inflow to the Delta, in-Delta diversions, and exports from the Delta. Over the long-term period
under existing conditions, the greatest average monthly positive QWEST flow typically occurs in
February and is about 7,300 cfs. The greatest average monthly negative (reverse) QWEST flow typically
occurs in October and is about (-3,600) cfs. Reverse flow is due to a combination of tidal effects, reduced
reservoir releases, and Delta exports. During dry and critical years under existing conditions, the greatest
average monthly positive QWEST flow typically occurs in April and is about 1,300 cfs. The greatest
average monthly reverse flow typically occurs in December and is about (-5,000) cfs.

Woater levels, or stage, vary greatly during each tidal cycle, from less than 1 foot on the San Joaquin River
near Interstate 5 to more than 5 feet near Pittsburg. In the south Delta, lowering water levels associated
with CVP and SWP pumping are of concern for local agricultural diverters. Over the long-term period
under existing conditions, the highest minimum stage in Middle River typically occurs in February and
is about 0.1 foot below mean sea level (msl). The lowest minimum stage typically occurs in August and
is about 0.8 foot below msl. During dry and critical years under existing conditions, the highest minimum
stage in Middle River typically occurs in April and is about 0.6 foot below msl. The lowest minimum
stage typically occurs in September and is about 0.7 foot below msl.

5.2.3.2 BAY REGION

The San Francisco Bay system includes the Suisun, San Pablo, and South Bays. The outlet of San Francisco
Bay at Golden Gate Bridge is located 74 km from Chipps Island, the interface between the Delta and

"A‘-

WW"-'WMWW

&

CALFED Final Programmatic EIS/EIR ® July 2000 5'2'4



Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

Suisun Bay. North of Suisun Bay and east of Carquinez Strait lies the Suisun Marsh, an extensive mosaic
of variably controlled tidal marshlands. Tributaries to San Pablo Bay include the Napa, Sonoma, and
Petaluma Rivers. The principal tributary to the South Bay is Coyote Creek. Numerous lesser streams
collectively drain the Bay Region.

San Francisco Bay currently has a surface area of about 400 square miles at mean tide level. Most of the
Bay’s shoreline has a mild slope, which creates a relatively large intertidal zone. The volume of water in
the Bay changes by about 21% from mean higher-high tide to mean lower-low tide. The overall average
depth of the Bay is only about 20 feet, with the Central Bay averaging 43 feet and the South Bay averaging
15 feet. San Francisco Bay is surrounded by about 130 square miles of tidal flats and marshes.

Average net Delta outflow into the Bay Region as measured at Chipps Island is about 20,400 cfs, or about
15 MAF per year. Average natural fresh-water inflow to the Delta varies by a factor of more than 10
between the highest month in winter or spring and the lowest month in fall. During summer months of
critically dry years, net Delta outflow can fall as low as 3,000 cfs.

In addition to Delta outflow, San Francisco Bay receives fresh-water inflow from the Napa, Petaluma, and
Guadalupe Rivers and from Alameda, Coyote, Walnut, and Sonoma Creeks and a number of smaller
streams. The total average inflow of these tributaries (excluding the Delta) is about 350 TAF. Stream flow
is highly seasonal, with more than 90% of the annual runoff occurring during November through April.

Suisun Bay and the adjacent 80,000-acre Suisun Marsh are located near the downstream end of the Delta.
Suisun Bay is the area where the effects of mixing fresh water and salt water are typically most
pronounced.

Downstream of Carquinez Strait are the San Pablo and central San Francisco Bays. Carquinez Strait
separates these bays from Suisun Bay and the Delta, and allows tides to play a leading role in their salinity
and circulation. These embayments can become quite fresh, especially at the surface, during extremely
high fresh-water flows. During these high flows, the entrapment zone can be temporarily relocated
downstream to San Pablo Bay. During periods of low fresh-water flows and high tides, these embayments
are quite saline.

The South Bay is different from the other parts of the system. This area is not in the main path of Delta
outflows. Thus, except during sustained high-outflow periods, water quality is not significantly affected
by Delta outflow. These sustained events do, however, play a significant role in flushing contaminants
such as copper and nickel from the South Bay. During low Delta outflow periods, evaporation, combined
with limited tidal flushing, can cause salinity levels to be higher in the South Bay than in the ocean outside
the Golden Gate. Large level tracts of the South Bay are still used as evaporation ponds for salt
production.

The Bay Region receives unallocated and minimum required outflows from the Delta Region. These can
range from the minimum required flow of less than 4 to nearly 60 MAF, depending on precipitation and
diversions. This water is used in the Bay Region primarily for ecological and water quality maintenance
purposes.

The location of the mixing zone between fresh water from the Delta and saline water from the Bay varies
with the amount of Delta outflow, as well as tides. The mixing zone is pushed downstream during periods
of high Delta outflow and can move upstream into the Delta if Delta outflow is low or during spring neap
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

tides. In order to track and regulate this movement, a standard has been developed, called X2, which
represents the mean distance in kilometers (km) from the Golden Gate Bridge, where the salinity
concentration is 2 parts per thousand (ppt) and the electrical conductivity (EC) is 2,640 pmhos/cm. The
X2 position approximates the location of the entrapment zone, an area of high biological productivity.
The Water Quality Control Plan (WQCP) for the San Francisco Bay/Sacramento-San Joaquin Delta
defines requirements for maintaining X2 at Port Chicago and Chipps Island. The CVPIA provides water
supplies to further enhance X2 position for environmental benefits.

5.2.3.3 SACRAMENTO RIVER REGION

The Sacramento River Region contains the entire drainage area of the Sacramento River and its
tributaries, and extends almost 300 miles from Collinsville in the Delta north to the Oregon border. The
total land area within the region is 26,960 square miles. Average annual precipitation is 36 inches, and
average annual runoff is approximately 22.4 MAF.

The Sacramento River enters the Delta at Freeport. The drainage area of the Sacramento River above
Sacramento, 11 miles north of Freeport, is 23,502 square miles. The average annual flow of the
Sacramento River at Freeport is 16 MAF, more than twice the average annual flow measured in the
Sacramento River above the confluence with the Feather River. The maximum mean monthly discharge
at Freeport measured for the period of record was 71,340 cfs; the minimum mean monthly discharge was
4,494 cfs. Most flood flows that come from the upper Sacramento River, Feather River, and Sutter Bypass
are diverted west of Freeport and the Sacramento area into the Yolo Bypass through the Fremont Weir
at Verona. Overflows occur at this point when Sacramento River flows exceed 55,000 cfs at Verona.
Sacramento River overflows also may enter the Yolo Bypass just north of Sacramento through the
Sacramento Werr.

The two major tributaries to the Sacramento River along its lower reach are the Feather River (which also
includes flows from the Yuba River) and the American River. The combined flows of the Feather River
and the Sutter Bypass enter the river near Verona. The American River joins the Sacramento River north
of downtown Sacramento. Smaller contributions are made by the Natomas Cross Canal, draining the area
between the Bear River and American River, and the Colusa Basin Drain, which drains the west side of
the Sacramento Valley from about Willows south to Knights Landing.

Six locations were selected as the focal points for analyzing current hydraulic conditions in the
Sacramento River Region (Table 5.2-1). The locations were selected based on their proximity to principal
hydraulic features in the region, and include stations on both the Feather and American Rivers.

The DWRSIM model was used to simulate monthly flows. Flow simulations illustrate how current
storage and conveyance facility configurations would respond to the 73-year record of hydrologic input
data from water year 1922 through water year 1994. Hydraulic geometry equations were derived from
recent USGS gaging station data. These equations were used to estimate the mean velocity, stream width,
and mean depth corresponding to the simulated average monthly discharges at each study location.

The results of the flow simulations for existing conditions for February and September are presented in
Table 5.2-1. The maximum, minimum, and average values of hydraulic parameters for February and
September are shown in the table. February was selected to represent wet season flows because average
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flows are highest in that month. September represents dry season flows because average flows are lowest
during that month.

Table 5.2-1. Range of Existing Hydraulic Conditions at Selected Stations
in the Sacramento River Region for February and September

FLOW CONDITION SACRAMENTO RIVER AT AMERICAN FEATHER
BASED ON 73-YEAR WILKIN RIVER AT RIVER AT
HYDROLOGICAL RECORD FREEPORT VERONA SLOUGH KESWICK FAIR OAKS GRIDLEY
February
Discharge (cfs)
Maximum 90,878 95,756 95,758 41,772 30,098 26,992
Minimum 10,569 4,472 4,472 2,943 455 813
Average 34,554 22,411 22,411 9,535 4,470 5,987
Mean velocity {fps)
Maximum 4.3 4.4 5.6 6.2 5.8 4.4
Minimum 1.3 1.7 2.3 0.7 0.7 0.3
Average 2.5 2.9 3.7 2.3 2.2 1.8
Top width (feet)
Maximum 651.3 799.4 367.0 612.5 456.6 318.4
Minimum 584.9 464.2 217.3 423.0 256.1 273.8
Average 620.5 530.6 286.3 505.2 351.0 298.5
Mean depth (feet)
Maximum 34.5 2941 46.6 9.7 11.8 17.2
Minimum 15.2 5.6 8.9 3.8 2.6 9.4
Average 23.9 14.4 21.2 5.5 6.0 10.9
September
Discharge (cfs)
Maximum 22,439 9,870 9,870 8,553 5,089 6,228
Minimum 7.545 3,382 3,382 4,358 309 732
Average 12,141 5,463 5,463 5,946 2,745 1,718
Mean velocity (fps)
Maximum 2.0 2.2 2.9 2.4 2.3 1.8
Minimum 1.1 1.6 2.1 0.6 0.5 0.3
Average 1.8 2.5 1.8 1.7 0.6
Top width (feet)
Maximum 607.3 495.7 248.8 582.0 357.3 298.9
Minimum 575.1 453.5 2071 571.3 242.8 272.6
Average 588.9 471.9 224.9 576.2 328.2 282.8
Mean depth (feet)
Maximum 20.3 8.9 13.6 8.2 6.2 11.0
Minimum 13.4 4.7 7.6 7.4 2.3 9.3
Average 16.0 6.3 9.9 7.7 5.0 9.6

Notes:
cfs
fps

Cubic feet per second.
Feet per second.

The values shown in the table are estimates for comparison purposes. They depend on local stream
channel geometry at the measurement points. Average velocities are calculated from the average monthly
discharge divided by the cross-sectional area of the stream channel. Stream velocities at any point are
greater in the center of the channel and lower at the margins and near the channel bottom due to friction.
In addition, flow conditions may vary considerably over a month, particularly during the wet season.

Figure 5.2-2 shows the distribution of the simulated average monthly flows at Freeport using the 73-year
hydrologic record. The Freeport station is used to represent the point at which the Sacramento River
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Figure 5.2-2. Sacramento River Flow Frequency

at Freeport under Existing Conditions
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

enters the Delta. The heights of the bars correspond to the rate of discharge that is exceeded with the
frequency shown in the Table below. The exceedance frequencies are based on the percentile ranking of
the discharge values for the month. The percentile is calculated by ranking the values from smallest to
largest. Since DWRSIM calculates the average monthly discharge for each month of the 73-year simulation
period, 73 discharge values are associated with each month.

The maximum simulated discharge at Freeport in February is 91,000 cfs, the minimum is 10,600 cfs, and
the average is 35,000 cfs. Figure 5.2-2 provides more information about the distribution of values between
the extremes. Under the column representing February, the first value corresponds to the highest bar in
the chart above it and is 80,000 cfs. This discharge would be exceeded in 5 out of 100 years in February
at Freeport; therefore, this discharge has a 5% probability of being exceeded.

5.2.3.4 SAN JOAQUIN RIVER REGION

The San Joaquin River Region includes the Central Valley south of the watershed of the American River.
It is generally drier than the Sacramento Valley, and flows into the Delta from the San Joaquin River are
considerably lower than those from the Sacramento River. The region is also subject to extreme variations
in flow, as exemplified by flooding that occurred during January 1997.

The drainage area of the San Joaquin River above Vernalis, the point at which the river enters the Delta,
is 13,356 square miles, including 2,100 square miles of drainage contributed by James Bypass. Inflows from
the Merced, Tuolumne, and Stanislaus Rivers historically contribute more than 60% of the flows in the
San Joaquin River at Vernalis. Vernalis lies just inside the boundary of the Delta, but it is widely used as
a monitoring point for Delta inflows and standards.

The USGS has operated a gaging station on the San Joaquin River near Vernalis since 1922, although
complete records are available only back to 1930. The instantaneous maximum flow recorded at the
station was 79,000 cfs, observed on December 9, 1950. The instantaneous minimum flow was 19 cfs,
recorded on August 10, 1961. The maximum mean monthly discharge was 40,040 cfs in March 1983, and
the minimum mean monthly discharge was 93 cfs in July 1977.

Three locations were selected to represent the range of existing hydraulic conditions in the San Joaquin
River Region. The most important of these is the San Joaquin River at Vernalis because of its location
near the Delta. The San Joaquin River at Newman was chosen to characterize the upstream portion of
the river. The Stanislaus River below Goodwin Dam also was selected.

Table 5.2-2 presents the estimated range in discharge, average stream velocities, top width, and mean depth
for February (high-flow period) and August (low-flow period). Figure 5.2-3 shows the frequency
distribution of flows for the San Joaquin River at Vernalis, the point at which the river flows into the
Delta. The data are plotted at the same scale used to plot the data for Sacramento River stations in order
to illustrate the relative contributions in flows to the Delta from each river. As described for Sacramento
River stations, the results indicate that the average winter flows are skewed by infrequent elevated flows.
The medians in the low-flow months of July through November are nearly the same and stay within a
narrow range, reflecting the effects of reservoir operations during these months.
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Table 5.2-2. Range of Existing Hydraulic Conditions at Selected Stations
in the San Joaquin River Region for February and August

FLOW CONDITION SAN JOAQUIN RIVER AT
BASED ON 73-YEAR HYDROLOGICAL RECORD VERNALIS NEWMAN

STANISLAUS RIVER
BELOW GOODWIN DAM

February

Discharge (cfs)

Maximum 33,024 19,447 4,390
Minimum 911 309 211
Average 5,639 2,541 537
Mean velocity (fps)
Maximum 3.1 3.5 4.1
Minimum 1.4 0.9 1.1
Average 2.1 1.8 1.7
Top width {feet)
Maximum 503.7 498.7 146.7
Minimum 2455 139.7 87.3
Average 289.9 190.7 100.1
Mean depth (feet)
Maximum 19.5 10.7 7.3
Minimum 19.5 2.4 2.2
Average 19.5 7.8 3.1
August
Discharge {cfs)
Maximum 3,073 683 2,423
Minimum 618 341 114
Average 1,510 520 8556
Mean velocity (fps)
Maximum 1.8 1.2 3.4
Minimum 1.3 0.9 0.8
Average 1.6 1.1 2.2
Top width (feet)
Maximum 274.6 157.1 130.3
Minimum 236.9 141.8 79.7
Average 257.2 150.9 107.2
Mean depth (feet)
Maximum 5.9 3.8 5.5
Minimum 19.5 2.6 1.7
Average 19.5 3.3 3.7

Notes:
cfs
fps

Feet per second.

Cubic feet per second.
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5.2.3.5 OTHER SWP AND CVP SERVICE AREAS

Surface water flows in the Other SWP and CVP Service Areas are not directly affected by the Program.
Therefore, the region is not discussed further in Section 5.2.

5.2.4 ASSESSMENT METHODS

5.2.4.1 TOOLS

Refer to Section 5.1.4.1 for a description of tools used to assess potential impacts on Bay-Delta
hydrodynamics and riverine hydraulics.

5.2.4.2 MODELING ASSUMPTIONS

Sacr’amen{:o iner’ Dive'r’sion

Refer to Section 5.1.4.3 and Attachment A for a description of  Tables and figures in Section 5.1 for the
modeling assumptions used to assess potential impacts on Bay-Delta ~ Preferred Program Alternative reference a

hvdrod : d riverine hvdraulics. “Hood diversion.” This location was used
yOroGynanies and tverine fiycrautcs only for modeling purposes. The Preferred
Program Alternative identifies a “diversion
facility on the Sacramento River.”

5.2.4.3 APPROACH

Delta hydrodynamic simulations were performed with DSM2, using Delta inflow hydrology resulting
from the DWRSIM project operations simulations. Additionally, input to DSM2 was modified to
represent different Delta geometries and export diversion locations. Flow patterns, velocities, water levels
and transport processes within the Delta were evaluated reflecting the differences in input hydrology and
Delta configuration. The DSM2 simulation output captures the effects of an average tide on Delta flows
and water quality and also tracks the pattern of water migration from preselected points throughout the
Delta (often referred to as “particle” or “mass fate” tracking).

The DSM2 simulations conducted for this evaluation assumed DS M? MO Jeln
the south Delta channel modifications and flow control g

structure configurations described in Attachment A. Other Potential Delta impacts evaluated with DSM2 include
south Delta channel modifications and flow control structure  the following:

configurations are possible under the Program alternatives, as

described in Chapter 2. Under these other configurations, * Effects on monthly average net flows and tidal
. . ; . velocities in Delta channels.

flows in the south Delta would vary slightly in comparison

to those described in Section 5.2. These flow differences are « Effects on monthly average Delta flow patterns at

not expected to affect the environmental consequences several locations in the Delta.

associated with Bay-Delta hydrodynamics and riverine

hydraulics, as described in this report. Flows in other parts * Changes in monthly average salinity.

of the Delta would be largely unaffected by the south Delta « Changes in the fate of mass released at particular
channel modifications and flow control structure configura- locations in the Delta.
tions.
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The DSM2 simulations incorporate a 16-year hydrologic period from October 1976 to September 1991.
Where modeling results were incomplete or not applicable, impacts were estimated based on other
available information and professional judgment. For example, in-Delta storage is included in the Program
alternatives as described in Section 2.1.4. In-Delta storage might include many different configurations,
with intakes and discharges at many different locations and operated under a variety of rules. It is not
practical to use DSM2 to simulate all variations. Therefore, professional judgment is used in this
document to provide a quantitative description of the consequences of in-Delta storage operations.
Specific in-Delta storage alternatives will be studied in greater detail prior to implementation. Other
methods of analysis are documented as needed in this document.

Delta Region

Hydrodynamic impacts of Program alternatives on the Delta were evaluated based on in-Delta
modifications and changes in CVP and SWP operations. The potential impacts on the Delta were
evaluated with DSM2 as shown in the box.

Several Delta channel flows were evaluated and summarized in this document for each Program
alternative, including: Sacramento River flow at Rio Vista, QWEST flow, cross-Delta flow, Old River
flow at Bacon Island, and San Joaquin River flow at Antioch.

The DSM2 model was used to perform several mass
tracking simulations for existing conditions and the Mass Twﬂaclﬂing

Program alternatives, including the No Action

Alternative. Mass tracking simulations provide an  The transport and fate of mass released into the Delta at
assessment of particle movement in the Delta under various locations was simulated for the following flow
different hydrologic conditions. Mass tracking provides conditions:

insight into relationships between Delta circulation High inflow/high pumping, represented by February 1979
patterns and the fate, movement, and residence time of ~ » Medium inflow/low pumping, represented by April 1991
fish eggs and larvae. The term “mass injection” isusedto ~ * LOW ?n]t:ow/ high pumping, represented by October 1989
indicate the simulation of mass addition to the model for = "% " ow/low pumping, represented by July 1991

.

analysis purposes.

These flow conditions were selected to bookend the full range of conditions expected to result from
implementing Program alternatives. The months indicated were selected based on combinations of high
and low events of inflows and high exports conditions.

Through simulation studies, mass was released at three discrete locations in the Delta to determine its fate
under existing conditions and the Program alternatives. Mass was injected in the north Delta at Freeport,
in the central Delta at Prisoner’s Point, and in the south Delta at Vernalis. Differences between
alternatives were evaluated for all three injection points by comparing the change in distribution of mass
after 30 days.

The distribution of mass was evaluated by determining the relative percentages of mass reaching
predetermined locations. These percentages consist of the amount of mass that stay in the Delta, the
amount that is lost to the Delta islands, the amount that is lost to exports, and the amount that reaches
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Chipps Island. Mass fate assessments were limited to water management Criterion B. Criterion B results
in greater potential changes in mass fate relative to existing conditions than Criterion A.

Bay Region

The evaluation of impacts on Bay Region hydrodynamics that are associated with the Program
alternatives focuses on X2 position and Delta outflow. Section 5.2 does not evaluate the potential changes

o i epAima mmt Feamom A fomsmn +tlhn Talra +4 +tha Raxr anAd flavrvralatrad miivitmg amAd franonm
S OIl sedimment transport Irom thne veita to the bay anda now-reiatea mixing anda transport

of flow regime
of sediments within the Bay Region. Sediment movement is 2 dominant transport mechanism for many
contaminants.

Sacramento River and San Joaquin River Regions

DWRSIM model studies provide a preliminary assessment of the magnitude of riverine flow changes that
would be expected for each Program alternative and variation. The hydraulic effects of some
configurations are expected to be similar to other configurations. Differences between such configurations
are discussed in qualitative terms.

The output from DWRSIM consists of calculated monthly flow volumes representing the amount of
water in thousands of acre-feet (TAF) that passes a control point defined in the model. These volumes can
be readily converted to an average monthly flow rate expressed in cfs. With a few exceptions, the control
points generally represent actual locations along channels within the storage and conveyance system. Two
locations in the Sacramento River and San Joaquin River Regions (Freeport and Vernalis) were selected
as the focal points for analyzing hydraulic changes in the rivers.

DWRSIM model studies also provide a preliminary assessment of releases from existing reservoirs, as well
as diversions and releases from new reservoirs. Simulation results of reservoir releases are presented from
aregional perspective, consistent with a program-matic-level evaluation. While changes in reservoir release
flows were estimated for each of the larger facilities in the Sacramento River and San Joaquin River
Regions, results are aggregated for purposes of presentation. Sacramento River Region reservoirs include
Shasta, Oroville, and Folsom. San Joaquin River reservoirs include New Melones, New Don Pedro, and
McClure. The evaluation of new reservoirs in the Sacramento River Region distinguishes between releases
for environmental uses and for water supply uses.

5.2.5 SIGNIFICANCE CRITERIA

Although Program-induced changes in hydraulic parameters, such as flow, velocity, stage, and related
variables (for example, X2 position), are described in this section, their significance and the environmental
implications of these changes are not discussed. The significance of these changes is addressed in other
sections of this report in the context of each of the resources affected by the changes.
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5.2.6 NO ACTION ALTERNATIVE

To assess the consequences of the various Program alternatives on Bay-Delta hydro-dynamics and riverine
hydraulics in the Program study area, a preimplementation condition must be established. Typically,
existing conditions provide an adequate basis for assessing the impacts of proposed projects. (See
Section 5.2.3 for a description of existing conditions.) However, Program implementation is expected to
occur over a 20- to 30-year period. Bay-Delta standards and management criteria, water management
facilities, and other conditions are not expected to remain constant over this extended period. The actual
deviation between preimplementation conditions and existing conditions is subject to a high degree of
uncertainty. Section 5.2.2 elaborates on the uncertainties associated with the Program.

A 2020 No Action Alternative was defined to represent a reasonable range of uncertainty in the
preimplementation condition. This range of uncertainty was quantified for purposes of this programmatic
document by formulating two distinct bookend water management criteria assumptions sets. These two
sets of assumptions (Criteria A and B) serve as boundaries for a range of possible Delta inflow, export, and
outflow patterns in the No Action Alternative programmatic analysis. The primary assumptions that
differentiate the No Action Alternative bookends from each other (and from existing conditions) are Bay-
Delta system water demands and various Delta management criteria that regulate system operations.

Under Criterion A, the Program assumes that existing Bay-Delta system water demands apply throughout
the Program planning horizon. Under this assumption, any future increase in demands in the Program
study area would be met by alternative supply or demand management options. This bookend of the No
Action Alternative also includes more protective Delta management criteria regulating flows and exports.
While specific assumptions regarding Delta management criteria were made to complete the water
simulation modeling, the Program’s intention is to depict a general level of protection. These assumptions
should not be interpreted as specific predictions of future Delta management requirements. Criterion A
results in generally lower Delta exports than existing conditions.

Under Criterion B, the Program assumes an increase in Bay-Delta system water demands of about 10%
over existing conditions, as projected for 2020 in DWR’s Bulletin 160-98. DWR has formed a technical
peer review panel to review the Bulletin’s urban water forecasting methodologies; however, the Bay-Delta
system demands included in Bulletin 160-98 serve as a reasonable upper boundary for 2020 conditions.
This bookend of the No Action Alternative includes no change in Delta water management criteria from
existing conditions. Criterion B results in generally higher Delta exports than existing conditions. Details
regarding assumptions used in the evaluation of the No Action Alternative are presented in Section 5.1.4
and Attachment A.

The programmatic comparisons presented in this section differentiate Bay-Delta hydrodynamics and
riverine hydraulics under the No Action Alternative and existing conditions for the Delta, Bay, and
Sacramento River and San Joaquin River Regions. As discussed in previous sections, riverine hydraulics
outside the Central Valley are not expected to be directly affected by any Program alternative.

Most comparisons are made based on a 73-year historical hydrologic period, a sequence of years often
referred to as the “long-term” period. Similar comparisons are made using a subset of the long-term
period—the dry and critical years. Over the long-term period, 28 years are classified as dry or critical by
the Sacramento Valley 40-30-30 Index. Some detailed Delta hydrodynamic analyses, conducted with the
Delta hydrodynamic and water quality model DSM2, were conducted using a 16-year historical hydrologic

CALFED Final Programmatic EIS/EIR » July 2000



Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

sequence. This period was selected to cover a broad range of Delta inflows and exports, including several
dry and critical years, and provides a good representation of the 73-year long-term period.

Comparisons of Bay-Delta hydrodynamics and riverine hydraulics characteristics under both No Action
Alternative bookends were made with those same characteristics under existing conditions. For most
parameters of interest, existing conditions fall between the two No Action Alternative bookends, within
the range of uncertainty associated with the No Action Alternative. This trend applies to both the long-
term period and dry and critical years. Specific comparisons of Bay-Delta hydrodynamics and riverine
hydraulics characteristics under the No Action Alternative and existing conditions for the Delta, Bay, and
Sacramento River and San Joaquin River Regions are presented below.

5.2.6.1 DELTA REGION

The Delta hydrodynamic and water quality model, DSM2, was used to assess channel flows and mass fate
throughout the Delta Region. To provide a programmatic overview, channel flows are described at five
locations.

Channel Flows

Sacramento River Flow at Rio Vista. The 1995 WQCP specifies minimum flow rates in the Sacramento River
at Rio Vista from September through December. The DSM2 analysis shows that in most months, the No
Action Alternative provides no substantial change in average monthly Rio Vista flow relative to existing
conditions. The analysis does, however, show some reductions in average flow during June and July. Over
the long-term period, average monthly flow could decrease by as much as 12-17%. In dry and critical
years, average monthly flow could decrease by as much as 30%. A comparison of monthly average Rio

Vista flow is provided in Figure 5.2-4 for the long-term period and in Figure 5.2-5 for dry and critical
years.

OQWEST Flow. Tidal action has a great influence on the flow of water in Delta channels. Over the tidal
cycle, flows move downstream toward the Bay during ebb tides and move upstream during flood tides.
QWEST is a measure of the net flow direction from the west Delta: positive QWEST values signify net
flow from the west Delta downstream toward the Bay, and negative QWEST values signify net flow from
the west Delta upstream toward the southern and central Delta. The range of QWEST flows predicted
for the No Action Alternative generally bracket flows under existing conditions. Average monthly
QWEST flow is negative during August through December over the long-term period. During dry and
critical years, average monthly QWEST flow is negative in most months. A comparison of monthly
average QWEST flow is provided in Figure 5.2-6 for the long-term period and in Figure 5.2-7 for dry and
critical years.

Cross-peita Flow. The DCC also has a great influence on the flow of water in Delta channels. Flows
through the DCC and Georgiana Slough, collectively referred to as cross-Delta flow, allow for the
conveyance of Sacramento River water directly from the north Delta to the central and south Delta.
Higher cross-Delta flows generally allow for more positive QWEST flows and improved water quality
in the central and south Delta. However, operation of the DCC is regulated by the 1995 WQCP and the
CVPIA to provide fishery protections. Except during June and July, no substantial change in average
monthly cross-Delta flow is expected under the No Action Alternative relative to existing conditions.

i)
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Figure 5.2-4. Avérage Monthly Sacramento River Flow at Rio Vista

under the No Action Alternative for the Long-Term Period
45,000

40,000 A

35,000 -

30,000 -

25,000 -

(cfs)

20,000 -

15,000 -

10,000

5,000 -

0 L] T L]

A A\ O S o) <* Q- A > v (©) <
& F F ¥ ¢ ¥ & & ¥ DA 2

L] L] RE L] T T ¥

~—@— Cxisting Conditions = am No Action Altemative - Criterion A =i No Action Alternative - Criterion B

Figure 5.2-5. Average Monthly Sacramento River Flow at Rio Vista

under the No Action Altemative for Dry and Critical Years
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Figure 5.2-6. Average Monthly QWEST Flow under the

No Action Altemative for the Long-Term Period
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Figure 5.2-7. Average Monthly QWEST Flow under the
No Action Alternative for Dry and Critical Years
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Over the long-term period, average monthly flow during these months could increase by as much as 7%
or could decrease by as much as 10%. In dry and critical years, average monthly flow could decrease by
as much as 19%. A comparison of monthly average cross-Delta flow is provided in Figure 5.2-8 for the
long-term period and in Figure 5.2-9 for dry and critical years.

Old River Flow at Bacon Isfand, The flow of water in Old River at Bacon Island is often used as an indicator
of hydraulic conditions in the south Delta. Average monthly flow is generally negative over the long-term
period, ranging from (-3,500) to (-3,400) cfs in August and from (-1,100) to (-100) cfs in April. Average
monthly flow is always negative in dry and critical years, ranging from (-3,600) to (-3,000) cfs in August
and from (-1,000) to (-100) cfs in April. The range of Old River flows predicted for the No Action
Alternative at Bacon Island generally brackets flows under existing conditions.

San Joaquin River Flow at Antioch. Similar to QWEST), the net flow in the San Joaquin River at Antioch
is a measure of tidal interactions between the west Delta and the interior Delta. The range of San Joaquin
River flows predicted for the No Action Alternative at Antioch generally brackets flows under existing
conditions. Average monthly flow is generally positive over the long-term period, ranging from (-1,200) to
(-1,000) cfs in October and from 10,800 to 12,900 cfs in February. Average monthly flow ranges from
(-2,400) to (-2,100) cfs in December and from 2,200 to 3,600 cfs in April of dry and critical years.

MassFate. The DSM2 model was used to perform several mass tracking simulations for existing conditions
and the No Action Alternative. Discussion on this assessment method is provided in Section 5.2.4. Mass
fate results are presented for existing conditions and all Program alternatives in Section 5.2.8.4.

5.2.6.2 BAY REGION

The 1995 WQCP established fishery protection measures related to X2 position. The CVPIA provides
water supplies to further enhance X2 position for environmental benefits. Under the No Action
Alternative, monthly average X2 position over the long-term period ranges from a maximum downstream
position of 65.3 km in March to a maximum upstream position of 87.0 km in September. The ranges of
X2 position predicted for the No Action Alternative generally bracket values under existing conditions.

A comparison of monthly average X2 position is provided in Figure 5.2-10 for the long-term period and
in Figure 5.2-11 for dry and critical years. As shown in the figures, the greatest deviations in monthly
average values occur in winter. For the long-term period, X2 position could vary by (-0.5) to 0.6 km in
January and could vary by (-0.6) to 0.5 km in February. In dry and critical years, X2 position could
decrease by as much as 1.2 km or increase as much as 0.1 km in March relative to existing conditions.

5.2.6.3 SACRAMENTO RIVER AND SAN JOAQUIN RIVER
REGIONS

Programmatic comparisons of river flows and reservoir releases in the Sacramento River and San Joaquin
River Regions were made between the No Action Alternative and existing conditions using DWRSIM
modeling results. Differences generally fall within the range of uncertainty associated with the No Action
Alternative.
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Figure 5.2-8. Average Monthly Cross-Delta Flow under the

No Action Alternative for the Long-Term Period
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Figure 5.2-9. Average Monthly Cross-Delta Flow under the

No Action Alternative for Dry and Critical Years
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Figure 5.2-10. Average Monthly X2 Position under the
No Action Alternative for the Long-Term Period
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Figure 5.2-11. Average Monthly X2 Position under the
No Action Altemative for Dry and Critical Years
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River Flows. Flows from the Sacramento River Region enter the Delta just south of Sacramento at
Freeport. Under the No Action Alternative, average monthly flow in the Sacramento River at Freeport
is expected to vary seasonally between 11,900 cfs in September and 38,100 cfs in February over the long-
term period. Average monthly flow is expected to vary seasonally between 9,800 cfs in September and
20,700 cfs in February for dry and critical years. In most months, no substantial change in average flow
is expected under the No Action Alternative relative to existing conditions. However, some reductions
in average flow could occur during June and July. Over the long-term period, average monthly flow could
decrease by about 12% in these months. In dry and critical years, average monthly flow could decrease
by about 18%. A comparison of monthly average Sacramento River flow at Freeport is provided in
Figure 5.2-12 for the long-term period and in Figure 5.2-13 for dry and critical years.

Flows from the San Joaquin River Region enter the Delta at Vernalis. Under the No Action Alternative,
average monthly flow in the San Joaquin River at Vernalis is expected to vary between 1,600 cfs in August
and 6,200 cfs in April over the long-term period. Average monthly flow is expected to vary between
1,100 cfs in August and 2,900 cfs in April for dry and critical years. Although average annual San Joaquin
River flow at Vernalis is expected to be similar under existing conditions and the No Action Alternative,
some changes in monthly flow patterns are predicted by the analysis. Over the long-term period relative
to existing conditions, the No Action Alternative is expected to result in lower average Vernalis flow in
January through March (by about 4%) and higher average Vernalis flow in April through June (by about
8%). In dry and critical years, the No Action Alternative is expected to result in somewhat higher flows
relative to existing conditions in December through April. During these months, average flows may
increase in the range of 3-9%. A comparison of monthly average San Joaquin River flow at Vernalis is
provided in Figure 5.2-14 for the long-term period and in Figure 5.2-15 for dry and critical years.

Existing Reservoir Releases. Average monthly releases from Sacramento River Region surface reservoirs
are similar under existing conditions and the No Action Alternative. Average releases vary between
9,400 cfs in October and 22,600 cfs in July over the long-term period. In dry and critical years when

winter flood control releases are not typically made, average releases vary between 7,000 cfs in January
and 18,300 cfs in July.

Average monthly releases from San Joaquin River Region surface reservoirs are expected to vary
somewhat between the No Action Alternative and existing conditions. While monthly releases are similar
in dry and critical years, the programmatic analysis shows small variations occurring between January and
June over the long-term period. No Action Alternative reservoir releases are about 1% lower during
winter and 3-5% higher during spring. Average releases vary between 1,600 cfs in November and 8,500 cfs

in May over the long-term period. In dry and critical years, average flows vary between 800 cfs in January
and 6,100 cfs in May.

5.2.7 CONSEQUENCES: PROGRAM ELEMENTS
COMMON TO ALL ALTERNATIVES

For Bay-Delta hydrodynamics and riverine hydraulics, the environmental consequences of the Ecosystem
Restoration, Levee System Integrity, Water Use Efficiency, and Water Transfer Program elements are
similar under all Program alternatives and are described by study area in this section. South Delta
components of the Conveyance element that result in similar environmental consequences under all
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Figure 5.2-12. Average Monthly Sacramento River Flow at Freeport
under the No Action Alternative for the Long-Term Period
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Figure 5.2-13. Average Monthly Sacramento River Flow at Freeport
under the No Action Alternative for Dry and Critical Years
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Figure 5.2-14. Average Monthly San Joaquin River Flow at Vemalis
under the No Action Alternative for the Long-Term Period
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Figure 5.2-15. Average Monthly San Joaquin River Flow at Vernalis
under the No Action Alternative for Dry and Critical Years
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Program alternatives are described in Section 5.2.7.1. The environmental consequences of the in-Delta
storage component of the Storage element were evaluated qualitatively, are similar under all Program
alternatives, and are described in Sections 5.2.7.1 and 5.2.7.2. The environmental consequences of the
Storage and Conveyance elements that vary among Program alternatives are described in Section 5.2.8.
The Water Quality and Watershed Program elements would not substantially affect hydraulics and
hydrodynamics in the Program study area, as discussed below.

The Water Quality Program would not directly affect river hydraulics or hydrodynamics. However,
where timed releases are made to dilute harmful constituent loadings, small changes in streamflow patterns

and hydraulic characteristics may result. The effects of the Water Quality Program are not discussed
further in this section.

The various possible watershed projects proposed under the Watershed Program would alter flow regimes
in specific areas. Effects of these flow changes in the Delta and the Bay Regions should be negligible.
Vegetation and habitat restoration projects may increase retention of surface water in the watershed, but
the effects on hydrodynamics also should be very small. The effects of the Watershed Program in the
Delta and Bay Regions are not discussed further in this section.

5.2.7.1 DELTA REGION

Ecosystem Restoration Program

Implementation of the Ecosystem Restoration Program would increase spring flows during 10-day pulse
flow periods within rivers of the Central Valley and the Delta. Under the Ecosystem Restoration
Program, Delta outflow would be augmented by a pulse flow originating in the Sacramento River
watershed in March and again by a pulse flow originating in the San Joaquin River watershed in late April
or early May. Flows would be augmented primarily in above-normal, below-normal, and dry water years.
Over the long-term period, Delta outflow would be increased during these pulse flow periods (in total)
by an average of about 300 TAF.

Levee System Integrity Program

Channel geometry may be altered by creating setback levees, dredging channels for levee construction
material, or increasing the height of levees. Increased levee heights, channel widening and deepening, and
bank stabilization could result in increased channel capacities. Channel widening would reduce stream
and channel velocities at the selected sites. This would create the potential for more sediment deposition,
with both positive and negative environmental consequences.

Since the Levee System Integrity Program focuses on levee improvements and modifica-tions within the
Delta, any potential adverse impacts on channel hydraulic characteristics outside the Delta are expected
to be minor. Therefore, this program is discussed only for the Delta Region.
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Water Use Efficiency Program

Increasing water use efficiency could affect Delta hydrodynamics by changing the timing of diversions
and reducing the amounts of water diverted for agricultural, municipal, industrial, and ecosystem
purposes. These effects are expected to be insignificant and were included within the range of assumptions
considered in the Program alternatives system operations modeling.

Water Transfer Program

Water transfers would affect Delta hydrodynamics primarily through changes to Delta inflows. Increased
water transfers could change the timing of diversions and alter the amounts of water diverted for
agricultural, municipal, industrial, and ecosystem purposes. Water transfers from areas upstream of the
Delta to areas south of the Delta would affect Delta hydrodynamics by increasing diversions from the

Delta and/or modifying water diversion schedules. Management of the EWA may magnify the effects of
this program.

Conveyance

South Delta water levels are highly influenced by Delta inflow, tidal action, diversions, and Delta exports.
During times of high Delta exports, in combination with tidal effects, water levels in the south Delta drop
significantly, making it difficult to operate existing agricultural diversions. Under each Program
alternative, actions would be implemented to ensure availability of water of adequate quantity and quality
to agricultural diverters within the south Delta, and to contribute to restoring ecological health of aquatic
resources in the lower San Joaquin River and south Delta. These actions may include channel dredging,
extension and screening of agricultural intakes, consolidation of agricultural intakes, operable barriers,
levee setbacks, and levee improvements. Actions will be staged with appropriate monitoring and testing
to guide the implementation process. While south Delta water levels would depend on the specific actions
taken, adequate availability of water supplies would be provided under each Program alternative.

Storage

Diversions to in-Delta storage could result in changes in flow patterns toward the direction of the in-Delta
storage intakes. These diversions could increase flow velocities and reduce stage in channels near the
intakes. In-Delta storage variations that release water back to Delta channels could change flow patterns
away from the release points. In-Delta storage variations that release water directly to Bay Region
diversion facilities or South-of-Delta SWP and CVP Service Areas export facilities could substitute for
some diversions from those existing facilities, diminishing the environmental consequences of the
operations of those existing facilities. Appropriate operational rules would be required to ensure that
diversions and releases from in-Delta storage do not result in substantial negative effects on Delta
hydrodynamics.
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5.2.7.2 BAY REGION

Ecosystem Restoration Program

Under the Ecosystem Restoration Program, the acreage of shallow-water aquatic habitat and saline
emergent wetlands would be increased adjacent to Suisun Bay and Marsh, San Pablo Bay, the Napa and
Petaluma Rivers, and Sonoma Creek. The proposed lands for conversion are currently used for
agriculture. These changes could result in a small effect on Bay hydrodynamics.

Water Use Efficiency Program

Increasing water use efficiency could affect Bay hydrodynamics by changing the timing of diversions and
reducing the amounts of water diverted from the Delta for agricultural, municipal, industrial, and
ecosystem purposes. This change would alter inflows from the Delta. Implementation of the Water Use
Efficiency Program also would reduce the water returns from agricultural and urban users. These effects
are expected to be insignificant.

Water Transfer Program

Water transfers would affect Bay hydrodynamics primarily through changes to Delta inflows. Increased
water transfers could change the timing of diversions and alter the amounts of water diverted for
agricultural, municipal, industrial, and ecosystem purposes. Water transfers from areas upstream of the
Delta to areas south of the Delta could affect Bay hydrodynamics by increasing diversions from the Delta
and/or modifying Delta water diversion schedules, thereby affecting outflows to the Bay. Management
of the EWA may magnify the effects of this program.

Storage

Diversions to in-Delta storage could result in direct decreases in outflow to the Bay. In-Delta storage
operations for water supply purposes could affect Bay hydrodynamics by increasing total diversions from
the Delta and/or modifying Delta water diversion schedules, thereby affecting outflows to the Bay.
Appropriate operational rules would be required to ensure that diversions and releases from in-Delta
storage for all water management purposes do not result in substantial negative effects on Bay
hydrodynamics. Releases from in-Delta storage to Delta channels for ecosystem benefit could increase
outflow to the Bay during times critical to fisheries, moving the X2 position closer to the Bay.
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5.2.7.3 SACRAMENTO RIVER AND SAN JOAQUIN RIVER
REGIONS

Ecosystem Restoration Program

Implementation of the Ecosystem Restoration Program would increase spring flows during 10-day pulse
flow periods within rivers of the Central Valley and the Delta. Under the Ecosystem Restoration
Program, pulse flows would occur in the Sacramento River watershed in March and in the San Joaquin
River watershed in late April or early May. Flows would be augmented primarily in above-normal, below-
normal, and dry water years. Over the long-term period, Sacramento River flows would be increased
during these pulse flow periods by an average of about 110 TAF, while San Joaquin River flows would
be increased by an average of about 95 TAF.

The Ecosystem Restoration Program could result in short-term adverse impacts from increased sediment
loading during construction activities. Conversion of cultivated land to habitat could increase water use.
Reductions in channel velocities in some Delta reaches that are widened to encourage meanders could
result in increases in water temperature.

Water Use Efficiency Program

Improved water use efficiency could alter the timing and reduce the amount of water diverted to supply
agricultural, urban, and ecosystem uses. These changes could affect riverine hydraulics by reducing the
number and size of diversions, and result in the redistribution of reservoir releases. Increased conservation
and water recycling in the urban sector could reduce or eliminate the need for increased diversions as
populations increase and demand grows. These changes would benefit streamflows overall, but
detrimental instream flow reductions could occur in cases where streams are partially or entirely fed by
return flows. These impacts are expected to be insignificant.

Water Transfer Program

Woater transfers can modify the timing and/or increase or decrease streamflows in channels. The timing
and magnitude of the changes in flows would be constrained by facility conveyance capacities such as
those of the Delta export pumps and canals south of the Delta, by system operating rules, and by
individual water transfers (as defined through future buying and selling). Management of the EWA may
magnify the effects of this program.

Watershed Program

Coordination of watershed activities, as proposed in the Watershed Program, would help facilitate
projects that could lead directly or indirectly to changes in channel hydraulics. Two goals of such changes
would be improvements to watershed hydrology and to in-stream flow conditions. Effects in the
watersheds should be beneficial, and various secondary impacts could occur. Flow changes in trunk
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streams downstream of most watershed improvement projects generally would be minor. Any residual
effects should be moderated by reservoir operations.

Depending on the size and scale of the watershed projects, effects could range from very limited changes
in flows in nearby stream reaches, to large-scale changes in flow regimes. Vegetation and habitat
restoration projects may increase retention of surface water in the watershed, resulting in less variable
runoff (reduced peak flows and increased base flows in streams).

Improvements in timber harvest practices could reduce peak flows from affected forested areas. Total
annual runoff could be reduced if net evapotranspiration (ET) increases in the target watersheds.
Reforestation could produce increases in net ET and reduce annual stream discharges. Other hydrologic
variables that could interact to alter stream hydrographs include interception and infiltration of
precipitation, surface runoff, groundwater recharge, and stream accretions and depletions. In areas where
snowmelt plays an important role in the flow regime, reduced timber harvesting would increase shading
and reduce evaporation and sublimation of snow packs to maintain snow packs longer, which would
increase net runoff and retard spring runoff peaks. Improved management of grazing activities on
rangelands could improve vegetative cover in watersheds, promote vegetative diversity, and help to
reestablish riparian habitat. Overall effects on watershed hydrologic characteristics would be improved
by reducing runoff velocities and increasing water retention. However, annual stream discharges could
decrease.

Erosion control efforts could result in reductions and retardation of runoff and sediment transport into
tributaries and reservoirs. Because many erosion control efforts are expected to be local and small-scale,
efforts would slightly reduce peak flows but would not substantially alter the timing of those flows.
Large-scale watershed improvements, such as revegetation of large tracts in steep, denuded watersheds,
would result in more substantial beneficial effects.

Stream restoration projects, such as the removal of logs and debris from stream channels to improve their
fish passage capacities, could result in local increases in flow velocities and erosion while the stream
gradient and banks become stable. These impacts would decrease with time and distance downstream, and
generally would be negligible.

5.2.8 CONSEQUENCES: PROGRAM ELEMENTS
THAT DIFFER AMONG ALTERNATIVES

Quantitative methods were used to predict changes in Bay-Delta hydrodynamics and riverine hydraulics
as a result of the implementation of Program elements. The impacts of Program alternatives were
analyzed with DWR’s operations planning model (DWRSIM) and Bay-Delta hydrodynamic model
(DSM2).

Because of the inherent difficulty in projecting conditions that will influence future water management
decisions, the Program considered a reasonable range of uncertainty in this programmatic evaluation of
alternatives. This range of uncertainty was quantified by formulating two distinct bookend water
management criteria assumption sets. These two sets of assumptions (Criteria A and B) serve as boundaries
for a range of possible Delta inflow, export and outflow patterns in the No Action Alternative and
Program alternatives. Further details regarding the modeling assumptions are presented in Section 5.1.4.
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The programmatic comparisons presented in this section differentiate Bay-Delta hydrodynamics and
riverine hydraulics resulting under the Program alternatives and the No Action Alternative. These
comparisons are made in consideration of ranges of assumptions regarding future water management
actions affecting the Bay-Delta system. The water management criteria for the No Action Alternative
include ranges of water demands and protective Delta management criteria. The range of water demands
represents uncertainty in the future need for Bay-Delta water supplies due to uncertainty in projections
of population, land use, implementation of water use efficiency measures, and the effects of water
marketing. The range of protective Delta management criteria represents uncertainty related to future
actions required to assure recovery of the Bay-Delta ecosystem. It is anticipated that the future conditions
will be within the range of water demands and Delta management criteria used to predict impacts.

This section describes Program-induced changes in hydraulic parameters, including flow and other
variables such as X2 position. However, the significance or environ-mental implications of these changes
are not described here. The significance of these changes is addressed in other sections of this report in the
context of each of the resources affected by the changes. This section differentiates conditions for the
Delta, Bay, Sacramento River, and San Joaquin River planning regions. As discussed previously, riverine
hydraulics outside the Central Valley are not expected to be directly affected by any Program alternatives.
Changes in streamflows in these service areas would be the result of local interagency operations, were
not evaluated by the Program, and are not discussed further in this section.

5.2.8.1 ALTERNATIVE 1

Delta Region

The Delta hydrodynamic and water quality model, DSM2, was used to assess channel flows (cross-Delta,
Old River at Bacon Island, and San Joaquin River at Antioch) and mass fate throughout the Delta Region.
The systems operations model, DWRSIM, was used to assess channel flows (Sacramento River at Rio Vista
and QWEST) and X2 position. To provide a programmatic overview, channel flows are described at five
locations.

Channel Flows

Sacramento River Flow at Rio Vista. Average monthly Rio Vista flow was evaluated for Alternative 1 and
the No Action Alternative for the long-term period and dry and critical years.

Under the No Action Alternative, the highest average long-term period flow typically occurs in February
and is approximately 42,700 cfs; the lowest flow typically occurs in September and averages about
5,900 cfs. Under Alternative 1, average monthly Rio Vista flow decreases by as much as 1,000 cfs in
February. Alternative 1 modifies flow by (-100) to 300 cfs in September.

During dry and critical years, the highest average No Action Alternative flow occurs in February and is
about 18,000 cfs. The lowest average Rio Vista flow typically occurs in September and is about 4,400 cfs.
During dry and critical years, Alternative 1 decreases flow in February by about 150 cfs. In September,
Alternative 1 increases flow by as much as 900 cfs. Figures 5.2-16 and 5.2-17 compare average monthly
Rio Vista flow for the long-term period and for dry and critical years, respectively.
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Figure 5.2-16. Average Monthly Sacramento River Flow at
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Figure 5.2-17. Average Monthly Sacramento River Flow at

Rio Vista under Alternative 1 for Dry and Critical Years
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owesT Flow. QWEST flow was evaluated for Alternative 1 and the No Action Alternative for the long-
term period and dry and critical years.

Over the long-term period under the No Action Alternative, the greatest average monthly positive
QWEST flow typically occurs in April and ranges from about 6,400 to 9,100 cfs. The greatest average
monthly negative (reverse) QWEST flow typically occurs in October and ranges from about (-4,300) to
(-4,000) cfs. Reverse flow is due to a combination of tidal effects, reduced reservoir releases, and Delta
exports. During dry and critical years under the No Action Alternative, the greatest average monthly
positive QWEST flow occurs in April and ranges from 1,400 to 3,100 cfs. The greatest average monthly

reverse flow typically occurs in December and ranges from (-5,200) to (-4,900) cfs.

Alternative 1 decreases average monthly positive QWEST flow over the long-term period in April by as
much as 500 cfs and increases average monthly reverse QWEST flow in October by as much as 600 cfs.
During dry and critical years, Alternative 1 increases average monthly positive QWEST flow in April by
only about 10 cfs and increases average monthly reverse QWEST flow in December by as much as
1,000 cfs. Figures 5.2-18 and 5.2-19 compare average monthly QWEST flow for the long-term period and
dry and critical years, respectively.

Cross-Delta Flow. Cross-Delta flow was evaluated for Alternative 1 and the No Action Alternative for
the long-term period and dry and critical years.

Differences in cross-Delta flow are best summarized by flows occurring in August, December, and May.
Over the long-term period under the No Action Alternative, average monthly cross-Delta flow averages
6,500 cfs in August, 3,300 cfs in December, and 2,300 cfs in May. In dry and critical years under the No
Action Alternative, average monthly cross-Delta flow ranges from 5,800 to 6,300 cfs in August, 2,400 cfs
in December and 1,800 cfs in May.

Under Alternative 1, over the long-term period and in dry and critical years, cross-Delta flow typically
increases in August and May, whereas cross-Delta flow in December may slightly increase or decrease.
Opwer the long-term period under Alternative 1, cross-Delta flow may increase by as much as 600 cfs in
August and by about 30 cfs in May relative to the No Action Alternative. Cross-Delta flow in December
varies by (-30) to 10 cfs relative to the No Action Alternative. During dry and critical years under
Alternative 1, cross-Delta flow may increase by about 200 cfs in August and by about 80 cfs in May
relative to the No Action Alternative. Cross-Delta flow in December varies by (-10) to 10 cfs relative to
the No Action Alternative. Figures 5.2-20 and 5.2-21 compare average monthly Cross-Delta flow for the
long-term period and for dry and critical years, respectively.

Old River Flow at Bacon Isfand, Old River flow at Bacon Island was evaluated for Alternative 1 and the No
Action Alternative for the long-term period and dry and critical years.

Over the long-term period under the No Action Alternative, the greatest average monthly negative
(reverse) flow in Old River at Bacon Island typically occurs in August and is about (-3,400) cfs. In dry and
critical years, the greatest reverse flow typically occurs in August and ranges from (-3,600) to (-3,000) cfs.

Over the long-term period under Alternative 1, increases in reverse flow in Old River at Bacon Island in
August range from 600 to 1,100 cfs, resulting in flow ranging from (-4,600) to (-4,000) cfs. In dry and
critical years under Alternative 1, reverse flow in August may decrease by 100 cfs or may increase by
500 cfs, resulting in flow ranging from (-4,000) to (-3,400) cfs.
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Figure 5.2-18. Average Monthly QWEST Flow

under Alternative 1 for the Long-Term Period
15,000

13,000 A

11,000 -

J
A N O > > ! - 2 o v o Q
OO \§0 QQ/ Na QQ/ \@“ Y? \y‘?‘ 5\) 5\) \9 @Q/
m jm No Action Alternative — Criterion A == No Action Alternative — Criterion B
—o — Alternative 1 - Criterion A without Storage — -% — Alternative 1— Criterion B with Storage
Figure 5.2-19. Average Monthly QWEST Flow under
Alternative 1 for Dry and Critical Years
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Figure 5.2-20. Average Monthly Cross-Delta Flow
under Altemnative 1 for the Long-Term Period
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Figure 5.2-21. Average Monthly Cross-Delta Flow
under Alternative 1 for Dry and Critical Years
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

San Joaquin River Flow at Antioch. San Joaquin River flow at Antioch was evaluated for Alternative 1 and
the No Action Alternative for the long-term period and dry and critical years.

Over the long-term period under the No Action Alternative, the greatest average monthly negative
(reverse) flow in the San Joaquin River at Antioch typically occurs in October and ranges from (-1,200)

to (-1,000) cfs. In dry and critical years, the greatest reverse flow typically occurs in December and ranges
from (-2,400) to (-2,100) cfs.

Average monthly San Joaquin River flow at Antioch ranges from (-1,300) to (-600) cfs in August over the
long-term period under Alternative 1. In dry and critical years under Alternative 1, reverse flow in August
may vary by (-300) to 400 cfs relative to the No Action Alternative, resulting in flow ranging from
(-1,200) to (-500) cfs. Increases in reverse flow in December range from 60 to 700 cfs under Alternative 1
in dry and critical years, resulting in flow ranging from (-3,100) to (-2,500) cfs.

Mass Fate. The DSM2 model was used to perform several mass tracking simulations for Alternative 1.
Discussion on this assessment method is provided in Section 5.2.4. Mass fate results are presented for
existing conditions and all Program alternatives in Section 5.2.8.4.

Bay Region

Bay-Delta X2 position was evaluated for the No Action Alternative and Alternative 1 for the long-term
period and for dry and critical years using DWRSIM modeling results. Over the long-term period under
the No Action Alternative, the average monthly X2 position is typically farthest upstream in September
and ranges from 86.9 to 87.0 km; average monthly X2 position is typically farthest downstream in March
and ranges from 64.3 to 65.3 km.

Alternative 1 increases average monthly X2 position by about 0.6 km in September. Alternative 1 could
increase X2 position by about 0.2 km or decrease X2 position by about 0.3 km in March. During dry and
critical years under the No Action Alternative, average monthly X2 position is typically farthest upstream
in September and ranges from 89.4 to 89.5 km; average monthly X2 is typically farthest downstream in
March and ranges from 72.0 to 73.3 km. Alternative 1 does not affect X2 position in September.
However, X2 position may increase by 0.3 km or decrease by 0.4 km in March. Figures 5.2-22 and 5.2-23
compare average monthly X2 position for the long-term period and for dry and critical years, respectively.

Sacramento River and San Joaquin River Regions

Programmatic comparisons of river flows and existing storage releases in the Sacramento River and San
Joaquin River Regions were made between Alternative 1 and the No Action Alternative using DWRSIM
modeling results. Diversions and releases from new storage also were evaluated under Alternative 1. For
Sacramento River Region surface storage, river diversions under Criterion A are not allowed unless an
in-stream daily flow of 20,000 cfs exists below the diversion location. No additional flow requirements
are specified as constraints to diversions under Criterion B under the modeling analysis.

River Flows. Average monthly flow in the Sacramento River at Freeport was evaluated for Alternative 1
and the No Action Alternative. Figures 5.2-24 and 5.2-25 compare average monthly Sacramento River
flow at Freeport for the long-term period and for dry and critical years, respectively.

md B
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Figure 5.2-22. Average Monthly X2 Position under
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Figure 5.2-23. Average Monthly X2 Position under
Alternative 1 for Dry and Critical Years
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Figure 5.2-25. Average Monthly Sacramento River Flow at

40 Freeport under Alternative 1 for Dry and Critical Years
,000

35,000 -

30,000

25,000

20,000

15,000 -

10,000

5,000 -

0 L3 | T T T L ¥ 1 I T

A A O S D Q- Q- A 3 v @ 2
F ¥ ¥ O § & §F ¥y ¥V ¥ ¥
m jm NoAction Altemative — Criterion A === No Action Alternative — Criterion B

—e — Altemative 1 — Criterion A without Sforage — ¥ — Altemative 1 — Criterion B with Storage




Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

In the absence of new storage facilities, Alternative 1 has little impact on average monthly flow in the
Sacramento River at Freeport relative to the No Action Alternative. The greatest differences occur in
summer under all hydrologic conditions. Alternative 1 increases average monthly flow by as much as
1,400 cfs during summer. Even with new storage facilities, Alternative 1 has little impact on average
monthly flow in most months. Anticipated flow increases are most pronounced during summers of dry
and critical years—up to 900 cfs in July.

Average monthly flow in the San Joaquin River at Vernalis was evaluated for Alternauv 1 and the No

45207 IN
ernative. Figures 5.2-26 and 5.2-27 compare average mon

for the long-term period and for dry and critical years, respectively.

Under Alternative 1, San Joaquin River flow is unchanged throughout the year relative to the No Action
Alternative except for early spring. Alternative 1 increases average monthly flow in spring by as much
as 1,600 cfs over the long-term period. This range is not influenced by storage or water management
assumptions. Similarly, in dry and critical years, Alternative 1 increases average monthly flow in spring
by as much as 1,300 cfs.

Existing Reservoir Releases. Existing Sacramento River Region reservoir releases generally peak in summer
under the No Action Alternative as well as under Alternative 1. This pattern is consistent for the long-
term period and for dry and critical years. Average monthly summer releases under the No Action
Alternartive range from 21,700 to 22,600 cfs. Under Alternative 1, the lowest long-term period summer
releases are generally associated with the Criterion B water management assumptions in conjunction with
new storage facilities. The greatest long-term period summer releases are associated with the Criterion B
water management assumptions in the absence of additional storage capacity.

New storage would provide increased operational flexibility and would supplement releases from existing
facilities. If no new storage is implemented under Alternative 1, summer releases from existing facilities
may increase up to 1,300 cfs relative to the No Action Alternative. If new storage is implemented under
Alternative 1, summer releases may decrease as much as 1,400 cfs or increase up to 600 cfs relative to the
No Action Alternative. During winter, new storage tends to increase releases from existing facilities.
Higher annual storage carryover in existing facilities, which is associated with implementation of new
storage in Alternative 1, necessitates increased flood control releases in winter.

Average monthly San Joaquin River Region reservoir releases are unchanged from the No Action
Alternative by implementation of Alternative 1. Release patterns are not influenced by varying water
management strategies or by implementation of new surface storage.

New Reservoir Diversions and Releases. Figures 5.2-28 and 5.2-29 present the ranges of long-term period and
dry and critical year diversions into new Sacramento River Region storage under Alternative 1. Under
Alternative 1, new surface storage diversions typically occur during winter and spring, with peak
diversions in late winter. Over the long-term period, the range of peak average monthly diversions is
1,400-2,300 cfs. For dry and critical years, the range of peak average monthly diversions is 200-1,400 cfs.

Environmental releases from new Sacramento River Region reservoir storage occur during spring and
summer when the greatest environmental benefits are anticipated, with peak releases occurring in late
spring and early summer. Release patterns over the long-term period are similar to those for dry and
critical years. Environmental releases from new storage are largely unaffected by the range of Delta water
management criteria, although a small increase in spring releases may be realized under Criterion B.
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Figure 5.2-26. Average Monthly San Joaquin River Flow at
Vernalis under Alternative 1 for the Long-Term Period
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Figure 5.2-27. Average Monthly San Joaquin River Flow at
Vemalis under Altemative 1 for Dry and Critical Years
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Figure 5.2-28. New Surface Storage Diversions in the Sacramento
River Region under Alternative 1 for the Long-Term Period
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Figure 5.2-29. New Surface Storage Diversions in the Sacramento
River Region under Alternative 1 for Dry and Critical Years
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Under Alternative 1, maximum average monthly releases in dry and critical years are on the order of
1,200 cfs, while maximum average monthly releases are approximately 900 cfs for the long-term period.

Peak average monthly water supply releases from new Sacramento River Region reservoir storage
generally occur in midsummer to meet Delta export demands. Peak average monthly releases range from
700 to 2,800 cfs for the long-term period, with the upper end reflecting Criterion B assumptions. For dry
and critical years, peak releases range from 1,100 to over 2,100 cfs.

New San Joaquin River Region surface storage diversions typically occur from fall through spring.
Diversions continue as late as midsummer, since snow melt constitutes a significant portion of runoff.
Maximum diversions during dry and critical years occur in early summer (140 cfs), while average monthly
diversions over the long-term period are greatest in late winter (170 cfs).

Releases from new surface storage in the San Joaquin River Region occur primarily in spring. No
variation in releases is evident between the water management scenarios under Alternative 1. Maximum
average monthly releases range from 550 to 560 cfs for the long-term period and from 340 to 350 cfs for
dry and critical years.

5.2.8.2 ALTERNATIVE 2

Delta Region

The Delta hydrodynamic and water quality model, DSM2, was used to assess channel flows (cross Delta,
Old River at Bacon Island, and San Joaquin River at Antioch) and mass fate throughout the Delta Region.
The systems operations model, DWRSIM, was used to assess channel flows (Sacramento River at Rio Vista
and QWEST) and X2 position. To provide a programmatic overview, channel flows are described at five
locations.

Channel Flows

Sacramento River Flow at Rio Vista. Average monthly Rio Vista flow was evaluated for Alternative 2 and
the No Action Alternative for the long-term period and dry and critical years. Under the No Action
Alternative, the highest average long-term period flow typically occurs in February and is approximately
42,700 cfs; the lowest flow typically occurs in September and averages about 5,900 cfs.

Alternative 2 decreases flow by as much as 8,500 cfs in February and by as much as 2,600 cfs in September.

During dry and critical years, the highest average No Action Alternative flow occurs in February and is
about 18,000 cfs. The lowest average Rio Vista flow typically occurs in September and is about 4,400 cfs.
During dry and critical years, Alternative 2 decreases flow in February by as much as 7,000 cfs. In
September, Alternative 2 modifies flow by (-1,300) to 300 cfs. Figures 5.2-30 and 5.2-31 compare average
monthly Rio Vista flow for the long-term period and for dry and critical years, respectively.

owesT Flow. QWEST flow was evaluated for Alternative 2 and the No Action Alternative for the long-
term period and dry and critical years. Over the long-term period under the No Action Alternative, the
greatest average monthly positive QWEST flow typically occurs in April and ranges from about 6,400
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Figure 5.2-30. Average Monthly Sacramento River Flow at

000 Rio Vista under Alternative 2 for the Long-Term Period
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Figure 5.2-31. Average Monthly Sacramento River Flow at

45.000 Rio Vista under Alternative 2 for Dry and Critical Years
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

10 9,100 cfs. The greatest average monthly negative (reverse) QWEST flow typically occurs in October
and ranges from about (-4,300) to (-4,000) cfs. Reverse flow is due to a combination of tidal effects, reduced
reservoir releases, and Delta exports. During dry and critical years under the No Action Alternative, the
greatest average monthly positive QWEST flow occurs in April and ranges from 1,400 to 3,100 cfs. The
greatest average monthly reverse flow typically occurs in December and ranges from (-5,200) to

(-4,900) cfs.

Alternative 2 increases average monthly positive QWEST flow over the long-term period in April by as
much as 1,300 cfs and decreases average monthly reverse QWEST flow in October by as much as
4,700 cfs. During dry and critical years, Alternative 2 increases average monthly positive QWEST flow
in April by as much as 1,300 cfs and decreases average monthly reverse QWEST flow in December by as
much as 5,600 cfs. Figures 5.2-32 and 5.2-33 compare average monthly QWEST flow for the long-term
period and for dry and critical years, respectively.

Cross-Delta Flow. Cross-Delta flow was evaluated for Alternative 2 and the No Action Alternative for
the long-term period and dry and critical years. Differences in cross-Delta flow are best summarized by
flows occurring in August, December, and May. Over the long-term period under the No Action
Alternative, average monthly cross-Delta flow averages 6,500 cfs in August, 3,300 cfs in December, and
2,300 cfs in May. In dry and critical years under the No Action Alternative, average monthly cross-Delta
flow ranges from 5,800 to 6,300 cfs in August, and averages 2,400 cfs in December and 1,800 cfs in May.

Under Alternative 2, over the long-term period and in dry and critical years, cross-Delta flow may
increase or decrease in August, whereas cross-Delta flow in December and May typically increases. Over
the long-term period under Alternative 2, cross-Delta flow in August may vary by (-150) to 3,800 cfs
relative to the No Action Alternative. Increases in cross-Delta flows over the long-term period range from
4,000 to 6,400 cfs in December and from 600 to 2,400 cfs in May. During dry and critical years under
Alternative 2, cross-Delta flow in August may vary by (-300) to 3,000 cfs relative to the No Action
Alternative. Increases in cross-Delta flow during dry and critical years range from 3,800 to 5,900 cfs in
December and from 500 to 1,700 cfs in May. Figures 5.2-34 and 5.2-35 compare average monthly Cross-
Delta flow for the long-term period and for dry and critical years, respectively.

Old River Flow at Bacon Island. Old River flow at Bacon Island was evaluated for Alternative 2 and the No
Action Alternative for the long-term period and dry and critical years. Over the long-term period under
the No Action Alternative, the greatest average monthly negative (reverse) flow in Old River at Bacon
Island typically occurs in August and is about (-3,400) cfs. In dry and critical years, the greatest reverse
flow typically occurs in August and ranges from (-3,600) to (-3,000) cfs.

Over the long-term period under Alternative 2, increases in reverse flow in Old River at Bacon Island in
August range from 700 to 1,600 cfs, resulting in flow ranging from (-5,000) to (-4,100) cfs. In dry and
critical years under Alternative 2, increases in reverse flow in August range from 30 to 900 cfs, resulting
in flow ranging from (-4,400) to (-3,600) cfs.

San Joaquin River Flow at Antioch. San Joaquin River flow at Antioch was evaluated for Alternative 2 and
the No Action Alternative for the long-term period and dry and critical years. Over the long-term period
under the No Action Alternative, the greatest average monthly negative (reverse) flow in the San Joaquin
River at Antioch typically occurs in October and ranges from (-1,200) to (-1,000) cfs. In dry and critical
years, the greatest reverse flow typically occurs in December and ranges from (-2,400) to (-2,100) cfs.
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Figure 5.2-32. Average Monthly QWEST Flow

15.000 under Alternative 2 for the Long-Term Period
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Figure 5.2-33. Average Monthly QWEST Flow
under Altemnative 2 for Dry and Critical Years
15,000 :
13,000
11,000 -
9,000 -
7,000 4
0 5,000 -
L
3,000 A
10008 . R 4
L #‘ L] ,‘
1,000 8 — o~ __
-3,000
-5,000
A NY O > Y &> - A \§ v O <
& K ¥ & o g K\ N DN &
m pm No Action Alternative - Criterion A === No Action Alternative - Criterion B

—e — Alternative 2 - Criterion A without Storage — ->€ — Altermative 2 - Criterion B with Storage



(cfs)

Figure 5.2-34. Average Monthly Cross-Delfa Flow
under Alternative 2 for the Long-Term Period
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Figure 5.2-35. Average Monthly Cross-Delta Flow
under Alternative 2 for Dry and Critical Years
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

Average monthly San Joaquin River flow at Antioch ranges from (-900) to 500 cfs in August over the
long-term period under Alternative 2. In dry and critical years under Alternative 2, reverse flow in August
may vary by (-500) to 200 cfs relative to the No Action Alternative, resulting in flow ranging from (-1,000)
to 200 cfs. Decreases in reverse flow in December range from 2,500 to 3,400 cfs under Alternative 2 in dry
and critical years, resulting in flow ranging from 500 to 1,400 cfs.

Mass Fate. The DSM2 model was used to perform several mass tracking simulations for Alternative 2.
Discussion on this assessment method is provided in Section 5.2.4. Mass fate results are presented for
existing conditions and all Program alternatives in Section 5.2.8.4.

Bay Region

Bay-Delta X2 position was evaluated for the No Action Alternative and Alternative 2 for the long-term
period and for dry and critical years using DWRSIM modeling results. Over the long-term period under
the No Action Alternative, the average monthly X2 position is typically farthest upstream in September

and ranges from 86.9 to 87.0 km; average monthly X2 position is typically farthest downstream in March
and ranges from 64.3 to 65.3 km.

Alternative 2 increases average monthly X2 position by about 0.6 km in September. Alternative 2 could
increase X2 position by about 0.2 km or decrease X2 position by 0.4 km in March.

During dry and critical years under the No Action Alternative, average monthly X2 position is typically
farthest upstream in September and ranges from 89.4 to 89.5 km; average monthly X2 is typically farthest
downstream in March and ranges from 72.0 to 73.3 km. During dry and critical years, Alternative 2
decreases average monthly X2 position by about 0.1 km in September. Alternative 2 may increase X2
position by 0.4 km or decrease X2 position by 0.6 km in March. Figures 5.2-36 and 5.2-37 compare
average monthly X2 position for the long-term period and for dry and critical years, respectively.

Sacramento River and San Joaquin River Regions

Programmatic comparisons of river flows and existing storage releases in the Sacramento River and San
Joaquin River Regions were made between Alternative 2 and the No Action Alternative using DWRSIM
modeling results. Diversions and releases from new storage also were evaluated under Alternative 2. For
Sacramento River Region surface storage, river diversions under Criterion A are not allowed unless an
in-stream daily flow of 20,000 cfs exists below the diversion location. No additional flow requirements
are specified as constraints to diversions under Criterion B in the modeling analysis.

River Flows. Average monthly flow in the Sacramento River at Freeport was evaluated for Alternative 2
and the No Action Alternative. Figures 5.2-38 and 5.2-39 compare average monthly Sacramento River
flow at Freeport for the long-term period and for dry and critical years, respectively.

In the absence of new storage facilities, Alternative 2 has little impact on average monthly flow in the
Sacramento River at Freeport relative to the No Action Alternative. The greatest differences occur in
summer under all hydrologic conditions. Alternative 2 increases average monthly flow by as much as
1,400 cfs during summer. Even with new storage facilities, Alternative 2 has little impact on average
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Figure 5.2-36. Average Monthly X2 Position
under Alternative 2 for the Long-Term Period
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Figure 5.2-37. Average Monthly X2 Position under
Alternative 2 for Dry and Critical Years
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Figure 5.2-38. Average Monthly Sacramento River Flow at
Freeport under Alternative 2 for the Long-Term Period
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Figure 5.2-39. Average Monthly Sacramento River Flow at
Freeport under Alternative 2 for Dry and Critical Years
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

monthly flow in most months. Anticipated flow increases are most pronounced during summers of dry
and critical years—up to 1,000 cfs.

Average monthly flow in the San Joaquin River at Vernalis was evaluated for Alterna-tive 2 and the No
Action Alternative. Figures 5.2-40 and 5.2-41 compare average monthly San Joaquin River flow at Vernalis
for the long-term period and for dry and critical years, respectively.

Under Alternative 2, San Joaquin River flow is unchanged throughout the year relative to the No Action
Alternative except in early spring. Alternative 2 increases average monthly flow in spring by as much as
1,600 cfs over the long-term period. This range is not influenced by storage or water management
assumptions. Similarly, in dry and critical years, Alternative 2 increases average monthly flow in spring
by as much as 1,400 cfs.

Existing Reservoir Releases. Existing Sacramento River Region reservoir releases generally peak in summer
under the No Action Alternative as well as under Alternative 2. This pattern is consistent for the long-
term period and dry and critical years. Average monthly summer releases under the No Action
Alternative range from 21,700 to 22,600 cfs. Under Alternative 2, the lowest long-term period summer
releases generally are associated with the Criterion B water management assumptions in conjunction with
new storage facilities. The greatest long-term period summer releases are associated with the Criterion B
water management assumptions in the absence of additional storage capacity. New storage would provide
increased operational flexibility and would supplement releases from existing facilities.

If no new storage is implemented under Alternative 2, summer releases from existing facilities may
increase up to 1,400 cfs relative to the No Action Alternative. If new storage is implemented under
Alternative 2, releases may decrease as much as 1,300 cfs or increase up to 300 cfs relative to the No
Action Alternative. During winter months, new storage tends to increase releases from existing facilities.
Higher annual storage carryover in existing facilities, which is associated with implementation of new
storage in Alternative 2, necessitates increased flood control releases in winter months.

Average monthly San Joaquin River Region reservoir releases are unchanged from the No Action
Alrernative by implementation of Alternative 2. Release patterns are not influenced by varying water
management strategies or by implementation of new surface storage.

New Reservoir Diversions and Releases. Figures 5.2-42 and 5.2-43 present the ranges of long-term period and
dry and critical year diversions into new Sacramento River Region storage under Alternative 2. Under
Alternative 2, new surface storage diversions typically occur during winter and spring, with peak
diversions in late winter. Over the long-term period, the range of peak average monthly diversions is
1,400-2,300 cfs. For dry and critical years, the range of peak average monthly diversions is 200-1,400 cfs.

Environmental releases from new Sacramento River Region reservoir storage occur during spring and
summer when the greatest environmental benefits are anticipated—with peak releases occurring in late
spring and early summer. Release patterns over the long-term period are similar to those for dry and
critical years. Environmental releases from new storage are largely unaffected by the range of Delta water
management criteria, although a small increase in spring releases may be realized under Criterion B.
Maximum average monthly releases in dry and critical years are on the order of 1,200 cfs, while maximum
average monthly releases are approximately 900 cfs for the long-term period.
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Figure 5.2-40. Average Monthly San Joaquin River Flow at
Vernalis under Alternative 2 for the Long-Term Period
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Figure 6.2-41. Average Monthly San Joaquin River Flow at
Vernalis under Alternative 2 for Dry and Critical Years
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Figure 5.2-42. New Surface Storage Diversions in the Sacramento
River Region under Altemative 2 for the Long-Term Period
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Figure 5.2-43. New Surface Storage Diversions in the Sacramento
3,000 River Region under Alternative 2 for Dry and Critical Years
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

Peak average monthly water supply releases from new Sacramento River Region reservoir storage
generally occur in midsummer to meet Delta export demands. Under Alternative 2, peak average monthly
releases range from 1,700-2,600 cfs for the long-term period, with the upper end reflecting Criterion B
assumptions. For dry and critical years, peak releases range from 1,200-2,200 cfs.

New San Joaquin River Region surface storage diversions typically occur from fall through spring.
Diversions continue as late as midsummer, since snow melt constitutes a significant portion of runoff.
Under Alternative 2, maximum diversions during dry and critical years occur in early summer (120 cfs),
while average monthly diversions over the long-term period are greatest in late winter (170 cfs).

Releases from new surface storage in the San Joaquin River Region occur primarily in spring. No
variation in releases is evident between the water management scenarios under Alternative 2. Under
Alternative 2, maximum average monthly releases range from 550 to 560 cfs for the long-term period,
from 340-350 cfs for dry and critical years.

5.2.8.3 ALTERNATIVE 3

For evaluation purposes, Alternative 3 was simulated with a 5,000- and 15,000-cfs isolated conveyance
facility. Evaluation of the smaller configuration assumes that full south Delta improvements are in place.
Evaluation of the larger configuration assumes a subset of the south Delta improvements are in place and
includes service to Delta islands along the route of the canal. To fully describe potential consequences of
Alternative 3, the 15,000-cfs isolated conveyance facility is evaluated under Criterion A assumptions and
the 5,000-cfs isolated conveyance facility is evaluated under Criterion B assumptions. See Attachment A
for further details.

Delta Region

The Delta hydrodynamic and water quality model, DSM2, was used to assess channel flows (cross Delta,
Old River at Bacon Island, and San Joaquin River at Antioch) and mass fate throughout the Delta Region.
The systems operations model, DWRSIM, was used to assess channel flows (Sacramento River at Rio Vista
and QWEST) and X2 position. To provide a programmatic overview, channel flows are described at five
locations.

Channel Flows

Sacramento River Flow at Rio Vista. Average monthly Rio Vista flow was evaluated for Alternative 3 and the
No Action Alternative for the long-term period and dry and critical years. Under the No Action
Alternative, the highest average long-term period flow typically occurs in February and is approximately
42,700 cfs; the lowest flow typically occurs in September and averages about 5,900 cfs.

Alternative 3 decreases flow by as much as 7,400 cfs in February and by as much as 2,800 cfs in September.
During dry and critical years, the highest average No Action Alternative flow occurs in February and is

about 18,000 cfs. The lowest average Rio Vista flow typically occurs in September and is about 4,400 cfs.
During dry and critical years, Alternative 3 decreases flow by as much as 4,400 cfs in February and by as
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much as 1,400 cfs in September. Figures 5.2-44 and 5.2-45 compare average monthly Rio Vista flow for
the long-term period and for dry and critical years, respectively.

QWEST Flow. QWEST flow was evaluated for Alternative 3 and the No Action Alternative for the long-
term period and dry and critical years. Over the long-term period under the No Action Alternative, the
greatest average monthly positive QWEST flow typically occurs in April and ranges from about 6,400
t0 9,100 cfs. The greatest average monthly negative (reverse) QWEST flow typically occurs in October
and ranges from about (-4,300) to (-4,000) cfs. Reverse flow is due to a combination of tidal effects, reduced
reservoir releases, and Delta exports. During dry and critical years under the No Action Alternative, the
greatest average monthly positive QWEST flow occurs in April and ranges from 1,400-3,100 cfs. The

greatest average monthly reverse flow typically occurs in December and ranges from (-5,200) to
(-4,900) cfs.

Alternative 3 increases average monthly positive QWEST flow over the long-term period in April by as
much as 2,100 cfs and decreases average monthly reverse QWEST flow in October by as much as
5,700 cfs. During dry and critical years, Alternative 3 increases average monthly positive QWEST flow
in April by as much as 1,900 cfs and decreases average monthly reverse QWEST flow in December by as
much as 6,700 cfs. Figures 5.2-46 and 5.2-47 compare average monthly QWEST flow for the long-term
period and for dry and critical years, respectively.

Cross-Delta Flow. Cross-Delta flow was evaluated for Alternative 3 and the No Action Alternative for the
long-term period and dry and critical years. Differences in cross-Delta flow are best summarized by flows
occurring in August, December and May. Over the long-term period under the No Action Alternative,
average monthly cross-Delta flow averages 6,500 cfs in August, 3,300 cfs in December and 2,300 cfs in
May. In dry and critical years under the No Action Alternative, average monthly cross-Delta flow ranges
from 5,800 to 6,300 cfs in August, and averages 2,400 cfs in December and 1,800 cfs in May.

Under Alternative 3, over the long-term period and in dry and critical years, cross-Delta flow typically
decreases in August, December and May. Over the long-term period under Alternative 3, decreases in
cross-Delta flow range from 1,700 to 2,800 cfs in August, from 800 to 1,300 cfs in December and from
200 to 400 cfs in May. During dry and critical years under Alternative 3, decreases in cross-Delta flow
range from 1,700 to 2,000 cfs in August, from 800 to 1,300 cfs in December and from 200 to 500 cfs in
May. Figures 5.2-48 and 5.2-49 compare average monthly Cross-Delta flow for the long-term period and
for dry and critical years, respectively.

Old River Flow at Bacon Island. Old River flow at Bacon Island was evaluated for Alternative 3 and the No
Action Alternative for the long-term period and dry and critical years. Over the long-term period under
the No Action Alternative, the greatest average monthly negative (reverse) flow in Old River at Bacon
Island typically occurs in August and is about (-3,400) cfs. In dry and critical years, the greatest reverse
flow typically occurs in August and ranges from (-3,600) to (-3,000) cfs.

Over the long-term period under Alternative 3, decreases in reverse flow in Old River at Bacon Island in
August range from 1,700 to 3,000 cfs, resulting in flow ranging from (-1,700) to (-400) cfs. In dry and
critical years under Alternative 3, decreases in reverse flow in August range from 2,100 to 2,400 cfs,
resulting in flow ranging from (-1,000) to (-6Q0) cfs.

San Joaquin River Flow at Antioch. San Joaquin River flow at Antioch was evaluated for Alternative 3 and
the No Action Alternative for the long-term period and dry and critical years. Over the long-term period
under the No Action Alternative, the greatest average monthly negative (reverse) flow in the San Joaquin
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Figure 5.2-44. Average Monthly Sacramento River Flow at

Rio Vista under Alternative 3 for the Long-Term Period
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Figure 5.2-45. Average Monthly Sacramento River Flow at

Rio Vista under Alternative 3 for Dry and Critical Years
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Figure 5.2-46. Average Monthly QWEST Flow
under Alternative 3 for the Long-Term Period
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Figure 5.2-47. Average Monthly QWEST Flow
under Alternative 3 for Dry and Critical Years
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Figure 5.2-48. Average Monthly Cross-Delta Flow
under Alternative 3 for the Long-Term Period
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Figure 5.2-49. Average Monthly Cross-Delta Flow
under Alternative 3 for Dry and Critical Years
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

River at Antioch typically occurs in October and ranges from (-1,200) to (-1,000) cfs. In dry and critical
years, the greatest reverse flow typically occurs in December and ranges from (-2,400) to (-2,100) cfs.

Average monthly San Joaquin River flow at Antioch ranges from 2,100 to 4,100 cfs in August over the
long-term period under Alternative 3. In dry and critical years under Alternative 3, reverse flow decreases
in August range from 3,000 to 3,700 cfs, resulting in flow ranging from 2,700 to 3,500 cfs. Decreases in
reverse flow in December range from 1,900 to 5,000 cfs under Alternative 3 in dry and critical years,
resulting in flow ranging from (-150) to 2,900 cfs.

Mass Fate. The DSM2 model was used to perform several mass tracking simulations for Alternative 3.
Discussion on this assessment method is provided in Section 5.2.4. Mass fate results are presented for
existing conditions and all Program alternatives in Section 5.2.8.4.

Bay Region

Bay-Delta X2 position was evaluated for the No Action Alternative and Alternative 3 for the long-term
period and for dry and critical years using DWRSIM modeling results. Over the long-term period under
the No Action Alternative, the average monthly X2 position is typically farthest upstream in September
and ranges from 86.9 to 87.0 km; average monthly X2 position is typically farthest downstream in March
and ranges from 64.3 t0 65.3 km.

Alternative 3 may increase average monthly X2 position by about 1.1 km or may decrease X2 position
by 2.3 km in September. Alternative 3 may increase X2 position by about 0.8 km or decrease X2 position
by 0.3 km in March. During dry and critical years under the No Action alternative, average monthly X2
position is typically farthest upstream in September and ranges from 89.4 to 89.5 km; average monthly
X2 is typically farthest downstream in March and ranges from 72.0 to 73.3 km. Alternative 3 decreases
average monthly X2 position by about 3.9 km in September and by about 0.4 km in March. Alternative 3
also may increase monthly X2 position in March during dry and critical years by about 1.2 km.
Figures 5.2-50 and 5.2-51 compare average monthly X2 position for the long-term period and for dry and
critical years, respectively.

Sacramento River and San Joaquin River Regions

Programmatic comparisons of river flows and existing storage releases in the Sacramento River and San
Joaquin River Regions were made between Alternative 3 and the No Action Alternative using DWRSIM
modeling results. Diversions and releases from new storage also were evaluated under Alternative 3. For
Sacramento River Region surface storage, river diversions under Criterion A are not allowed unless an
instream daily flow of 20,000 cfs exists below the diversion location. No additional flow requirements are
specified as constraints to diversions under Criterion B under the modeling analysis.

River Flows. Average monthly flow in the Sacramento River at Freeport was evaluated for Alternative 3
and the No Action Alternative. Figures 5.2-52 and 5.2-53 compare average monthly Sacramento River
flow at Freeport for the long-term period and for dry and critical years, respectively.

In the absence of new storage facilities, Alternative 3 has little impact on average monthly flow in the
Sacramento River at Freeport relative to the No Action Alternative. The greatest differences occur in
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Figure 5.2-50. Average Monthly X2 Position
under Alternative 3 for the Long-Term Period
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Figure 5.2-51. Average Monthly X2 Position
under Alternative 3 for Dry and Critical Years
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Figure 5.2-52. Average Monthly Sacramento River Flow at
Freeport under Altemative 3 for the Long-Term Period
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

summer months under both hydrologic periods. Alternative 3 may increase average monthly flow by as
much as 2,900 cfs during the summer. Even with new storage facilities, Alternative 3 has little impact on
average monthly flow in most months. Flow increases are most pronounced during summers of dry and
critical years—up to 4,000 cfs.

Average monthly flow in the San Joaquin River at Vernalis was evaluated for Alternative 3 and the No
Action Alternative. Figures 5.2-54 and 5.2-55 compare average monthly San Joaquin River flow at Vernalis
for the long-term period and for dry and critical years, respectively.

Under Alternative 3, San Joaquin River flow is unchanged throughout the year relative to the No Action
Alternative except for early spring. Alternative 3 increases average monthly flow in spring by as much
as 1,600 cfs over the long-term period. This range is not influenced by storage or water management
assumptions. Similarly, in dry and critical years, Alternative 3 increases average monthly flow in spring
by as much as 1,500 cfs.

Existing Reservoir Releases. Existing Sacramento River Region reservoir releases generally peak in summer
months under the No Action Alternative as well as under Alternative 3. This pattern is consistent for the
long-term period and dry and critical years. Average monthly summer releases under the No Action
Alternative range from 21,700 to 22,600 cfs. Under Alternative 3, the lowest long-term period summer
releases are generally associated with the Criterion A water management assumptions in conjunction with
new storage facilities. The greatest long-term period summer releases are associated with the Criterion B
water management assumptions in the absence of additional storage capacity. New storage would provide
increased operational flexibility and would supplement releases from existing facilities.

If no new storage is implemented under Alternative 3, summer releases from existing facilities may
increase up to 1,600 cfs relative to the No Action Alternative. If new storage is implemented under
Alternative 3, releases may increase as much as 1,300 cfs relative to the No Action Alternative. During
winter months, new storage tends to increase releases from existing facilities. Higher annual storage
carryover in existing facilities, which is associated with implementation of new storage in Alternative 3,
necessitates increased flood control releases in winter months.

Under Alternative 3, average monthly San Joaquin River Region reservoir releases are unchanged from
the No Action Alternative. Release patterns are not influenced by varying water management strategies
or by implementation of new surface storage.

New Reservoir Diversions and Releases. Figures 5.2-56 and 5.2-57 present the ranges of long-term period and
dry and critical year diversions into new Sacramento River Region storage under Alternative 3. Under
Alternative 3, new surface storage diversions typically occur during winter and spring months, with peak

* diversions in late winter. Over the long-term period, the range of peak average monthly diversions is from
1,300 to 2,600 cfs. For dry and critical years, the range of peak average monthly diversions is from 200
to 1,900 cfs.

Environmental releases from new Sacramento River Region reservoir storage occur during spring and
summer months when the greatest environmental benefits are anticipated, with peak releases occurring
in late spring and early summer. Release patterns over the long-term period are similar to those for dry
and critical years. For the longterm period, environmental releases from new storage are largely
unaffected by the range of Delta water management criteria, although a small increase in spring releases
may be realized under Criterion B. Under Alternative 3, maximum average monthly releases in dry and
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Figure 5.2-54. Average Monthly San Joaquin River Flow at
Vernalis under Alternative 3 for the Long-Term Period
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Figure 5.2-55. Average Monthly San Joaquin River Flow at
Vemalis under Altemnative 3 for Dry and Critical Years
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Figure 5.2-56. New Surface Storage Diversions in the Sacramento
River Region under Altemnative 3 for the Lohg-Term Period
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Figure 5.2-57. New Surface Storage Diversions in the Sacramento
River Region under Alternative 3 for Dry and Ciritical Years
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

critical years are on the order of 1,000 cfs, while maximum average monthly releases are approximately
800 cfs over the long-term period.

Peak average monthly water supply releases from new Sacramento River Region reservoir storage
generally occur in midsummer to meet Delta export demands. Under Alternative 3, peak average monthly
releases range from 400 to 2,800 cfs for the long-term period, with the upper end reflecting Criterion B
assumptions. For dry and critical years, peak releases range from 1,200 to over 2,700 cfs.

San Joaquin River Region surface storage diversions typically occur from fall through spring. Diversions
continue as late as midsummer, since snow melt constitutes a significant portion of runoff. Maximum
diversions during dry and critical years occur in early summer (160 cfs), while average monthly diversions
over the long-term period are greatest in late winter (230 cfs).

Releases from new surface storage in the San Joaquin River Region occur primarily in spring. No
variation in releases is evident between the water management scenarios under Alternative 3. Maximum

average monthly releases are approximately 570 cfs for the long-term period and 360 cfs for dry and
critical years.

5.2.8.4 PREFERRED PROGRAM ALTERNATIVE

This section includes a description of the consequences of a diversion facility on the Sacramento River.
If the diversion facility is not built, these consequences would not occur.

For evaluation purposes, the Preferred Program Alternative was simulated with and without a new
screened diversion (2,000-4,000 cfs) from the Sacramento River to the Mokelumne River system. Without
the new diversion, consequences of the Preferred Program Alternative relative to Bay-Delta
hydrodynamics and riverine hydraulics are similar to consequences under Alternative 1, as described in
Section 5.2.8.1. Consequences of the Preferred Program Alternative with a diversion facility are described
below.

Delta Region

The Delta hydrodynamic and water quality model, DSM2, was used to assess channel flows (cross Delta,
Old River at Bacon Island, and San Joaquin River at Antioch) and mass fate throughout the Delta Region.
The systems operations model, DWRSIM, was used to assess channel flows (Sacramento River at Rio Vista
and QWEST) and X2 position. To provide a programmatic overview, channel flows are described at five
locations.

Channel Flows

Sacramento River Flow at Rio Vista. Average monthly Rio Vista flow was evaluated for the Preferred
Program Alternative and the No Action Alternative for the long-term period and dry and critical years.
Under the No Action Alternative, the highest average long-term period flow typically occurs in February
and is approximately 42,700 cfs; the lowest flow typically occurs in September and averages about
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5,900 cfs. The Preferred Program Alternative decreases flow by as much as 4,100 cfs in February. The
Preferred Program Alternative modifies flow by (-300) to 1,600 cfs in September.

During dry and critical years, the highest average No Action Alternative flow occur in February and is
about 18,000 cfs. The lowest average Rio Vista flow typically occurs in September and is about 4,400 cfs.
During dry and critical years, the Preferred Program Alternative decreases flow in February by as much
as 3,400 cfs. In September, the Preferred Program Alternative modifies flow by (-300) to 1,600 cfs.
Figures 5.2-58 and 5.2-59 compare average monthly Rio Vista flow for the long-term period and for dry
and critical years, respectively.

Rio Vista flow under the Preferred Program Alternative also was compared with Rio Vista flow under
the other Program alternatives. The long-term period comparison is summarized in Table 5.2-3. The dry
and critical year comparison is summarized in Table 5.2-4. Additionally, Figures 5.2-60 and 5.2-61 present
Rio Vista flow comparisons for the long-term period and dry and critical years, respectively.

Table 5.2-3. Sacramento River Flow at Rio Vista under All Program
Alternatives for the Long-Term Period (cfs)

ALTERNATIVE 1/PPA PPA
PERIOD NO ACTION {Without Hood) ALTERNATIVE 2 ALTERNATIVE 3 {With Hood)
Peak monthly flow 42,600-42,900 41,600-42,500 34,100-39,300 35,200-37,900 38,400-40,800
(February)
Low monthly flow 5,800-5,900 5,700-6,100 3,200-5,200 3,000-4,800 5,500-7,400
(September)

Note:
PPA = Preferred Program Alternative.

Table 5.2-4. Sacramento River Flow at Rio Vista under All Program
Alternatives for Dry and Critical Years (cfs)

ALTERNATIVE 1/PPA PPA
PERIOD NO ACTION {Without Hood) ALTERNATIVE 2 ALTERNATIVE 3 {With Hood)
Peak monthly flow 17,200-18,100 17,800-18,000 11,000-15,700 13,600-14,400 14,500-16,400
(February)
Low monthly flow 4,300-4,500 4,300-5,300 3,000-4,600 3,000-3,200 4,000-6,100
{September)

Note:

PPA = Preferred Program Alternative.

QWeST Flow. QWEST flow was evaluated for the Preferred Program Alternative and the No Action
Alternative for the long-term period and dry and critical years. Over the long-term period under the No
Action Alternative, the greatest average monthly positive QWEST flow typically occurs in April and
ranges from about 6,400 to 9,100 cfs. The greatest average monthly negative (reverse) QWEST flow
typically occurs in October and ranges from about (-4,300) to (-4,000) cfs. Reverse flow is due to a
combination of tidal effects, reduced reservoir releases, and Delta exports. During dry and critical years
under the No Action Alternative, the greatest average monthly positive QWEST flow occurs in April and
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Figure 5.2-58. Average Monthly Sacramento River Flow at Rio Vista
under the Preferred Program Alternative for the Long-Term Period
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Figure 5.2-59. Average Monthly Sacramento River Flow at Rio Vista
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Figure 5.2-60. September Sacramento River Flows at Rio Vista
under All Program Alternatives for the Long-Term Period
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ranges from 1,400 to 3,100 cfs. The greatest average monthly reverse flow typically occurs in December
and ranges from (-5,200) to (-4,900) cfs.

The Preferred Program Alternative increases average monthly positive QWEST flow over the long-term
period in April by as much as 900 cfs and decreases average monthly reverse QWEST flow in October
by as much as 2,500 cfs. During dry and critical years, the Preferred Program Alternative increases average
monthly positive QWEST flow in April by as much as 1,200 cfs and decreases average monthly reverse
QWEST flow in December by as much as 2,400 cfs. Figures 5.2-62 and 5.2-63 compare average monthly
QWEST flow for the long-term period and for dry and critical years, respectively.

QWEST flow under the Preferred Program Alternative also was compared with QWEST flow under the
other Program alternatives. The long-term period comparison is summarized in Table 5.2-5. The dry and
critical year comparison is summarized in Table 5.2-6. Additionally, Figures 5.2-64 and 5.2-65 present
Delta export comparisons for the long-term period and dry and critical years, respectively.

Table 5.2-5. QWEST Flow under All Program Alternatives
for the Long-Term Period (cfs)

ALTERNATIVE 1/PPA PPA
PERIOD NO ACTION {Without Hood) ALTERNATIVE 2 ALTERNATIVE 3 (With Hood)
Peak positive monthly 6,400-9,100 5,800-9,100 8,900-10,300 6,100-11,200 8,300-10,000
flow {April)
Peak negative monthly (-4,300)-(-4,000) (-4,500)-(-4,800) (-600)-700 (-1,800)-1,800 (-1,5600)-(-3,000)

flow (October)

Note:
PPA = Preferred Program Alternative.

Table 5.2-6. QWEST Flow under All Program Alternatives
for Dry and Critical Years (cfs)

ALTERNATIVE 1/PPA PPA
PERIOD NO ACTION (Without Hood) ALTERNATIVE 2 ALTERNATIVE3  {With Hood)

Peak positive monthly 1,400-3,100 1,400-3,100 3,100-4,400 1,500-5,000  3,100-4,300

flow {April)

Peak negative monthly & ) (4 900)  (-5,500)-(-6,200) {-1,200)-700 (-2,400)-1,800 (-2,500)-(-3,800)

flow (December)

Note:
PPA = Preferred Program Alternative.

Cross-Delta Flow. Cross-Delta flow was evaluated for the Preferred Program Alternative and the No
Action Alternative for the long-term period and dry and critical years. Differences in cross-Delta flow are
best summarized by flows occurring in August, December and May. Over the long-term period under the
No Action Alternative, average monthly cross-Delta flow averages 6,500 cfs in August, 3,300 cfs in
December and 2,300 cfs in May. In dry and critical years under the No Action Alternative, average
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Figure 5.2-62. Average Monthly QWEST Flow under the
Preferred Program Alternative for the Long-Term Period
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Figure 5.2-63. Average Monthly QWEST Flow under the
Preferred Program Alternative for Dry and Critical Years
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Figure 5.2-64. Ocltober QWEST Flows under All
Program Alternatives for the Long-Term Period
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monthly cross-Delta flow ranges from 5,800 to 6,300 cfs in August, and averages 2,400 cfs in December
and 1,800 cfs in May. Under the Preferred Program Alternative, over the long-term period and in dry and
critical years, cross-Delta flow may increase or decrease in August, whereas cross-Delta flow in December
and May typically increases. Over the long-term period under the Preferred Program Alternative, cross-
Delta flow in August may vary by (-2,500) cfs to 2,000 cfs relative to the No Action Alternative. Increases
in cross-Delta flow over the long-term period ranges from 1,700 to 3,300 cfs in December and from 700
to 1,700 cfs in May. During dry and critical years under the Preferred Program Alternative, cross-Delta
flow in August may vary by (-2,000) to 1,600 cfs relative to the No Action Alternative. Increases in cross-
Delta flow during dry and critical years range from 1,700 to 3,300 cfs in December and from 600 to
1,200 cfs in May. Figures 5.2-66 and 5.2-67 compare average monthly Cross-Delta flow for the long-term
period and for dry and critical years, respectively.

Old River Flow at Bacon Island. Old River flow at Bacon Island was evaluated for the Preferred Program
Alternative and the No Action Alternative for the long-term period and dry and critical years. Over the
long-term period under the No Action Alternative, the greatest average monthly negative (reverse) flow
in Old River at Bacon Island typically occurs in August and is about (-3,400) cfs. In dry and critical years,
the greatest reverse flow typically occurs in August and ranges from (-3,600) to (-3,000) cfs.

Opwer the long-term period under the Preferred Program Alternative, increases in reverse flow in Old
River at Bacon Island in August range from 800 to 1,600 cfs, resulting in flow ranging from (-5,100) to
(-4,200) cfs. In dry and critical years under the Preferred Program Alternative, increases in reverse flow
in August range from 100 to 900 cfs, resulting in flow ranging from (-4,500) to (-3,700) cfs.

San Joaquin River Flow at Antioch. San Joaquin River flow at Antioch was evaluated for the Preferred
Program Alternative and the No Action Alternative for the long-term period and dry and critical years.
Over the long-term period under the No Action Alternative, the greatest average monthly negative
(reverse) flow in the San Joaquin River at Antioch typically occurs in October and ranges from (-1,200) to

(-1,000) cfs. In dry and critical years, the greatest reverse flow typically occurs in December and ranges
from (-2,400) to (-2,100) cfs.

Average monthly San Joaquin River flow at Antioch ranges from (-2,900) to (-900) cfs in August over the
long-term period under the Preferred Program Alternative. In dry and critical years under Alternative.3,
reverse flow in August may vary by (-100) cfs to 1,700 cfs relative to the No Action Alternative, resulting
in flow ranging from (-2,500) to (-700) cfs. Decreases in reverse flow in December range from 800 to

1,200 cfs under the Preferred Program Alternative in dry and critical years, resulting in flow ranging from
(-1,300) to (-900) cfs.

Mass Fate. The DSM2 model was used to perform several mass tracking simulations for the Preferred
Program Alternative. Discussion on this assessment method is provided in Section 5.2.4. Mass fate results
are presented for existing conditions and all Program alternatives in Table 5.2-7 for high inflow and high
export conditions. Similar results are presented in Table 5.2-8 for low inflow and high export conditions.

Bay Region

The Preferred Program Alternative may increase the average monthly X2 position. Bay-Delta X2 position
was evaluated for the No Action Alternative and the Preferred Program Alternative for the long-term
period and for dry and critical years using DWRSIM modeling results. Over the long-term period under
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the No Action Alternative, the average monthly X2 position is typically farthest upstream in September
and ranges from 86.9 to 87.0 km; average monthly X2 position is typically farthest downstream in March
and ranges from 64.3 to 65.3 km.

Table 5.2-7. Mass Tracking Results for High Inflow and High Export
Conditions under All Program Alternatives (%)

ALTERNATIVE CHIPPS ISLAND EXPORTS DELTA ISLANDS IN-CHANNEL
Mass Injection at Freeport
Existing conditions 96.5 1.7 0.6 1.2
No Action Alternative 95.0 3.0 0.6 1.4
Alternative 1 88.8 8.4 0.6 2.2
Alternative 2 85.0 13.3 0.8 0.9
Alternative 3 72.3 27.0 0.4 0.3
Preferred Program Alternative 86.5 11.0 0.8 1.7
Mass Injection at Prisoner’s Point
Existing conditions 77.8 15.8 1.3 5.1
No Action Alternative 65.8 26.8 1.1 6.3
Alternative 1 33.2 59.5 1.0 6.3
Alternative 2 55.7 42.3 0.8 1.2
Alternative 3 97.8 0.0 0.5 1.7
Preferred Program Alternative 45.3 50.7 1.0 3.0
Mass Injection at Vernalis
Existing conditions 8.8 82.6 2.4 6.2
No Action Alternative 4.4 89.5 2.1 4.0
Alternative 1 0.7 96.2 1.9 1.2
Alternative 2 1.5 95.8 1.9 0.8
Alternative 3 38.3 39.8 3.0 18.9
Preferred Program Alternative 0.9 96.3 1.9 0.9
Table 5.2-8. Mass Tracking Results for Low Inflow and High Export
Conditions under All Program Alternatives (%)
ALTERNATIVE CHIPPS ISLAND EXPORTS DELTA ISLANDS IN-CHANNEL
Mass Injection at Freeport
Existing conditions 19.8 39.0 6.5 34.7
No Action Alternative 19.7 41.6 7.5 31.2
Alternative 1 18.1 40.3 7.6 33.0
Alternative 2 11.6 44.7 7.9 35.8
Alternative 3 16.5 47.6 4.2 31.7
Preferred Program Alternative 21.0 45.0 7.0 27.0
Mass Injection at Prisoner’s Point
Existing conditions 7.7 69.1 3.5 19.7
No Action Alternative 6.4 73.2 4.3 16.1
Alternative 1 7.2 70.3 4.3 18.2
Alternative 2 9.9 65.9 4.2 20.0
Alternative 3 16.5 6.9 5.4 71.2
Preferred Program Alternative 4.5 80.9 4.2 10.4
Mass Injection at Vernalis
Existing conditions 0.0 92.4 6.0 1.6
No Action Alternative 0.0 91.4 7.6 1.0
Alternative 1 0.0 76.0 13.2 10.8
Alternative 2 0.0 76.3 13.2 10.5
Alternative 3 0.2 5.7 16.3 77.8
Preferred Program Alternative 0.0 81.6 12.9 5.5
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Figure 5.2-66. Monthly Average Cross-Delta Flow under the

Preferred Program Alternative for the Long-Term Period
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

The Preferred Program Alternative increases average monthly X2 position by about 0.6 km in September.
The Preferred Program Alternative may increase or decrease average monthly X2 position by about
0.3 km in March. During dry and critical years under the No Action Alternative, average monthly X2
position is typically farthest upstream in September and ranges from 89.4 to 89.5 km; average monthly
X2 is typically farthest downstream in March and ranges from 72.0 to 73.3 km. The Preferred Program
Alternative decreases average monthly X2 position by about 0.1 km in September. The Preferred Program
Alternative may decrease X2 position by about 0.5 km or increase X2 position by 0.3 km in March.

Figures 5.2-68 and 5.2-69 compare average monthly X2 position for the long-term period and for dry and
critical years, respectively.

X2 position under the Preferred Program Alternative also was compared with X2 position under the
other Program alternatives. The long-term period comparison is summarized in Table 5.2-9. The dry and
critical year comparison is summarized in Table 5.2-10. Additionally, Figures 5.2-70 and 5.2-71 present
X2 position comparisons for the long-term period and dry and critical years, respectively.

Table 5.2-9. X2 Position under All Program Alternatives
for the Long-Term Period fkm)

ALTERNATIVE 1/PPA PPA
PERIOD NO ACTION {Without Hood) ALTERNATIVE 2 ALTERNATIVE 3 (With Hood)
Upstream X2 86.9-87.0 87.4-87.6 87.4-87.6 84.6-88.1 87.4-87.6
position (September)
Downstream X2 64.3-65.3 64.0-65.5 63.9-65.5 64.0-66.1 64.0-65.6

position (March)

Note:
PPA = Preferred Program Alternative.

Table 5.2-10. X2 Position under All Program Alternatives
for Dry and Critical Years (km)

ALTERNATIVE 1/PPA PPA
PERIOD NO ACTION (Without Hood) ALTERNATIVE 2  ALTERNATIVE 3 {With Hood)
Upstream X2 89.4-89.5 89.4-89.5 89.3-89.56 85.5-89.5 89.3-89.5
position (September)
Downstream X2 72.0-73.3 71.6-73.86 71.4-73.7 71.6-74.5 71.5-73.6

position (March)

Note: PPA = Preferred Program Alternative.

Sacramento River and San Joaquin River Regions

Programmatic comparisons of river flows and existing storage releases in the Sacramento River and San
Joaquin River Regions were made between the Preferred Program Alternative and the No Action
Alternative using DWRSIM modeling results. Diversions and releases from new storage also were
evaluated under the Preferred Program Alternative. For Sacramento River Region surface storage, river
diversions under Criterion A are not allowed unless an instream daily flow of 20,000 cfs exists below the
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Figure 5.2-68. Mcenthly Average X2 Position under the
Preferred Program Alternative for the Long-Term Period
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Figure 5.2-70. March X2 Position under All Program
Alternatives for the Long-Term Period
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

diversion location. No additional flow requirements are specified as constraints to diversions under
Criterion B in the modeling analysis.

Average monthly flow in the Sacramento River at Freeport was evaluated for the Preferred Program
Alternative and the No Action Alternative. Figures 5.2-72 and 5.2-73 compare average monthly
Sacramento River flow at Freeport for the long-term period and for dry and critical years, respectively.

In the absence of new storage facilities, the Preferred Program Alternative has little impact on average
monthly flow in the Sacramento River at Freeport relative to the No Action Alternative. The greatest
differences occur in summer months under all hydrologic conditions. The Preferred Program Alternative
increases average monthly flow by as much as 1,700 cfs during summer. Even with new storage facilities,
the Preferred Program Alternative has little impact on average monthly flow in most months. Anticipated
flow increases are most pronounced during summer months of dry and critical years—up to 1,400 cfs.

Average monthly flow in the San Joaquin River at Vernalis was evaluated for the Preferred Program
Alternative and the No Action Alternative. Figures 5.2-74 and 5.2-75 compare average monthly San
Joaquin River flow at Vernalis for the long-term period and for dry and critical years, respectively.

Under the Preferred Program Alternative, San Joaquin River flow is unchanged throughout the year
relative to the No Action Alternative except for early spring. The Preferred Program Alternative increases
average monthly flow in spring by as much as 1,600 cfs over the long-term period. This range is not
influenced by storage or water management assumptions. The same trends occur during the long-term
period and dry and critical years, with an increase of 1,300 cfs in monthly average flow for dry and critical
years.

Existing Reservoir Releases. Existing Sacramento River Region reservoir releases generally peak in summer
months under the No Action Alternative as well as under the Preferred Program Alternative. This pattern
is consistent for the long-term period and dry and critical years. Average monthly summer releases under
the No Action Alternative range from 21,700 to 22,600 cfs.

Under the Preferred Program Alternative, the lowest long-term period summer releases are generally
associated with the Criterion B water management assumptions in conjunction with new storage facilities.
The greatest long-term period summer releases are associated with the Criterion B water management
assumptions in the absence of additional storage capacity. New storage would provide increased
operational flexibility and would supplement releases from existing facilities.

If no new storage is implemented under the Preferred Program Alternative, summer releases from existing
facilities may increase up to 1,300 cfs relative to the No Action Alternative. If new storage is implemented
under the Preferred Program Alternative, releases may decrease as much as 1,000 cfs or increase up to
300 cfs relative to the No Action Alternative. During winter months, new storage tends to increase
releases from existing facilities. Higher annual storage carryover in existing facilities, which is associated
with implementation of new storage in the Preferred Program Alternative, necessitates increased flood
control releases in winter months.

Average monthly San Joaquin River Region reservoir releases are unchanged from the No Action
Alternative by implementation of the Preferred Program Alternative. Release patterns are not influenced
by varying water management strategies or by implementa-tion of new surface storage.
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Figure 5.2-72. Average Monthly Sacramento River Flow at Freeport
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Figure 5.2-73. Average Monthly Sacramento River Flow at Freeport

under the Preferred Program Altemative for Dry and Critical Years
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Figure 5.2-74. Average Monthly San Joaquin River Flow at Vemalis
under the Preferred Program Alternative for the Long-Term Period
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Figure 5.2-75. Average Monthly San Joaquin River Flow at Vernalis
under the Preferred Program Alternative for Dry and Critical Years
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New Reservoir Diversions and Releases. Figures 5.2-76 and 5.2-77 present the ranges of long-term period and
dry and critical year diversions into new Sacramento River Region storage under the Preferred Program
Alternative. New surface storage diversions typically occur during winter and spring months, with peak
diversions in late winter. For the Preferred Program Alternative, over the long-term period, the range of
peak average monthly diversions is from 1,400 to 2,200 cfs. For dry and critical years, the range of peak
average monthly diversions is from 200 to 1,100 cfs.

Environmental releases from new Sacramento River Region reservoir storage occur during spring and
summer months when the greatest environmental benefits are anticipated, with peak releases occurring
in late spring and early summer. Release patterns over the long-term period are similar to those for dry
and critical years. Environmental releases from new storage are largely unaffected by the range of Delta
water management criteria, although a small increase in spring releases may be realized under Criterion B.
Maximum average monthly releases in dry and critical years are on the order of 1,200 cfs, while maximum
average monthly releases are approximately 900 cfs for the long-term period.

Peak average monthly water supply releases from new Sacramento River Region reservoir storage
generally occur in midsummer to meet Delta export demands. Peak average monthly releases in the
Sacramento River Region range from 1,600 to 2,800 cfs for the long-term period, with the upper end

reflecting Criterion B assumptions. For dry and critical years, peak releases range from 1,200 to over
2,200 cfs.

New San Joaquin River Region surface storage diversions typically occur from fall through spring.
Diversions continue as late as midsummer, since snow melt constitutes a significant portion of runoff.
Maximum diversions during dry and critical years occur in early summer (140 cfs), while average monthly
diversions over the long-term period are greatest in late winter (160 cfs).

Releases from new surface storage in the San Joaquin River Region occur primarily in spring. No
variation in releases is evident between the water management scenarios under the Preferred Program
Alternative. Maximum average monthly releases range from 550 to 560 cfs for the long-term period and
340 to 350 cfs for dry and critical years.

5.2.9 PROGRAM ALTERNATIVES COMPARED
TO EXISTING CONDITIONS

This section presents a comparison of existing conditions to the Program alternatives for determining
environmental consequences. As discussed earlier, potential changes to Bay-Delta hydrodynamics and
riverine hydraulics due to Program actions are discussed in this section; the environmental implications
of these changes are addressed in other sections of this report in the context of the resources affected by
the changes. The programmatic analysis found that the effects on Bay-Delta hydrodynamics and riverine
hydraulics from implementing any of the Program alternatives when compared to existing conditions are
within the same range of effects as those identified in Sections 5.2.7 and 5.2.8.

As discussed in Section 5.1.4, in order to make programmatic comparisons between the No Action
Alternative and Program alternatives, existing conditions were simulated based on an extensive set of
modeling assumptions. The No Action Alternative was defined to represent a reasonable range of
uncertainty in the preimplementation condition. This range of uncertainty was quantified for purposes
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Figure 5.2-76. New Surface Storage Diversions in the
Sacramento River Region under the Preferred
Program Alternative for the Long-Term Period
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Chapter 5. Physical Environment 5.2 Bay-Delta Hydrodynamics and Riverine Hydraulics

of this programmatic document by formulating two distinct bookend water management criteria
assumptions sets. These two sets of assumptions (Criteria A and B) serve as boundaries for a range of
possible Delta inflow, export, and outflow patterns in the No Action Alternative programmatic analysis.
The primary assumptions that differentiate the No Action Alternative bookends from each other (and
from existing conditions) are Bay-Delta system water demands and various Delta management criteria that
regulate system operations.

Under Criterion A, the Program assumes that 1995-level Bay-Delta system water demands (the same
demands used to define existing conditions) apply throughout the Program planning horizon. Under this
assumption, any future increase in demands in the Program study area would be met by alternative supply
or demand management options. This bookend of the No Action Alternative also includes more
protective Delta management criteria regulating flows and exports. While specific assumptions regarding
Delta management criteria were made to complete the water simulation modeling, the Program’s
intention is to depict a general level of protection. These assumptions should not be interpreted as specific
predictions of future Delta management requirements. Criterion A results in generally lower Delta
exports than existing conditions.

Under Criterion B, the Program assumes Bay-Delta system water demands increase by about 10%. This
bookend of the No Action Alternative includes no change in Delta management criteria from existing
conditions. Criterion B results in generally higher Delta exports than existing conditions.

A comparison of effects on Bay-Delta hydrodynamics and riverine hydraulics of the Program alternatives
relative to existing conditions indicates that:

¢ The impacts identified when compared to the No Action Alternative are the same when compared
to existing conditions.

* No additional impacts are identified when Program alternatives are compared to existing conditions
as opposed to the No Action Alternative.

5.2.10 ADDITIONAL IMPACT ANALYSIS

Cumulative Impacts. This section identifies where Program actions could contribute to significant adverse
cumulative impacts on Bay-Delta hydrodynamics and riverine hydraulics. As described in Section 5.2.5,
while Program-induced changes in Bay-Delta hydro-dynamics and riverine hydraulics are described in this
section, the significance and environmental impacts of these changes are addressed in other sections of this
report in the context of how the resources are affected by the changes. Section 5.3, “Water Quality,”
Section 6.1, “Fisheries and Aquatic Resources,” Section 7.7, “Recreation Resources,” and Section 7.9,
“Power Production and Energy,” present the environmental consequences related to changes in Bay-Delta
hydrodynamics and riverine hydraulics. These sections also present mitigation strategies to avoid, reduce,
or mitigate the potentially significant adverse environmental consequences identified. Refer to Chapter 3
for a summary of cumulative impacts. Refer to Attachment A for a list and description of the projects and
programs considered in concert with the Preferred Program Alternative in this cumulative analysis.
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For Bay-Delta hydrodynamics and riverine hydraulics, the analysis and conclusions regarding the
significance of the Preferred Program Alternative’s contribution to cumulative impacts are essentially the
same as the analysis and conclusions regarding the Preferred Program Alternative’s long-term impacts.
This similarity is partially due to the long-term nature of the Program and the wide range of actions that
falls within the scope of the Program’s potential future actions. The potentially significant adverse
long-term impacts and mitigation strategies that can be used to avoid, reduce, or mitigate impacts caused
by changes in Bay-Delta hydrodynamics and riverine hydraulics are listed in summary form in the
“Environmental Consequences” sections of resources affected—namely Sections 5.3.1, 6.1.1, 7.7.1, and
7.9.1. At the programmatic level, the analysis identified an impact related to Bay-Delta hydrodynamics
and riverine hydraulics that cannot be avoided, reduced, or mitigated to a less-than-significant level. This
impact is localized increases in EC (a measure of salinity) in water in the central Delta (see Section 5.3).
The long-term impacts on Bay-Delta hydrodynamics and riverine hydraulics are elaborated on in Sections
5.2.7 and 5.2.8; related environmental consequences are described in Sections 5.3, 6.1,7.7, and 7.9.

The impact of the Preferred Program Alternative, when added to the potential impacts of the following
projects, would result in potentially significant adverse cumulative impacts on Bay-Delta hydrodynamics
and riverine hydraulics in the Delta, Bay, Sacramento River, and San Joaquin River Regions: American
River Watershed Project, American River Water Resource Investigation, CVPIA Anadromous Fish
Restoration Program and other CVPIA actions not yet fully implemented, Delta Wetlands Project, Pardee
Reservoir Enlargement Project, Red Bluff Diversion Dam Fish Passage Program, Sacramento Water
Forum process, Supplemental Water Supply Project, and Sacramento County municipal and industrial
water supply contracts. Together, these projects could affect river flows or Delta water circulation and
cause cumulative effects on Bay-Delta hydrodynamics and riverine hydraulics. The effects on Bay-Delta
hydrodynamics and riverine hydraulics of the Trinity River Restoration Project, ISDP, and urbanization
were evaluated in Sections 5.2.7 and 5.2.8 and, consequently, would not contribute to additional
cumulative effects on Bay-Delta hydrodynamics and riverine hydraulics. At the programmatic level of
analysis, the CALFED Program’s contribution to cumulative impacts on fisheries and aquatic resources,
recreation, and power and energy that are caused by changes to Bay-Delta hydrodynamics and riverine
hydraulics are expected to be avoided, reduced, or mitigated to a less than cumulatively considerable level.
Water quality impacts in the Delta Region related to changes in Bay-Delta hydrodynamics and riverine
hydraulics, however, may be unavoidable (see Section 5.3.12). It is not anticipated that the CALFED
Program’s contribution to this cumulative impact, at the programmatic level, can be avoided, reduced,
or mitigated to a less than cumulatively considerable level. Therefore, this analysis concludes that this
impact is cumulatively significant and unavoidable. This conclusion is based on currently available
information and the high level of uncertainty as to whether this impact can be avoided, mitigated, or
reduced to a level that is less than cumulatively considerable.

Growth-Inducing Impacts. No impacts are anticipated. See the “Growth-Inducing Impacts” discussion in
Chapter 4 and the discussion of growth-inducing impacts in Section 5.1.10.

Short- and Long-Term Relationships. Short-term, construction-related effects on Bay-Delta hydrodynamics
and riverine hydraulics would be localized and cease after construction is completed. Where possible,
avoidance and mitigation measures would be implemented as a standard course of action to lessen impacts
on affected resources.

Irreversible and Irretrievable Commitments. The Water Use Efficiency, Water Transfer, Water Quality,
Storage, Conveyance, and other elements of the Preferred Program Alternative can be considered to cause
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significant irreversible changes to Bay-Delta hydrodynamics and riverine hydraulics. The environmental
consequences of these irreversible changes, along with possible avoidance and mitigation measures, are
addressed in other sections of this report in the context of the affected resources.

5.2.11 MITIGATION STRATEGIES

As described in Section 5.2.5, while Program-induced changes in Bay-Delta hydro-dynamics and riverine
hydraulics are described in this section, the significance and environmental impacts of these changes are
addressed in other sections of this report in the context of each of the resources affected by the changes.
Mitigation strategies to deal with potential effects also are discussed in the sections of this report in the
context of the affected resources.

5.2.12 POTENTIALLY SIGNIFICANT
UNAVOIDABLE IMPACTS

Any potentially significant unavoidable impacts on resources affected by Program-induced changes in Bay-
Delta hydrodynamics and riverine hydraulics are described in other sections of this report in the context
of each of the resources affected by the changes.
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5.3

Water Quality

The CALFED Bay-Delta Program is expected to produce continuous
overall improvements over the term of the Program to ensure that
good-quality water is provided to serve all beneficial uses dependent
on the water resources of the Bay-Delta system and its tributary

watersheds.
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5.3 Water Quality

5.3.1 SUMMARY

The Delta and its tributaries are key surface water sources of drinking water for the majority of
Californians. These water resources also replenish reservoirs and groundwater basins that are relied on
to maintain the continuity of water supplies throughout most of the state. The continued availability of
good-quality water supplies from these sources is crucial to the maintenance of agriculture and other
important water-dependent industries. The Sacramento-San Joaquin Delta and Bay (Bay-Delta) is the
ecological hub of the Central Valley, and provides critical habitat for diverse fish and wildlife populations.
Although individual criteria for beneficial uses vary, these beneficial uses require sustainable high-quality
water for their maintenance and improvement. To be utilized effectively, source water supplies for
municipal and industrial uses should be free of potentially harmful concentrations of contaminants that
are infeasible, or unreasonably expensive, to remove. Population growth and future industrial
development may increase waste loads to the Bay-Delta, which in turn would increase the burden on
water resources, infrastructure, and drinking water treatment capabilities. Improved and increased
measures will be needed to prevent or to reverse the potentially adverse effects of increased waste loads.
Left unchecked, these pressures would lead to serious water quality degradation—potentially resulting in
losses of agricultural, industrial, and biological productivity; increases in water treatment costs and
associated secondary impacts; and increased risks to public health and welfare.

Preferred Program Alternative. The Water Quality and Watershed Programs would improve overall water
quality by reducing the loadings of many constituents of concern that enter Delta tributaries from point
and nonpoint sources. Actions under these program elements would reduce adverse concentrations of key
contaminants contained in receiving waters, especially the Bay-Delta system. Principal targeted
constituents include heavy metals, pesticide residues, salts, selenium, pathogens, suspended sediments,
adverse temperatures, and disinfection byproduct precursors (DBPs) such as bromide and total organic
carbon (TOC). Conversion of Delta islands from agriculture to wetlands could increase TOC loadings
to the Delta channels, potentially contributing to the formation of DBPs in water treatment processes.

The Water Use Efficiency Program could result in beneficial and adverse effects, depending on conditions.
For example, program actions such as conservation would reduce diversions from channels and reduce
loads of contaminants returned to the channels, resulting in general water quality benefits. However,
some actions could result in increased releases of contaminants and produce localized increases in
concentrations that in most cases would be limited to the mixing zone around the discharge. The Water
Use Efficiency Program is focusing on achieving multiple benefits related to water quantity, quality, and
timing; therefore, the adverse impacts from this program are expected to be less than significant.
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Improvements to the Delta levee system under the Levee System Integrity Program would greatly reduce
the risk of rapid sea-water intrusion contaminating the Delta and disrupting water supplies following
major levee failures, particularly seismically induced failures. All program actions (particularly channel
dredging and construction of new levees and setback levees) could produce short-term adverse impacts
during construction activities. Dredging may expose mercury-laden sediments, which could contribute
to increased mercury availability to aquatic organisms and increased mercury concentrations in sediment;
dredging also may mobilize other toxic elements. Dredged materials will be analyzed, dredged, and
handled in accordance with permit requirements. Permits will incorporate mitigation strategies identified
in Section 5.3.11 to prevent release of contaminants of concern. Potentially significant impacts can be
mitigated to a less-than-significant level through these mitigation strategies.

Based on ranges of results obtained from model runs, the Preferred Program Alternative generally would
improve in-Delta and export water quality, and dependent beneficial uses because of increased inflows of
higher quality water from Sacramento River and the north Delta, and improved circulation in Delta
channels. Electrical conductivity (EC, an index of salinity) would be reduced in the northeast Delta, south
Delta, and southwest Delta, and on the San Joaquin River in the west Delta. These improvements
generally would occur from November through March of average, dry, and critical years, and in
September of dry and critical years. Similar improvements in EC would occur at the CVP and SWP
intakes, and at both of the Contra Costa Water District (CCWD) diversions from Old River. EC would
increase at some times in the Lower Sacramento River. Although the Preferred Program Alternative
would improve water quality at many locations in the Delta, it could cause water quality to deteriorate
in localized areas of the central Delta. If the diversion facility on the Sacramento River is not constructed,
the Preferred Program Alternative’s impacts on water quality in the Delta would be similar to those of
Alternative 1. Increased EC of water in a few localized areas of the central Delta would result in a
potentially significant unavoidable impact on the local suitability of the water as a source for agricultural
irrigation. Although this impact may be reduced by mitigation strategies, it is unknown at this time
whether the impact can be reduced to a less-than-significant level.

The Preferred Program Alternative should result in increased cross-Delta flows, improved circulation, and
resultant increases in dispersion and dilution of ocean salt. Given that sea-water intrusion is the major
source of bromide in the Delta, bromide concentrations should decrease along Old and Middle Rivers,
which would benefit the primary diversion and export facilities. This would depend on Delta Cross
Channel (DCC) gate operation in coordination with the Sacramento River to Mokelumne River channel
operations.

Although the effects of additional upstream storage may differ depending on its location and operations,
additional upstream storage generally would increase the flexibility to provide for additional fresh-water
releases and Delta inflows that will improve Delta water quality. These benefits would be most apparent
in dry months and seasons when additional water would be needed to meet consumptive and
environmental demands. Upstream storage releases also could benefit export water quality during dry
years.

In-Delta storage could provide many of the same benefits to export water quality as upstream storage.
There is uncertainty concerning to what extent the peat soils on Delta islands would affect the TOC
concentrations in export water. Further, it is uncertain whether TOC from peat soils contributes to a
greater or lesser degree to the health concerns surrounding DBPs. Studies to address these uncertainties
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roposed. Results from these studies would be included
in-Delta storage.

Additional off-aqueduct south-of-Delta storage could relieve export pressures in the south Delta, thereby
avoiding some of the potential for pumping-induced water quality degradation. Storage- and nonstorage-
dependent operational changes being considered by the Program could significantly extend or magnify
the ranges of water quality effects of the Preferred Program Alternative, depending on existing and
antecedent hydrologic conditions. Releases from storage also could augment Delta outflows when needed
to control sea-water intrusion and optimize estuarine conditions for the ecosystem and dependent fish
species (as indicated by the position of the X2 [isohaline] index compared to standards). X2 refers to the
mean tidal distance of the 2,000 milligrams per liter (mg/L) isohaline (a line of equal salinity) upstream
from the Golden Gate Bridge. (Note that although this standard is based on temporal variations in
salinity, it is used to regulate flow; therefore the topic is covered in Section 5.2, “Bay-Delta
Hydrodynamics and Riverine Hydraulics.”

Construction of Delta facilities could result in potentially significant impacts on water quality that are
associated with earth moving and dredging. Impacts would consist primarily of increased sediment loads
caused by erosion and sediment disturbance. Releases of nutrients, natural organic matter, and toxicants
into the water column could increase to various degrees, depending on the types of construction methods,
materials, and mitigation strategies used. Disturbances to previously farmed soils could release residual
agricultural pesticides, including organochlorinated pesticides, mercury, nutrients, and other chemicals
that may adversely affect water quality. Most of these impacts would be relatively short term in duration.
In general, potentially significant impacts that are associated with construction of Delta facilities can be
mitigated to a less-than-significant level.

Alternatives 1, 2, and 3. Under Alternatives 1, 2, and 3, the water quality impacts of Program elements other
than Conveyance would be similar to those described for the Preferred Program Alternative. In terms of
the impacts of Conveyance on in-Delta and export water quality, Alternative 1 would cause water quality
conditions in the Delta and export service areas to worsen. Alternative 2 generally would improve water
quality compared to the No Action Alternative in the central Delta and at the export facilities.
Alternative 3, compared to the No Action Alternative, would result in significant decreases in average
salinities and bromides in the south Delta, along Old River, and at the two CCWD intakes, during all or
most months of most years. Alternative 3 also would result in greatly improved export water quality at
Clifton Court Forebay (CCFB) (and at the Delta-Mendota Canal [DMC] intake if an intertie is
constructed), and in the SWP and CVP service areas to the south and west—particularly for the following
parameters: EC, total dissolved solids (TDS), bromide, chloride, and dissolved organic carbon (DOC).
Salinities are projected to increase compared to the No Action Alternative in the northeast Delta, the
central Delta, and in the south Delta along Middle River.

The following table presents a summary of the potentially significant adverse impacts associated with the
Preferred Program Alternative, Mitigation strategies that correlate to each listed impact are noted in
parentheses after the impact. See the text in this chapter for a more detailed description of impacts and
mitigation strategies.
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5.3 Water Quality

Summary of Potentially Significant Adverse Impacts and Mitigation
Strategies Associated with the Preferred Program Alternative

Potentially Significant Adverse Impacts

Releases of inorganic and organic suspended solids into
the water column and turbidity resulting from increased
erosion during construction, dredging, or drainage of
flooded lands (7,8,9,19).

Releases of toxic substances, such as pesticides, selenium,
and heavy metal residues, into the water column during

construction and dredging and other program actions
(7,8,9,14,15,19).

Net increases in salinity, if evaporation increases from

in-Delta storage or converting irrigated cropland to
wetlands (2,3,13).

Increased EC (a measure of salinity) of water in a few
localized areas of the central Delta would result in a
potentially significant unavoidable impact on the
local suitability of the water as a source for
agricultural irrigation. (2,3,12).

Increases of TOC in river water caused by the increased
contact between flowing or ponded water and vegetation
or peat soils that would result from conversion of
agricultural lands to wetlands and from actions in other
Program elements (4,5,10,11,12).

Increased water temperatures and resultant decreased
dissolved oxygen concentrations due to the increased
residence time of water in the Delta (2,3,13).

Decreases in in-stream water quality if water use

efficiency measures or water transfers reduce diluting
flows (1,2,3).

Increases in concentrations of constituents of concern if
water transfers reduce in-stream flows and deplete river
assimilative capacities (1,2,3,6).

Increases in methylation of mercury in constructed
shallow-water habitat (16).

Degradation of surface water by the transfer of poorer
quality groundwater (2,3).

Changes in natural flow regimes in areas where new
surface storage is built (17).

Surface storage inundation of toxic material (18).
Mitigation Strategies

1. Improving treatment levels provided at municipal
wastewater treatment plants to upgrade the quality
of the constituents of concern discharged to
receiving waters in order to compensate for the
reduction in dilution caused by improved water use
efficiency or water transfers. Salt concentrations in
discharges could be reduced by improved salt
management of wastewater inputs to treatment
plants.

2. Releasing additional water from enlarged or
additional off-stream surface storage, or from
additional groundwater storage.

3. Releasing additional water from storage in existing
reservoirs or groundwater basins.

4. Treating water at the source (such as Delta drains),
upgrading water treatment processes at drinking
water treatment plants, and/or providing treatment
at the point of use (consumer’s tap).

5. Using innovative, cost-effective disinfection

processes (for example, UV irradiation and ozona-

tion—in combination with other agents) that form

fewer_ or less harmful DBPs.

6. Using existing river channelsfor water transfers and
timing the transfers to avoid adverse water quality
impacts.

7. Using best construction and drainage management
practices to avoid transport of soils and sediments
into waterways.

8. Using cofferdams to construct levees and channel
modifications in isolation from existing waterways.

9. Usingsediment curtains to contain turbidity plumes
during dredging.

CALFED Final Programmatic EIS/EIR * July 2000

5.3-4




Chapter 5. Physical Environment

5.3 Water Quality

Summary of Potentially Significant Adverse Impacts and Mitigation
Strategies Associated with the Preferred Program Alternative
(continued)

10. Separating water supply intakes from discharges of
agricultural and urban runoff.

11. Applyingagricultural and urban BMPs, and treating
drainage from lands with concentrations of
potentially harmful constituents to reduce contami-
nants. Treating drainage from agricultural lands
underlain by peat soils to remove TOC.

12.Relocating diversion intakes to locations with better
source water quality.

13. Restoring additional riparian vegetation to increase
shading of channels.

14. Conducting core sampling and analysis of proposed

15. Capping exposed toxic sediments with clean clay/
silt and protective gravel.

16. Testing for mercury in soils and locating
constructed shallow-water habitat away from
sources of mercury until methods for reducing
mercury in water and sediment are implemented.

17. Operating surface storage release times and magni-
tude to mimic natural regimes.

18. Avoiding inundation or designing solutions to
inundation of toxic materials, such as covering with

an engineered cap.

19.Scheduling ground-disturbing construction during

dredge areas and implementing engineering solu- the dry season.
tions to avoid or prevent environmental exposure of

toxic substances after dredging.

Bold indicates a potentially significant unavoidable impact.

5.3.2 AREAS OF CONTROVERSY

Under CEQA, areas of controversy involve factors that reflect differing opinions among technical experts.
The opinions of technical experts can differ, depending on which assumptions or methodology they use.
Below is a brief description of the areas of controversy for this resource category. Given the programmatic
nature of this document, many of these areas of controversy cannot be fully addressed; however,
subsequent project-specific environmental analysis will evaluate these topics in more detail.

Total Organic Carbon Drinking Water Concerns. Water Quality Program actions are aimed at controlling organic
carbon, a precursor to DBPs. Treatment of Delta island drainage is being studied as a potential means of
reducing organic carbon loading. Source control may offer more cost-effective means than downstream
treatment to meet regulatory requirements. There is limited knowledge of baseline conditions of TOC
at key Delta locations and tributaries, including the intake to the NBA. There is also limited
understanding of TOC loads in the system and of the extent to which CALFED actions will reduce or
increase TOC at drinking water diversion points. Controversy exists concerning the contribution of
natural or developed wetlands to TOC concentrations found in Delta waters at drinking water intakes.
The proposed restoration of wetlands through the Ecosystem Restoration Program may increase the total
amount of TOC and DOC at drinking water intakes, increasing the potential to form DBPs. This
controversy is likely to exist until further studies determine the extent that restored wetlands may
influence Delta drinking water quality and what levels of DBPs are considered safe. The Preferred
Program Alternative is expected to result in a net beneficial effect on DOC concentrations at the export
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pumps in the south Delta, but the Preferred Program Alternative may not improve water quality
sufficiently to avoid treatment needed to remove DOC.

Pathogens. The drinking water objective of the Water Quality Program is to sufficiently improve source
water quality to allow production of drinking water that is safe, meets anticipated regulatory standards,
and is acceptable to the consumers. Of primary importance is the reduction and maintenance of pathogen
loadings in source waters to required levels. Pathogen levels in Delta waters are largely unknown at this
time. Utilities using Delta water sources primarily disinfect with chlorine, which is effective for total
coliform, viruses, and Giardia lamblia, at reasonably feasible concentrations and contact times. However,
chlorine is not able to inactivate some microorganisms, such as Cryptosporidium parvum, which may be
present in source waters and may be regulated in the near future. An increasing number of utilities are
using ozone or a combination of disinfectants that more effectively inactivates most pathogenic
microorganisms, including Cryptosporidium parvum. Utilities are anticipating stricter requirements from
the EPA for the control of pathogenic microorganisms. Since the Delta is a relatively unprotected and
unknown source of pathogens, and treatment technology continues to be advanced, controversy exists
on whether taking water from the Delta constitutes adequate source water protection.

Bromide. The Phase II Report identifies bromide as a critical constituent concerning selection of the
Preferred Program Alternative. Bromide is critical because the selection of storage and conveyance options
can profoundly affect bromide concentrations in municipal water supplies diverted from the Delra. It is
believed that the primary source of bromide in Delta waters is sea-water intrusion. Other possible sources
of bromide have been hypothesized, as follows:

e Bromide loading in the San Joaquin River from agricultural application of the fumigant, methyl
bromide.

* Bromide leached from the geological strata in the watershed of the San Luis Reservoir.

e Connate groundwater sources (sources of ancient sea-water origin) of bromide in or around Empire
Tract in the Delta.

The limited available data suggest that none of these sources is a highly significant source of bromide when
compared to sea water.

Although the following issue does not meet the CEQA criteria as an area of controversy, the subject is
one of concern to CALFED agencies.

Good Samaritan Protection. Water Quality Program actions include remedial activities to clean up abandoned
mine sites in order to reduce metals that enter water bodies. A step-wide approach would be conducted,
leading to implementation of what are expected to be the cost effective remediation strategies. An agency
or entity performing a clean-up of an abandoned mine, however, may be subject to liability for its efforts.
A major concern, for example, is liability under the Clean Water Act. Some CALFED implementing
agencies are unlikely to undertake abandoned mine remediation due to the risk of liability under the
present law. Some people recommend that federal law provides additional “Good Samaritan” protections
to reduce the liability risk and thus encourage mine remediation. Others object to such provisions,
arguing that current law better balances the goals of encouraging clean-ups and avoiding unwarranted
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litigation with other goals, such as providing incentives to ensure that clean-ups are completed with
proper care and providing citizens with appropriate relief if they are harmed.

Drinking Water Regulations. The future of drinking water regulations and the ability of water purveyors to
meet them by increasing treatment is a matter of controversy. It is difficult to predict what substances will
be regulated in the future and their likely acceptable maximum contaminant levels (MCLs) in drinking
water. Some believe that whatever the regulations are, treatment systems can be designed and built to
meet regulatory standards. Others believe that treatment may be technically infeasible, too costly, and
not justified by the resulting benefits to public health.

5.3.3 AFFECTED ENVIRONMENT/EXISTING
CONDITIONS

5.3.3.1 DELTA REGION

Activities and Sources That Affect Water Quality in the Delta

Hydraulic and hard-rock mining for gold in the late 1800s produced the first significant impacts on water
quality in the Delta. Mercury, mined in the Coast Ranges, was used to separate gold in the Sierra
Foothills. Hydraulic mining created large amounts of sediment that contained high levels of heavy metals
(cadmium, copper, zinc, and mercury). This sediment was washed from the hillsides, carried downstream,
and deposited in river beds, Delta tidal marshes, and mudflats. These metals still are considered
contaminants of concern because of their continuing potential to adversely affect beneficial uses in the
Delta. Sampling in the Sacramento River from 1987 to 1992 indicates that about 75% of the mass of these
metals found in sediments can be traced to past mining activities. Disturbing these sediments could release
toxics into the water column.

The growth of agriculture, enabled by the diversion of irrigation water from the rivers and Delta during
this century, also has led to water quality concerns. The application of fertilizers and pesticides on
500,000 acres of farmland in the Delta and another 4.5 million acres in the San Joaquin and Sacramento
Valleys has adversely affected the beneficial uses of water for drinking, fishery resources, recreation, and
agricultural uses.

Water quality in the San Joaquin River and the south Delta has been affected by salts and natural deposits
of selenium-rich soils. Salts and selenium that are concentrated in shallow groundwater on the west side
of the San Joaquin Valley are mobilized when subsurface water must be pumped to drain agricultural
lands. The San Joaquin Valley Drainage Program (1990) includes plans to curtail discharges of drain water
to the river, reduce the amount of applied irrigation, and retire some irrigated lands.

Compared to historical conditions, Delta salinity during low-flow periods is much lower since the
construction of dams, which allow storage and fresh-water releases during dry and critical periods. Sea-
water intrusion into the Delta can be intensified by diversion of fresh water and the corresponding
decrease of fresh-water outflow from the Delta. As a result, the west Delta often experiences increased

B!
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salinity during summer and fall, although to a substantially lessened extent since construction of the
upstream dams. High salinity adversely affects the quality of drinking and irrigation water.

More recently, urban development and population growth in and around the Delta have contributed to
adverse impacts on water quality and simultaneously have increased demand for better water quality.
When Delta water is disinfected for household consumption, unwanted byproducts are formed, some of
which are suspected to be carcinogenic in humans.

Water quality in the Delta also is affected by various point and nonpoint pollutant sources—some of
which are located in the Delta, most of which occur in the Sacramento and San Joaquin Valleys.

Industrial and municipal wastewater treatment plant discharges are strictly regulated to minimize adverse
impacts on water quality; however, these discharges are not regulated for organic carbon and pathogenic
protozoa, two important constituents of drinking water. Much of the runoff from urban and agricultural
areas is unregulated and more difficult to control. Runoff, containing oil, grease, metals, pesticides,
fertilizers, and many other pollutants, contributes to the pollution of Delta and Bay waters.

Recreational uses also have contributed to deterioration of the water quality in the Bay-Delta. Key
contaminants associated with recreational uses are pathogens caused by human and animal detritus; and
oil, grease, fuel, and fuel additive discharges from recreational vehicles.

The principal sources of pollutants to the Delta include:

* Drainage from inactive and abandoned mines that contribute metals, such as cadmium, copper, zinc,
and mercury.

* Stormwater inflows and urban runoff that contribute metals, sediment, pathogens, organic carbon,
nutrients, pesticides, dissolved solids (salts), petroleum products, and other chemical residues.

* Municipal and industrial wastewater discharges that can contribute salts, metals, trace elements,
nutrients, pathogens, pesticides, organic carbon, oil and grease, and turbidity.

e Surface agricultural irrigation return flows and nonpoint discharges that can contribute salts
(including bromide), organic carbon, nutrients, pesticides, pathogens, and sediment.

* Subsurface agricultural drainage that can contribute salts (including bromide), selenium, nutrients, and
some agricultural chemical residues.

* Large dairies and feedlots that can contribute nutrients, organic carbon, and pathogenic organisms.

® Water-based recreational activities (such as boating) that can contribute hydrocarbon compounds,
nutrients, turbidity, and pathogens.

* Atmospheric deposition that can contribute metals, pesticides, and other synthetic organic chemicals,
and may lower pH.

* Sea-water intrusion that can contribute salts, including bromide.
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In addition to these sources

dredging, can mobilize constituents tha

Beneficial Uses, Water Quality Objectives, and Pollutants of Concern

Specific beneficial uses and water quality objectives for the Bay-Delta waters have been identified by the
San Francisco Bay and Central Valley Regional Water Quality Control Boards. Similar lists of beneficial
uses have been developed for surface water in other regions.

Drinking water standards are designed to protect human health and to maintain the aesthetic qualities of
appearance, taste and odor, and color. Water quality objectives to protect environmental beneficial uses
are often more stringent than drinking water standards. However, for TOC and pathogens that are of
concern for drinking water, no environmental objectives are established. One of the most important
distinctions between drinking water standards and environmental water quality objectives may be the
point at which they apply. Environmental water quality objectives typically are applied to discharges and
to receiving waters. For drinking water, some standards are designed to apply at the drinking water
source, some at the treatment plants, and some at the customer’s tap. There are no corresponding
ecological protection standards for some substances that are regulated in drinking water.

Water treatment requires disinfection to kill pathogens and to guard against contamination in the supply
system. However, disinfection of water containing TOC and bromide can result in the formation of
DBPs, which are believed to cause cancer. As a result, TOC and bromide are undesirable in drinking
water supplies. Some of the water quality parameters that are very important for agriculture or industry
(for example, temperature, boron, and sodium adsorption ratio) are less important for drinking water.

Recreational beneficial uses include in-stream uses. Water quality standards may be designed to reduce the
hazards that are associated with contacting contaminated water, to prevent bioconcentration of
contaminants in fish and wildlife, or to prevent degradation of such qualities as water clarity.

Under Section 303(d), the Clean Water Act requires regulatory agencies to periodically evaluate the extent
to which water bodies are supporting these beneficial uses, based on an evaluation of exceedances of water
quality objectives. The result is a list of impaired water bodies and the constituents and sources that may
be causing that impairment. A Section 303(d) list was compiled for the Program in the Water Quality
Program Plan. Based on this and other sources of information, the stakeholders and CALFED staff
developed the list of parameters of concern shown in Table 5.3-1.

Factors That Affect Variability of Water Quality in the Delta

Water quality in the Delta is continually changing over time and space in response to natural hydrologic
conditions, operation of upstream reservoirs, agricultural and water supply diversions, and discharges into
the system. Seasonal trends reflect the effects of higher winter/spring runoff and summer/fall low-flow

periods. Yearly changes in water quality are associated with different water-year types, as defined in the
SWRCB’s D-1485.
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Table 5.3-1. Water Quality Parameters
of Concern to Beneficial Uses

METALS AND ORGANICS/ DISINFECTION BY-PRODUCT
TOXIC ELEMENTS PESTICIDES PRECURSORS OTHER
Cadmium Carbofuran Bromide DO
Copper Chlordane?® TOC Salinity (TDS, EC)
Mercury Chlorpyrifos Temperature
Selenium DDT? Turbidity
Zinc Diazinon Toxicity of unknown origin®
PCBs® Pathogens
Toxaphene® Nutrients®
Dioxins® pH {Alkalinity}
Dioxin-like Boron
compounds® Sodium adsorption ratio
Notes:
DO = Dissolved oxygen.
EC = Electrical conductivity.
TDS = Total dissolved solids.
TOC = Total organic carbon.

These compounds are no longer used in California. Toxicity from these compounds is remnant from past use.
Toxicity of unknown origin refers to observed aquatic toxicity, the source of which is unknown.

Nutrients includes nitrate, nitrite, ammonia, organic nitrogen, total phosphorus, and scluble reactive phosphorus.
These compounds may be added after review.

ao oo

Spatial trends of water quality in the Delta reflect the effects of inflows, exchange with the Bay,
diversions, and pollutant releases within the Delta. The north Delta tends to have better water quality,
in large part because of the inflow from the Sacramento River, which is fed by reservoirs containing high-
quality water. The quality of water in the west Delta is strongly influenced by exchange with the Bay;
during low-flow periods, sea-water intrusion causes poorer water quality. In the south Delta, water quality
tends to be poorer because of the combination of inflows of poorer water quality from the San Joaquin
River, discharges from Delta islands, and the effects of diversions that can sometimes increase sea-water
intrusion from the Bay. '

Water Quality Issues in the Delta

Based on the above discussion, the significant water quality issues in the Delta Region are as follows:

e Discharges from Delta islands have elevated concentrations of TOC (a DBP precursor) and salts that
affect industrial, municipal, and agricultural uses.

* High-salinity water from Suisun and San Francisco Bays intrudes into the Delta during periods of low
Delta outflow. Salinity adversely affects most beneficial uses. Bromides associated with sea water leads
to the formation of brominated DBPs in treated water.

* Synthetic chemicals (such as pesticides and herbicides) and natural contaminants (heavy metals) have
accumulated in sediments in the Delta, and can accumulate in aquatic organisms. For example,
mercury and DDT, which bioaccumulate through the food web in fish and shellfish, can exceed
acceptable limits for human consumption. Disturbance of contaminated sediments can release these
constituents into the water column.
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e Agricultural drainage to the Delta can contain elevated levels of nutrients, suspended solids, organic
carbon, salinity, selenium, and boron, in addition to chemical residues. All of these constituents may
adversely affect the beneficial uses of Delta water.

® Heavy metals, including cadmium, copper, mercury, and zinc, continue to enter the Delta. Sources
of these metals include runoff from abandoned mine sites, tailings deposits, downstream sediments
where the metals have been deposited over the past 150 years, urban runoff, and industrial and
municipal wastewater discharges.

* The estuarine salinity gradient and its associated entrapment zone (where biological productivity is
relatively high because of the mixing dynamics and accumulation of suspended materials) affect the
quality and extent of habitat for some estuarine species. The entrapment zone and adjacent habitats
support fish food production in the Delta. The location of the entrapment zone and its extent are
controlled by Delta outflow, and directly affect environmental and dependent recreational beneficial
uses.

* Oxygen depletion adversely affects aquatic organisms. It is caused by discharges of inadequately
treated wastes, and discharges of nutrients that promote the growth and decay of natural vegetation.
Sources of oxygen-demanding materials and nutrients include discharges from industrial and municipal
treatment plants, and from agricultural and urban sources. Such problems are of particular concern
in the lower San Joaquin River and in the south Delta.

* The population of the Central Valley is expected to increase substantially by 2020. Increased discharge
of municipal wastewater and urban runoff in the valley could degrade water quality.

Summary of Data for Key Water Quality Constituents

The following section describes the results of water quality sampling in the Delta for some key
constituents. Except for salinity predictions, which are made possible by available mathematical modeling
tools, there is currently little consensus regarding the ability to predict levels of other water quality
constituents that would be present in the Delta estuary, with or without CALFED actions. Even accurate
qualitative assessments are generally not possible, due to the many changes that will be made in the
system. CALFED is, however, investing in the development of modeling tools that may have the
capability of assessing water quality constituents other than salinity. When these tools become available,

they will be used to prepare project-specific environmental documentation in conjunction with planning
CALFED projects.

Bromide. The primary source of bromide in Delta waters is sea-water intrusion. Other sources include
drainage returns in the San Joaquin River and within the Delta, connate water (saline water trapped in
sediment when the sediment was deposited) beneath some Delta islands, and possibly agricultural
applications of methyl bromide. The river and agricultural irrigations sources are primarily a
“recirculation” of bromide that originated from sea-water intrusion. Dissolved bromide concentrations
at sampling stations for the Municipal Water Quality Investigation MWQI) shown in Table 5.3-2 indicate
a gradient in bromide such that mean concentrations range from about 0.46 mg/L at Rock Slough to
0.27 mg/L at CCFB. The effect of recirculating bromide in the lower San Joaquin River is indicated by
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a mean concentration of about 0.27 mg/L at the DMC and 0.31 mg/L at Vernalis. In contrast, the mean
bromide concentration on the Sacramento River at Greene’s Landing is about 0.018 mg/L.

Table 5.3-2. Mean Concentration of Constituents

BROMIDE, CHLORIDE, SELENIUM, SPECIFIC
DELTA DISSOLVED DISSOLVED DOC DISSOLVED CONDUCTANCE TDS
AREA LOCATION {mg/L) {mg/L) {mg/L} (mg/L) {zmhos/cm) {mg/L)
North Sacramento River at Greene's 0.018 6.8 2.5 0.000 160 100
Landing
North Bay Aqueduct at Barker 0.015 26 5.3 0.000 332 192
Slough
South SWP Clifton Court Forebay 0.269 77 4.0 0.000 476 286
CVP Banks Pumping Plant 0.269 81 3.7 0.000 482 258
San Joaquin River at Vernalis 0.313 102 3.9 0.002 749 459
Contra Costa Intake at Rock 0.455 109 3.4 0.000 553 305
Slough
Notes:
mg/L = Milligram per liter.
pmhos/cm = Micromhos per centimeter.
Source: DWR Municipal Water Quality Investigation (MWQI) data. Sampling period varies, depending on location and constituent, but generally is between
1890 and 1998.

Total and Dissolved Organic Carbon. The sources of organic carbon are primarily decayed vegetation.
Important sources to the Delta include the Sacramento River, the San Joaquin River, and in-Delta island
drainage return flows. Based on diversion estimates from DWR’s Delta Island Consumptive Use Model
(1995a), and DWR data on concentrations in the Delta and in return flows (1995b), in-Delta sources are
estimated to contribute about 40-50% of the TOC to the Delta.

Monitoring data show that most of the TOC in the Delta is in the dissolved form, called DOC. DOC
concentrations in the Delta channels vary seasonally, showing a peak during the wet season (from January
through March) when runoff occurs. Mean annual concentrations of DOC in the Delta channels range
from 6 to 13 mg/L. At the Barker Slough intake to the NBA, where local drainage predominates, the
range is from 6 to 20 mg/L (Table 5.3-2).

The contribution of DOC from agricultural drains varies, depending on conditions on the island and
especially the peat (organic) content of the soils. Sampling data obtained through DWR’s MWQI Program
show that mean annual concentrations of DOC may range from 17 mg/L at Brannan Island to 44 mg/L
at Empire Tract. A strong seasonal variation, with concentrations increasing by about a factor of 2 during
the wet season, also is indicated in the data.

More monitoring data and research are needed to determine the quality and quantity of sources of TOC
and DOC from various land use practices in the Delta. CALFED has funded research on amounts and
types of organic carbon emanated from restored wetlands. Research on reactivity of different DOC
chemicals to form harmful DBPs also has begun. CALFED has formed a Drinking Water Constituents
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Work Group to evaluate efforts to protect public health through the reduction of DBPs. DWR’s MWQI
Program has convened a scientific advisory panel to address DBP reduction and will coordinate with
CALFED activities. These groups and studies will help to refine the CALFED actions in order to reduce
TOC to applicable levels. The types of CALFED actions would not significantly differ from what is
discussed in the Water Quality Program Plan.

salinity, Total Dissolved Solids, and Electrical Conductivity. These parameters are measures of dissolved salts in
water. Salinity is a measure of the mass fraction of salts (measured in parts per thousand [ppt]), whereas
TDS is a measure of the concentration of salts (measured in mg/L). Since EC of water generally changes
proportionately to changes in dissolved salt concentrations, EC is a convenient surrogate measure for
TDS. Based on DWR’s MWQI data for Delta channels, TDS is approximately equal to EC times 0.58.

While a precise conversion between TDS and EC is not possible (the equation is approximate), EC can
be used as 2 modeling parameter that remains constant for each of the surface water supplies to the Bay-
Delta. When the model shows a decrease in EC, we deduce that lower saline water from a cleaner source
(perhaps the Sacramento River) is producing a lower EC, because the EC remains the same in the model
for the Bay and the contributing rivers. The changes shown in the model are relative changes and do not
reflect the actual EC. The EC reported in the model results should not be used to calculate TDS because
a precise conversion is not possible.

Excess salinity in Delta waters affects agricultural, industrial, and municipal water supply beneficial uses,
as well as habitat quality for aquatic biota in the Delta. For example, the monthly average TDS objective
in the SWP water service contract is 440 mg/L. Sources of salinity include sea-water intrusion, agricultural
drainage, municipal wastewater, urban runoff, connate groundwater, and evapotranspiration of plants.
Sea-water intrusion is the major source of salinity in the Delta. Agricultural drainage, particularly from
the San Joaquin Valley also is an important source—especially in the south Delta. Much of the San Joaquin

River salt load, however, reflects recirculation of salts from the agricultural irrigation water that is
obtained from the DMC.

TDS concentrations, as indicated in Table 5.3-2, are highest in the west Delta and the south Delta channels
affected by the San Joaquin River. The mean concentration at CCFB is about 286 mg/L; at the Contra
Costa intake at Rock Slough, the mean concentration is about 305 mg/L. The high concentrations in the
San Joaquin River at Vernalis (459 mg/L) reflect the accumulation of salts in agricultural soils and the
effects of recirculation of salts via the DMC. At Barker Slough in the north Delta, which is not
substantially affected by sea-water intrusion, the mean TDS concentration is about 192 mg/L. Mean TDS
in the Sacramento River at Greene’s Landing is relatively low, around 100 mg/L.

Pathogens. The term “pathogens” refers to viruses, bacteria, and protozoa that are a potential threat to
human health. Of particular concern, from the point of view of water supply, are protozoa such as
Giardia lamblia and Cryptosporidium parvum, which are resistant to traditional disinfection methods. The
frequency of detection of Giardia lamblia and Cryptosporidium parvum in samples obtained by DWR’s
Coordinated Pathogen Monitoring Program (1998) at 14 stations located in the SWP or SWP service area
indicated positive detection of Giardia lamblia cysts in about 26% of all the samples (wet and dry weather)
and positive detection of Cryptosporidium parvum cysts in about 8% of all the samples. The frequency of
detection increased in those samples obtained during runoff events (wet-weather events), which suggests
sources such as urban and agricultural runoff, and wet-weather bypass flows from wastewater treatment
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plants. However, the limited data and significant technical limitations in analysis techniques do not enable
reliable conclusions to be drawn at this time.

Mercury. Mining-related activities are known to be a significant source of mercury in the Delta. The Coast
Ranges, on the west side of the Sacramento Valley, contain a large deposit of cinnabar (mercury ore). At
one time, mines in the area supplied the majority of mined mercury in the United States. The majority
of the mercury mines in the Coast Ranges are abandoned and remain unclaimed. During the late 1800s
and early 1900s, mercury was intenstvely mined and refined in the Coast Ranges, and transported across
the Central Valley to the Sierra Nevada for use in placer gold mining operations. The Central Valley
Regional Water Quality Control Board (CVRWQCB) (1998) has estimated that approximately 7,600 tons
of refined mercury (commonly called quicksilver) were deposited in the Mother Lode region during the
Gold Rush mining era. Studies by UC Davis and, more recently, by Bouse et al. (1996) and Harnberger
etal. (1999) at the U.S. Geological Survey (USGS) show that the sediments mobilized by hydraulic mining
ultimately were transported to the Bay-Delta, where they formed marshes and islands or were deposited
in shallow water. USGS studies show that mercury concentrations in Bay sediments containing hydraulic
mining debris range from 0.3 to 1 microgram per gram (ug/g). More importantly, certain conditions in
these sediments can cause the formation of methyl mercury, the most bioavailable form of mercury.

Pesticides (Diazinon and Chlorpyrifes). Organophosphate pesticides, such as diazinon and chlorpyrifos, are
used in the Central Valley on orchard crops (about half a million acres), including almonds, peaches, and
prunes. The pesticides are applied during the dormant spray season from December through February.
In 1993, Domagalski (1996) at the USGS estimated that over 45,000 kilograms (kg) of diazinon and 300 kg
of chlorpyrifos were used predominantly in the Central Valley during the dormant spray season.
Diazinon and chlorpyrifos also are used by commercial applicators and home owners to control common
pests.

Diazinon and chlorpyrifos have been detected in surface water during winter and early spring from
applications to orchards, in irrigation return water during summer, and in urban runoff samples during
both winter and summer. Concentrations of diazinon measured in the Sacramento River in Sacramento
during a January 1994 runoff event peaked at around 350 nanograms per liter (ng/L). In the Sacramento
Slough north of the Delta, concentrations exceeded 1,000 ng/L. Toxicity identification evaluations (TIEs)
were conducted by Foe (1995) from the CVRWQCB on samples to determine the presence of toxics in
Ceriodaphnia bioassays from the Sacramento and San Joaquin Rivers. The results confirmed that diazinon
was a primary toxicant.

Organochlorine Pesticides. Organochlorine pesticides (DDT, toxaphene, dieldrin, and chlordane) were
widely used in the Central Valley until the 1970s and remain very persistent. Residues of these agents are
still widespread in the Central Valley and are mobilized during winter storms, by irrigation and dredging
and by construction activities. Fish tissue analyses indicate that levels of these pesticides can exceed
recommended safe levels for human consumption. According to Fox and Archibald (1996), concentrations
of organochlorine pesticides are generally much lower in bed sediment and biota in the Sacramento River
basin compared to the San Joaquin River basin. Dioxin and dioxin-like compounds have been identified
by the EPA as substances that impair beneficial uses in the San Francisco Bay and portions of the Delta.
The impacts of these compounds will be reviewed by an appropriate stakeholder group to determine
whether these compounds should be added to the list of parameters of concern. If listed, a CALFED
stakeholder team will be assembled to develop a list of actions CALFED might take to address these
compounds. Appropriate environmental documentation will be prepared, as necessary.
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Selenium. Selenium is naturally abundant in the marine sedimentary rocks and soils weathered from the
rocks of the Coast Ranges west of the San Joaquin Valley. Mobilization and transport of selenium occurs
during large runoff events or by land uses, such as road building, over-grazing, mining, and irrigated
agriculture. Between 1986 and 1995, annual selenium loads in the San Joaquin River near Vernalis
averaged 4,040 kg (8,906 pounds [1bs]), with a range of from 1,615 10 7,819 kg (from 3,558 to0 17,238 1bs).
Wastewater discharges from the refineries in the San Francisco Bay Area are another important source
of selenium. Alpers and others from the USGS indicate that in 1991, the average riverine selenium loads
that reached the San Francisco Bay Estuary was around 2 kg per day (730 kg per year), while refinery
loads averaged 7.1 kg per day (2,592 kg per year) and municipal loads averaged 2.2 kg per day (803 kg per
year). (Alpers et al. 1999a, 1999b.)

Trace Metals. Heavy metal loading in the watershed has been suspected as a possible source of aquatic
toxicity throughout the Bay-Delta and its tributaries. The major sources of metals are abandoned mines,
agriculture, and urban runoff. For example, data collected by Alpers et al. (1999a, 1999b) from USGS
indicate copper loads from the Colusa Basin Drain were 39.7 lbs per day, based on sampling conducted
in June 1997; whereas the loads from Iron Mountain in Spring Creek were about 26 1bs per day, based on
measurements conducted in May 28, 1997. In May and September, DWR measured concentrations of
9 trace metals at 11 stations in the Bay-Delta and Suisun Bay from 1975 to 1993. Trace metals frequently
exceeded the guidelines for marine and fresh-water toxicity. Trace metals (most frequently copper)
exceeded the guidelines for fresh-water acute and chronic toxicity on 34 occasions. Marine acute and
chronic toxicity guidelines were exceeded 181 times; copper accounted for 160 of these exceedances. In
a USGS study conducted by Alpers et al., (1999a) to determine the role of Iron Mountain as a source of
toxicity in the Sacramento River, lead-isotope data in suspended colloidal material and sediments were
analyzed, indicating that the effects of Iron Mountain were relatively minor downstream of Red Bluff.

5.3.3.2 BAY REGION

Water quality in San Francisco Bay is affected by flows from the Delta, runoff from the surrounding
urban areas, municipal and industrial wastewater discharges, and drainage from abandoned mines. Water
quality monitoring has been conducted in the Bay by the San Francisco Estuary Institute as part of its
Regional Monitoring Program (RMP), as well as by industrial and sanitary dischargers. The contaminants
of concern identified by the RMP include diazinon and chlorpyrifos in water; DDT, chlordanes,
polycyeclic aromatic hydrocarbons (PAHs) in sediment; and PCBs, cadmium, mercury, selenium, PAHs,
chlordanes, dieldrin, and DDTs in bivalve and fish tissue. Copper and nickel in the South Bay are
currently the subject of a total maximum daily load (TMDL) evaluation. TMDLs identify the maximum
amount of contaminant allowed in a water body that would not harm any beneficial uses of the water
body. Selenium discharges from refineries and other sources in the Bay Area also are of concern. Dioxin
discharges, especially from combustion sources, typify chemicals whose origin in part is atmospheric but
may adversely affect water quality. Methyl tert-butyl ether (MTBE) has been found in a number of

drinking water reservoirs in the Bay Area, which has prompted restrictions on certain types of water
recreation.

|
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5.3.3.3 SACRAMENTO RIVER REGION

Past mining practices, particularly hydraulic mining, have resulted in the discharge of huge quantities of
sediment into major tributaries in gold-producing areas. Areas where mining operations were conducted
continue to be a major source of toxic chemical loading to streams in some areas, including the Clear
Creek watershed and local watersheds of the Sierra Nevada. Logging operations increased erosion and
discharge of sediments into streams and rivers over widespread areas in upper watersheds of the Sierra
Nevada and Cascade Ranges. Other water quality issues in the Sacramento River Region are similar to
those described for the Delta Region.

In general, water quality in the Sacramento River is good, although the possible adverse effects associated
with metals contamination from abandoned mercury and other hard-rock mining activities are of concern.
Mercury is likely to be found in sediments and aquatic tissue rather than in the water column. In 1986,
the CVRWQCB surveyed mercury contamination in fish and sediment in the Sacramento River
watershed. The CVRWQCB detected elevated mercury levels in sediment in the Yuba and Bear Rivers
and in Cache, Putah, and Stony Creeks. Recent sampling by the USGS National Water Quality
Assessment (NAWQA) Program and reported by Domalgalski (1999) has confirmed the continued
presence of elevated concentrations of mercury in the sediments of the Yuba River, Bear River, and Cache
Creek, as well as in the sediments of other streams and rivers in the Sacramento River basin.

Data collected by researchers at UC Davis (Slotten et al. 1997) and as part of the Sacramento River
Watershed Program Mercury Control Planning Project (Larry Walker and Associates 1997) also indicates
that mercury in a bicavailable form is affecting the aquatic food chain. Survey results of bioavailable
mercury throughout the northwestern Sierra Nevada (from the Feather River south to the Cosumnes
River) found the most highly elevated mercury in the aquatic food webs of the South and Middle Forks
of the Yuba River, the North Fork of the Cosumnes River, tributaries throughout the Bear River
drainage, the mid-section of the Middle Fork of the Feather River, and Deer Creek.

Other metals, such as copper, cadmium, lead, and zinc, are of concern in the Sacramento River Region.
The influence of metal-laden acidic drainage from the Iron Mountain Mine site (via Spring Creek and the
Spring Creek arm of Keswick Reservoir) is apparent in water samples from the site below Keswick Dam,
where occasional exceedances of water quality standards for copper have been noted. Sample analysis using
very small filtrates (0.005-micrometer-equivalent pore size) indicated that much of the copper and, to a
lesser extent, zinc were in the colloidal form. Available data from agricultural drain samples indicate that
trace-metal loading from agricultural drainage may be significant during certain flow conditions.

5.3.3.4 SAN JOAQUIN RIVER REGION

Water quality conditions in the San Joaquin River Region are influenced by agricultural activities that are
associated with irrigation and agricultural chemical applications. Selenium in the lower San Joaquin River
comes primarily from subsurface agricultural drainage discharged from the Grasslands area on the west
side of the San Joaquin Valley through Mud Slough. Selenium also is conveyed to the San Joaquin River
in natural storm runoff during wet years, primarily from Panoche and Silver Creeks. Annual selenium
loads in the San Joaquin River near Vernalis between 1986 and 1995 averaged 4,040 kg (8,906 lbs) per year.
The riverine load seldom reaches the estuary, as flows are generally insufficient and south Delta diversions

gl
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draw most of the San Joaquin River water from the Delta. A report by Alpers et al. (199%9a, 1999b)
indicated that in 1991, for example, the average San Joaquin River selenium load that reached the estuary
was around 2 kg per day (730 kg), compared to an average load from Bay Area refineries of 7.1 kg per day
(2,592 kg) and municipal loads that averaged 2.2 kg per day (803 kg).

Salt loading can lead to impairment of water quality in the lower San Joaquin River, in the south Delta,
and at diversion facilities. Surface and subsurface agricultural drainage waters are the major source of salts
in the San Joaquin River. The mean annual salt load exported out of the basin was approximately
770,000 tons per year from 1985 to 1994. Recirculation of salt from the Delta, via the DMC to the west
side of the San Joaquin Valley and through accumulation of salts in the soils and shallow groundwater in
the west side of the Valley, are the major sources of salts in the San Joaquin River. Data reported by
Grober (1999) at the CVRWQCB indicate that concentrations in the San Joaquin River at Vernalis,
expressed in terms of specific conductance (umhos/centimeter [cm]) exceeded the 700-umhos/cm 30-day
running average objective for April through August in about 54% of the time from 1986 to 1997. These
concentrations exceed desirable levels for agricultural irrigation and cause problems for south Delta
farmers and for export water.

Low dissolved oxygen conditions occur in the Stockton reach of the San Joaquin River and in urban
waterways around the City of Stockton. After storms, dissolved oxygen concentrations as low as
0.34 mg/L have been recorded in Smith Canal, Mosher Slough, 5-Mile Slough, and the Calaveras River.
These conditions also occur during late summer and fall because of a combination of high water
temperature, nutrients, algal blooms, and discharge. Effluent from the Stockton Regional Wastewater
Control Facility is considered to be a relatively large source of oxygen-depleting substances, as is water
from the Stockton Turning Basin. Although the data are not conclusive, other sources such as urban
runoff, runoff from confined animal facilities, and sediment demand also may contribute significantly to
lowering dissolved oxygen.

5.3.3.5 OTHER SWP AND CVP SERVICE AREAS

Two distinct, noncontiguous areas are included in the Other SWP and CVP Service Areas: in the north
are the CVP’s San Felipe Division and the SWP’s South Bay service areas, and to the south are the other
SWP service areas. The northern section of this region encompasses parts of the central coast counties of
Santa Clara, San Benito, Santa Cruz, and Monterey. The southern portion includes parts of Imperial, Los
Angeles, Orange, Riverside, San Bernardino, San Diego, San Luis Obispo, Santa Barbara, and Ventura
Counties.

The quality of water from the Delta delivered to the Other SWP and CVP Service Areas is of major
concern, particularly with respect to salinity and drinking water quality. Salinity is an issue because
excessive salinity may adversely affect crop yields and require more water for salt leaching, may require
additional municipal and industrial treatment, may increase salinity levels in agricultural soils and
groundwater, and is the primary water quality constraint to recycling wastewater. Also, according to a
Salinity Management Study, conducted by The Metropolitan Water District of Southern California
(MWD) (1997), alternative sources for MWD’s service area generally have quite high levels of salinity. The
TDS of Colorado River water averages about 700 mg/L, whereas the TDS average at the SWP terminal
reservoirs is about 300 mg/L. The lack of alternate sources of low-salinity water reduces opportunities
to stretch water supplies by blending.
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Constituents that affect drinking water quality include bromide, natural organic matter, microbial
pathogens, nutrients, TDS, hardness, alkalinity, pH, and turbidity. Of particular concern to water
purveyors are anticipated drinking water regulations that may require reductions in the levels of DBPs
that are formed during water treatment disinfection and oxidation while also implementing more
stringent disinfection regulations. The problem of formation of brominated DBPs is specific to the Delta
as a drinking water source. Brominated DBPs are formed by the reaction of bromide and TOC with the
disinfectant chemicals used in water treatment. Brominated DBPs are of concern because of their link to
miscarriages and cancer. Elevated levels of bromide (primarily from sea-water intrusion) and elevated
levels of TOC that are associated in large part with Delta island drainage contribute to the formation of
brominated DBPs. The Delta has higher average levels of bromide than 95% of the source waters in the
rest of the country, making the water more difficult to treat.

5.3.4 ASSESSMENT METHODS

Qualitative and quantitative methods were used to assess the impacts of the Preferred Program Alternative
and the Program alternatives on water quality. Primarily qualitative methods were used to determine
water quality impacts from implementation of the Ecosystem Restoration, Water Quality, Levee System
Integrity, Water Use Efficiency, Water Transfer, and Watershed Programs. Quantitative analysis is not
possible because there is insufficient research to support reliable mathematical models of the effectiveness
of individual Program actions on water quality parameters. Impacts on water quality associated with
construction of facilities for surface and groundwater storage were assessed qualitatively. Impacts on
water quality unrelated to facility construction that are associated with storage and conveyance were
quantitatively assessed for each option under the alternatives based on monitoring results.

Quantitative methods were used to predict changes in the concentrations of constituents of concern from
implementing the Storage and Conveyance elements. Specifically, the impacts of the Program alternatives
on water quality were analyzed with DWR’s Delta Simulation Models (DSM1 and DSM2).

The generation of modeling results, which help to predict impacts, evolved in response to decisions on
the Preferred Program Alternative and Alternatives 1, 2, and 3. Since spring 1997, there have been several
DSM2 model runs; and assumptions for these runs have not been uniform. The most recent DSM2
modeling, completed in July 1999, includes a set of modeling runs that predicts the ranges of impacts of
each Program Alternative under a reasonable range of water management scenarios, referred to as
“bookends.” The set of assumptions for the bookends include a range of water demands and regulatory
requirements. The assumed ranges also were included in the No Action Alternative. A more detailed
description of the bookends is included in Sections 5.1.4.1 and 5.1.4.2. Modeling results in the impact
analysis reflect the same modeling assumptions used in modeling for the Preferred Program Alternative.
Refer to Attachment A for a description of modeling assumptions.

The initial study (dated March 1997) uses DWRDSM1 and simulates five alternatives, including Existing
Delta Geometry, the Interim South Delta Program (ISDP), the North Delta Program, the North Delta
Program with Hood Diversion, and California Urban Water Agency (CUWA) Alternative C Geometry.
Similarly, the next study (dated August 1997) uses DWRDSM1 to simulate Program Alternatives 1A, 1C,
2B, 2D, and 3E. The January 1998 study uses DWRDSM2 to simulate Program Alternatives 1A, 1C, 2B,
3E, and 3X. Finally, the June 1998 study also uses DWRDSM2 to simulate Program Alternatives 1C, 2B,
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and 3X (DWR 1998). The difference between the January and June studies, however, is a variation in the
DWRSIM studies that was incorporated into the simulations. Further descriptions of the Delta hydrology
and operating assumptions for each alternative for each run are presented in each of the above-referenced
documents.

In February 1998, Delta modeling studies were performed for the Diversion Effects on Fisheries Team
(DEFT) and were completed using DWRDSM2. These modeling results were used to predict the
performance of the Preferred Program Alternative for a range of assumptions that would affect water
operations.

Delta modeling of flow, EC, and water levels in the south Delta were used to predict water quality
impacts of the Program alternatives. Additionally, the simulations were used to describe Delta inflows
and exports under various alternatives over an extended period of time.

During the past year, the Delta Modeling Section of DWR has been conducting EC-based water quality
model runs for the Program. EC is a convenient water quality indicator because it is a good index for
salinity. EC is easily measured in the field, and therefore provides good records for model calibration and
verification. In evaluating the overall environmental consequences of alternatives, model predictions of
mean annual EC values for a 16-year hydrologic sequence were used to compare the predicted long-term
performance of each alternative against the No Action Alternative or existing conditions. In evaluating
the performance of each alternative for “worst-case” conditions, model predictions of mean monthly EC
during dry and critical years were used. However, the results of these runs may not predict the
concentrations of other water quality constituents that are not directly related to salinity.

A different approach was introduced, called “fingerprinting,” to help facilitate predictions of constituents
other than salinity. The idea behind fingerprinting is to track the water coming from each source
separately. It was assumed that six major sources of water enter the Delta: the Sacramento River, San
Joaquin River, east side streams, Yolo Bypass, water from Martinez, and in-Delta agricultural drainage
returns. Tracking these inflows to the Delta is called “source tracking.” In addition, the water entering
the Delta at different times is tracked separately, called “time tracking.” For most model runs, the
hydrology is assumed to change monthly; therefore, time tracking was performed in a monthly mode.
For example, the water that enters the Delta in February is monitored separately from the water that
enters the Delta in January. In the fingerprinting mode, DSM2 is simulating a total of 72 constituents
(from 6 sources and for 12 months in the year). The results can be applied to any conservative constituent.
A conservative water quality constituent is a relatively stable constituent that does not change chemical
composition in an aquatic environment. The analysis was verified by comparing the results of the
fingerprinting analyses with the EC modeling, using DWRDSM2.

The output from a fingerprinting run consists of 72 numbers at any given location and time. In essence,
these numbers represent the “source blending ratios” that depend on location and time. Once these
blending ratios are known, they can be applied to any conservative water quality constituent, provided
the concentration for that constituent is known for all the sources of water in the Delta at all times.

While the output from the fingerprinting run can be used on various conservative constituents, only
bromide has been analyzed using this data. All bromide values presented in this chapter are
approximations based on EC modeling and fingerprinting models.
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To verify this approach, the Delta Modeling Section applied the fingerprinting approach to predict EC
concentrations and compared their results to actual EC predictions by DSM2 in standard water quality
runs. The results are quite consistent. While the output from the fingerprinting can be used on various
conservative constituents, only bromide has been analyzed using fingerprint data. All bromide values
presented in this chapter are approximations based on EC modeling and fingerprinting models.

The modeling effort is a valuable tool developed to predict the effects of the proposed storage and
conveyance facilities. Models are subject to continued refinement and improvement, and cannot provide
all of the information needed to analyze the impacts of the Program alternatives. A more complete
description of modeling assessment methods is given in Attachment A. Where the modeling results are
incomplete or not applicable, impacts were estimated based on other available information and
professional judgement.

Impacts on water quality from in-Delta storage were assessed qualitatively in the absence of specific
information on project formulation. The impacts will be evaluated in greater detail in future project-
specific analyses, if in-Delta storage is putrsued as a component of the CALFED Program.

5.3.5 SIGNIFICANCE CRITERIA

The significance of both adverse and beneficial effects on water quality was assessed based on modeling
studies described above and in Attachment A and on programmatic analyses. Impacts on water quality
are considered potentially significant if implementing the Preferred Program Alternative has the potential
to result in any of the following conditions:

¢ Beneficial uses of the water are adversely affected.
e Existing regulatory standards are exceeded.
 An undesirable effect on public health or environmental receptors is produced.

Program effects are considered beneficial if implementing the Preferred Program Alternative would result
in the reverse of one or more conditions listed above. Given that model predictions are subject to error,
potentially significant water quality changes are defined as those that exceed the probable uncertainty in
the modeling results. Predicted effects that fell within the probable uncertainty in the modeling results
could not be interpreted and were considered less than significant. The uncertainty in the modeling results
is estimated at approximately +10%.

5.3.6 NO ACTION ALTERNATIVE

By 2020, statewide water use is projected to increase from 79.49 MAF (based on 1995 demands) to
80.50 MAF during near-normal years, and from 64.79 to 65.96 MAF during drought years. Although
water use is projected to decrease slightly in agricultural regions, reductions in alternative supplies and
proportionately larger increases in urban area demands would result in increased overall demands for
Delta exports. As a result, total annual demands for Delta exports could increase from the current range
of 5.9-6.9 MAF, to a range of 7.1-7.6 MAF in 2020, depending on the annual hydrology.
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The No Action Alternative supplements the existing conditions with some reoperation of system facilities
to accommodate changes in flow timing resulting from 2020 demands.

Under the No Action Alternative, future SWP and CVP operations, and resultant controlled flow
conditions in the Bay-Delta system and its tributaries are assumed to be managed essentially as they are
today, with one exception. Increased Delta export demands are projected to be satisfied largely by
increased south Delta pumping during August through March in near-normal and wet years, and
December through February in dry and critical years.

The following elements of the No Action Alternative are particularly pertinent to water quality:

» Water storage and conveyance facilities currently under construction would be completed. These
facilities include the Diamond Valley Reservoir and Inland Feeder; interim reoperation of Folsom
Reservoir; levee restoration along selected reaches of the Sacramento River, its tributaries, and flood
bypasses; and Stone Lakes NWR.

* Wastewater and water treatment facilities would be expanded by local agencies to meet the needs of
growing populations.

¢ Treatment levels would remain at current levels, increase if source water becomes more degraded, or
improve in response to new regulations.

Other operations and factors that would affect Bay-Delta channel and export water quality conditions
include hydrologic and environmental conditions in the watersheds, population and land use, the quality
of point and nonpoint source discharges, upstream reservoir releases and diversions, Delta outflows and
sea-water intrusion, the provisions of the CVPIA and Bay-Delta Accord, and compliance with the State
and Regional Water Quality Control Boards’ Basin Plans and the State Board and Delta Water Quality
Control Plan standards. Future changes in the Bay-Delta Accord, flow requirements, water quality
standards, and water rights decisions could impose additional regulatory controls over SWP and CVP
operations and Delta inflows controlled by upstream users. Changes in such regulatory controls could
result in proportionately larger effects on water quality during dry and critically dry water-year types.

Tables 5.3.3a and 5.3.3b show predicted changes in salinity that would occur in the Delta under the No
Action Alternative compared to existing conditions. Table 5.3.3a shows average changes over a long
period that includes a full range of hydrologic conditions (wet, normal, dry, and critically dry years).
Table 5.3.3b shows changes only for dry and critically dry years. Positive values in the tables indicate an
increase in salinity relative to the existing condition; negative values indicate a decrease.

Separate predictions are shown for Water Management Criteria A and B. For each criterion, changes are
shown for average monthly values and for the month during which the highest salinity concentrations
are predicted to occur.

Tables 5.3-3a and 5.3-3b indicate that the No Action Alternative is projected to result in less-than-
significant changes throughout the Delta Region when compared to modeled existing conditions. For
example, during the long-term hydrologic sequence at CCFB, the annual average salinity is projected to
increase by 10-40 umhos/cm (2-8%), and the mean monthly salinity for December is projected to increase
by about 40-70 umhos/cm (4-8%). (A change between +10% is considered within the margin of error of
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Table 5.3-3a. Predicted Salinity Changes Between the No Action Alternative
and Existing Conditions for All Water-Year Types
(Salinity Expressed as EC)

CRITERION A CRITERION B CRITERION A CRITERION B
NO STORAGE WITH STORAGE NO STORAGE WITH STORAGE
AVERAGE AVERAGE AVERAGE AVERAGE
MONTHLY MONTH OF MONTHLY MONTH OF MONTHLY MONTH OF MONTHLY MONTH OF
DELTA/SUISUN BAY STATION CHANGE MAXIMUMEC CHANGE MAXIMUM EC CHANGE MAXIMUM  CHANGE MAXIMUM MONTH OF IMPACT’
SUB-REGION AND LOCATION NO. (umhos/ecm}  (umhos/cm)  (umhos/ecm) {umhos/cm) (%) EC (%) (%) EC (%) MAXIMUM EC ASSESSMENT

NORTH DELTA SUB-REGION

Sacramento River at Greene's Landing 1 o] [¢] [¢] o] 0% 0% 0% 0% Jan LTS

Sacramento River at Rio Vista 2 N/A N/A N/A N/A N/A N/A N/A N/A N/A

North Bay Agueduct Intake at Barker Slough 7* -10 0 o] o] -4% 0% 0% 0% Mar LTS

Mokelumne River at Terminous 8 0 o] 0 o] 0% 0% 0% 0% Jan LTS
CENTRAL DELTA SUB-REGION

San Joaquin River at Ridge Tract 11 30 40 0] 20 7% 6% 0% 3% Nov LTS

Turner Cut 29 40 40 0 0 9% 6% 0% 0% Jan LTS

San Joaquin River at Prisoner’s Point 12 20 70 10 60 4% 8% 2% 7% Dec LTS
SOUTH DELTA AND PRINCIPAL EXPORT PUMPS SUB-REGION

San Joaquin River at Vernalis 9 -10 0 -10 -10 -2% 0% -2% -1% Dec LTS

San Joaquin River at Brandt Bridge 10 -10 -30 [¢] -10 -2% -4% 0% -1% Dec LTS

Middle River at Tracy Road 21 40 40 10 20 8% 5% 2% 3% Jan LTS

Grant Line Canal at Tracy Road 24 -10 0 -10 0 -2% 0% -2% 0% Dec LTS

Old River at Tracy Road 17 -10 -10 -10 0 -2% -1% -2% 0% Dec LTS

Old River at Rock Slough 19 30 20 20 60 5% 8% 4% 5% Dec LTS

Contra Costa Canal Intake at Rock Slough 28* 40 90 20 60 6% 8% 3% 5% Dec LTS

Old River at SR 4 {and New CCWD Intake} 18* 40 80 10 60 7% 8% 2% 6% Dec LTS

Clifton Court Forebay 27* 40 70 10 40 8% 8% 2% 4% Dec LTS

Delta-Mendota Canal Intake from Old River 26* 30 50 0 30 5% 6% 0% 3% Dec LTS
WEST DELTA, SUISUN BAY, AND MARSH SUB-REGION

Sacramento River at Emmaton 3 10 40 20 60 1% 2% 2% 3% Sep LTS

Sacramento River at Collinsville 4 0 130 70 90 0% 2% 2% 2% Sep LTS

San Joaquin River at Jersey Point 14 30 150 40 80 3% 7% 4% 4% Nov LTS

San Joaquin River at Antioch 15 4] 200 70 . 170 0% 4% 3% 4% Oct LTS

Suisun Bay at Port Chicago 5 -100 260 180 130 -1% 1% 2% 1% Sep LTS

Carquinez Strait at Martinez 6 -120 240 210 130 -1% 1% 1% 1% Sep LTS

Notes:

* Indicates diversion points for municipal and industrial use.
' LTS - All impacts within +10%
LTS-B - Some impacts within * 10, some impacts <-10%
LTS-PS - Some impacts within £ 10, some impacts >-10%

B8 = Beneficlal. pmhosfcm = Micromhos per centimeter.
CCWD = Contra Costa Water District.  PS = Potentially significant.

EC = Electrical conductivity. SR = State Route.

LTS = Less than significant.




Table 5.3-3b. Predicted Salinity Changes Between the No Action Alternative
and Existing Conditions for Dry and Critical Years
(Salinity Expressed as EC)

CRITERION A CRITERION B CRITERION A CRITERION B
NO STORAGE WITH STORAGE NO STORAGE WITH STORAGE
AVERAGE AVERAGE AVERAGE AVERAGE MONTH OF
MONTHLY MONTH OF MONTHLY MONTH OF MONTHLY MONTH OF MONTHLY MAXIMUM
DELTA/SUISUN BAY STATION CHANGE MAXIMUMEC CHANGE MAXIMUMEC CHANGE MAXIMUMEC CHANGE EC MONTH OF IMPACT'
SUB-REGION AND LOCATION NO. {emhos/cm)  (umhos/ecm)  {umhos/cm) (umhos/cm} (%) (%) (%) (%) MAXIMUM EC ASSESSMENT

NORTH DELTA SUB-REGION

Sacramento River at Greene's Landing 1 o} o] 0 0 0% 0% 0% 0% Jan LTS

Sacramento River at Rio Vista 2 N/A N/A N/A N/A N/A N/A N/A N/A

North Bay Aqueduct Intake at Barker Slough 7% -10 -10 -10 -10 -5% -4% -5% -4% Mar LTS

Mokelumne River at Terminous 8 0 (0] 0 o] 0% 0% 0% 0% Jan LTS
CENTRAL DELTA SUB-REGION

San Joaquin River at Ridge Tract 11 40 40 0 10 9% 5% 0% 1% Dec LTS

Turner Cut 29 50 50 0 -20 10% 7% 0% -3% Jan LTS

San Joaquin River at Prisoner’s Point 12 20 70 10 30 4% 6% 2% 3% Dec LTS
SOUTH DELTA AND PRINCIPAL EXPORT PUMPS SUB-REGION

San Joaquin River at Vernalis 9 -10 -20 -10 -30 -1% -2% -1% -3% Feb LTS

San Joaquin River at Brandt Bridge 10 -10 -20 0] -20 -1% -2% 0% -2% Feb LTS

Middle River at Tracy Road 21 50 50 0 0 9% 5% 0% 0% Jan LTS

Grant Line Canal at Tracy Road 24 -10 -20 -10 -20 -1% -2% -1% -2% Feb LTS

Old River at Tracy Road 17 -10 -20 0 -20 -1% -2% 0% -2% Feb LTS

Old River at Rock Slough 19 30 90 10 30 4% 7% 1% 2% Dec LTS

Contra Costa Canal Intake at Rock Slough 28* 40 90 10 30 6% 7% 1% 2% Dec LTS

Old River at SR 4 {and New CCWD Intake) 18* 50 80 10 30 8% 7% 2% 2% Dec LTS

Clifton Court Forebay 27* 60 70 0 10 10% 6% 0% 1% Dec LTS

Delta-Mendota Canal intake from Old River 26* 40 50 o] 10 6% 5% 0% 1% Dec LTS
WEST DELTA, SUISUN BAY, AND MARSH SUB-REGION

Sacramento River at Emmaton 3 -10 -20 20 20 -1% -1% 2% 1% Sep LTS

Sacramento River at Collinsville 4 -60 -20 60 20 -2% 0% 2% 0% Sep LTS

San Joaquin River at Jersey Point 14 10 150 30 90 1% 6% 2% 3% Dec LTS

San'Joaquin River at Antioch 15 -60 30 - 50 -10 -2% 1% 2% 0% Sep LTS

Suisun Bay at Port Chicago 5 -210 [¢] 190 o] -1% 0% 1% 0% Sep LTS

Carquinez Strait at Martinez 6 -230 0 210 -10 -1% 0% 1% 0% Sep LTS

Notes:

* Indicates diversion points for municipal and industrial use.
LTS - All impacts within +10%
LTS-B - Some impacts within + 10, some impacts <-10%
LTS-PS - Some impacts within+10, some impacts >10%

B = Beneficial. pgmhosfcm = Micromhos per centimeter.
CCWD = Contra Costa Water District. PS = Potentially significant.

EC = Electrical conductivity. SR = State Route.

LTS = Less than significant.




Chapter 5. Physical Environment 5.3 Water Quality

the model analysis and is defined as less than significant.) During dry and critical years, Table 5.3-3b shows
that these ranges increase by 0-60 wmhos/cm (0-10%) for the annual average and by 10-70 umhos/cm
(1-6%) on average for December.

Water quality for other constituents (other than salinity that is addressed above) would change under the
No Action Alternative in response to the effects of population and land use changes, increased export
demand, and the effects of future regulatory controls. According to modeling conducted by DWR (1998
DSM model run) the predicted frequency distribution of bromide at the Contra Costa Canal Intake on
Rock Slough has a median concentration of about 250 ug/L under existing conditions, which would
increase to about 300 ug/L under the No Action Alternative. At CCFB, the modeling indicated a median
bromide concentration of 150 ug/L under existing conditions and about 200 ug/L under the No Action
Alternative. These changes are primarily the result of increased export demand and associated increased
salinity intrusion into the Delta.

Organic carbon concentration in the Delta is assumed to remain essentially unchanged under the No
Action Alternative. According to MWD estimates, the median organic carbon concentration at the
Harvey O. Banks Pumping Plant would be about 3.2 mg/L, and the 90* percentile concentration would
be about 3.8 mg/L (see Section 3.7.2 in the Water Quality Program Plan). Under existing conditions, the
mean concentration of DOC at the Banks Pumping Plant is about 3.7 mg/L (Table 5.3-2).

Project levee maintenance is assumed to continue in accordance with current requirements and practices,
but no major rehabilitation efforts would be undertaken. Despite maintenance actions, levees could
continue to deteriorate, increasing the risk of their failure due to seismic events, erosion, and overtopping.
Such levee failures could threaten water quality at the CVP and SWP pumps, and at other water supply
intake locations. The severity and extent of any degradation caused by the potential influx of ocean
salinity (including bromide), TOC, soils, and sediment, and by the potential release of a variety of
chemicals and wastes used or stored in areas protected by levees would depend on many factors. These
factors include the season, hydrology, available reservoir storage, location of the breaks and storage, and
extent of any flooding. In the worst case (foreseeable only in the event of a series of earthquake-induced
west Delta levee failures that occurred during summer to late fall or during drought periods), water could
become temporarily unusable for municipal and agricultural supplies for extended periods until the
contaminants could be flushed from the system. The resultant pooling of ocean salts, including bromide,
in the Delta would cause potentially significant adverse impacts on water users and could cause a
prolonged interruption of supply from the state’s predominant water source.

The growing imbalance between Delta-dependent water demands and the available supplies of good-
quality water could be exacerbated in some regions. This could occur in the service areas if providers were
required to replace good-quality Delta water with poorer quality water obtained from less desirable
alternative sources. Regardless of the source of the degradation, resultant water quality impacts also could
produce potentially significant adverse impacts on dependent water treatment costs, economic
productivity, fish and wildlife habitats, public health, and social well-being.
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5.3.7 CONSEQUENCES: PROGRAM ELEMENTS
COMMON TO ALL ALTERNATIVES

For water quality, the environmental consequences of the Ecosystem Restoration, Water Quality, Levee
System Integrity, Water Use Efficiency, Water Transfer, and Watershed Program elements are similar
under all Program alternatives, as described below. This section also discusses the environmental
consequences of the Storage and Conveyance elements that are common to all alternatives—those related
to construction. The environmental consequences of actions in the Storage and Conveyance elements that
are not related to construction of facilities vary among Program alternatives, as described in Section 5.3.8.

The discussions below relate to all Program regions.

5.3.7.1 ECOSYSTEM RESTORATION PROGRAM

The Ecosystem Restoration Program involves expanding floodplains and creating wetland habitat in the
Bay-Delta system, and altering the management of storage reservoirs to provide more water for
environmental purposes. The program would result in both short- and long-term effects on water quality.
The short-term effects would occur during and in the years immediately following construction.

Construction activities necessary to implement the Ecosystem Restoration Program include breaching
and demolishing existing levees, and constructing new setback levees. Most of the construction activities
would occur in dry conditions, but some construction in waterways would be necessary. Total suspended
solids (TSS) is the primary contaminant of concern that would be affected by construction activities.
Quantities of soil would be released into the water column during in-water construction, and flowing
water would dislodge soil particles from new levees and wetlands during the initial water-soil contact
period. Soil particles would increase the TSS content of Delta waters in the vicinity of construction
activities. Nutrients and organic matter also are likely to be released during construction. Because some
of the older levees may have been built with dredge spoils when environmental regulations were less
stringent, there is a possibility that toxic substances could be released during their demolition. Before
construction occurs, soils will be tested to determine potentially toxic substances. Such substances may
be avoided or mitigated, depending on the type and concentration. In some cases, core sampling and
testing will lead to engineered solutions to prevent toxic material exposure to the environment. If toxic
sediments are to be exposed, an engineered cap could be placed that would prevent environmental
exposure of that material. Impacts of the Ecosystem Restoration Program that are associated with
construction can be reduced to a less-than-significant level.

The Ecosystem Restoration Program may participate in the removal of structures that contribute to
blockages of fish migration (most typically dams). Various types of dams typically have captured sediment
behind the dam that could be released if a dam were removed. Sediments captured behind dams may
contain toxic compounds (such as mercury), which could cause adverse impacts if released to the
environment. Prior to a sediment release, the sediment will be characterized and a mitigation plan will
be designed to prevent or reduce the release of toxic material to levels that pose no environmental hazard.
The mitigation plan may include avoidance of the project or modification of the project to eliminate the
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need to remove sediment. Disposal of contaminated sediment will be in compliance with all applicable
solid waste disposal regulations.

The long-term effects of the Ecosystem Restoration Program include both beneficial and adverse changes
in water quality. Expanding the floodplains and wetland areas in the Delta, in the northern portions of
the Bay Region, and along the Sacramento and San Joaquin Rivers and their tributaries would restore
some of the natural self-purification capacity of the waterways. Some contaminants are removed by
various physical, chemical, and biological processes as river water flows through vegetated areas. The
increased acreage of wetlands under the Ecosystem Restoration Program would increase the opportunity
for these processes to occur. Also, much of the land that would be converted to wetlands or floodplain
now is used for irrigated agriculture. Conversion of irrigated cropland or pasture to wetlands would
reduce the discharge of nutrients and other agricultural chemicals into waterways, which also would
benefit water quality in the Bay-Delta system.

Replacing irrigated cropland with wetlands could result in a net increase in water salinity because
evaporation would increase. However, the conversion from irrigated crops to wetlands, also could reduce
salinity due to the reduction or elimination of applied salts through fertilizer application. The
concentration of TOC in river water also may change, but it is unknown whether concentrations would
be increased or decreased. Wetlands have a demonstrated capacity to generate organic carbon. Inundation
of soils could cause changes in the degree to which the organic content of organic (peat) soils is mobilized
into Delta waters. Some theorize that the change from cropland to wetlands would extend the period in
which water is in contact with peat soils, thus increasing TOC concentrations. Others theorize that
opportunities for contact with peat soils would be reduced because sediment would be deposited in the
wetlands, separating river water from direct contact with the underlying peat soils. Some studies currently
are being conducted to evaluate how TOC is assimilated in the environment through microorganisms.
Additional studies are needed to establish the relationship between management of riverside lands and
TOC concentrations in river water.

If the Ecosystem Restoration Program causes a reduction in TOC concentrations, biological productivity
in the Delta could be adversely affected—if carbon is the limiting ecological factor. The reduction in TOC
concentration would improve the suitability of Delta waters as a drinking water source. If TOC
concentration is increased by the Ecosystem Restoration Program, then biological productivity may be
increased and the suitability of water for drinking water supply may be decreased. Until specific project
plans are formulated, it is not possible to answer all questions concerning mitigation strategies for
potential adverse changes in TOC. Mitigation strategies for TOC could include flooding and draining
seasonal wetlands in a manner that does not contribute to TOC at the diversion facilities. Mitigation also
could include providing treatment systems for discharges from constructed wetlands during certain
periods of the year. Notwithstanding, CALFED is committed to adequate investigation of potential
negative impacts of ecosystem restoration measures and to full mitigation of any such impacts as a
condition of project implementation.

Creating shallow-water habitat in areas that would receive mercury from surface water sources has the
potential to increase methyl mercury levels in the ecosystem. Mitigation would include avoiding the
creation of shallow-water habitat in areas where mercury is apt to accumulate, or mercury-laden water
and sediment, until potential impacts associated with mercury in water or sediment can be reduced to a
less-than-significant level.
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Under the Ecosystem Restoration Program, flow regimes in the Sacramento and San Joaquin Rivers, their
tributaries, and the Delta would be established that emulate natural seasonal flows. These large flows
would be allowed to pass through the Delta and on to San Francisco Bay. Their long-term effects would
include lowering water salinity and temperature, and increasing dissolved oxygen concentrations in Delta
waterways at certain times of the year. These effects would benefit water quality for ecosystem
restoration.

5.3.7.2 WATER QUALITY PROGRAM

The Water Quality Program calls for a range of actions that would reduce the discharge to waterways of
contaminants in municipal and industrial wastewater, urban and agricultural runoff, and drainage from
abandoned mines. Water supply intakes would be relocated to areas with better water quality. Research
and monitoring programs would be undertaken to improve understanding of the significance of various
contaminants in water and the effectiveness of remedial actions. The actions are described in detail in the
Water Quality Program Plan.

The long-term effect of the Water Quality Program would be to reduce the mass of some contaminants
(for example, metals, pesticides, TSS, and nutrients) entering San Francisco Bay, the Sacramento-San
Joaquin Delta, the Sacramen